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Dear Reader:

THE
WAITE
GROUP

Thank you for considering the purchase of The Waite Group’s C+ + Primer

Plus. Readers have come to know products from The Waite Group for the care

and quality we put in them. Let me tell you a little about our group and how we
make our books.

It started in 1976 when I could not find a computer book that really taught me
anything. The books that were available talked down to people, lacked

illustrations and examples, were poorly laid out, and were written as if you

already understood all the terminology. So I set out to write a good book about

microcomputers. This was to be a special book—very graphic, with a friendly

and casual style, and filled with examples. The result was an instant best-seller.

Over the years, I developed this approach into a “formula” (nothing really

secret here, just a lot of hard work—I am a crazy man about technical accuracy

and high-quality illustrations). I began to find writers who wanted to write books

in this way. This led to co-authoring and then to multiple-author books and many
more titles (over seventy titles currently on the market). As The Waite Group

author base grew, I trained a group of editors to manage our products. We now
have a team devoted to putting together the best possible book package and

maintaining the high standard of our existing books.

We are most proud of this particular book, C+ + Primer Plus. The author,

Stephen Prata, is also the coauthor of The Waite Group’s New C Primer Plus

(SAMS), a book that is well known for its clarity and accessibility. In fact, New C
Primer Plus recently received the Computer Press Association’s 1990 Best How-
To Book award. Our new title on C++ follows in that tradition—you’ll find it a

good tutorial on the syntax of C++ and at the same time a comfortable journey

through the landscape of object-oriented programming. Prata takes the approach

that C++ is a stand-alone language, and therefore you don’t have to know C to

use this book.

We hope you enjoy this and all the other books upcoming from Waite Group

Press. If you wish to be on our mailing list, or if you have any comments to tell us

after you have purchased and read the book, please fill out and send in the

detachable postpaid card.

Mitchell Waite

President

200 Tamal Plaza



Preface
When the Waite Group first released C Primer Plus in 1984, the C language had been

around for about a decade but was just beginning to boom. We take pride in the impor-

tant role that our book played in introducing programmers to C. Today the C++ lan-

guage, which derives from C, has reached a similar stage in its evolution. It’s booming

because it offers a new paradigm—Object-oriented programming, or OOP—well-

suited to modern programming needs. Thus AT&T is rewriting UNIX in C++ because

C++ improves the reliability, maintainability, and reusability of the code. Apple is using

C++ to develop system software for its Macintosh line for the same reasons and because

OOP techniques are a natural match to program features such as windows and dialog

boxes. Individual programmers are turning to C++ because its new features bring the

thrill back to programming. Naturally, it’s time to release C+ + Primer Plus and help this

new boom along.

One difference between now and then is that many more books have been written

about C++ than were written about C when it was new. However, none of the new C++

books plays the role that a Waite Group “primer” does. Many C++ books assume that

you already know C and know it well. That’s of little help to those who wish to move to

C++ from, say, Pascal or BASIC, or to those who have enjoyed C recreationally without

acquiring expert status. Most of the other C++ books present the full language, not just

the new elements, but still assume you are fairly knowledgeable in C and in program-

ming in general. Some C++ books make excellent references but can be rather tough

sledding for learning the language. A few C++ titles were rushed out the door. They

merely tack on a few new chapters to an old C book and don’t fully integrate the new

material or really do justice to C++’s exciting new object-oriented features.

Enter The Waite Group’s C+ + Primer Plus. We don’t assume you know C, and we

integrate discussing the basic C language with presenting the C++ features. We do as-

sume you’ve had some programming experience, but we don’t skip over the basics. We’ve

tried to present C++ in a book instilled with traditional Waite Group primer virtues:

I A primer should be an easy-to-use, friendly guide.

I A primer doesn’t assume that you already are familiar with all relevant program-

ming concepts.

I A primer emphasizes hands-on learning with brief, easily typed examples that de-

velop your understanding a concept or two at a time.

I A primer clarifies concepts with illustrations.

Xlll



I A primer provides exercises to let you test your understanding, making the book

suitable for self-learning or for the classroom.

C+ + Primer Plus presents C++ fundamentals and illustrates them with short, to-the-

point programs that are easy to copy and to experiment with. The book is not intended

to provide encyclopedic coverage of all features and nuances of the C++ language, but it

does present the most important aspects while laying the foundation for further study.

You’ll learn about input and output, how to make programs perform repetitive tasks

and make choices, the many ways to handle data, and how to use functions. You’ll learn

about the important object-oriented programming concepts of information hiding (lots

of fun), polymorphism (not as bad as it sounds), and inheritance. Besides learning basic

techniques, you’ll learn about the OOP philosophy. Meanwhile, we’ll do our best to

keep the presentation short, simple, and fun. Our goal is that by the end you’ll be able

to write solid, effective programs and enjoy yourself doing so.

Acknowledgements
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W elcome to C++! This exciting young language, blending the C language with

support for object-oriented programming, seems destined to be one of the

most important programming languages of the 1990s. Its C ancestry brings

C++ the tradition of an efficient, compact, fast, and portable language. Its object-ori-

ented heritage brings C++ a fresh programming methodology designed to cope with the

escalating complexity of modern programming tasks. This dual heritage is both a bless-

ing and a bane. It makes the language very powerful, but it also means there’s more to

learn. In this chapter we’ll explore C++’s background further, then go over some of the

ground rules for creating C++ programs. The rest of the book teaches you to use the

C++ language, going from the modest basics of the language to the glory of object-

oriented programming (OOP) and its supporting cast of new jargon—objects, classes,

encapsulation, data hiding, polymorphism, and inheritance. (Of course, as you learn

C++, these terms will be transformed from buzz words to the necessary vocabulary of

cultivated discourse.)

[EARNING C++
C++ joins together two separate programming traditions—the procedural language tra-

dition, represented by C, and the object-oriented language tradition, represented by the

enhancements C++ adds to C. This chapter will look into those traditions shortly. But

first, let’s consider what this dual heritage implies about learning C++. The main reason

to use C++ is to avail yourself of its object-oriented features. But to do so, you need a

sound background in standard C, for that language provides the basic types, operators,

control structures, and syntax rules. So, if you already know C, you’re poised to learn

C++. But it’s not just a matter of learning a few more keywords and constructs. Going

3
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from C to C++ involves about as much work as learning C in the first place. Also, ifyou

know C, you need to unlearn some programming habits as you make the transition to

C++. Ifyou don’t know C, you have to master both the C and the OOP components to

learn C++, but at least you may not have to unlearn programming habits. You may be

gaining the impression that learning C++ may involve some mind-stretching effort on

your part, and it will. But this book will guide you through the process in a clear, helpful

manner, one step at a time, so the mind-stretching will be sufficiently gentle to avoid

leaving you with a sprained brain.

C++ Primer Plus approaches C++ by teaching both its C and its OOP compo-

nents, so it assumes no prior knowledge of C. You’ll start by learning C. Even if you

know C, you may find this part of the book a good review. Also, it points out concepts

that will become important later, and it indicates where C++ differs from C. Once well-

founded in C basics, you’ll add the C++ superstructure. At that point you’ll learn about

objects and classes and how C++ implements them.

This book is not intended to be a complete C++ reference, so it won’t explore

every nook and cranny of the language. But you will learn all the major features of the

language, including some, like multiple inheritance, that are new with Version 2.0 of

C++.

Now let’s take a short look at some of C++’s background.

fi LITTLE HISTORY

Computer technology has evolved at an amazing rate during the last few decades. Today

a laptop computer can compute faster and store more information than could the main-

frame computers of twenty-five years ago. (Quite a few programmers can recall bearing

offerings of decks ofpunched cards to be submitted to a mighty, room-filling computer

system having a majestic 100 Kb of memory—not enough memory to run a good per-

sonal computer game today.) Computer languages have evolved, too. The changes may
not be as dramatic, but they are important. Bigger, more powerful computers spawn

bigger, more complex programs which, in turn, raise new problems in program man-

agement and maintenance. In the 1970s, languages like C and Pascal helped usher in an

era of structured programming, a philosophy that brought some order and discipline to

a field badly in need of these qualities. Beside providing the tools for structured pro-

gramming, C also produced compact, fast-running programs along with the ability to

address hardware matters such as managing communication ports and disk drives.

These gifts helped make C the dominant programming language in the 1980s. Mean-

while, the 1980s witnessed the growth of a new programming paradigm, object-ori-

ented programming, or OOP, as embodied in languages such as Smalltalk and C++.

Let’s examine these two developments (C and OOP) a bit more closely.

C++ Primer Plus
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In the early 1970s, Dennis Ritchie of Bell Laboratories was working on a project to

develop the UNIX operating system. (An operating system is a set of programs that

manages a computer’s resources and handles its interactions with users. For example, it’s

the operating system that puts the system prompt on-screen and that runs programs for

you.) For this work Ritchie needed a language that was concise, that produced compact,

fast programs, and that could control hardware efficiently. Traditionally, programmers

met these needs by using assembly language, which is closely tied to a computer’s in-

ternal machine language. However, assembly language is a low-level language, that is, it

is specific to a particular computer processor. So if you want to move a program to a

different kind of computer, you may have to completely rewrite the program using a

different assembly language. It was a bit as ifeach time you bought a new car, you found

that the designers decided to change where the controls went and what they did, forcing

you to relearn how to drive. But UNIX was intended to work on a variety of computer

types (or platforms). That suggested using a high-level language. A high-level language

is oriented towards problem-solving instead of towards specific hardware. Special pro-

grams called compilers translate a high-level language to the internal language of a par-

ticular computer. Thus you can use the same high-level language program on different

platforms by using a separate compiler for each platform. Ritchie wanted a language

that combined low-level efficiency and hardware access with high-level generality and

portability. So, building from older languages, he created C.

C PROGRAMMING PHILOSOPHY

Because C++ grafts a new programming philosophy onto C, we should first take a look

at the older philosophy C follows. In general, computer languages deal with two con-

cepts—data and algorithms. The data constitute the information a program uses and

processes. The algorithms are the methods the program uses. See Figure 1-1. C, like

most mainstream languages to date, is a procedural language. That means it emphasizes

the algorithm side of programming. Conceptually, procedural programming consists of

figuring out the actions a computer should take, then using the programming language

to implement those actions. A program prescribes a set of procedures for the computer

to follow to produce a particular outcome, much as a recipe prescribes a set of proce-

dures for a cook to follow to produce a cake.

Earlier procedural languages, such as FORTRAN and BASIC, had run into

organizational problems as programs grew larger. For example, programs often use

branching statements, which route execution to one or another set of instructions

depending upon the result of some sort of test. Many older programs had such tangled

routing (called “spaghetti programming”) that it was virtually impossible to understand

Chapter One * Getting Started
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a program by reading it, and modifying such a program was an invitation to disaster. In

response, computer scientists developed a more disciplined style of programming

loosely called structuredprogramming. C includes features to facilitate this approach. For

instance, structured programming limits branching (choosing which instruction to do

next) to a small set of well-behaved constructions. C incorporates these constructions

(the for loop, the while loop, the do while loop, and the if else statement) into its

vocabulary.

Top-down design was another of the new principles. The idea is to break a large

program into smaller, more manageable tasks. If one of these tasks is still too broad,

divide it into yet smaller tasks. Continue with this process until the program is compart-

mentalized into small, easily programmed modules. (Organize your study. Aargh! Well,

organize your desk, your table top, your filing cabinet, and your bookshelves. Aargh!

DATA ALGORITHMS
1/2 cup butter cream butter

1 cup sugar gradually add sugar

2 eggs break eggs

• • •— • • •

Figure 1-1 Data + algorithms - program

C++ Primer Plus



Well, start with the desk and organize each drawer, starting with the middle one.

Hmmm, perhaps I can manage that task.) C’s design facilitates this approach, encourag-

ing you to develop program units called functions to represent individual task modules.

As you may have noticed, the structured programming techniques reflect a procedural

mind-set, thinking of a program in terms of the actions it performs.

Although the principles of structured programming improved the clarity, reliability,

and ease ofmaintenance ofprograms, large-scale programming still remains a challenge.

Object-oriented programming (OOP) brings a new approach to that challenge. Unlike

procedural programming, which emphasizes algorithms, OOP emphasizes the data.

Rather than trying to fit a problem to the procedural approach of a language, OOP
attempts to fit the language to the problem. The idea is to design a data form that

corresponds to the essential features of a problem. In C++, a class is a specification de-

scribing such a new data form, and an object is a particular data structure constructed

according to that plan. For instance, a class could describe the general properties of a

corporation executive (name, title, salary, unusual abilities, etc.), while an object would

represent a specific executive (Gilford Sheepblat, vice president, $325,000, knows how

to use a CONFIG.SYS file, etc.). In general, a class defines what data is used to represent an

object and the operations that can be performed upon that data. For example, suppose

you were developing a computer drawing program capable of drawing a rectangle. You

could define a class to describe a rectangle. The data part of the specification could

include such things as the location of the corners, the height and width, the color and

style of the boundary line, and the color and pattern used to fill the rectangle. The

operations part of the specification could include methods for moving the rectangle,

resizing it, rotating it, changing colors and patterns, and copying the rectangle to an-

other location. Ifyou then use your program to draw a rectangle, it will create an object

according to the class specification. That object will hold all the data values describing

the rectangle, and you can use the class methods to modify that rectangle. If you draw

two rectangles, the program will create two objects, one for each rectangle.

The OOP approach to program design is to first design classes that accurately

represent those things with which the program deals. A drawing program, for example,

might define classes to represent rectangles, lines, circles, brushes, pens, and the like.

The class definitions, recall, include a description of permissible operations for each

class, such as moving a circle or rotating a line. Then you proceed to design a program

using objects of those classes. The process of going from a lower level of organization, such

as classes, to a higher level, such as program design, is called bottom-up programming.

There’s more to OOP programming than the binding of data and methods into a

class definition. OOP, for example, facilitates creating reusable code, and that eventu-

Chapter One - Getting Started



ally can save a lot of work. Information hiding safeguards data from improper access.

Polymorphism lets you create multiple definitions for operators and functions, with the

programming context determining which definition is used. Inheritance lets you derive

new classes from old ones. As you can see, object-oriented programming introduces

many new ideas and involves a different approach to programming than does proce-

dural programming. Instead of concentrating on tasks, you concentrate on representing

concepts. Instead of taking a top-down programming approach, you sometimes take a

bottom-up approach. This book will guide you through all these points with plenty of

easily grasped examples.

C++
Like C, C++ began its life at Bell Labs, where Bjarne Stroustrup developed the language

in the early 1980s. In his own words, “C++ was primarily designed so that the author

and his friends would not have to program in assembler, C, or various modern high-

level languages. Its main purpose is to make writing good programs easier and more

pleasant for the individual programmer.” 1 Stroustrup based C++ on C because of C’s

brevity, its suitability to system programming, its widespread availability, and its close

ties to the UNIX operating system. C++’s OOP as-

pect was inspired by a computer simulation lan-

guage called Simula67. Stroustrup added OOP
features to C without significantly changing the C
component. Thus C++ is a superset of C, meaning

that any valid C program is a valid C++ program,

too. There are some minor discrepancies, but noth-

ing crucial. C++ programs can use existing C software

libraries. Libraries are collections of programming

modules that you can call up from a program. They

provide proven solutions to many common pro-

gramming problems, thus saving you much time

and effort. This has helped the spread of C++.

The name C++ comes from the C increment

operator + +, which adds 1 to the value of a variable.

The name C++ correctly suggests an augmented

version of C.

A computer program translates a real-life

problem to a series of actions to be taken by a com-

puter. While the OOP aspect of C++ gives the lan-

1 Bjarne Stroustrup, The C+ + Programming Language, Reading, MA: Addison-Wesley Publishing Company, 1986.

OOP heritage provides

high level of abstraction

nort h_a merica.showO;

C heritage provides

low-level hardware access

set byte at

address

01000 to 0

Figure 1-2 C+ + duality
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guage the ability to relate to concepts involved in the problem, the C part of C++ gives

the language the ability to get close to the hardware. See Figure 1-2. This combination

of abilities also has helped the spread of C++. It may also involve a mental shift of gears

as you turn from one aspect of a program to another. (Indeed, some OOP purists regard

adding OOP features to C akin to adding wings to a pig, albeit a lean, efficient pig.)

Also, because C++ grafts OOP onto C, you can ignore C++’s object-oriented features.

But you’ll miss a lot if that’s all you do.

Portability and standards
You’ve written a handy C++ program for the 286 PC AT computer at work when

management decides to replace the machine with a Sun workstation, a computer using

a different processor and a different operating system. Can you run your program on the

new platform? Of course, you’ll have to recompile the program using a C++ compiler

designed for the new platform. But will you have to make any changes to the code you

wrote? Ifyou can recompile the program without making changes and it runs without a

hitch, we say the program is portable.

There are a couple of obstacles to portability. One is hardware. A program that is

hardware-specific is not likely to be portable. One that takes direct control of an IBM
PC VGA video board, for instance, will be speaking gibberish as far as a Sun is con-

cerned. We will avoid that sort of programming in this book. (The Waite Group’s

Object-Oriented Programming in Turbo C+ + covers more hardware-specific issues.)

The second obstacle to portability is language divergence. Certainly, that can be a

problem with spoken languages. A Yorkshireman’s description of the day’s events may

not be portable to Brooklyn, even though English is spoken in both areas. Computer

languages, too, can develop dialects. Is the IBM PC C++ implementation the same as

the Sun implementation? Although most implementors would like to make their ver-

sions ofC++ compatible with others, it’s difficult to do so without a published standard

describing exactly how the language works. Therefore, the American National Stan-

dards Institute (ANSI) has created a committee (ANSI X3J16) to develop a standard for

C++. (ANSI already has developed a standard for C.) ANSI’s decision to create a stan-

dard emphasizes that C++ has become an important and widespread language. It also

indicates C++ has reached a certain level of maturity, for it’s not productive to introduce

standards while a language is developing rapidly.

The ANSI C++ standard and its international equivalent, the ISO standard, re-

main to be developed. But the committee is taking AT&T Version 2.0 of C++ as the

base for developing the standard. This book, too, is based on Version 2.0.

The ANSI C++ standard additionally will draw upon the ANSI C standard, since

C++ is supposed to be, as far as possible, a superset of C. That means any valid C
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program ideally should also be a valid C++ program. There are a few differences be-

tween ANSI C and the corresponding rules for Version 2.0 of C++, but they are minor.

Indeed, ANSI C incorporates some features first introduced in C++, such as function

prototyping and the const type qualifier. The ANSI C standard not only defines the C
language, it also defines a standard C library that ANSI C implementations must sup-

port. C++ also uses that library; we’ll refer to it as the standard C library or the standard

Prior to the emergence ofANSI C, the C community followed a defacto standard

based on the book The C Programming Language by Kernigan and Ritchie. This stan-

dard often was termed K&R C; with the emergence of ANSI C, the simpler K&R C
now sometimes is called classic C.

Before getting to the C++ language proper, let’s cover some of the groundwork

about creating programs and about using our book.

source code

COMPILER
1

i.'-v.

1

v '> 1

tv v 'y^rv
1 1m " uwm k ^ 11 -1 7

startup code
""""rnV" IT " " """ I "-mill" ,7

object code

V
LINKER

executable code

Figure 1-3 Programming Steps
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The Mechanics of Creating h program
Suppose you’ve written a C++ program. How do you get it running? The exact steps

depend upon your computer environment and the particular C++ compiler you use,

but they will resemble the following steps. (Also see Figure 1-3.)

i Use a text editor ofsome sort to write the program and save it in a file. This file

constitutes the source code for your program.

i Compile the source code. This means running a program that translates the

source code to the internal language, called machine language, used by the host

computer. The file containing the translated program is the objectcode for your

program.

i Link the object code with additional code. C++ programs, for example,

normally use libraries. A C++ library contains object code for a collection of

computer routines, called functions, to perform tasks such as displaying infor-

mation on the screen or calculating the square root of a number. Linking com-

bines your object code with object code for the functions you use and with some

standard start-up code to produce a runnable version ofyour program. The file

containing this final product is called the executable code.

We will use the term source code throughout the book, so be sure to file that term

away in your personal random-access memory.

The programs in this book are generic and should run in any system supporting

Version 2.0 of C++, but the steps for putting a program together may differ. Let’s look

a little further at these steps.

CREITIKB THE SOIICE CODE

Some C++ implementations, such as Turbo C++ and Zortech C++, provide an inte-

grated environment that lets you manage all steps of program development, including

editing, from one master screen. Other implementations, such as AT&T C++ on

UNIX, just handle the compilation and linking stages and expect you to type com-

mands on the system command line. In such cases, you can use any available text editor

to create and modify source code. On UNIX, for example, you can use vi or edor ex or:

emacs. On a DOS system, you can use edlin or any of several available program editors.

You can even use a word processor, providing you save the file as a standard DOS ASCII

text file instead of in a special word processor format.

In naming a source file, you need to use the proper suffix to identify the file as

being a C++ file. This not only tells you the file is C++ source code, it tells the compiler

that, too. (If a UNIX compiler complains to you about a “bad magic number,” that’s
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a period

name extension

just its endearingly obscure way of saying that you

used the wrong suffix.) The suffix consists of a pe-

riod followed by a character or group of characters

called the extension. See Figure 1-4.

The extension you use depends on the C++

implementation. Table 1-1 shows some common
choices. For example, spiffy.C is a valid AT&T
C++ source code file name. Note that UNIX is case-

sensitive, meaning you should use an uppercase C
character. Actually, a lowercase c extension also

works, but standard C uses that extension. So, to

avoid confusion on UNIX systems, use c with C
programs and C with C++ programs. Ifyou don’t mind typing an extra character or two,

you can also use cc and cxx extensions with some UNIX systems. DOS, being a bit

simple-minded compared to UNIX, doesn’t distinguish between uppercase and lower-

case, so DOS implementations use additional letters, as shown in Table 1-1, to distin-

guish between C and C++ programs.

Figure 1-4 Sourcefile extension

Table l-l Source Code Extensions

C++ Implementation Source Code Extension

UNIX AT&T C, cc, cxx, c

Zortech cxx

Borland Turbo cpp

Originally, Stroustrup implemented C++ with a C++-to-C translator program instead

of developing a direct C++ compiler. The translator, called cfront (for C front end),

translated C++ source code to C source code, which then could be compiled by a stan-

dard C compiler. This approach simplified introducing C++ to the C community.

Other implementors have used this approach to bring C++ to other platforms. As C++
has developed and grown in popularity, more and more implementors have turned to

creating true C++ compilers that generate object code directly from C++ source code.

This direct approach speeds up the compilation process and emphasizes that C++ is a

separate, if similar, language.
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Often the distinction between a translator and compiler is nearly invisible to the

user. For instance, on a UNIX system the C C command may first pass your program to

the cfront translator, then automatically pass the translator’s output on to the C com-

piler, which is called cc. Henceforth, we’ll use the term “compiler” to include translate-

and-compile combinations. The mechanics of compiling depend upon the

implementation, and we’ll outline a few common forms now.

UNIX Compiling hno [inking

Suppose, for instance, that you are on a UNIX system using the currentAT&T Version

2.0 C++. Use the CC command to compile your program. The name is in uppercase

letters to distinguish it from the standard UNIX C compiler cc. The CC compiler is a

command-line compiler, meaning you type compilation commands on the UNIX com-

mand line. For instance, to compile the C++ source code file s p i f f y . C, you would type this

command at the UNIX prompt:

CC spiffy.C

If, through skill, dedication, or luck, your program has no errors, the compiler generates

an object code file with an o extension. In this case, the compiler would produce a

spi f f y . o file. Next, the compiler automatically passes the object code file to the sys-

tem linker, a program that combines your code with library code to produce the execut-

able file. By default, the executable file is called a . out. If you used just one source file,

the linker also deletes the spi f f y . o file, for it’s no longer needed. To run the program,

just type the name of the executable file:

a . ou t

Note that if you compile a new program, the new a. out executable file replaces the

previous a . out. (That’s because executable files take a lot of space, so overwriting old

executable files helps reduce storage demands.) But if you develop an executable pro-

gram you want to keep, just use the UNIX mv command to change the name of the

executable file.

In C++, as in C, you can spread a program over more than one file. (Many of the

programs in this book from Chapter 8 on do so.) In that case, you can compile a pro-

gram by listing all the files on the command line:

CC my . C preci ous . C

In this case, the compiler does not delete the object code files. That way, ifyou just

change the my . C file, you can recompile the program with this command:

CC my . C preci ous . o

This recompiles the my . C file and links it with the previously compiled precious. o file.
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TURBO C++ AND BORLAND C++ COMPILING AND [INKING

In Turbo C++’s and Borland C++’s integrated environment, which includes a built-in

editor, you use a menu bar, accessible through a mouse or through Alt-key combina-

tions, to make your desires known. For example, the File menu lets you create, save, and

open files. The Edit menu assists in editing your source file. The Compile menu offers

several compiling options, and the Run menu presents choices for running the program.

Once you’ve used the built-in editor to write a program, the simplest choice is to select

Run from the Run menu. This causes Borland C++ or Turbo C++ to compile, link, and

run your program. If the compiler catchers errors, of course, it won’t run the program,

but it will display a list of errors and highlight the offending lines in your source code.

Also, the integrated environment includes a debugger that lets you step through the

program a line at a time and examine any values you wish to see.

If you develop a program using more than one source code file, use the Project

menu to open a new project. Then you can use further menu options to add the relevant

files to a project list. The project file lets Borland C++ or Turbo C++ keep track of

what’s going on. If you change one of the files in the project list, then the compiler

knows it should update the executable program. In Borland C++ or Turbo C++ you can

have several source code files each in its own window on-screen simultaneously and

easily switch from one file to another.

Both Borland C++ and Turbo C++ come with a tutorial program that shows you

the ins and outs of the Borland C++ or Turbo C++ environment. And, of course, you

can read the manuals.

ZOATECA C++ COMPILING AND [INKING

Like Borland’s Turbo C++, Zortech C++ compiles your C++ source program directly to

object code rather than using an intermediate C source file. Starting with Version 2.1,

Zortech C++ includes a complete integrated environment, called Zortech Work Bench

(ZWB). Before running ZWB, run the memory-resident on-line help program

Ztchelp.exe. This provides context-sensitive help while you are working with ZWB.
A command-line compiler is also provided, for use with programs that require a

large amount ofmemory. Zortech C++ 2. 1 can also be used to create C++ programs that

use extended memory, although this requires buying a separate product, the Rational

Systems DOS Extender.

ZWB features menu bars, multiple movable and resizable windows, and full

mouse support. The menus include File, Edit, Search, Window, Compile, Options,

Browse, and Help. ZWB is particularly useful in supporting multiple windows, allow-

ing easy searching of your program and include files, and in using “browsers” to review

error messages, source files, and program functions. An enhanced Make facility corre-

sponds to Turbo C++’s Project facility.
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To develop a program in Zortech C++, you use the Edit functions to create your

source file. You can then compile and run the program in one step by choosing Run
Program from the Compile menu, or you can choose Compile to compile the program

for later use. When the inevitable errors occur, you can use one of Zortech’s four differ-

ent debuggers: a standard debugger, a remote debugger (which you run on another PC
connected by a serial link), a debugger that can reside in extended memory, and a “vir-

tual debugger” that can provide more protection against “crashes” on 80386-based

systems. These debuggers provide a wealth of information about what is going on inside

your program’s classes and functions.

Conventions Used in This Bo ok

To help distinguish between different kinds of text, we’ve used a few typographic con-

ventions. Italics can denote any of the following:

i Names or values used in a program, such as x, starship , and 3.14

i Important words or phrases used for the first time, such as structured

programming

Monospace “computer” font identifies:

i Language keywords, such as int and if else

i File names, such as iostream.h

i Functions, such as mainO and puts()

C++ source code is presented as follows:

//include <i os t ream . h>

int main(void)

cout << "What's up. Doc ! \n";

>

Sample program runs use the same format, except user input appears against a

screened background:

Please enter your name:

Plato

Since this book is about object-oriented programming, we’ve used geometric ob-

jects along the way to help you identify various elements of the book. All program

listings are indicated by a cone. Rules and suggestions are spheres. And notes are marked

with a cube.
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You’ll find an occasional rule or suggestion in the following format:

You learn by doing, so try the examples and experiment with them.

By the way, you’ve just read a real and important suggestion, not just an example of

what a rule or suggestion looks like.

Finally, when you enter program input, you normally have to press the Return key

or the Enter key to send the input to the program; some keyboards use one and some the

other. This book uses (return) key to mean either the Return key or the Enter key.

Pur System

This book describes Version 2.0 of C++, so its examples should work with any C++

implementation compatible with Version 2.0.C++, and with ANSI C. (At least, this is

the vision and hope of portability.) However, Version 2.0 is still new, and you may find

a few discrepancies. For example, at the time of this writing, some C++ compilers, in-

cluding Zortech C++, implement the Version 2.0 language features but not its new

input and output classes. Systems that use the Version 2.0 (or later) cfront translator

may then pass the translated code to a C compiler that is not fully ANSI compatible,

resulting in some language features being left unimplemented and in some standard

ANSI library functions and header files not being supported. Also, some things, such as

the number of bytes used to hold an integer, are implementation-dependent. For the

record, the examples in this book were developed using Borland’s Turbo C++ 2.0 on an

IBM-compatible 386 PC with a hard disk and running under MS DOS 3.3. Programs

were checked using Zortech’s C++ compiler on a similar machine, Sun 2.0 and 2.1 C++
on a Sun computer, the GNU G++ compiler for C++ and AT&T C++ 2.0 and AT&T
Cfront 2.01 running UMaXC 4.3 Unix. We’ll mention any differences we’ve found.
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When constructing a simple home, you start with the foundation and the frame-

work. If you don’t have a solid structure to begin with, you’ll have trouble later

filling in the details, such as windows, door frames, observatory domes, and par-

quet ballrooms. Similarly, when you learn a computer language, you should start with

learning the basic structure for a program. Only then can you move on to the details,

such as loops and objects. This chapter, then, will serve to bring you an overview of the

essential structure of a C++ program. While doing so, it will preview some topics

—

notably functions and classes—that we’ll cover in much fuller detail later in the book.

(The idea is to introduce at least some of the basic concepts gradually en route to the

great awakenings that come later.)

C

Let’s begin with a simple C++ program that displays a message. Listing 2-1 uses the C++
cout (pronounced cee-out) facility to produce character output. The source code in-

cludes several comments to the reader; these lines begin with //, and the compiler ig-

nores them. C++ is case-sensitive, that is, it discriminates between uppercase characters

and lowercase characters. This means that you must be careful to use the same case as in

the examples. For instance, our program uses cout. Ifyou substitute Cout or COUT, the

compiler will reject your offering, accusing you of using unknown identifiers. (The

compiler also is spelling-sensitive, so don’t try kout or coot, either.) Remember, the

cpp filename extension is for Turbo C; you may have to use a different extension, as

described in Chapter 1

.
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LISTING 2-1 myfirst.cpp

// myfirst.cpp—displays a message
#include <iostream.h>
int main(void)

// a PREPROCESSOR directive

// heading summarizes
II function
// start of function body

cout << "Come up and C++ me some time."; // message

cout << "\n"; // start a new Line

return 0; // terminate mainO
// end of function body

COMPATIBILITY NOTE

Some C++ implementations, including, at the time of this writing, Gnu G+ +

and Zortech C++, haven’t changed over to the iostream.h package. If you’re

using such a compiler, use //include <stream.h> instead of //include

<iostream.h> in this and subsequent programs. Usually, that will be the only

change you need to make.

Once you’ve used your editor of choice to copy this program, you then use your

C++ compiler to create the executable code, as Chapter 1 outlined. Here’s the output

from running the compiled program:

Come up and C + + me some time.

C INPUT AND OUTPUT

If you’re used to programming in C, seeing cout instead of the printf ()

function may come as a minor shock. C++ can, in fact, use printfO, scanf (),

and all the other standard C input and output functions, providing you include

the usual C s t d i o . h file. But this is a C++ book, so we’ll use C++’s new input

facilities, which improve in many ways upon the C versions.

You construct C++ programs from building blocks calledfunctions. Typically, you

organize a program into major tasks, then design separate functions to handle those

tasks. The first example is simple enough, as a first example should be, to consist of a single

function named mainO. The myfirst.cpp example has the following elements:

i Comments, indicated by the // prefix

0 A preprocessor //include directive

1 A function heading: int main(void)
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i A function body, delimited by -C and >

i A statement using the C++ cout facility to display a message

i A return statement to terminate the mainO function

Let’s look at these various elements in more detail now.

f

Stripped of the trimmings, the example program has the following fundamental struc-

ture:

int main(void)

st a tements
return 0;

>

These lines state that we have a function called main(

)

and describe how the

function behaves. Together they constitute afunction definition. This definition has two

parts: the first line, int ma i n ( voi d ), is called the function heading, and the portion

enclosed in braces ({ and >) is the function body. The function heading is a capsule

summary of the function’s interface with the rest of the program, and the function body

represents your instructions to the computer about what the function should do. In

C++ each complete instruction is called a statement,
and each statement must be termi-

nated by a semicolon, so don’t omit the semicolons when you type the examples.

The final statement in mai n( ), called a return statement, terminates the func-

tion. You’ll learn more about the return statement later.

STATEMENTS AND SEMICOLONS

A statement represents a complete instruction to a computer. To understand

your source code, a compiler needs to know when one statement ends and an-

other begins. Some languages use a statement separator. FORTRAN, for in-

stance, uses the end of the line to separate one statement from the next. Pascal

uses a semicolon to separate one statement from the next. In Pascal, you can

omit the semicolon in certain cases, such as after a statement just before an

END, when you aren’t actually separating two statements. (Pragmatists and

minimalists will disagree about whether can implies should.) But C++, like C,

uses a terminator rather than a separator. Therefore, the semicolon that marks

the end of the statement is part of the statement rather than a marker between

statements. (The humble semicolon demonstrates that you don’t have to look
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like Arnold Schwarzenegger to be a terminator.) The practical upshot is that in

C++ you can never omit the semicolon.

The Function Heading os Interface

Right now the main point to remember is that C++ syntax requires that you begin the

definition of the ma i n ( ) function with this heading: int main(void) . This chapter

will go into details later, but, for those who can’t put their curiosity on hold, here’s a preview.

In general, a C++ function is activated, or called

\

by another function, and the

function heading describes the interface between a function and the function that calls

it. The part preceding the function name is called the function return type,
and it de-

scribes information flow from a function to the function that called it. The part within

the parentheses following the function name is called the argument list,
and it describes

information flow from the calling function to the function being defined. This general

format is a bit confusing when applied to ma i n ( ) because ma i n ( ) normally isn’t called

by another function. But you can think of ma i n ( ) as being called by the operating sys-

tem (UNIX, DOS, or whatever) when you start the program. So in the case of mainO, the

function header describes the interface between ma i n ( ) and the operating system.

Let’s look at the interface for mainO, beginning with the i n t part. A C++ function

called by another function can return a value to the activating (calling) function. That

value is called a return value. In this case, mai n( ) can return an integer value, as indi-

cated by the keyword int. Next, consider the word vo i d. In general, one C++ function

can pass information to another function when it calls that function. The portion of the

function heading enclosed in parentheses describes that information. In this case, void

means that the mainO function takes no information, or, in the usual terminology,

mainO takes no arguments. (Saying mainO takes no arguments doesn’t mean that

mainO is an unreasonable, authoritarian function. Rather, argument is the term com-

puter buffs use to refer to information passed from one function to another.)

In short, the heading

int main(void)

states that the mainO function can return an integer value to the function that calls it

and that mainO takes no information from the function that calls it.

Why ma in(] by Any Other name is Not the Some

There’s an extremely compelling reason to name the function in the myfirst.cpp

program mainO: you have to. Every C++ program has to have a function called

ma i n ( ). (And not, by the way, MainO or MAINO or mane (). Remember, case and

spelling count.) Since the myfirst.cpp program has only one function, that function
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must bear the responsibility of being mainO. When you run a C++ program, execution

always begins at the beginning of the mainO function. Therefore, if you don’t have

mainO, you don’t have a complete program, and the compiler will point out that you

haven’t defined a mainO function.

C++ COMMENTS
The double slash (//) introduces a C++ comment. A comment is a remark from the

programmer to the reader, and usually it identifies a section of a program or explains

some aspect of the code. The compiler ignores comments. After all, it knows C++ at

least as well as you do, and, in any case, it’s incapable of understanding comments. So,

as far as the compiler is concerned, Listing 2.1 looks comment-free like the following:

//include <iostream.h>
int main(void)

cout << “Come up and C + + me some time.";
cout << “\n";
return 0;

>

C++ comments run from the //to the end of the line. A comment can be on its own

line or it can be on the same line as code. Incidentally, note the first line in Listing 2- 1

:

function

definition r[ s
‘ en

function body

>

Figure 2-1 The mainO function
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// myfirst.cpp — displays a message

In this book we’ll start all our programs with a comment giving the file name we’re

using for the source code and also giving a briefprogram summary. As we mentioned in

Chapter 1, the file name extension for source code depends on your C++ system. Some

systems would use my first. C or my first, cxx for names.

You should use comments to document your programs. The more complex the

program, the more valuable comments become. Not only do they help others to

understand what you have done, they help you understand what you’ve done,

especially ifyou haven’t looked at the program for a while.

C STYLE COMMENTS

C++ also recognizes C comments, which are enclosed between /* and V sym-

bols:

//include <iostream.h> /* a C-style comment */

Because the C-style comment is terminated by */ rather than by the end of a

line, it can be spread over more than one line. You can use either or both styles

in your programs. We ll stick to the C++ style. That way, a C programmer

glancing over your shoulder will know you’ve advanced to a higher level of

programming.

TIE C++ PREPROCESSOR III THE IUTIEINJ FIIE

C++, like C, uses a preprocessor. This is a program that processes a source file before the

main compilation takes place. (Some C++ implementations, you may recall from Chap-

ter 1, use a translator program to convert a C++ program to C. The translator also is a

form of preprocessor, but we’re not talking about that preprocessor; we’re talking about

the one that handles directives whose names begin with #. ) You don’t have to do any-

thing special to invoke this preprocessor. It operates automatically when you compile

the program.

Our listing uses the # include feature:

//include <iostream.h> // a PREPROCESSOR directive

This directive causes the preprocessor to add the contents of the iostream.h file to

your program. This is a typical preprocessor action—adding or replacing text in the

source code before it’s compiled.
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This raises the question, why add the contents of the iostream.h file to the

program? The answer concerns communication between the program and the outside

world. The io in iostream.h refers to input
,
which is information brought into the

program, and to output,
which is information sent out from the program. C++’s input/

output scheme involves several definitions found in the iostream.h file. The program

needs these definitions to use the cout facility. The //include directive causes the

contents of the iostream.h file to be sent along with the contents of your file to the

compiler. In essence, the //include <iostream.h> line in the program is replaced by

the contents of the iostream.h file. Your original file is not altered, but a composite

file formed from your file and iostream.h goes on to the next stage of compilation.

Programs that use c i n and cout for input and output must include the

iostream.h file.

Prior to C++ 2.0, C++ programs used a header file called s t ream . h instead of

iostream.h. The iostream.h file reflects improvements in C++ input/output han-

dling. This books sticks to the 2.0 version, so ifyou use an older implementation of I/O,

you may have to make some adjustments to the examples.

C++ OUTPUT WITH COUT

Now let’s look at how you display a message. The myfirst, cpp program used the follow-

ing C++ statement:

cout << “Come up and C + + me some time.";

The part enclosed within the double quotation marks is the message to print. In C++,

any series of characters enclosed in double quotation marks is called a string, presumably

because it consists of several characters strung together into a larger unit. The << no-

tation indicates that the statement is sending this string to cout; the symbols point the

way the information flows. And what is cout? It’s a predefined object that knows how

to display a variety of things, including strings, numbers, and individual characters. (An

object, as you may remember from Chapter 1, is the embodiment of a class definition

that describes how data is stored and used.)

Well, this is a bit awkward. We won’t be in a position to explain objects for several

more chapters, yet here we have to use it. Actually, this reveals one of the strengths of

objects. You don’t have to know the innards ofan object in order to use it. All you need

to know is its interface, that is, how it’s used. The cout object has a simple interface. If

string represents a string, then do the following to display the string:

cout << string

;
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This is all you need to know to display a string, but let’s see how the C++ conceptual

view represents the process. In this view, the output is a stream
,
that is, a series of char-

acters flowing from the program—a rather bucolic image. The c out object, whose

properties are defined in the iostream.h file, represents that stream. The object prop-

erties for cout include an insertion operator (<<) that inserts the information on its right

into the stream. So the statement (note the terminating semicolon)

cout << “Come up and C++ me some time.";

inserts the string
“
Come up and C++ me some time, ’’into the output stream. Thus, in-

stead of saying that our program displays a message, we can say that it inserts a string

into the output stream. Somehow, that sounds more impressive. See Figure 2-2.

Ifyou’re coming to C++ from C, you probably noticed that the insertion operator

(<<) looks just like the bitwise left-shift operator (<<). This is an example of operator

overloading

\

by which the same operator symbol can have different meanings. Your pro-

gram uses the context to figure out which meaning is intended. C itself has some opera-

tor overloading. For instance, the & symbol represents both the address operator and

the bitwise AND operator. And the * symbol represents both multiplication and

the insertion

the cout object operator a string
i

cout << "C++ RULES"

string inserted into output stream

...and then she said\nC++ RULES

2-2 Displaying a string with cout
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dereferencing a pointer. The important point here is not the exact function of these

operators but that the same symbol can have more than one meaning, with the compiler

determining the proper meaning from the context. (You do much the same when you

determine the meaning of “shoot’’ in “shoot the breeze’’ versus “shoot the piano

player.”) C++ extends the operator overloading concept by letting you redefine operator

meanings for the user-defined types called classes.

The Newline Chhrrcter (\n)

Now let’s examine an odd-looking notation that appeared in the second output state-

ment:

cout << "\n";

The \n is a special C++ (and C) notation representing an important concept

dubbed the newline character. Although you type the newline character by using two

characters ( a \ and an »), it counts as a single character. Note that you use the backslash

(\), not the regular slash (/). Displaying a newline character moves the screen cursor to

the beginning of the next line, and sending the newline character to a printer moves the

print head to the beginning of the next line. So the newline character earns its name.

Note that the cout facility does not move to the next line automatically when it

prints a string, so the first cout statement in Listing 2-1 leaves the cursor positioned

just after the period at the end of the output string. To move the cursor to the beginning

of the next line, you must send a newline character to the output. Or, practicing C++

lingo, you must insert a newline character into the output stream.

You can use the newline character just like any ordinary character. Listing 2-1

used it in a separate string, but the listing could have used it in the original string. That

is, you can replace the original two output statements with the following:

cout << "Come up and C + + me some time.Xn";

You can even place the newline character in the midst of a string. For instance,

consider the following statement:

cout << "I am a mighty stream\nof l uc i d\nc L a r i t y . \ n"

;

Each newline character moves the cursor to the beginning of the next line, making the

output as follows:

I am a mighty stream

of Lucid

clarity.

By leaving out newlines, you can make successive cout statements print on the same

line. For instance, the statements
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cout << "The Good, the";

cout << "Bad, ";

cout << "and the Ukelele\n";

produce the following output:

The Good, theBad, and the Ukelele

Note that the beginning of one string comes immediately after the end of the

preceding string. If you want a space where two strings join, you have to include it in

one of the strings. (Keep in mind that to try out these output examples, you have to

place them in a complete program, with a ma i n ( ) function heading and opening and

closing braces.)

C++ SDUHCE-CODE FORMATTING

Some languages, such as FORTRAN, are line-oriented, with one statement to a line.

For these languages the carriage return serves to separate statements. But in C++, the

semicolon marks the end of each statement. This leaves C++ free to treat the carriage

return the same as a space or a tab. That is, in C++, you usually can use a space where

you would use a carriage return, and vice versa. This means you can spread a single

statement over several lines or place several statements on one line. For instance, you

could reformat myfirst.cpp as follows:

^include <i ost ream . h>

i nt

main

(void) { cout
<<

"Come up and C + + me some time.";
cout << "\n"; return 0; >

This is ugly, but valid, code. You do have to observe some rules. In particular, in C and

C++ you can’t put a space, tab, or carriage return in the middle of an element such as a

name or a string:

int ma in(void) // INVALID -- space in name
r e

turn 0; // INVALID — carriage return in word
cout << "Behold the Beans
of Beauty!"; // INVALID — carriage return in string

The indivisible elements in a line of code are called tokens. See Figure 2-3. Gen-
erally, you must separate one token from the next by a space, tab, or carriage return,
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which collectively are termed white space. However, C++ recognizes some special to-

kens, such as parentheses, without the need of separating white space:

returnO;
return(O);
return (0);

int main(void)
int main ( void )

// INVALID, must be return 0;

// VALID, white space omitted
// VALID, white space used
// VALID, white space omitted
// ALSO VALID, white space used

C++ Source Code Style

Although C++ gives you much formatting freedom, your programs will be easier to read

ifyou follow some sensible style. You don’t want to be nicknamed Old Valid-But-Ugly.

Most programmers use the style of Listing 2-1, which observes these rules:

i One statement per line

i An opening and a closing brace for a function each on its own line

i Statements in a function indented in from the braces

i No white space around the parentheses associated with a function name

The first three rules have the simple intent to keep the code clean and readable.

The fourth helps one differentiate functions from some built-in C++ structures, like

loops, that also use parentheses. We’ll mention other rules as we come across them.

More About C++ Statement s

A C++ program is a collection of functions, and each function is a collection of state-

ments. C++ has several kinds of statements, so let’s see some of the possibilities. Listing

2-2 provides two new kinds of statements. First, a declaration statement creates a vari-

able. Second, an assignment statement provides a value for that variable. Also, the pro-

gram shows a new ability for cout.

LISTING 2-2 fleas. cpp
// fleas. cpp — display the value of a variable

//include <iostream.h>
int main(void)

int fleas; // create an integer variable

fleas = 28; // give a value to the variable

cout << "My cat has ";
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int main(void)
{

token

white space (carriage return)

white space (space)

token

Spaces and carriage returns can be used interchangeably.

white space (space)

white space (carriage return)

token
1

i—

n

i n t

main(void) {

1 l
I l

token —
Figure 2-3 Tokens and white space

cout « fleas; //display the value of fleas
cout << " f leas . \n";

return 0;

A blank line separates the declaration from the rest of the program. This practice

is the usual C convention, but it’s somewhat less common in C++. Here is the program

output:

My cat has 28 fleas.

We will study this program in the next few pages.

DEC1RDHT10N STHTEMENTS HND VHRIHB1ES
Computers are precise, orderly machines. To store an item of information in a com-

puter, you need to identify how much memory storage space is required for that infor-

mation, and you need a way to identify the storage location. One relatively painless way

to do this in C++ is to use a declaration statement to indicate the type of storage and to
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provide a label for the location. For example, our program has this declaration state-

ment (note the semicolon):

int fleas;

This statement declares that the program will use enough storage to hold what is called

an int. The compiler takes care of the details of allocating and labeling memory for that

task. C++ can handle several kinds, or types, of data, and the int is perhaps the most

basic data type. It corresponds to an integer
,
or whole number. The C i nt type can be

positive or negative, but the size range depends on the implementation. Chapter 3 pro-

vides the details on int and the other basic types.

Besides giving the type, the declaration statement declares that henceforth the

program will use the name fleas to identify the value stored at that location. We call fleas

a variable because we can change its value. In C++ you must declare all variables. Ifyou

were to omit the declaration in fleas, cpp, the compiler would report an error when

the program attempts to use fleas further on. (In fact, you might want to try omitting

the declaration just to see how your compiler responds. Then, ifyou see that response in

the future, you’ll know to check for omitted declarations.)

WHY MUST VARIABLES BE BECLARED?

Some languages, notably BASIC, create a new variable whenever you use a new

name, without the aid of explicit declarations. That may seem friendlier to the

user, and it is—in the short run. The problem is that by mistyping the name of

a variable, you can inadvertently create a new variable without realizing it. That

is, in BASIC, you can do something like the following:

CastleDark = 34

CastleDank = CastleDank + MoreGhosts

PRINT CastleDark

Because CastleDank is mistyped, the changes made to it leave CastleDark un-

changed. This kind of error can be hard to trace because it breaks no rules in

BASIC. But in C++, the equivalent code breaks the rule about using a variable

without declaring it, so the compiler catches the error and stomps the potential

bug.

In general, then, a declaration indicates the type of data to be stored and the name

we’ll use for the data that’s stored there. In this particular case, we create a variable called

fleas in which we can store an integer. See Figure 2-4.
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The declaration statement in our program is

called a defining declaration statement, or defini-

tion

,

for short. That means its presence causes the

compiler to allocate memory space for the variable.

In more complex situations, you can also have refi-

erence declarations. These tell the computer to use a

variable that has already been defined elsewhere. So,

in general, a declaration need not be a definition,

but in our example, it is.

If you’re familiar with C or Pascal, you’re al-

ready familiar with variable declarations. You also may have a modest surprise in store

for you. In C and Pascal, all variable declarations normally come at the very beginning

of a function or procedure. But C++ has no such restriction. Indeed, the usual C++ style

is to declare a variable just before it is first used. That way, you don’t have to rummage

back through a program to see what the type is. You’ll see an example later in this

chapter. This style does have the disadvantage of not gathering all your variable names

in one place; thus you can’t tell at a glance what variables a function uses.

i nt fleas;

type of name of semicolon

data to variable marks end of

be stored statement
y ... y . ;

...
1B
Figure 2-4 A variable declaration

The C++ style for declaring variables is to declare a variable as close as possible

to its first use.

THE ASSIGNMENT STHT1MENT

An assignment statement assigns a value to a storage location. For instance, the state-

ment

fleas = 28;

assigns the integer 28 to the location represented by the variable fleas. The = symbol is

called the assignment operator. One unusual feature of C++ (and C) is that you can use

the assignment operator serially. That is, the following is valid code:

int steinway;
int baldwin;
int yamaha

;

yamaha = baldwin = steinway = 88;

The assignment works from right to left. First, 88 is assigned to steinway
,
then the

value of steinway, which is now 88, is assigned to baldwin, then baldwin s value of 88 is

assigned to yamaha. (C++ follows C’s penchant for allowing weird-appearing code.)

C++ Primer Plus



33

NEW TRICK FOI C1IIT

Prior to now we’ve given cout strings to print. Listing 2-2 additionally gives cout a

variable whose value is an integer:

cout << fleas;

The program doesn’t print the word fleas', instead, it prints the integer value stored in

fleas, which is 28. Actually, this is two tricks in one. First, cout has to replace fleas

with its current numeric value of 28. Second, it has to translate the value to the proper

output characters.

As you see, cout works both with strings and with integers. This may not seem

particularly remarkable to you, but keep in mind that the integer 28 is something quite

different from the string “28”. The string holds the characters with which we write the

number; that is, a 2 character and an 8 character. Internally, the program stores the code

for the 2 character and the code for the 8 character. To print the string, cout simply

prints each character in the string. But the integer 28 is stored as a numeric value.

Instead of storing each digit separately, the computer stores 28 as a binary number.

(Appendix A discusses this representation.) The main point here is that cout has to

translate a number in integer form into a character form before it can print it. Further-

more, cout is smart enough to recognize that fleas is an integer requiring conversion.

Perhaps the contrast with old C will indicate how clever cout is. To print the

string “28” and the integer 28 in C, you could use C’s multipurpose output function

printfC):

printfC" Printing a string: %s\n",, “28");

printfC" Printing an integer: %d\n", 28);

Without going into the intricacies of printfC), note that you have to use special codes

(%s and %d) to indicate whether you are going to print a string or an integer. And if

you tell printfC) to print a string but give it an integer by mistake, printfC) is too

dumb to notice your mistake. It just goes ahead and displays garbage.

The intelligent way in which cout behaves stems from C++’s object-oriented fea-

tures. In essence, the C++ insertion operator (<<) adjusts its behavior to fit the type of

data that follows it. In later chapters, when we take up function overloading and opera-

tor overloading, you’ll learn how to implement such smart designs yourself.

COUT AMD PRINTFO

If you are used to C and printfC), you may think cout looks odd. You may

even prefer to cling to your hard-won mastery of printfC). But cout is really

no stranger in appearance than printfC) with all its conversion specifications.
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More important, cout has significant advantages. Its ability to recognize types

reflects a more intelligent and foolproof design. Also, it is extensible. That is,

you can teach cout to recognize and display new data types you develop. And if

you relish the fine control p r i n t f (
)
provides, you can accomplish the same ef-

fects with more advanced uses of cout (Chapter 12).

More C++ Statements

Let’s look at a few more examples of statements. The program in Listing 2-3 expands on

the preceding example by allowing you to enter a value while the program is running.

To do so, it uses c i n (pronounced cee-in), the input counterpart to cout. Also, the first

two examples didn’t illustrate how a function like ma i n ( ) can call another function, so

this time we have ma i n ( ) call the pu t s ( ) function. This function is from the standard

C library, which C++ has inherited, and it displays a string. Finally, the program shows

yet another way to use that master of versatility, the cout object.

LISTING 2 3 yourcat.cpp

// yourcat.cpp — input and output
#include <iostream.h>
#include <stdio.h> // used for old C I/O functions
i nt mai n( voi d)

int fleas;

putsC'How many fleas does your cat have?"); // Old C

cin>> fleas; // C++ input

// next line concatenates output
cout << "Well, that's " << fleas << " fleas too many. \n";

return 0;

>

Here is a sample output:

How many fleas does your cat have?
112

Well, that's 112 fleas too many.

The new features in this program are using cin to read keyboard input, calling a

function puts ( ), and combining three output statements into one. Now let’s examine

these new features.
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As the output demonstrates, the value we typed in at the keyboard {112) wound up

being assigned to the variable fleas . Here is the statement that performed that wonder:

cin >> fleas;

Looking at this statement, you can practically see information flowing from c i n

into fleas. Naturally, there is a slightly more formal description of this process. Just as

C++ considers output as a stream of characters flowing out of the program, it considers

input as a stream of characters flowing into the program. The iostream.h file defines

cin as an object representing this stream. For output, the << operator inserts characters

into the output stream. For input, ci n uses the >> operator to extract characters from

the input stream. Typically, you would provide a variable to the right of the operator to

receive the extracted information. (The symbols << and >> were chosen to suggest the

direction that information flows.)

Like cout, cin is a smart object. It converts input, which is just a series of char-

acters typed from the keyboard, into a form acceptable to the variable receiving the

information. In this case, we’ve declared fleas to be an integer variable, so the input is

converted to the numerical form the computer uses to store integers.

FUNCTIDI Kill STATEMENTS

The second new feature of the yourcat.cpp program was calling a library function.

C++ programs often use statements that call functions to perform various feats and

tasks. Functions come from two sources: you and function libraries. You’ll soon see

some examples of user-supplied functions. Library functions come in library files that

the compiler accesses when compiling a program. The compiler joins {links) your code

with the relevant library code to produce the final program. The putsO function in

Listing 2-3 is a standard library function available in both C and C++. The stdi o . h

header file contains information relating to this function, just as iostream.h contains in-

formation relating to cout and cin. The putsO function displays a string, then

moves the cursor to the next line. It’s a simple function to use, but it is limited. For

example, it doesn’t print integers. We used puts ( ) because it is a simple example of a

function, but we’ll stick with cout in the future.

Let’s look at the mechanics of calling a function. Listing 2-3 calls the putsO

function:

putsC'How many fleas does your cat have?");

Here’s what happens. When the program begins execution, the computer goes along,

happily executing the statements in mainO. When it reaches the function call, the
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calling function

int main(void)

{

called function

code for puts()

puts("Hi, Mom!");

V

return to calling funct :ction

Figure 2-5 Calling afunction

computer temporarily abandons mainO and executes the statements in putsO.
When it finishes with putsO, the computer then resumes executing statements in

mainO. Because the function call for putsO is in ma i n ( ) , we term mainO the calling

function and putsO the calledfunction . (For some reason, calling them the caller and

the callee never caught on.) See Figure 2-5.

To call a function, use the function name followed by parentheses. Many func-

tions require information from the calling function. The putsO function, for ex-

ample, requires a string, which it then displays. To pass such information to a function,

place it within the parentheses. We call this passed information an argument. See Figure

2-6. An argument can be a string, integer, or other data type. Or there can be no ar-

gument at all. In that case, you still need to use parentheses:

showtimeO; // calling a function with no arguments

Multiple arguments in C++ are separated by commas:

add_em_up( x, y, z, q, r); // function with list of arguments

The third new feature of yourcat.cpp is combining three output statements into

one. The iostream.h file defines the << operator so that you can combine (that is,

concatenate) output as follows:

cout << "Well, that's " << fleas << " fleas too many. \n";
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This lets us combine string output and integer output in a single statement. The result-

ing output is the same as what the following code produces:

cout << "Well, that's
cout << fleas;
cout << " fleas too many. \n";

While you’re still in the mood for coutish advice, you also can rewrite the con-

catenated version this way:

cout << "Well, that's "

<< fleas
<< “ fleas too many . \n";

That’s because C++’s free format rules treat newlines and spaces between tokens inter-

changeably. This last technique is convenient when the line width cramps your style.

Figure 2-6 Function call statement

TOICI OF CLASS
You’ve seen enough of ci n and cout to justify exposing you to a little object lore, in

particular, let’s talk some more about the notion of classes. Classes are one of the core

concepts for object-oriented programming in C++.

A class is a data type defined by the user. To define a class you describe what sort

of information it can represent and what sort of actions you can perform with that data.

A class bears the same relationship to an object that a type does to a variable. That is, a

class definition describes a data form and how it can be used, while an object is an entity

created according to the data form specification. Or, in noncomputer terms, if a class is

analogous to a category such as famous actors, then an object is analogous to a particular
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example of that category, such as Kermit the Frog. To extend the analogy, a class repre-

sentation of actors would include definitions of possible actions relating to the class,

such as Casting, Expressing Sorrow, Projecting Menace, Hyping, and the like. Ifyou’ve

been exposed to different OOP terminology, it may help to know that the C++ class

corresponds to what some languages term an object type, and the C++ object corre-

sponds to an object instance or instance variable.

Let’s get a little more specific. Recall this declaration of a variable:

i nt fleas;

This creates a particular variable (fleas) that has the properties of the i n t type.

That is, fleas can store an integer and can be used in particular ways—for addition and

subtraction, for instance. Now consider cout. It is an object created to have the prop-

erties of the ostream class. The ostream class definition (another inhabitant of the

iostream.h file) describes the sort of data an ostream object represents and the opera-

tions you can perform with and to it, such as insert a number or string into an output

stream. Similarly, c i n is an object created with the properties of the istream class, also

defined in iostream.h.

The class describes all the properties of a data type, and an object is an entity

created according to that description.

We’ve said that classes are user-defined types, but as users we certainly didn’t

design the ostream and istream classes. Just as functions can come in function libraries,

classes can come in class libraries. That’s the case for the ostream and istream classes.

Technically, they are not built into the C++ language, but are examples of classes that

happen to come with the language. The class definitions are laid out in the iostream file

and are not built into the compiler. You can even modify these class definitions if you

like, although that’s not a good idea. The iostream.h family of classes and the related

fstream.h (or file I/O) family are the only sets of class definitions that come with all

implementations of C++. But many implementations, including Turbo C++ and

Zortech C++, do provide additional class definitions as part of the package. Indeed,

much of the current appeal of C++ is the existence of useful class libraries supporting

UNIX, Macintosh, and Windows programming.

The class description specifies all the operations that can be performed on objects

of that class. To perform such an allowed action on a particular object, you send a

message to the object. For instance, if you want the cout object to display a string, you

send it a message that says, in effect, “Object! Display this!” C++ provides a couple of

ways to send messages. One way, called using a class method

\

essentially boils down to a

function call like the ones we’ve seen. The other, and the one used with c i n and cout,

is to redefine an operator. Thus the statement
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cout << "I am not a crook."

uses the redefined << operator to send the “display message” to cout. In this case, the

message comes with an argument, which is the string to be displayed. See Figure 2-7.

STATEMENT SUMMARY
We’ve used and discussed several kinds of C++ statements, so let’s summarize them

now.

i Declaration statements announce the name and the kind of variables used in a

function.

i Assignment statements use the assignment operator (=) to assign a value to a

variable.

i Function calls activate a function. When the called function terminates, the

program returns to the statement in the calling function immediately following

the function call.

i Message statements send a message to an object, initiating some sort of action.

^include <iostream.h>

int main(void)

... V V
cout << "Trust me";

print message

message argument

>

object displays argument

Figure 2-7 Sending a message to an object
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Functions

Because functions are the modules from which C++ programs are built and because they

are essential to C++ OOP definitions, you should become thoroughly familiar with

them. Because some aspects of functions are advanced topics, the main discussion of

functions comes later, in Chapters 7 and 8. However, by dealing with some basic char-

acteristics of functions now, you’ll be more at ease and more practiced with functions

later. The rest of this chapter introduces you to these function basics.

C++ functions come in two varieties: those with return values and those with

none. You can find examples of each kind in the standard C++ library of functions, and

you can create your own functions of each type. We’ll look at a library function that has

a return value, and then we’ll examine how you can write your own simple functions.

USING R FUNCTION WITH H HETURN VfllUE

A function having a return value produces a value that can be assigned to a variable. For

instance, the standard C++ library includes a function called sqr

t

(

)

that returns the

square root of a number. Suppose, for instance, you want to assign the square root of

6.25 to a variable x (This is a normal, even rational, desire, so don’t feel embarrassed

about it.) Then you could use the following statement in your program:

x = sqrt(6.25); // returns the value 2.5 and assigns it to x

The expression sq r t ( 6 . 2 5 ) calls the sq r t ( ) function and passes it the value 6.25 as

an argument. The function calculates the answer to be 2.5 and returns that value to the

calling program. You can think of the return value as being substituted for the function

call in the statement.

That’s practically all there is to it, except that before using a function, the C++

compiler must know what kind of arguments the function uses and what kind of return

value it has. That is, does the function return an integer? A character? A number with a

decimal fraction? A guilty verdict? Or something else? Lacking this information, the

compiler won’t know how to interpret the return value. The C++ way for conveying this

information is using a function prototype statement.

A C++ program should provide a prototype for each function used in the

program.

A function prototype does for functions what a variable declaration does for vari-

ables—it tells what types are involved. For instance, the C++ library defines the sq r t (

)

function to take a number with (potentially) a fractional part (like 6.25) as an argument

and to return a number of the same type. Some languages refer to such numbers as real
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numbers, but the name C++ uses for this type is double. (You’ll see more of double in

Chapter 3.) The function prototype for sqrt (

)

looks like this:

double sqrt(double); // function prototype

The initial double means sqrt() returns a type double value. The double in the

parentheses means sqrt() requires a double argument. So this prototype describes

sq r t ( ) exactly as we used it. By the way, the terminating semicolon identifies this line

of text as a statement, making it a prototype instead of a function heading. If you omit

the semicolon, the compiler will interpret the line as a function heading and expect you

to follow it with a function body defining the function.

When you use sq r t ( ) in a program, you also need to provide the prototype. You

can do this in either of two ways:

b You can type the function prototype into your source code file yourself.

You can include the math . h header file, which has the prototype in it.

The second way is better, for the header file is even more likely than you to get the

prototype right. Every function in the C++ library has a prototype in one or more

header files. Just check the function description in your manual or with on-line help, if

you have it, and the description tells you which header file to use. For instance, the

description of the sqrt ( ) function should tell you to use the ma th . h header file.

Don’t confuse the function prototype with the function definition. The prototype,

as you’ve seen, only describes the function interface. The definition includes the code

for the function workings. C and C++ divide these two features—prototype and defini-

tion—for library functions. The library files contain the compiled code for the func-

tions, while the header files contain the prototypes.

A function prototype should be placed ahead of where the function is first used.

The usual practice is place prototypes just before the definition of the ma i n ( ) function.

Listing 2-4 demonstrates using the library function sqrt ( ); it provides a prototype by

including the math.h file.

LISTING 2-4

// sqrt.cpp — use a square root function
//include <iostream.h>
//include <math.h> // use with math functions
int main(void)
{

double cover; // use double for real numbers

cout << "How many square feet of sheets do you have?\n";
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c i n >> cover

;

double side; // create another variable

side = sqrt(cover); // call function, assign return value

cout << "You can cover a square with sides of " << side;

cout << " feet\nwith your sheets. \n";

return 0;

USING LIBRARY FUNCTIONS

C++ library functions are stored in library files. When the compiler compiles a

program, it has to search the library files for the functions you’ve used. Compil-

ers differ on which library files they search automatically. If you try to run

Listing 2-4 and get a message _s q r t being an undefined external (sounds like

a condition to avoid!), chances are that your compiler doesn’t search the math

library automatically. (Compilers like to add an underscore prefix to function

names—another subtle reminder that they have the last say about your pro-

gram.) Ifyou get such a message, you’ll have to check your compiler documen-

tation to see how to have the compiler search the correct library. The usual

UNIX implementations, for example, require that you use a _lm option (for

/ ibrary mat\v) at the end of the command line:

CC sqrt . C -Im

Merely including the math . h header file provides the prototype but does not

necessarily cause the compiler to search the correct library file.

Here’s a sample run:

How many square feet of sheets do you have?

123.21

You can cover a square with sides of 11.1 feet

with your sheets .

Because sq r t ( ) works with type double values, we made our variables that type.

Note that declaring a type double variable uses the same form, or syntax, as declaring

a type i n t variable:

typename va r i ab L ename

;

Being type double allows the variables cover and side to hold values with decimal frac-

tions, such as 123.21 and 1.1. As you’ll see in Chapter 3, type double encompasses a

much greater range of values than type i nt.

C++ does allow you to declare new variables anywhere in a program, so
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.

cpp didn’t declare side until just before using it. C++ also allows you to assign a

value to a variable when you create it, so you could also have done this:

double side = sqrt(cover);

We’ll return to this process, called initialization
, in Chapter 3.

Note that ci n knows how to convert information from the input stream to type

double, and cout knows how to insert type double into the output stream. As we’ve

said, these objects are smart.

The standard C library provides over 140 predefined functions. If one fits your needs,

by all means use it. But often you’ll have to write your own, particularly when you

design classes. Anyway, it’s a lot more fun to design your own functions, so let’s examine

that process. You’ve already used several user-defined functions, and they all have been

named mainO. Every C++ program must have a mainO function, which the user

must define. Let’s see how to add a second user-defined function. Just as with a library

function, you can call a user-defined function by using its name. And, as with a library

function, you need to provide a function prototype before using the function, typically

by placing the prototype above the mainO definition. The new element is that you also

have to provide the source code for the new function. The simplest way is to place the

code in the same file following the code for mainO. Listing 2-3 illustrates these

elements.

LISTING 2-5 our func.cpp

// ourfunc.cpp -- defining your own function
//include <iostream.h>
void simon(int); // function prototype for simonO
int main(void)
{

simon(3); // call the simonO function
cout << "Pick an integer:
int count;
cin >> count;

s i mon ( count ) ; // call it again
return 0;

>

void simonCint n) // define the simonO function

Chapter Two • Selling Oul lo C++



cout << "Simon says touch your toes " << n << " times. \n";

>

// void functions don't need return

The mai n( ) function calls the simonC ) function twice, once with an argument of 3,

once with a variable argument count. In between, the user enters an integer that’s used

to set the value of count. We didn’t use a newline character in the cout prompting

message. This results in the user input appearing on the same line as the prompt. Here

is a sample run:

Simon says touch your toes 3 times.

Pick an integer: 512

Simon says touch your toes 512 times.

FUNCTION FORM

The definition for the simonC ) function follows the same general form as the defini-

tion for ma i n ( ). First, there is a function header. Then, enclosed in braces, comes the

function body. We can generalize the form for a function definition as follows:

type functionname(argumenti i st)

t

s tatements
>

Note that the source code defining simonC) follows the closing brace of ma i n ( )

.

Like C, and unlike Pascal, C++ does not allow you to embed one function definition

inside another. Each function definition stands separately from all others; all functions

are created equal. See Figure 2-8.

FUNCTION HEADINGS

The simonC) function had this heading:

void si mon ( i n

t

n

)

The initial void means that simonC) has no return value. So calling simonC) doesn’t

produce a number that you can assign to a variable in ma i n C ). Thus the first function

call looked like this:

simonC3); // ok for void functions

Because poor simonC) lacks a return value, you can’t use it this way:

simple = simonC3); // not allowed for void functions
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The i nt n within the parentheses means that you are expected to use simonO
with a single argument of type i nt. The n is a new variable to which is assigned the

value passed during a function call. Thus the function call

s i mon ( 3 )

;

assigns the value 3 to the n variable defined in the simonO heading. When the cout
statement in the function body uses n , it uses the value passed in the function call.

That’s why simon(3) displays a 3 in its output. The call to simon (count) in our

sample run caused the function to display 512 because that’s the value we gave to

count. In short, the heading for simonO tells us that this function takes a single type

i nt argument and that it doesn’t have a return value.

Let’s review main( )
’s function header:

int main(void)

ffiFlFn if 1

function #1

double taxes(double);

return 0;

>

void simon(int n)

Figure 2-8 Function definitions occur sequentially in a file
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This header reverses the roles that i n t and void play in simonO. The initial int

means that mainO returns an integer value. The void means that mainO has no

arguments. Functions that have return values should use the keyword return to pro-

vide the return value and to terminate the function. That’s why we’ve been using the

following statement at the end of mainO:

return 0;

This is logically consistent: mai n( ) is supposed to return a type int value, and

we have it return the integer 0. But, you may wonder, to what are we returning a value?

After all, nowhere in any of our programs have you seen anything calling mainO:

squeeze = mainO; // absent from our programs

The answer is that you can think of your computer’s operating system (UNIX,

say, or DOS) as calling your program. So mai nO’s return value is returned not to an-

other part of the program but to the operating system. Many operating systems can use

the program’s return value. For example, UNIX shell scripts and DOS batch files can be

designed to run programs and test their return values, usually called exit values. The

normal convention is that an exit value of zero means the program ran successfully,

while a nonzero value means there was a problem. Thus you can design your C++ pro-

gram to return a nonzero value if, say, it fails to open a file. Then you can design a shell

script or batch file to run that program and to take some alternative action if the pro-

gram signals failure.

KEYWORDS

Keywords are the vocabulary of a computer language. In this chapter, we’ve

used four C++ keywords: int, void, return, and doub L e. Because these key-

words are special to C++, you cannot use them for other purposes. That is, you

can’t use return as the name for a variable or double as the name of a func-

tion. But you can use them as part of a name, as painter or return_aces.

Appendix B provides a complete list ofC++ keywords. Incidentally, main is not

a keyword, for it’s not part of the language. Rather, it is the name of a required

function. So you could use main as a variable name. (That could cause a prob-

lem in circumstances too esoteric to describe here, and it would be confusing in

any case, so you’d best not.) Similarly, other function names and object names

are not keywords. However, using the same name, say cout, for both an object

and a variable in a program will confuse the compiler. That is, you can use cout

as a variable name in a function that doesn’t use the cout object for output, but

you can’t use cout both ways in the same function.
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USER-DEFINED FUHCTIOH HUH H RETURN VRIUE

Let’s go one step further and write a function that uses the return statement. The

ma i n ( ) function already illustrates the plan for a function with a return value: give the

return type in the function heading and use return at the end of the function body.

We’ll use this form to solve a weighty problem for those visiting the United Kingdom.

In the U.K., many bathroom scales are calibrated in stone instead of in familiar U.S.

pounds. The word stone is both singular and plural in this context. (The English lan-

guage does lack the internal consistency of, say, C++.) One stone is 14 pounds, and the

program in Listing 2-6 uses a function to make this conversion.

LISTING 2 6 converi.cpp

// convert. cpp — converts stone to pounds

#include <iostream.h>
int stoneto Lb( i nt ) ; // function prototype

int main(void)

int stone;

cout << "Enter the weight in stone:

cin >> stone;

int pounds = stonetolb(stone);

cout << stone << " stone are ";

cout << pounds << " pounds. \n";

return 0;

>

int stoneto lb( i nt sts)

return 14 * sts;

>

Here’s a sample run:

Enter the weight in stone: 14

14 stone are 196 pounds.

In ma i n ( ) , we use cin to provide a value for the integer variable stone. This value

is passed to the stonetolbC) function as an argument and is assigned to the variable sts

in that function. Then we use the return keyword to return the value of 14 * sts to

mainO. This illustrates that you aren’t limited to following return with a simple

number. Here, by using a more complex expression, we avoided the bother of creating a
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new variable to which to assign the value before returning it. The program calculates the

value of that expression (196 in our example) and returns the resulting value. If return-

ing the value of an expression bothers you, you can take the longer route:

int s t on e t o L b ( i n t sts)

int pounds = 14 * sts;

return pounds

;

>

Either version produces the same result, but the second version takes slightly longer to

do so.

In general, you can use a function with a return value wherever you would use a

simple constant of the same type. For instance, stonetolbO returns a type int value.

This means you can use the function in the following ways:

int aunt = stonetolb(20);
int aunts = aunt + stonetolb(IO);
cout << "Ferdie weighs " << s t one t o L b ( 1 6 ) << " pounds . \n";

In each case, the program will calculate the return value, then use that number in these

statements.

Figure 2-9 Thefunction prototype and thefunction as a black box
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As these examples show, the function prototype describes the function interface,

that is, how it interacts with the rest of the program. The argument list shows what sort

of information goes into the function, and the function type shows the type of value

returned. Programmers sometimes describe functions as black boxes (a term from elec-

tronics) specified by the flow of information into them and out of them. The function

prototype perfectly portrays that point of view. See Figure 2-9.

The stonetolbC) function is short and simple, yet it embodies a full range of

functional features:

i It has a heading and a body.

i It accepts an argument.

i It returns a value.

i It requires a prototype.

You can consider stonetolbC) a template for function design. We’ll go further

into functions in Chapters 7 and 8. In the meantime, the material in this chapter should

give you a good feel for how functions work and how they fit into C++.

Summary
A C++ program consists of one or more modules called functions. Programs begin exe-

cuting at the beginning of the function called mainO, so you should always have a

function by this name. A function, in turn, consists of a heading and a body. The

function heading tells us what kind of return value, if any, the function produces and

what sort of information it expects to be passed to it by arguments. The function body

consists of a series of C++ statements enclosed in paired braces: -C> .

C++ statement types include declaration statements, assignment statements, func-

tion call statements, object message statements, and return statements. The declaration

statement announces the name of a variable and establishes the type of data it can hold.

An assignment statement gives a value to a variable. A function call passes program

control to the called function. When the function finishes, control returns to the state-

ment in the calling function immediately following the function call. A message in-

structs an object to perform a particular action. A return statement is the mechanism by

which a function returns a value to its calling function.

A class is a user-defined specification for a data type. This specification details how
information is to be represented and also the operations that can be performed with the

data. An object is an entity created according to a class prescription, just as a simple

variable is an entity created according to a data type description.

C++ provides two predefined objects (cin and cout) for handling input and

output. They are examples of the istream and ostream classes, which are defined in the
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iostream.h file. These classes view input and output as streams of characters. The

insertion operator (<<), which is defined for the ostream class, lets you insert data into

the output stream, and the extraction operator (>>), which is defined for the istream

class, lets you extract information from the input stream. Both c i n and cout are smart

objects, capable of automatically converting information from one form to another ac-

cording to the program context.

Now that you have an overall view of simple C++ programs, we can go on in the

next chapters to fill in detail and expand horizons.

REVIEW QUESTIONS

Note: you’ll find the answers to these and subsequent review questions in Appendix G.

1. What are the modules of C++ programs called?

2. What does the following preprocessor directive do?

^include <i os t ream . h>

3. What statement would you use to print the phrase “Hello, world” and then start

a new line?

4. What statement would you use to create an integer variable with the name

cheeses ?

3. What statement would you use to assign the value 32 to the variable cheeses ?

6. What statement would you use to read a value from keyboard input into the

variable cheeses?

7. What statement would you use to print “We have X varieties of cheese”, where X
will be replaced with the current value of the cheeses variable?

8. What does the following function header tell you about the function?

int f r oop ( doub l

e

t)

9. When do you not use the keyword return when defining a function?

10. Write a C++ program that asks for a distance in furlongs and converts it to yards

(one furlong is 220 yards).

11. Redo question 10 by having mai n( ) call a user-defined function that takes the

furlong value as an argument and then returns the yard value.
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T
he essence of object-oriented programming is designing and extending your own
data types. Designed types are not some frivolous trendy thing like designer togs;

rather, they represent an effort to make a type match the data. If you do this

properly, you’ll find it much simpler to work with the data later. But before you can

create your own types, you need to know and understand the types built into C++, for

these types will be your building blocks.

The built-in C++ types come in two groups: fundamental types and derived types.

In this chapter we’ll look at the fundamental types, which represent integers and float-

ing-point numbers. That may sound like just two types, however, C++ recognizes that

no one integer type and no one floating-point type match all programming require-

ments, so it offers several variants on these two data themes. The next chapter follows up

by covering several types derived from the basic types; these additional derived types

include arrays, strings, pointers, and structures.

Of course, a program also needs a means to identify stored data. You’ll examine

one method for doing so—using variables. Next, you’ll look at how to do arithmetic in

C++. Finally, you’ll see how C++ converts values from one type to another.

Simple variables

Programs typically need to store information—perhaps the current price ofIBM stock,

perhaps the average humidity in New York City in August, perhaps the most common
letter in the Constitution and its relative frequency, perhaps the number of available

Elvis imitators. To store an item of information in a computer, the program needs to

keep track of three fundamental properties:
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i Where the information is stored

What value is kept there

What kind of information is stored

The strategy we’ve been using so far is to declare a variable. The type used in the

declaration describes the kind of information, and the variable name represents the

value symbolically. For instance, suppose Chief Lab Assistant Igor uses the following

statements:

int brai ncount;
braincount = 5;

These statements tell the program that it is storing an integer and that the name

braincount represents the integer’s value, 5 in this case. These statements don’t tell us

(or Igor) where in memory the value is stored, but the program does keep track of that

information, too. Indeed, you can use the & operator to retrieve braincount’s address in

memory. We’ll take up that operator in the next chapter when we investigate a second

strategy—using pointers—for representing data.

HRMES FIR VRIillLES

C++ encourages you to use meaningful names for variables. If a variable represents the

cost of a trip, call it costoftrip or costOfTrip ,
not just xor cot. You do have to follow a few

simple C++ naming rules:

i The only characters you may use in names are alphabetic characters, digits,

and the underscore (_) character.

i The first character in a name cannot be a digit.

Uppercase characters are considered distinct from lowercase characters.

i You can’t use a C++ keyword for a name.

C++ places no limits on the length of a name, and all characters in a name are

significant.

The last point makes C++ different from ANSI C, which guarantees only that the

first 31 characters in a name are significant. (That is, in ANSI C, two names having the

same first 3 1 characters would be considered identical, even if the 32nd characters dif-

fered.) However, note that while the language standard may pose no length limits, some

implementations may.

Here are some valid and invalid C++ names:

int poodle; // valid
int Poodle; // valid and distinct from poodle
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i n t

Int

i nt

int

i n t

int

i nt

int

int

POODLE;
terrier;
my_s t a r s

3

_mystars3;
4 e v e r ;

double;
begin;
t he_ve ry_be s

honky-tonk;

// valid and even more distinct
// invalid — has to be int, not Int
II valid
// valid -- can start with underscore
// invalid because starts with a digit
// invalid — double is a C + + keyword
// valid -- begin is a Pascal keyword
t_va r i a b l e_i_ca n_be_ve r s i on_1 1 2 ; // valid
// invalid -- no hyphens allowed

Although you can begin a variable name with an underscore, as with_mysta r s3,

you’re better off ifyou don’t. That’s because C and C++ implementations and libraries

use identifiers beginning with one or two underscore characters for their own purposes.

If you want to form a name from two or more words, the usual practice is to

separate the words with an underscore character, as inmy_onions, or to capitalize the

initial character of each word after the first, asinmyEyeTooth. (C veterans tend to use

the underscore method in the C tradition, while Pascalians prefer the capitalization

approach.)

Some C++ implementations have more restrictive rules for naming a variable if

that variable is shared by more than one file in a multifile program. That’s because some
operating systems, such as PC DOS, have their own rules about variable names shared

among files. For instance, PC DOS limits such shared names (called external identifiers)

to eight characters and doesn’t discriminate between uppercase and lowercase. Lan-

guage designers regard such limitations as pathetic irritations.

INTEGER TYPES

Integers are whole numbers such as 2, 98, -5286, and 0. They have no fractional part.

There are lots of integers, assuming you consider an infinite number to be a lot, so no

finite amount of computer memory can represent all possible integers. Thus a language

can only represent a subset of all integers. Some languages, such as Standard Pascal, offer

just one integer type (one type fits all!), but C++ provides several choices. That gives you

the option of choosing the integer type that best meets a program’s particular require-

ments. This concern with matching type to data presages the designable data types of

OOP.
The various C++ integer types differ in the amount ofmemory they use to hold an

integer. A larger block of memory can represent a larger range in integer values. Also,

some types (.signed types) can represent both positive and negative values, while others

{unsigned types) can’t represent negative values. C++’s basic integer types, in order of

increasing size, are called char, short, int, and long. Each comes in both signed and

unsigned versions. That gives you a choice of eight different integer types! Let’s look at
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these integer types in more detail. Because the char type has some special properties (it’s

most often used to represent characters instead of numbers), we’ll discuss the other types first.

THE SHORT. INT. HND LQNG INTEGER TYPES

Computer memory is organized into units called bytes. (See the Bits and Bytes note.) By

using different numbers of bytes to store values, the C++ types ofshort, int, and long

can represent up to three different integer sizes . It would be convenient if each type

were always some particular size for all systems, for example, if s h o r t were always two

bytes, i n t always four bytes, and so on. But life (even life++) is not that simple. The

reason is that no one choice is suitable for all computer designs. So C++ offers a flexible

standard with some guaranteed minimum sizes. Here’s what you get:

i A s h o r t integer is at least two bytes.

i An i n t integer is at least as big as s h o r t .

i Along integer is at least four bytes and at least as big as i nt.

BITS AND BYTES

Memory capacity is measured in bytes. A byte consists of eight bits, where a

bit is the smallest unit of memory. You can think of a bit as an electronic

switch that can be set to either off or on. Off represents the value 0, and on

represents the value 1. The eight-bit byte can be set to 256 different combi-

nations. The number 256 comes from the fact that each bit has two possible

settings, making the total number of combinations for 8 bits be 2 X 2 X 2 X

2x2x2x2x2, or 256. Thus a byte can be used to represent, say, the

values 0 through 255 or the values from -128 through 127. Each additional

bit doubles the number of combinations. This means a two-byte unit can be

set to 65536 different values, and a four-byte unit can be set to 4,294,672,296

different values.

Many systems currently use the minimum guarantee, making short two bytes and

long four bytes. This still leaves several choices open for int. It could be two, three, or

four bytes in size and meet the standard. Typically, i nt is two bytes (the same as short)

for IBM PC implementations and four bytes (the same as long) for Macintosh, VAX,

and many other minicomputer implementations. (What does your implementation use?

The next example will show you how to determine the limits for your system without

opening a manual.) The differences between implementations for type sizes can cause
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problems when you move a C++ program from one environment to another. But a little

care, as discussed later, can minimize those problems.

You use these type names just like int to declare variables:

short score; // creates a type short integer variable
int temperature; // creates a type int integer variable
long position; // creates a type long integer variable

Actually, short is short for short int and long is short for long i nt, but hardly

anyone uses the lengthier forms. (Don’t extend the pattern too far— i n t is not short for

int int.)

The three types int, short, and long are signed types, meaning each splits its

range approximately equally between positive and negative values. For example, a two-

byte i nt might run from -32768 to +32767.

Ifyou want to know how your system’s integers size up, C++ offers tools to let you

investigate type sizes with a program. First, the sizeof operator returns the size, in

bytes, of a type or a variable. (An operator is a built-in language element that operates on

one or more items to produce a value. For instance, the addition operator, represented

by +, adds two values.) Second, the l i mi t s . h header file contains information about

integer type limits. In particular, it defines symbolic names to represent different limits.

For instance, it defines I NT_MAX to be the largest possible i nt value. Listing 3-1 dem-

onstrates how to use these facilities. The program also illustrates initialization, which is

using a declaration statement to assign a value to a variable.

LISTING 3-1 limits. cpp
// limits. cpp — some integer limits
//include <iostream.h>
//include <limits.h> // defines limits for types
int main(void)

int n_int = INT_MAX; // initialize n_int to max int value
short n_short = SHRT_MAX; // symbols defined in limits. h file
long n_long = LONG_MAX;

// sizeof operator yields size of type or of variable
cout << "int is " << sizeof (int) << " bytes. \n";

cout << "short is " << sizeof n_short << " bytes. \n";

cout << "long is " << sizeof n_long << " bytes. \n\n";

cout << "Maximum values:\n";
cout << "int: " << n__int << "\n";

cout << "short: " << n_short << "\n";
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cout << "long: " << n_long << "\n\n";

cout << "Minimum int value = " << INT_MIN << "\n";

return 0;

COMPATIBILITY NOTE

The l i m i t s . h header file is an ANSI C addition. Some C++ implementaions

don’t yet provide full ANSI C support and thus may not provide the l i m i t s . h

header file. If you’re using such a system, you’ll have to limit yourself to

experiencing this example in spirit only.

Here is a sample output:

int is 2 bytes

.

short is 2 bytes

.

long i s 4 bytes .

Maximum values:
int: 32767
short: 32767
long: 2147483647

Minimum int value = -32768

PROGRAM DETAILS

Let’s summarize the chief programming features for this program.

The s i zeof operator reports that i nt is two bytes on our system. You can apply

the si zeof operator to a type name or to a variable name. When you use the si zeof

operator with a type name, such as int, you enclose the name in parentheses. But ifyou

use the operator with the name of the variable, such as n_short, parentheses are op-

tional:

cout << "int is " << sizeof (int) << " bytes. \n";

cout << "short is " << sizeof n_short << " bytes. \n";

The l i m i t s . h header file defines symbolic constants (see the Symbolic Con-

stants box) to represent type limits. As mentioned, I NT_MAX represents the largest value

type int can hold; this turned out to be 32767 for our system. The compiler manufac-

turer provides a l i mi t s . h file that reflects the values appropriate to that compiler. For

instance, the limits.h file for a system using a four-byte int would define the
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I NT_MAX to represent 2147483647. Both C++ and ANSI C use the Limits.h file, so

it s designed to be compatible with both languages. Table 3-1 summarizes the symbolic

constants defined in this file; some pertain to types we have not yet discussed.

Initialization combines assignment with declaration. For instance, the statement

int n_int = INT_MAX;

declares the n_i nt variable and sets it to the largest possible type i nt value. You can

also use regular constants to initialize values. You can initialize a variable to another

variable, providing the other variable has been defined first. You can even initialize a

variable to an expression, providing all the values in the expression are known at compi-

lation time:

int uncles = 5;

int aunts = uncles;
int chairs = aunts + uncles + 4;

TABLE 3-1 Symbolic constants from limits.h

Symbolic Constant Represents

CHAR_BIT number of bits in a c h a r

CFLAR_MAX
.

maximum char value

CHAR_MIN minimum char value

SCHAR_MAX maximum si gned char value

SCHARJMIN minimum s i gned char value

UCHAR_MAX maximum unsi gned char value

SHRT_MAX maximum s h o r t value

SHRT_MIN minimum short value

USHRT_MAX maximum unsi gned short value
'

’ ' '

-
•

yy/S y .'
; vV . y’./-. //./y ' y/y^y/yy.:- .//\/‘'-Y/y;yfy-'/- 'tfyffljtjfjSSfSfttXbWf'' -v 3x5Jx

INT_MAX
I \*V' § -

} < y, > v ?
»

, r -->?« wt\>

maximum i n t value

INT_MIN minimum i nt value

UINT_MAX maximum unsigned int value

LONG_MAX maximum tong value

LONG_MIN minimum long value
v-

’
’

•
•

•

ULONG_MAX
• •;.

maximum unsi gned long value

// initialize to 5

// initialize to 5

// initialize to 14
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Moving the uncles declaration to the end of this list of statements would invalidate

the other two initializations, for then the value of uncles wouldn’t be known at the

time the compiler tried to initialize the other variables.

If you don’t initialize a variable defined inside a function, the variable’s

value is undefined That means the value will be whatever happened to be

sitting at that memory location prior to creating the variable.

If you know what the initial value of a variable should be, initialize it. True, sepa-

rating the declaring of a variable from assigning it a value can create momentary sus-

pense:

short year; // what could it be?

yea r = 1 492 ; //oh

But initializing the variable when you declare it protects you from forgetting to assign

the value later.

SYMBOLIC CONSTANTS THE PREPROCESSOR WAY
The l i m i t s . h file contains lines similar to the following:

//define I NT_M AX 32767

The C++ compilation process, recall, first passes the source code through a

preprocessor. Here #def ine, like //include, is a preprocessor directive.

What this particular directive tells the preprocessor is this: Look through

the program for instances of I N T_M A X and replace each occurrence with

3 2 767. So the //define directive works like a global search-and-replace

command in an editor or word processor. The altered program is compiled

after these replacements occur. The preprocessor looks for independent to-

kens (separate words), skipping embedded words. That is, the preprocessor

doesn’t replace PINT_MAXIM with P3 2 767 I M. You can use //define to

define your own symbolic constants, too. (See Listing 3-2.) However, the

//define directive is a C relic. C++ has a better way for creating symbolic

constants (the const keyword, coming up soon), so we won’t be using

//define much. But some header files, particularly those designed to be

used with both C and C+ + , do use it.
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UNSIGNED TYPES

Each of the three integer types we just discussed comes in an unsigned variety, which

can’t hold negative values. This has the advantage of increasing the largest value the

variable can hold. For instance, if short represents the range -32768 to +32767, then

the unsigned version can represent the range 0 to 63533. Of course, you should use

unsigned types only for quantities that are never negative, such as populations, inven-

tory counts, and happy face manifestations. To create unsigned versions of the basic

integer types, just use the keyword unsigned to modify the declarations:

unsigned short changer-

unsigned int rovert;
unsigned quarterback;
unsigned Long gone;

// unsigned short type
// unsigned int type
// also unsigned int

// unsigned long type

Note that unsigned by itself is short for unsigned int.

Listing 3-2 illustrates using unsigned types. It also shows what may happen ifyour

program tries to go beyond the limits for integer types. Finally, it gives you one last look

at the preprocessor #def i ne statement.

LISTING 3-2 exceed. cpp
// exceed. cpp — exceeding some integer limits

//include <iostream.h>
//define ZERO 0 // makes ZERO symbol for 0 value

//include <limits.h> // defines INT_MAX as largest int value

int main(void)

int sam = IN T_M AX;

unsigned sue = sam;

// initialize a variable to max value

// okay if variable sam already defined

cout << “Sam has “ << sam << “ dollars and Sue has “ << sue;

cout << " dollars depos i t ed . \ n Add $1 to each account . \nNow “;

sam = sam + 1;

sue = sue + 1 ;

cout << “Sam has “ << sam << “ dollars and Sue has “ << sue;

cout << “ dollars deposi ted . \nPoor Sam!\n“;

sam = ZERO;

sue = ZERO;

cout << “Sam has “ << sam << “ dollars and Sue has “ << sue;

cout << “ dollars deposi ted . \n“;

cout << “Take SI from each account . \nNow “;

sam = sam - 1;

sue = sue - 1;

cout << “Sam has " << sam << “ dollars and Sue has “ << sue;
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cout << " dollars deposi ted . \nl_ucky Sue!\n";
return 0;

COMPATIBILITY MOTE

This example, like Listing 3-1, uses the l i m i t s.h file, which may not be

available on C++ systems not providing full ANSI C support.

Here’s the output:

Sam has 32767 dollars and Sue has 32767 dollars deposited.
Add $1 to each account.
Now Sam has -32768 dollars and Sue has 32768 dollars deposited.
Poor Sam

!

Sam has 0 dollars and Sue has 0 dollars deposited.
Take $1 from each account.
Now Sam has -1 dollars and Sue has 65535 dollars deposited.
Lucky Sue

!

The program sets an int variable (sam) and an unsigned int variable (sue) to the

largest int value, which is 32767 on our system. Then it adds 1 to each value. This

causes no problems for sue, for the new value is still much less than the maximum value

for an unsigned integer. But sam goes from 32767 to -32768! Similarly, subtracting 1

from 0 creates no problems for sam , but it makes the unsigned variable sue go from 0 to

63333. As you can see, these integers behave much like an odometer or a VCR counter.

Ifyou go past the limit, the values just start over at the other end ofthe range. See Figure

3-1. C++ doesn’t guarantee that integer types can exceed their limits (overflow and

underflow) without complaint, but that is the most common behavior on current

implementations.

MICH TYPE?

With this richness ofC++ integer types, which should you use? Generally, i n t is set to

the most “natural” integer size for the target computer. Natural size means the integer

form the computer handles most efficiently. If there is no compelling reason to choose

another type, use int.

Now let’s look at reasons you might use another type. If a variable represents

something that never is negative, such as the number ofwords in a document, you can

use an unsigned type; that way the variable can represent higher values.
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If you know that the variable may have to represent integer values too great for a

two-byte integer, use long. This is true even if i nt is four bytes on your system. That
way, if you transfer your program to a system with two-byte i nt, your program won’t

embarrass you by suddenly failing to work properly. See Figure 3-2.

Using short can conserve memory if short is smaller than i n t . Most typically,

this will be important only if you have a large array of integers. (An array is a data

structure that stores several values of the same type sequentially in memory.) If it is

important to conserve space, you should use short instead of i nt even if the two are

the same size. Suppose, for example, you move your program from a two-byte i nt PC
system to a four-byte int VAX system. That will double the amount of memory
needed to hold an int array, but it won’t affect the requirements for a short array.

Remember, a byte saved is a byte earned.

reset point

+32768

+49152

+65535 ^ V

reset point

Figure 3-1 Typical overflow behavior for integers
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If you need only a single byte, you can use char. We’ll examine that possi-

bility soon.

An integer constant is one you write out explicitly, such as 212 or 1776. C++, like C, lets

you write integers in three different number bases: base ten (the public favorite), base

eight (the old UNIX favorite), and base 16 (the hardware hacker’s favorite). AppendixA
describes these bases; here we’ll look at the C++ representations. C++ uses the first digit

or two to identify the base of a number constant. If the first digit is in the range 1-9, the

number is base 10 (decimal); thus 93 is base 10. If the first digit is 0 and the second digit

is in the range 1-7, the number is base 8 (octal); thus 042 is octal and equal to 34

decimal. If the first two characters are Ox or OX, the number is base 16 (hexadecimal);

thus 0x42 is hex and equal to 66 decimal. For hexadecimal values, the characters a—fand

A-F represent the hexadecimal digits corresponding to the values 10-13. So OxF is 13

and 0xA5 is 165 (10 sixteens plus 5 ones). Listing 3-3 is tailor-made to show the three

bases.

LISTING 3-3 hexoct.cpp

// hexoct.cpp — shows hex and octal constants
^include <iostream.h>
i nt ma i n ( voi d)

int chest = 42; // decimal integer constant
int waist = 0x42; // hexadecimal integer constant
int inseam = 042; // octal integer constant

cout << "Monsieur cuts a striking figure!\n";
cout << "chest = " << chest << "\n";
cout << "waist = " << waist << "\n";
cout << "inseam = " << inseam << "\n";
return 0;

By default, cout displays integers in decimal form, regardless of how they are

written in a program, as the following output shows:

Monsieur cuts a striking figure!
chest = 42
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waist = 66

inseam = 34

Keep in mind that these notations are merely notational conveniences. For in-

stance, if you read that the CGA video memory segment is B000 in hexadecimal, you

don’t have to convert the value to base ten 45056 before using it in your program.

Instead, simply use OxBOOO. But whether you write the value ten as 1 0, 0 1 2, or OxA, it’s

stored the same way in the computer—as a binary (base two) value.

By the way, if you want to display a value in hexadecimal or octal form, you can

use some special features of cout. We really don’t want to get into that now, but you’ll

find the information in Chapter 12. (You can just skim the chapter for that information

// myprofit.cpp

int receipts = 560334;

Long also = 560334;

cout << receipts << "\n";

cout << also << "\n";

/ / myprof i t . cpp

int receipts = 560334;

Long aLso = 560334;

cout << receipts << "\n";

cout << aLso << "\n";

560334 -29490

560334 560334

Type int worked on this computer. Type int failed on this computer.

Figure 3-2 For portability, use Long for big integers
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and ignore the explanations.) On input, ci n recognizes the C++ notation for different

number bases. So ifyou type 0x20, c i n will interpret that as a hex value, the equivalent of32.

How C++ Decides What Type h Constant |s

A program’s declarations tell the C++ compiler the type of a particular integer variable.

But what about constants? That is, suppose you represent a number with a constant in

a program:

cout << “Year = " << 1 492 << "\n";

Does the program store 1492 as an int, a Long, or as some other integer type? The

answer is that C++ stores integer constants as type i nt unless there is a reason to do

otherwise. Two such reasons are ifyou use a special suffix to indicate a particular type or

if a value is too large to be an int.

First, let’s look at the suffixes. These are letters placed at the end of a numeric

constant to indicate the type. An L or L suffix on an integer means the integer is a type

Long constant, a u or U suffix indicates an unsigned int constant, and u L (in any

combination of orders and uppercase and lowercase) indicates a type unsigned Long

constant. (Because a lowercase L can look much like the digit 1
, we recommend using

the uppercase L for suffixes.) For example, on a system using a two-byte int and a

four-byte Long, the number 22022 is stored in two bytes as an int, and the number

22022L is stored in four bytes as a Long.

Next, let’s look at size. C++ has slightly different rules for decimal integers than it

has for hexadecimal and octal integers. (Ffere decimal means base 10, just as hexadeci-

mal means base 16; the term does not necessarily imply a decimal point.) A decimal

integer without a suffix is represented by the smallest of the following types that can

hold it: int, Long, unsigned Long. On a computer system using a two-byte int and

a four-byte Long, 20000 is represented as type int, 40000 is represented as Long, and

3000000000 is represented as unsigned Long. A hexadecimal or octal integer without

a suffix is represented by the smallest of the following types that can hold it: int,

unsigned int, Long, unsigned Long. So the same computer system that represents

40000 as Long represents the hexadecimal equivalent 0x9C40 as an unsigned int.

That’s because hexadecimal frequently is used to express memory addresses, which in-

trinsically are unsigned. So unsigned int is more appropriate than Long for a two-

byte address.

THE CHHR TYPE: CHRRflCTERS HND SHRll INTEGERS

It’s time to turn to the final integer type, type char. The char type, as you probably suspect

from its name, was designed to store characters, such as letters and digits. Now, while
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storing numbers is no big deal for computers, storing letters is another matter. Program-

ming languages take the easy way out by using a number code for letters. Thus the char

type is really another integer type. It’s guaranteed to be large enough to represent the entire

range of basic symbols—all the letters, digits, punctuation, and the like—for the target

computer system. In practice, most systems support fewer than 256 kinds of characters, so a

single byte can represent the whole range. Therefore, while char most often is used to

handle characters, it also can be used as an integer type typically smaller than short.

The most common symbol set in the United States is the ASCII (pronounced

askey) character set described in Appendix C. A numeric code (the ASCII code) repre-

sents the characters in the set. For example, 65 is the code for the character A. For

convenience, we’ll use ASCII code in our examples. However, a C++ implementation

will use whatever code is native to its host system, for instance, EBCDIC (pronounced

eb-se-dik) on an IBM mainframe.

Let’s try the char type in Listing 3-4.

LISTING 3-4 chartype.cpp

U chartype.cpp — the char type

//include <iostream.h>
int main(void)

char ch; // declare a char variable

cout << "Enter a character : \n";

c i n >> c h ;

cout << "Yum! "

;

cout << "Thank you for the " << ch << " character . \n";

return 0;

>

As usual, the \n notation is the C++ representation of the newline character.

Here’s the output:

Enter a character:
M

Yum! Thank you for the M character.

The interesting thing is that we type an M, not the corresponding character code

of 77. And the program prints an M, not a 77. Yet if you were to peer into memory,

you’d find that 77 is the value stored in the ch variable. The magic, such as it is, lies not

in the char type, but in cin and cout. These worthy facilities make conversions on
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our behalf. On input, c i n converts the keystroke input M to the value 77. On output,

cout converts the value 77 to the displayed character ofM; cin and cout are guided

by the type of variable. If we placed the same value of 77 into an i n t variable, then

cout would display it as 77. (That is, cout will display two 7 characters.) Listing 3-5

illustrates this point. It also shows how to write a character constant in C++: enclose the

character within two single quotation marks, as in ‘AT. (Note that we didn’t use double

quotation marks. C++ uses single quotation marks for a character and double quotation

marks for a string. As you’ll see in Chapter 4, the two are quite different.) Finally, the

program introduces a cout offshoot, the cout. put () function.

LISTING 3-5 morechar.cpp

// morechar.cpp — the char type and int type contrasted
//include <iostream.h>
int main(void)

char c = 1 M ' ; // assign ASCII code for M to c

int i = c; // store same code in an int

cout << "The ASCII code for " << c << " is " << i << "\n";

cout << "Add one to the character code:\n";
c = c + 1 ;

i = c;

cout << "The ASCII code for " << c << " is " << i << '\n';

// using the cout.putC) member function to display a char
cout << "Displaying char c using cout.put(c): ";

cout
. put ( c ) ;

// cout.putC) converts int to char on output
cout << "XnDisplaying int i using cout.put(i): ";

cout.put(i);

cout << "\nDone\n";
return 0;

Fiere is the output:

The ASCII code for M is 77
Add one to the character code:
The ASCII code for N is 78

Displaying char c using cout.put(c): N
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Displaying int i using cout.put(i): N

Done

PROGRAM NOTES

The notation ‘M’ represents the numeric code for the M character, so initializing the

char variable c to *M ’ sets c to the value 77. The program then assigns the identical

value to the i nt variable i. So both rand i have the value 77. Then cout displays c as

M and i as 77. As we said, cout is guided by a value’s type when choosing how to dis-

play it—just another example of smart objects.

Because cis really an integer, we can apply integer operations to it, such as adding 1.

This changes the value of cto 78. Then the program resets i to the new value. Again, cout

displays the char version of that value as a character and the i n t version as number.

The fact that C++ represents characters as integers is a real convenience. It makes

it easy to manipulate character values. You don’t have to use awkward conversion func-

tions to convert characters to ASCII and back.

Finally, the program uses the cout
.
put ( ) function to display both rand i. Un-

like simple cout, this function doesn’t care whether its argument is type char or type

int. In either case, it displays the character version of the value.

fi MEMBER FUNCTION; COUT PUT[)

Just what is cout. put ()? And why does it have a period in its name? The cout. put ()

function is our first example of an important C++ OOP concept, the member function.

A class, you may remember, defines how to represent data and how to manipulate it. A
member function belongs to a class and describes a method for manipulating class data.

The os t ream class, for instance, has a put() member function designed to output

characters. You can use a member function only with a particular object of that class,

such as the cout object, in this case. To use a class member function with an object like

cout, you use a period to combine the object name (cout) with the function name

(putO). The period is called the membership operator. The notation cout. put C)

means to use the class member function put ( ) with the class object cout. Of course,

we’ll go into more detail when we reach classes. Meanwhile, the only classes we have are

the istream and ostream classes, and we can experiment with their member functions to

get more comfortable with the concept.

Using cout
.
put ( ) is not quite the same as using the << operator. As Listing 3-5

shows, cout« displays a char value as a character and an i nt value as a number, but

cou t . put ( ) displays both types as characters. At this point you may wonder why there

is any need for cout . put ( ). Much of the answer is historical. Prior to Version 2.0 of

C++, cout would display character variables as characters but display character con-
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stunts, such as AT and \n \ as numbers. The problem was that earlier versions of C++,

like C, stored character constants as type i nt. That is, the code 77 for ‘M’ would be

stored in a two-byte or four-byte unit. Meanwhile, char variables typically occupied

one byte. A statement like

char c = 'M';

copied one byte (the important byte) from the constant ‘AT to the variable c. Unfor-

tunately, this meant that AT and c looked quite different to cout, even though both

held the same value. So a statement like

cout <<

would print the ASCII code for the $ character instead of simply displaying $. But

cout.putC '$' );

would print the character, as desired. Now, Version 2.0 of C++ stores single character

constants as type char, not type int. That means cout now correctly handles char-

acter constants. C++ always could use the string “\n ”to start a new line; now it also can

use the character \n \

TaDle 3-2 C++ escape sequence codes

Character name

<,

.

. .

ASCII C++ ASCII
SYMBOL CODE DECIMAL

CODE

ASCII
HEX CODE

•x
' - -3

' ..

newline NL (LF) \n 10

backspace BS \b 8

OxA

0x9

OxB

0x8

carriage return CR \r 1

3

•

OxD

alert BEL \a 7 0x7

backslash \ W 92 0x5C
.

question mark
" r v -

' V- 2 * vvg y ' < xvS I yy .yp ,;:,ovy > y yy

? \? 63
'

.
+ - •

' '
' +y. -

.

0x3F

single quote
f VI /) rv

\ 39 0x27

double quote 0x22

C++ Primer Plus



71

cout << "\n"; // using a string
cout << '\n'; // using a character constant

A string is enclosed in double quotation marks instead of single quotation marks and

can hold more than one character. Strings, even one-character strings, are not the same

as type char. We’ll come back to strings in the next chapter.

The c i n object has a couple of different ways of reading characters from input.

These are more easily explored using a program that uses a loop to read several charac-

ters, so we’ll go into the matter when we cover loops.

char Constants

You have several options for writing character constants in C++. The simplest choice for

ordinary characters such as letters, punctuation, and digits is to enclose the character in

single quotes. This notation stands for the numeric code for the character. For instance,

an ASCII system has the following correspondences:

A '

i s 65, the ASCII code for A

a
'

i s 97, the ASCII code for a

5
'

i s 53, the ASCII code for the digit 5

1

i s 32, the ASCII code for the space character
1 >

i s 33, the ASCII code for the exclamation mark

Using this notation is better than using the numeric codes explicitly. It’s clearer, and it

doesn’t assume a particular code. If a system uses EBCDIC, then 65 is not the code for

A, but "A still represents the character.

Some characters can’t be entered into a program directly from the keyboard. For

instance, you can’t make the newline character part of a string by typing the Return or

Enter key; instead, the program editor interprets that keystroke as a request for it to

start a new line in your source code file. Other characters have difficulties because the

C++ language imbues them with special significance. For instance, the double quote

character delimits strings, so you can’t just stick one in the middle of a string. C++ has

special notations, called escape sequences, for several of these characters, as shown in

Table 3-2. For instance, \a represents the alert character, which beeps your terminal’s

speaker or rings its bell. And \ " represents the double quotation mark as an ordinary

character instead of a string delimiter. You can use these notations in strings or in char-

acter constants:

char alarm = ' \ a ' ;

cout << alarm << "Don't do that again !\a\n";

cout << "Ben \"Buggsie\" Hacker was here! \n";

The last line produces the following output:

Ben "Buggsie" Hacker was here!
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Note that you treat an escape sequence such as \a just like a regular character,

such as Q. That is, you enclose it in single quotes to create a character constant and

don’t use single quotes when including it as part of a string.

Finally, you can use escape sequences based on the octal or hexadecimal codes for a

character. For instance, Control-Z has an ASCII code of 26, which is 032 in octal and

Oxla in hexadecimal. You can represent this character by either of the following escape

sequences: \032 or \xla. You can make character constants out of these by enclosing them

in single quotes, as in ‘\032\ and you can use them as parts ofa string, as in “hi\xla there”.

When you have a choice between using a numeric escape sequence or a

symbolic escape sequence, as in \ 0x8 versus \b, use the symbolic code. The
numeric representation is tied to a particular code, such as ASCII, but the

symbolic representation works with all codes and is more readable.

Listing 3-6 demonstrates a few escape sequences. It uses the alert character to get

your attention, it uses the newline character to advance the cursor (one small step for a

cursor, one giant step for cursorkind), and it uses the backspace character to back the

cursor one space to the left. (Floudini once painted a picture of the Hudson River using

only escape sequences; he was, of course, a great escape artist.)

LISTING 3-G bondini.cpp

// bondini.cpp — using escape sequences
^include <iostream.h>
int main(void)
i

cout << "\a0perat i on \"HyperHype\" is now act i va ted ! \n";
cout << "Enter your agent code: \b\b\b\b\b\b\b\b"

;

Long code;
cin >> code;

cout << "\aYou entered " << code << "...\n";
cout

«

1

'\aCodeverified ! Proceed wi th Plan Z3 ! \n";

>

retumO;

COMPATIBILITY NOTE

Some C++ systems based on pre-ANSI C compilers don’t recognize \a. You
can substitute \ 007 for \ a on systems that use the ASCII character code.
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When you start the program, it puts the following text on the screen:

Operation "HyperHype" is now activated!
Enter your agent code :

After printing the underscore characters, the program uses the backspace character to

back up the cursor to the first underscore. Then you can enter your secret code and

continue. Here’s a complete run:

Operation “HyperHype" is now activated!
Enter your agent code : 42007007
You entered 42007007...
Code verified! Proceed with Plan Z 3

!

SIGNED CHAR AND UNSIGNED CHAR

Unlike i nt, char is not signed (that is, it allows both positive and negative values) by

default. Nor is it unsigned (that is, it has no negative values) by default. The choice is

left to the C++ implementation in order to allow the implementor to best fit the type to

the hardware properties. If it is vital to you that char has a particular behavior, you can

use signed char or unsigned c h a r explicitly as types:

char fodo; // may be signed, may be unsigned
unsigned char bar; // definitely unsigned
signed char snark; // definitely signed

These distinctions are particularly important ifyou’re using c ha r as a numeric type.

The unsigned char type typically represents the range 0 to 255, and si gned char typi-

cally represents the range -128 to 127. For example, suppose you want to use a char

variable to hold values that may be as large as 200. That will work on some systems but fail

on others. But you can use unsigned char successfully for that purpose on any system.

On the other hand, if you’re using a char variable to hold a standard ASCII character, it

doesn’t really matter whether cha

r

is signed or unsigned, so you can simply use char.

The const Qualifier

Let’s return to the topic of symbolic names for constants. The symbolic name can sug-

gest what the constant represents. Also, if the program uses the constant in several places

and you need to change the value, you can just change the single symbol definition. The

box about #def i ne statements earlier this chapter promised that C++ had a better way

to handle symbolic constants. That way is to use the const keyword to modify a vari-

able declaration and initialization. Suppose, for instance, that you want a symbolic

constant for the number of months in a year. Enter this line:
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const int Months = 12; // Months is symbolic constant for 12

Now you can use Months in a program instead of 12. (A bare 12 in a program

might represent the number of inches in a foot or the number of donuts in a dozen, but

the name Months tells you what it represents.) Once Months has been initialized, its

value is set. The compiler will not let you subsequently change the value Months. For

instance, Turbo C++ will give an error message stating that an Lvalue is required. This

is the same message you’ll get if you try, say, to assign the value 4 to 3. (An Lvalue is a

value, such as a variable, that can appear on the left side of the assignment operator.)

The keyword const is termed a qualifier because it qualifies the meaning of a declara-

tion.

Capitalizing the name helps remind you that Months is a constant. This is by no

means a universal convention, but it helps separate the constants from the variables

when you read a program. Another convention is using all caps for a constant name.

We’ll follow the usual C convention and reserve all caps for constants created using

#def i ne, such as 1NT_MAX. Yet another convention is to begin constant names with

the letter k
,
as in kmonths.

The general form for creating a constant is this:

const type name = vaiue;

If you omit the type, C++ uses int.

Ifyour background is in C, you might feel that the #def i ne statement, which we
discussed earlier, already does the job adequately. But const is better. For one thing, it

lets you specify the type explicitly. Second, you can use C++’s scoping rules to limit the

definition to particular functions or files. (Scoping rules describe how widely known a

name is to different modules; we’ll go into more detail in Chapter 8.) Third, you can use

const with more elaborate types, such as the arrays and structures coming up in the

next chapter.

If you are coming to C++ from C and you are about to use #def i ne to

define a symbolic constant, use const instead.

ANSI C also uses the const qualifier. Ifyou’re familiar with the ANSI C version,

you should be aware that the C++ version is slightly different. One difference relates to

the scope rules, and Chapter 8 will cover that point. The other main difference is that in

C++ (but not in C) you can use a cons t value to declare the size ofan array. We’ll show
examples in the next chapter.
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FlOmiNG-POINT NUMBERS

Now that you have seen the complete line ofC++ integer types, let’s look at the floating-

point types, which comprise the second major group of fundamental C++ types. These

numbers let you represent numbers with fractional parts, such as the gas mileage of an

Ml tank (0.56 mpg). They also provide a much greater range in values. If a number is

too large to be represented as type long, for instance, the number of stars in our galaxy (

an estimated 400,000,000,000), you can use one of the floating-point types.

With floating-point types, you can represent numbers like 2.5 and 3.14159 and

122442.32, that is, numbers with a fractional part. A computer stores such values in two

parts. One part represents a value, and the other part scales that value up or down.

Here’s an analogy. Consider the two numbers 34.1245 and 34124.5. They’re identical

except for scale. We can represent the first one as 0.341245 (the base value) and 100

(the scaling factor). We can represent the second as 0.341245 (the same base value) and

100000 (a bigger scaling factor). The scaling factor serves to move the decimal point,

hence the term floating-point. C++ uses a similar method to represent floating-point

numbers internally, except it’s based on binary numbers, so the scaling is by factors of 2

instead of by factors of 10. Fortunately, you don’t have to know much about the inter-

nal representation. The main points are that floating-point numbers let you represent

fractional values, they let you represent very large and very small values, and they have

an internal representation much different from that of integers.

f i

C++ has two ways of writing floating-point numbers. The first is to use the standard

decimal-point notation you’ve been using much of your life:

12.34 // floating-point
939001 . 32 // floating-point
0.00023 // floating-point
8.0 // still floating

Even if the fractional part is 0, as in 8.0, the decimal point ensures that the number will

be stored in floating-point format and not as an integer.

The second method for representing floating-point values is called E notation
,
and

it looks like this: 3.45E6. This means that the value 3.45 is multiplied by 1 ,000,000; the

E6 means 10 to the sixth power, which is 1 followed by 6 zeros. Thus 3.45E6 means

3,450,000. The 6 is called an exponent
,
and the 3.45 is termed the mantissa. Here are

more examples:
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2 . 5 2 e + 8

8.33E-4
7 E 5

-1 8 . 32e1

3

2 . 857e1

2

5.98E24
9.11 e-3

1

// can use E or e, + is optional
// exponent can be negative
// same as 7. 0E + 05

// can have + or - sign in front
// US public debt, 1989
// mass of Earth in kilograms
// mass of an electron in kilograms

optional + or

As you may have noticed, E notation is most useful for very large numbers and for very

small numbers.

E notation guarantees that the number is stored in floating-point format, even if

no decimal point is used. Note that you can use either E or e, and the exponent can have

a positive or negative sign. See Figure 3-3. You can’t

have spaces in the number, however: 7.2 E6 would

be invalid.

Using a negative exponent means to divide by

a power of ten instead of multiplying by a power of

ten. So 8.33E-4 means 8.33 + 104
, or 0.000833.

Similarly, the electron mass of 9.11 e-3 1 kg means

0.00000000000000000000000000000091 1 kg.

Take your choice. (Incidentally, note that 91 1 is the

usual emergency telephone number in the United

States and that telephone messages are carried by

electrons. Coincidence or scientific conspiracy? You
be the judge.) Note that -8.33E4 means -83300. A
sign in front applies to the number value, while a

sign in the exponent applies to the scaling.

sign

you can use sign can be

e or E + or - or omitted

7
+ 5 . 37E + 1

6

decimal point no spaces

is optional

Figure 3-3 E notation

The form d. dddYL+ n means move the decimal point n places to the right, and
the form d.dddE-n means move the decimal point n places to the left.

F1DHTINGP0IHT TYPES

Like ANSI C, C++ has three floating-point types: float, double, and long double.
These types are described in terms of the number of significant figures they can repre-

sent and the minimum allowable range of exponents. Significant figures are the mean-
ingful digits in a number. For example, writing the height ofMt. Shasta in California as

14,162 feet uses five significant figures, for it specifies the height to the nearest foot. But
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writing the height ofMt. Shasta as about 14,000 feet tall uses two significant figures, for

the result was rounded to the nearest thousand feet. In this case, the remaining three

digits are just place holders. The number of significant figures doesn’t depend on the

location of the decimal point. For instance, we can write the height as 14.162 thousand

feet. Again, this uses five significant digits because the value is accurate to the fifth digit.

In effect, the C and C++ requirements for significant digits amount to float

being at least four bytes, double being at least six bytes and certainly no smaller than

float, and long doub l e being at least as big as doub l e. All three can be the same size.

Typically, however, f l oat is four bytes, double is eight bytes, and long double is ten,

twelve, or sixteen bytes. Also, the range in exponents for all three types is at least -37 to

+37. You can look in the f l oat . h file to find the limits for your system. Here, for

example, are some annotated entries from the f l oat . h file for Turbo C++:

// the following are the minimum number of significant digits
//define DBL_DIG 15 // double
//define FLT_DIG 6 // float
//define LDBL_DIG19 // long double

// the following are the number of bits used to represent
// the mantissa
//define DB L_M ANT_D I G 53

//define F LT_M ANT_D I G 24

//define L D B L_M A N T_D I G 64

// the following are the maximum and minimum exponent values
//define DBL_MAX_1 0_EXP +308
//define F LT_MAX_1 0_EX P +38

//define LDBL_MAX_1 0_EXP +4932

//define D B L_M I N_1 0_E X P -307

//define F LT_M I N_1 0_EX P -37

//define LDBL_M I N_1 0_EXP -4931

COMPATIBILITY NOTE

Some C++ implementations based on pre-ANSI C compilers don’t provide

a f l o a t . h header file.

Listing 3-7 examines types float and double and how they can differ in the pre-

cision to which they represent numbers (that’s the significant figure aspect). The pro-

gram also shows how cout will choose to use decimal-point notation or E notation,

depending on the magnitude of the number being displayed.
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LISTING 3 7 floatnum.cpp

// floatnum.cpp — floating-point types in Turbo C + +

//include <iostream.h>
int main(void)

float tub = 10.0 / 3.0; // good to about 6 places
double mint = 10.0 / 3.0; // good to about 15 places
const float million = 1.0e6;

cout << "tub = " << tub;

cout << ", a million tubs = " << million * tub;

cout << ",\nand ten million tubs = ";

cout << 10 * million * tub << "\n";

cout << "mint = " << mint << " and a million mints = ";

cout << million * mint << "\n";

return 0;

Here is the output:

tub = 3.333333, a million tubs = 3333333.25,
and ten million tubs = 3.333333e + 07
mint = 3.333333 and a million mints = 3333333.333333

PROGRAM NOTES

First, note in the second line of output how cout switches from decimal notation to E
notation when the number of digits to the left of the decimal reaches 7. Second, note

that cout usually displays six digits to the right of the decimal. The exception is that

cout drops trailing zeros. That is, it displays 3333333.250000 as 3333333.25. Third,

note how float has less precision than double. Both tub and mint are initialized to

10.0 / 3.0. That should evaluate to 3.33333333333333333. ..(etc.). Since cout prints

six figures to the right of the decimal, we can see that both tub and mintzxz accurate that

far. But, after the program multiplies each number by a million, we see that tub di-

gresses from the proper value after the seventh 3. We describe this by saying t ub is good
to seven significant figures. (Our system guarantees six significant figures for float, but

that’s the worst-case scenario.) The type double variable, however, shows thirteen 3s, so

it’s good to at least thirteen significant figures. The system guarantees fifteen, so we
shouldn’t be surprised.
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The i o s t r e a m class to which c o u t belongs also has class member functions that give

you precise control on how the output is formatted—field widths, places to the right of

the decimal point, decimal form or E form, and so on. Chapter 12 outlines those

choices. This book’s examples keep it simple and just use the << operator. Occasionally,

this practice displays more digits than necessary, but that causes only esthetic harm. If

you do mind, you can skim through Chapter 12 to see how to use the formatting meth-

ods. Don’t, however, expect to fully follow the explanations at this point.

FLOflTIHGPDIHT CONSTANTS

When you write a floating-point constant in a program, in which floating-point type

does the program store it? By default, floating-point constants like 8.24 and 2.4E8 are

type double. If you want a constant to be type float, use an for F suffix. For type

long double, use an /or L suffix.

1 . 234f
2.45E20F
2 . 345324E28
2 . 2 L

II a float constant
II a float constant
// a double constant
// a long double constant

FlOflTING'PDIHI ODVflNTHGES HND DISRDVRHTHGES

Floating-point numbers have two advantages over integers. First, they can represent

values between the integers. Second, because of the scaling factor, they can represent a

much greater range of values. On the other hand, floating-point operations are usually

slower than integer operations, and you can lose precision. Fisting 3-8 illustrates the last

point.

LISTING 3-8 fliadd.cpp

// fltadd.cpp -- precision problems with float

//include <iostream.h>
int main(void)

float a = 2 . 34E + 22

;

float b = a + 1;

cout << "a = “ << a << "\n";

cout « "b - a = " « b - a << "\n";

return 0;
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The program takes a number, adds 1, then subtracts the original number. That

should result in a value of one. Does it? Here is the output:

a = 2 . 34e+22
b - a = 0

The problem is that 2.34E+22 represents a number with twenty-three digits to the

left of the decimal place. By adding 1 , we are attempting to add 1 to the twenty-third

digit in that number. But type float can represent only the first six or seven digits in a

number, so trying to change the twenty-third digit has no effect on the value.

C++ Arithmetic Operators

Perhaps you have warm memories of doing arithmetic drills in grade school. You can

give that same pleasure to your computer. C++ uses operators to do arithmetic. It pro-

vides operators for five basic arithmetic calculations: addition, subtraction, multiplica-

tion, division, and taking the modulus. Each of these operators uses two values (called

operands) to calculate a final answer. Together, the operator and its operands constitute

an expression. For instance, consider the following statement:

int wheels = 4 + 2;

The values 4 and 2 are operands, the + symbol is the addition operator, and 4 + 2 is an

expression whose value is 6.

Here are C++’s five basic arithmetic operators:

i The + operator adds its operands. For instance, 4 + 20 evaluates to 24.

i The - operator subtracts the second operand from the first. For instance, 12 -

3 evaluates to 9.

The * operator multiplies its operands. For instance, 28 * 4 evaluates to 112.

i The / operator divides its first operand by the second. For instance,

1000 / 3 evaluates to 200.

i The % operator finds the modulus of its first operand relative to the second.

That is, it produces the remainder of dividing the first by the second. For in-

stance, 19% 6 is 1, since 6 goes into 19 three times with a remainder of 1.

Both operands must be integer types.

Of course, you can use variables as well as constants for operands. Listing 3-9 does

just that. Because the % operator works with integers only, we’ll save it for a later

example.
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LISTING 3 9 arith.cpp

// arith.cpp -- some C + + arithmetic
^include <iostream.h>
int main(void)

float hats, heads;

cout << "Enter a number: ";

cin >> hats;

cout << "Enter another number: ";

cin >> heads;

cout << "hats — " << hats << "; heads — " << heads
cout << "hats + heads = " << hats + heads « "\n";
cout << "hats - heads = " << hats - heads « " \ n"

;

cout << "hats * heads = " << hats * heads « "\n";
cout << "hats / heads = " << hats / heads « "\n";
return 0;

Here’s sample output. As you can see, you can trust C++ to do simple arithmetic:

Enter a number: 50.25
Enter another number: 11.17
hats = 50.25; heads = 11.17
hats + heads = 61.419998
hats - heads = 39.080002
hats * heads = 561.29248
hats / heads = 4.498657

Well, maybe you can’t trust it completely. Adding 11.17 to 50.25 should yield

61.42, but the output reports 61.419998. This is not an arithmetic problem, it’s a

problem with the limited capacity of type float to represent significant figures. Re-

member, C++ guarantees just six significant figures for float. Ifyou round 61.419998

to six figures, you get 61.4200, which is the correct value to the guaranteed precision.

The moral is that if you need greater accuracy, use double or long double.

WHICH ORDER OPERHTOR PRECEDENCE HHD HSSOCIHTIVITY

Can you trust C++ to do complicated arithmetic? Yes, but you need to know the rules

C++ uses. For instance, many expressions involve more than one operator. That can raise

questions about which operator gets applied first. For example, consider this statement:
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int flyingpigs =3+4*5; // 35 or 23?

The 4 appears to be an operand for both the + and the * operators. C++ uses

precedence rules to decide which operator goes first. The arithmetic operators follow the

usual algebraic precedences, with multiplication, division, and taking the modulus be-

ing done before addition and subtraction. Thus 3 + 4*5 means 3 + (4 * 5), not (3 + 4)

* 5. So the answer is 23, not 35. Of course, you can use parentheses to enforce your own
priorities. Appendix D shows the precedences for all the C++ operators. In it, you’ll note

that *, /, and % are all in the same row. That means they have equal precedence. Simi-

larly, addition and subtraction share a lower precedence.

Sometimes the precedence list is not enough. Consider the next statement:

float logs = 120 / 4 * 5; // 150 or 6?

Once again 4 is an operand for two operators. But the /and * operators have the same

precedence, so precedence alone doesn’t tell the program whether to first divide 120 by

4 or to first multiply the 4 by 5. Since the first choice leads to a result of 150 and the

second to a result of 6, the choice is an important one. When two operators have the

same precedence, C++ looks at whether the operators have a left-to-right associativity or

a right-to-left associativity. Left-to-right associativity means that if two operators acting

upon the same operand have the same precedence, apply the left-hand operator first.

For right-to-left associativity, apply the right-hand operator first. The associativity in-

formation, too, is in Appendix D. There you’ll see that multiplication and division

associate left-to-right. That means we use 4 with the leftmost operator first. That is, we
divide 120 by 4, getting 30, then multiply the result by 5 to get 150.

Note that the precedence and associativity rules come into play only when two

operators share the same operand. Consider the following expression:

int dues = 20 * 5 + 24 * 6;

Operator precedence tells us two things: the program must evaluate 20 * 5 before doing

addition, and the program must evaluate 24 * 6 before doing addition. But neither pre-

cedence nor associativity says which multiplication takes place first. You might think that

associativity says to do the leftmost multiplication first, but in this case, the two * operators

do not share a common operand, so the rules don’t apply. In fact, C++ leaves it to the

implementation to decide which order works best on a system. For our example, either

order gives the same result, but there are circumstances in which the order can make a

difference. You’ll see one when Chapter 5 discusses the increment operator.

You have yet to see the rest of the story about the division operator. The behavior of this

operator depends on the type of the operands. If both operands are integers, C++ per-
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forms integer division. That means any fractional part of the answer is discarded, mak-

ing the result an integer. If one or both operands are floating-point values, then the

fractional part is kept, making the result floating-point. Listing 3-10 illustrates how
C++ division works with different types of values.

LISTING 3-10 divide. cpp
// divide. cpp -- integer and floating-point division
#include <i ost ream . h>

int main(void)

cout << “Integer division: 9/5 = “ << 9 / 5 << "\n";
cout << “Floating-point division: 9. 0/5.0 = “;

cout << 9.0 / 5.0 << “\n“;

cout << “Mixed division: 9.0/5 = “ << 9.0 / 5 << “\n";
cout << “double constants: 1e7/9.0 = “;

cout << 1 . e7 / 9.0 << “\n“

;

cout << “float constants: 1e7f/9.0f = “;

cout « 1 .e7f / 9. Of « “ Xn'C-

re turn 0;

>

COMPATIBILITY NOTE

Some C++ implementations based on pre-ANSI C compilers don’t support

the/suffix for floating-point constants. Ifyou find yourself facing this problem,

you can replace l.e7fI 9. Ofwith (float) l.e7 / (float) 9.0.

Here is the output:

Integer division: 9/5 = 1

Floating-point division: 9. 0/5.0 = 1.8

Mixed division: 9.0/5 = 1.8

double constants: 1e7/9.0 = 1111111.111111
float constants: 1e7f/9.0f = 1111111.125

The first output line shows that dividing the integer 9 by the integer 3 yields the

integer 1. The fractional part of 4/5 (or 0.8) is discarded. You’ll see a practical use for

this kind of division when we discuss the modulus operator. The next two lines show

that when at least one of the operands is floating-point, you get a floating-point answer

of 1.8. Actually, when you try to combine mixed types, C++ converts all the concerned
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types to the same type. We’ll discuss these automatic conversions later in the chapter.

The relative precisions of the last two lines show that the result is type double if both

operands are double and that it is float if both operands are float. Remember, floating-

point constants are type double by default.

A GLIMPSE OF OPERATOR OVERLOADING

In Listing 3-10, the division operator represents three distinct operations:

i n t division, float division, and double division. C++ uses the context, in

this case the type of operands, to determine which operator is meant. The
process of using the same symbol for more than one operation is called

operator overloading. C++ has a few examples of overloading built into the

language. C++ also lets you extend operator overloading to user-defined

classes, so what we’ve seen here is a precursor of an important OOP prop-

erty. See Figure 3-4.

THE MODULUS 0PE8HTIR

Most people are more familiar with addition, subtraction, multiplication, and division

than with the modulus operator, so we’ll take a moment to illustrate the latter operator

in action. The modulus operator, recall, returns the remainder of an integer division. In

combination with integer division, the modulus operator is particularly useful in prob-

lems that require dividing a quantity into different integral units, such as converting

inches to feet and inches or converting dollars to quarters, dimes, nickels, and pennies.

In Chapter 2, we converted weight in British stone to pounds. Listing 3-1 1 reverses the

process, converting weight in pounds to stone. The stone, you remember, is 14 pounds,

and most British bathroom scales are calibrated in this unit. The program uses integer

division to find the largest number ofwhole stone in the weight, and it uses the modulus
operator to find the number of pounds left over.

LISTING 3-11 modulus. cpp
// modulus. cpp — uses % operator to convert lbs to stone
^include <i os t r earn . h>

int main(void)

const int Lbs_per_stn = 14;
int lbs;
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cout << "Enter your weight in pounds:
c i n >> Lbs;

int stone = Lbs / Lbs_per_stn; // whoLe stone
int pounds = Lbs % Lbs_per_stn; // remainder in pounds
cout << Lbs << " pounds are " << stone;
cout << " stone, " << pounds << " pound ( s ). \n"

;

return 0;

Here is a sample run:

Enter your weight in pounds: 185

185 pounds are 13 stone, 3 pound(s).

In the expression Lbs / Lbs_per_stn, both operands are type int, so the com-

puter performs integer division. With a /lvalue of 185, the expression evaluates to 13.

The product of 13 and 14 is 182, so the remainder of dividing 14 into 183 is 3, and

that’s the value of Lbs % Lbs_per_stn. Now you are prepared, technically if not emo-

tionally, to respond to questions about your weight when you travel in Great Britain.

type int / type i n

t

9/5
operator performs

int division

;

IS:

type Long /type Long

9 L / 5 L

operator performs

Long division
I
w

type doubLe /type doubLe

9.0 / 5.0

operator performs

doubLe division

type fLoat /type fLoat

9. Of / 5. Of

operator performs

fLoat division

, 1

Figure 3-4 Different divisions
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TYPE CONVERSIONS

C++’s profusion of types lets you match the type to the need. It also complicates life for

the computer. For instance, adding two short values may involve different hardware

instructions than adding two long values. With four integer types (counting char) and

three floating-point types, the computer can have a lot of different cases to handle,

especially if you start mixing types. To help deal with this potential mishmash, C++
makes many type conversions automatically:

i C++ converts values when you assign a value ofone type to a variable ofanother

type.

i C++ converts values when you combine mixed types in expressions.

i C++ converts values when you pass arguments to functions.

If you don’t understand what happens in these automatic conversions, you may
find some program results baffling, so we’ll outline the rules. C++ also lets you force

type conversions, and we’ll look at that process, too.

CONVERSION ON ASSIGNMENT

C+ + is fairly liberal in allowing you to assign a numeric value ofone type to a variable of

another type. Whenever you do so, the value is converted to the type of the receiving

variable. For instance, suppose so_long is type long, that thirty is type short, and you
have the following statement in a program:

s o_ long = thirty; // assigning a short to a long

The program will take the value of thirty (typically a two-byte value) and expand it to a

long value (typically a four-byte value) upon making this assignment.

Assigning a value to a type with a greater range usually poses no problem. For

instance, assigning a short value to a long variable doesn’t change the value; it just

gives the value a few more bytes in which to laze about. Flowever, assigning a large long

value like 21 1 1222333 to a float variable will result in losing some precision. Because

float may have just six significant figures, the value may be rounded to 2.1 1 122E9.
Table 3-3 points out some possible conversion problems.

Assigning floating-point values to integer types poses a couple of problems. First,

converting floating-point to integer results in truncating the number (discarding the

fractional part). Second, afloat value may be too big to fit in a cramped i nt variable. In

that case, C++ doesn’t define what the result should be; that means different implemen-
tations can respond differently. Listing 3-12 shows what happens in Turbo C++.
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Table 3-3 Potential Conversion Problems

bigger floating-point type to

smaller floating-point type,

such as double to float

loss of precision (significant figures)

original value may be out of range for target type, in

which case result is undefined

floating-point type to

integer type

loss of fractional part

value may be out of range for target type, in which

case result is undefined

bigger integer type to smaller

integer type, such as long to short

original value may be out of range for target type,

typically just the low-order bytes are copied

LISTING 3 12 assign. epp
// assign. cpp -- type changes on assignment
^include <^^stream.h>
int main(void)

float tree = 3; // int converted to float

int guess = 3.9832; // float converted to int

int debt = 3.0E12; // result not defined in C + +

cout << "tree = " << tree << "\n";

cout << "guess= " << guess << "\n";

cout << "debt = " << debt << "\n";

return 0;

>

Here is the output:

tree = 3

gue s s= 3

debt = 0

Here tree is assigned the floating-point value 3.0. However, because cout drops

trailing zeros on output, it displays 3.0 as 3. Assigning 3.9832 to the i nt variable guess

causes the value to be truncated to 3; C++ uses truncation (discarding the fractional

part) and not rounding (finding the closest integer value) when converting floating-

point types to integer types. Finally, note that the int variable debtis unable to hold the

value 3.0E12. This creates a situation in which C++ doesn’t define the result. On our

system, debt wound up with the value 0. Well, that’s a novel way to solve massive in-

debtedness!
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CONVERSIONS IN EXPRESSIONS

Next, let’s consider what happens when you combine two different numeric types in

one expression. C++ makes two kinds of automatic conversions in that case. First, some

types are converted automatically whenever they occur. Second, some types are con-

verted when they are combined with other types in an expression.

First, let’s examine the automatic conversions. When evaluating expressions, C++
converts char, unsigned char, signed char, and short values to i n t . This is called

integralpromotion. For instance, consider the following fowl statements:

shortchickens=20; // line 1

shortducks=35; // line 2

short fowl = chickens + ducks; // Line 3

To execute the statement on line 3, a C++ program takes the values of chickens and

ducks and converts both to i n t . Then the program converts the result back to type

short because the answer is assigned to a type short variable. You may find this a bit

roundabout, but it does make sense. The i n t type generally is chosen to be the com-

puter’s most natural type, which means the computer probably does calculations fastest

for that type. ^
There’s one more integral promotion: unsigned short type is converted to int

if short is smaller than int. If the two types are the same size, unsigned short is

converted to unsigned int. This rule ensures that there’s no data loss in promoting

unsigned short.

Then there are the conversions that take place when you combine different types

arithmetically, such as adding an int to a float. When an operation involves two

types, the smaller is converted to the larger. For instance, the program in Listing 3-10

divided 9.0 by 3. Because 9.0 is type double, the program converted 5 to type double

before doing the division. More generally, the compiler goes through a checklist to

determine which conversions to make in an arithmetic expression. Flere’s the list—the

compiler goes through it in order:

1. If either operand is type long double, the other operand is converted to long

double.

2. Otherwise, ifeither operand is doub l e, the other operand is converted to double.

3. Otherwise, if either operand is float, the other operand is converted to float.

4. Otherwise the operands are integer types and the integral promotions are made.

5. In that case, if either operand is unsigned long, then the other operand is con-

verted to unsigned long.

6. Otherwise, if one operand is long int and the other is unsigned int, the
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conversion depends on the relative sizes of the two types. If long can represent

possible uns i gned int values, unsigned int is converted to long.

7. Otherwise, both operands are converted to unsigned long.

8. Otherwise, if either operand is long, the other is converted to long.

9 . Otherwise, if either operand is unsigned int, the other is converted to unsigned

i nt.

10.

If the compiler reaches this point in the list, both operands should be i nt.

ANSI C follows the same rules as C++, but classic K&R C had slightly different rules.

For instance, classic C always promoted float to double even if both operands were

float.

CONVERSIONS IN PASSING ARGUMENTS

Normally, C++ function prototyping controls type conversions for argument passing,

and we’ll discuss that in Chapter 7. However, it is possible, although usually unwise, to

waive prototype control for argument passing. In that case, C++ applies the integral

promotions to the char and short types (signed and unsigned). Also, to preserve

compatibility with huge amounts ofcode in classic C, C++ promotes float arguments

to double when passing them to a function.

TYPE CASTS

C++ also empowers you to force type conversions explicitly via the type cast mechanism.

(C++ is such a masterful language.) The type cast comes in two forms. For example, to

convert an int value stored in a variable called thorn to type long, you can use either of

the following expressions:

(long) thorn // makes the value of thorn type long

long (thorn) // makes the value of thorn type long

More generally, you can do the following:

( typename ) vaLue // converts vaLue to typename type

typename (vaLue) II converts vaLue to typename type

The first form is straight C. The second form is pure C++. The idea behind the

new form is to make a type cast look like a function call. This makes type casts for the

built-in types look like the type conversions you can design for user-defined classes.

Listing 3-13 gives a short illustration of both forms. Imagine that the first section of this

listing is part of a powerful ecological modeling program that does floating-point calcu-
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lations that get converted to integral numbers of birds and animals. The results you get

depend on when you convert. The calculation for auks first adds the floating-point val-

ues, then converts the sum to i nt upon assignment. But the calculations for bats and

coots first use type casts to convert the floating-point values to int then sum the values.

The final part of the program shows how you can use a type cast to display the ASCII

code for a type char value.

LISTING 3 13 typecast.cpp

// typecast. cpp — forcing type changes

//include <iostream.h>
int main(void)

int auks, bats, coots;

// the following statement adds the values as double,

// then converts the result to int

auks = 19.99 + 11.99;

// these statements add values as int

bats = (int) 19.99 + (int) 11.99; // old C syntax

coots = int (19.99) + int (11.99); // new C + + syntax

cout << "auks = " << auks << ", bats = " << bats;

cout << ", coots = " << coots << "\n";

char ch = ' Z *

;

cout << "The code for " << ch << " is "; // print as char

cout << int(ch) << "\n"; // print as int

return 0;

Here is the result:

auks = 31, bats = 30, coots = 30

The code for Z is 90

First, adding 19.99 to 1 1.99 yields 31.98. When this value is assigned to the int

variable auks, it’s truncated to 31. But using type casts truncates the same two values to

19 and 1 1 before addition, making the bats result and the coots result both 30. The final

cout statement uses a type cast to convert a type char value to int before displaying

the result. This causes cout to print the value as an integer rather than as a character.

The program illustrates two reasons for using type casting. First, you may have

values that are stored as type double but are used to calculate a type i nt value. For in-
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stance, you may be fitting a position to a grid or modeling integer values, such as popu-

lations, with floating-point numbers. You may desire that calculations treat the values as

i n t. Type casting lets you do so directly. Notice that you get a different result, at least

for these values, when you convert to int and add than you do when you add first, then

convert to int.

The second part of the program shows the most common reason for using a type

cast— compelling data in one form to meet a different expectation. In this listing, for

instance, the char variable ch holds the code for the letter Z. Using cout with ^displays

the character Z, because cout zeros in on the fact that ch is type char. But by type

casting ch to type int we get cout to shift to int mode and print the ASCII code

stored in ch.

Summary
C++’s basic types fall into two groups. One group consists of values that are stored as

integers. The second group consists of values that are stored in a floating-point format.

The integer types differ from each other in the amount of memory used to store values

and in whether they are signed or unsigned. From smallest to largest, the integer types

are char, signed char, unsigned char, short, unsigned short, int, unsigned

int, Long, and unsigned L ong. C++ guarantees that char is large enough to hold any

member of the system’s character set, that short is at least two bytes, that int is at

least as big as short, and that Long is at least four bytes and at least as large as int. The
exact sizes depend on the implementation.

Characters are represented by their numeric codes. The I/O system determines

whether a code is interpreted as a character or as a number.

The floating-point types can represent fractional values and values much larger

than integers can. The three floating-point types are called fLoat, doubLe, and Long

doub Le. C++ only guarantees that fLoat is no larger than doub L e, and that doubLe is

no larger than Long doubLe. Typically, however, fLoat uses four bytes of memory,

doubLe uses eight bytes, and Long doubLe uses ten to sixteen bytes of memory.

By providing a variety of types in different sizes and in both signed and unsigned

varieties, C++ lets you match the type to particular data requirements.

C++ uses operators to provide the usual arithmetic support for numeric types:

addition, subtraction, multiplication, division, and taking the modulus. When two op-

erators seek to operate on the same value, C++’s precedence and associativity rules deter-

mine which operation takes place first.

C++ converts values from one type to another when you assign values to a variable,

when you mix types in arithmetic, and when you use type casts to force type conver-

sions. Many type conversions are “safe,” meaning they can be made with no loss or
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alteration of data. For instance, you can convert an int value to a Long value with no

problems. Others, such as converting floating-point types to integer types, require more

care.

At first, you may find the large number of basic C++ types a little excessive, par-

ticularly when you take the various conversion rules into account. But most likely you 11

eventually find occasions when one of the types is just what you need at the time, and

you’ll thank C++ for having it.

Review questions

1 . Why does C++ have more than one integer type?

2. Define the following:

a. A short integer with the value 80.

b. An unsigned int integer with the value 421 10.

c. An integer with the value 3000000000.

3. What safeguards does C++ provide to keep you from exceeding the limits of

an integer type?

4. What is the distinction between 33L and 33?

3. Consider the two C++ statements that follow. Are they equivalent?

char grade = 65;

char grade = 1 A ' ;

6. How could you use C++ to find out which character the code 88 represents?

Come up with at least two ways.

7. Assigning a Long value to a fLoat can result in round-off error. What about

assigning Long to doubLe?

8. Evaluate the following expressions as C++ would:

a. 8*9 + 2

b. 6*3/4

c. 3/4*6

d. 6.0 * 3 / 4

e. 15% 4
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9. Suppose xl and x2 are two type double variables that you want to add as integers

and assign to an integer variable. Construct a C++ statement for doing so.

10. Write a short program that asks for your height in integer inches and then converts

your height to feet and inches. Have the program use the underline character to

indicate where to type the response. Also use a const type.
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Y
ou’ve developed a computer game called User-Hostile in which one matches wits

with a cryptic and abusive computer interface. Now you need to write a program

that keeps track ofyour monthly game sales for a five-year period. Or you want to

inventory your accumulation of hacker-hero trading cards. You’ll soon conclude you

need something more than C++’s simple basic types to meet these data requirements.

And C++ offers something more

—

derived types. These are types built from the basic

integer and floating-point types. The most far-reaching derived type is the class, that

bastion ofOOP towards which we are progressing. But C++ also supports several more

modest derived types taken from C. The array
,
for example, can hold several values of

the same type. A particular kind of array can hold a string, which is a series of characters.

Structures can hold several values of differing types. Then there are pointers
,
which are

variables that tell a computer where data is placed. We’ll examine all these derived forms

(excepting classes) in this chapter and also take a first look at new and delete and how
they can be used to manage data.

Introducing Arrays

An array is a data form that can hold several values all ofone type. For instance, an array

can hold sixty type i n t values to represent five years ofgame sales data. Or an array can

hold twelve short values representing the number of days in each month. Or an array

can hold 365 float values indicating your food expenses for each day of the year. (That

sure beats coming up with 365 separate variables!) Each value is stored in a separate

array element
,
and the computer stores all the elements consecutively in memory.

To create an array, you use a declaration statement. An array declaration should

indicate three things:
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i The type of value to be stored in each element

i The name of the array

i The number of elements in the array

For example, the declaration

short monthsC12D; // creates array of 12 short

creates an array named months having twelve elements, each able to hold a type short

value. Each element, in essence, is a variable that can be treated like a simple variable.

The general form for declaring an array is this:

typename arraynameCarraysizeH;

The expression arraysize, which is the number of elements, must be a constant, such as

10 or a const value, or a constant expression, such as 8 * sizeof ( i n

t

), for which all

values are known at the time compilation takes place. In particular, arraysize cannot be

a variable whose value is set while the program is running. However, later this chapter

will show you how to use the new operator to get around that restriction.

THE ARRAY AS DERIVED TYPE

An array is called a derived type because it is based on some other type. You
can’t simply declare that something is an array; it always has to be an array

of some particular type. So there is no generalized array type. Instead, there

are many specific array types, such as array of char or array of Long. For

example, consider this declaration:

float LoansC20];

The type for loans is not “array”; rather, it is “array off L o a t .” This empha-

sizes that the loans array is derived from the float type.

Much of the usefulness of the array comes from the fact that you can access the

array elements individually. The way to do so is to use a subscript
, or index, to number

the elements. C++ array numbering starts with 0. (This is nonnegotiable; you have to

start at 0. Pascal and BASIC users will have to adjust.) C++ uses a bracket notation with

the index to specify an array element. For example, months[0] is the first element of the

months array, and months[1 1] is the last element. See Figure 4-1. Thus an array declara-

tion lets you create a lot of variables with a single declaration, and you can then use an

index to identify individual elements.

The yam analysis program in Listing 4-1 demonstrates a few properties of arrays,

including declaring an array, assigning values to array elements, and initializing an array.
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int ragnarC73;

0 1 2 3 4 5 6

AAA

subscripts

(or indices)

r a g na r

third element

second element

first element

ragnar is an array holding seven values,

each of which is a type int variable.

Figure 4- 1 Creating an array

LISTING 4 1 arrayone.cpp

// arrayone.cpp -- small arrays of integers
//include <iostream.h>
int main(void)
{

int yamsC3U; // creates array with three elements
yamsCO] = 7; // assign value to first element
yamsLI!] = 8;

y a m s C 2 ] = 6;

int yamcostsC3D = {20, 30, 5>; // create, initialize array
// NOTE: If your C++ compiler or translator can't initialize
// this array, use static int yamcost sC3T instead of

II int yamcos t s C 3

D

cout << "Total yams =

cout << yamsEOU + yamsCIH + yamsE2H << "\n";

cout << "The package with " << yamsCI] << " yams costs ";

cout << yamcostsCin << " cents per yam. \n";

int total = yamsCOU * yamcostsCO!] + yamsCIT * yamcostsEIT;
total = total + yamsC2H * yamcostsC2D;
cout << "The total yam expense is " << total << " cents. \n";

cout << "\nSize of yams array = " << sizeof yams;

cout << " bytes. \n";
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cout << "Size of one element = " << sizeof yamsHOU;
cout << " bytes. \n";

return 0;

Here is the output:

Total yams = 21

The package with 8 yams costs 30 cents per yam.
The total yam expense is 410 cents.

Size of yams array = 6 bytes.
Size of one element = 2 bytes.

COMPATIBILITY MOTE

C++ 2.0 as well as ANSI C allow you to initialize ordinary arrays defined in

a function. However, in some implementations that use a C++ translator

instead of a true compiler, the C++ translator creates C code for a C com-

piler that is not fully ANSI C compliant. In that case you can get an error

message like the following example from a Sun C++ 2.0 system:

array one.cc", line 10: sorry, not implemented: initialization
of yamcosts (automatic aggregate) Compilation failed

The fix is to use the keyword static in the array declaration:

// pre-ANSI initialization
static int yamcostsC3!] = {20, 30, 5>;

The keyword static causes the compiler to use a different memory scheme
for storing the array, one that allows initialization even under pre-ANSI C.

Chapter 8 discusses static in the section about storage classes. The pro-

gram listings in this book will remind you when static may be needed.

Program Notes

First, the program creates a three-element array called yams. Because yams has three el-

ements, the elements are numbered from 0 to 2, and arrayone.cpp uses index values of

0-2 to assign values to the three individual elements. Each individual element is an

int with all the rights and privileges of an int type. So arrayone.cpp can, and does,

assign values to elements, add elements, multiply elements, and display elements.
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The program uses the long way to assign values to the yam elements. C++ also lets

you initialize array elements within the declaration statement. Listing 4-1 uses this

shortcut to assign values to the yamcosts array:

int yamcostsC3] = {20, 30, 5>;

Simply provide a comma-separated list of values (the initialization list) enclosed in

braces. The spaces in the list are optional. If you don’t initialize an array that’s defined

inside a function, the element values remain undefined. That means the element takes

on whatever value previously resided at that location in memory.

Next, the program uses the array values in a few calculations. This part of the

program looks cluttered with all the subscripts and brackets. The for loop, coming up

in Chapter 5, provides a powerful way for dealing with arrays and eliminates the need to

write each element explicitly. Meanwhile, we’ll stick to small arrays.

The si zeof operator, you recall, returns the size, in bytes, of a type or data object.

Note that if you use the si zeof operator with an array name
,
you get the number of

bytes in the whole array. But ifyou use s i z eof with an array element
,
you get the size, in

bytes, of the element. This illustrates that yams is an array, but yams[1] is just an int.

MORE ON flRRHY INITIALIZATION

C++ has several rules about initializing an array. They restrict when you can do it, and

they determine what happens if the number of array elements doesn’t match the num-

ber of values in the initializer. Let’s examine these rules.

You can use the initialization form only when defining the array. You cannot use

it later, and you cannot assign one array wholesale to another:

int cardsC4D = {3, 6, 8, 10>; // okay
inthandC4D; //okay

handC4J = {5,6,7,9>; // not allowed
hand = cards; // not allowed

However, you can always use subscripts and assign values to the elements of an array

individually.

You can provide fewer values than array elements. In that case, just the first part of

the array is initialized. For example, the following statement initializes only the first two

elements of hoteltips:

float hoteltipsC5!] = {5.0, 2 . 5 > ;

For arrays defined inside a function, the remaining elements remain undefined.

Ifyou leave the square brackets empty when you initialize an array, the C++ com-
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piler will count the elements for you. Suppose, for instance, you make this declaration:

short thingsCD = -Cl, 5, 3 , 8>;

The compiler will make things an array of four elements.

LETTING THE COMPILER DOIT

Normally, letting the compiler count the number of elements is poor prac-

tice, for its count may be different from what you think it is. However, this

approach may be safer for initializing a character array to a string, as you’ll

see soon. And if your main concern is that the program, not you, know how
large an array is, you can do something like this:

short thingsC] = -Cl, 5, 3, 8>;

i n t n u m_e Lements = sizeof things / sizeof (short);

Whether this is useful or lazy depends on the circumstances.

STRINGS

A string is a series of characters stored in consecutive bytes ofmemory. This im plies that

you can store a string in an array of char,
with each character kept in its own array ele-

ment. Strings provide a convenient way to store text information such as messages to the

user (“ Please tell meyour secret Swiss hank account number: ”) or responses from the user

(“You must bejoking”). C++ strings, like C strings, have a special feature: the last char-

acter of every C++ string is the null character. This character, written \ 0, is the charac-

ter with ASCII code 0, and it serves to mark the string’s end. For instance, consider the

following two declarations:

char dog C 5 = -C 'b', 'e', 'a', 'u', 1

x ' > ; // not a string!
char c a t C 5 D = -C

1

f
1

, 'a', 1

t ' , 's', 'NO'}; // a string!

Both arrays are arrays of c ha r, but only the second is a string. The null character plays a

fundamental role in C++ strings. For example, C++ has many functions that handle

strings, including those used by cout. They all work by processing a string character-by-

character until they reach the null character. Ifyou ask cout to display a nice string like

cat above, it displays the first four characters, detects the null character, and stops. But if

you are ungracious enough to tell cout to display the dog away above, which is not a

string, cout would print the five letters in the array, then keep marching through

memory byte by byte, interpreting each byte as a character to print, until it reached a

null character. Since null characters, which really are bytes set to zero, tend to be com-
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mon in memory, the damage usually is con-

tained quickly; nonetheless, you should not

treat nonstring character arrays as strings.

The cat array example makes initializ-

ing an array to a string look tedious—all

those single quotes and then having to re-

member the null character. Don’t worry.

There is a better way to initialize a character

array to a string. Just use a quoted string,

called a string constant or string literal
, as in

the following:

char birdCIOH = "Mr. Cheep";
// the \0 is understood
char fish CD = "Bubbles";

null character contents

automatically undefined

added at end

Figure 4-2 Initializing an array to a

string

II let the compiler count

Quoted strings always include the terminating null character implicitly, so you don’t

have to spell it out. See Figure 4-2. Also, the various C++ input facilities for reading a

string from keyboard input into a char array automatically add the terminating null

character for you. (If, when running the program in Listing 4-1
,
you discovered you had

to use the keyword static to initialize an array, you’ll have to use it with these char

arrays, too.)

Of course, you should make sure the array is large enough to hold all the charac-

ters of the string, including the null character. Initializing a character array with a string

constant is one case where it may be safer to let the compiler count the number of

elements for you. There is no harm, other than wasted space, in making an array larger

than the string. That’s because functions that work with strings are guided by the loca-

tion of the null character, not by the size of the array. C++ imposes no limits on the

length of a string.

When determining the minimum array size needed to hold a string, re-

member to include the terminating null character in your count.

Note that a string constant (double quotes) is not interchangeable with a character

constant (single quotes). A character constant such as ‘S’ is a shorthand notation for the

code for a character. So, on an ASCII system, ‘5’ is just another way ofwriting 83. Thus

the statement
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char shirt_size = ,

S
I

; // this is fine

assigns the value 83 to shirt_size. But “S ” represents the string consisting of two charac-

ters, the S and the \

0

characters. Even worse, “
S”

actually represents the memory ad-

dress at which the string is stored. So a statement like

char shirt_size = "S"; // illegal type mismatch

attempts to assign a memory address to shirt_size\ Because an address is a separate type

in C++, a C++ compiler won’t allow this sort of nonsense. (We’ll return to this point

later, after we’ve discussed pointers. ) But C, which is more lenient about checking type

agreement, will let this statement pass with a warning, and the result will be garbage.

STRING CONCHTEHHTION

Sometimes a string may be too long to conveniently fit on one line of code. C++ lets you

concatenate string constants, that is, combine two quoted strings into one. Indeed, any

two string constants separated by white space only (spaces, tabs, and newlines) auto-

matically are joined into one. Thus all the following output statements are equivalent to

each other:

cout << “I'd give my right arm to be" “ a great v i o l i n i s t . \ n " ;

cout << “I'd give my right arm to be a great vi o l i n i s t . \n" ;

cout << “I'd give my right ar"

“m to be a great violinist. \n“;

Note that the join doesn’t add any spaces to the joined strings. The first character of the

second string immediately follows the last character, not counting \0, of the first string.

The \0 character from the first string is replaced by the first character of the second

string.

USING STRINGS IN UN RRKRY

The two most common ways of getting a string into an array are to initialize an array to

a string constant and to read keyboard or file input into an array. Listing 4-2 demon-

strates these approaches by initializing one array to a quoted string and using c i n to

place an input string in a second array. The program also uses the standard library

function strlenO to get the length of a string. The standard s t r i n g . h header file

provides declarations for this and many other string-related functions.
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LISTING 4 2 strings. cpp
// strings. cpp -- storing strings in an array
^include <i ost ream . h>

^include <string.h> // for the strlenO function
int main(void)
i

const int Size = 15;

charnamelCSizeD; // empty array
char name2CSize!] = “C + + owboy"; // initialized array

// NOTE: some implementations may require the static keyword
// to initialize the array name2

cout << "Howdy! I'm " << name2;

cout << "! What's your name?\n";
c i n >> namel;

cout << "Well, " << namel << ", your name has ";

cout << s t r l en ( name 1 ) << " letters and is stored\n";
cout << "in an array of " << sizeof namel << " bytes. \n";

cout << "Your initial is " << namelCO] << ".\n";

name2E3H = ' \
0

' ; // null character
cout << "Here are the first 3 characters of my name: ";

cout << name2 << "\n";

return 0;

>

Here is a sample run:

Howdy! I'm C++owboy! What's your name?
Ba s i cman
Well, Basicman, your name has 8 letters and is stored
in an array of 15 bytes.
Your initial is B.

Here are the first 3 characters of my name: C + +

PROGRAM NOTES

What can you learn from this example? First, note that the sizeof operator gives the

size of the entire array

—

fifteen bytes. But the strlenO function returns the size of the

string stored in the array and not the size of the array itself. Also, strlenO counts just

the visible characters and not the null character. Thus it returns a value of 8, not 9, for

the length of Basicman. So if cosmic is a string, the minimum array size for holding that

string is strlen(cosmic) + 1.
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char n a me 2 C S i z e ] = "C + + owboy";

string

c + + 0 w b o y \o

name2C33 = ' \0 ' ;

string

c + + \0 w b 0 y \o

ignored

Figure 4-3 Shortening a string with \ 0

Because namel and name2 are arrays, you can use an index to access individual

characters in the array. For instance, the program uses namel [0] to find the first char-

acter in that array. Also, the program sets name2[3] to the null character. That makes

the string end after three characters even though more characters remain in the array.

See Figure 4-3.

ADVENTURES IN STRING INPUT

The strings, cpp program has a blemish that was concealed through the often useful

technique of carefully selected sample input. Listing 4-3 removes the veils and shows

that string input can be tricky.

LISTING 4 3 instrl.cpp

// instrl.cpp — reading more than one string
#include <iostream.h>
const int Size = 20;

int main(void)
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char nameCSizeD;
char dessertCSizeD;

cout << "Enter your name:\n";
c i n >> name;

cout << "Enter your favorite dessert : \n";
ci n >> dessert

;

cout << "I have some delicious " << dessert;
cout << " for you, " << name << ".\n";
return 0;

The intent is simple: read a user’s name and favorite dessert from the keyboard,

then display the information. Here is a sample run:

Enter your name:
Alistair Dreeb
Enter your favorite dessert:
I have some delicious Dreeb for you, Alistair.

We didn’t even get a chance to respond to the dessert prompt! The program

showed it, then immediately moved on to display the final line.

The problem lies with how c i n determines when you’ve finished entering a string.

You can’t enter the null character from the keyboard, so c i n needs some other means for

locating the end of a string. The c i n technique is to use white space—spaces, tabs, and

newlines—to delineate a string. This means c i n reads just one word when getting input

for a character array. Once it reads this word, c i n automatically adds the terminating

null character when placing the string into the array.

The practical result in our example is that c i n reads Alistair as the entire first string

and puts it into the name array. This leaves poor Dreeb still sitting in the input queue.

When c i n searches the input queue for the response to the favorite dessert question, it

finds Dreeb still there. Then c i n gobbles up Dreeb and puts it into the dessert array. See

Figure 4-4.

Another problem, which didn’t surface in the sample run, is that the input string

might turn out to be longer than the destination array. Using c i n as we did offers no

protection against placing a 30-character string in a 20-character array.

Many programs depend on string input, so it’s worth our while to explore this

topic further. We’ll have to draw upon some of the more advanced features of ci n, as

described in Chapter 12. As you’ll see, the path to smooth input handling has a few

more pitfalls to bypass. (We could jump directly to the final solution, but you wouldn’t

learn as much that way.)
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LINE-ORIENTED |NPUT
:
GETLINE[] AND GET[]

*

To be able to enter whole phrases instead ofsingle words as a string, you need a different

approach to string input. SpecifEcally, you need a line-oriented method instead of a

word-oriented method. You are in luck, for the istream class, ofwhich c i n is an example,

has some line-oriented class member functions. The getlineO function, for example,

reads a whole line, using the newline character transmitted by the Return or Enter key

to mark the end of input. You invoke this method by using cin. getlineC) as a function

call. The function takes two arguments. The first argument is the name of the array

destined to hold the line of input, and the second argument is a limit on the number of

characters to be read. If this limit is, say, 20, the function will read no more than 19

characters, leaving room to automatically add the null character at the end. The

getlineO member function stops reading input when it reaches this numeric limit or

when it reads a newline, whichever comes first. For example, suppose you want to use

get L i ne ( ) to read a name into the 20-element array name. You would use this call:

cin.getline(name,20);

This would read the entire line into the name array, providing that the line consisted of

19 or fewer characters. (The getlineC ) member function also has an optional third

argument, which we leave to Chapter 12 to discuss.)

Listing 4-4 modifies Listing 4-3 to use cin. getlineC) instead of a simple c i n.

Otherwise, the program is unchanged.

first string second string

Alistair Dreeb [return]

read first string,

add a null character,

place in the name array

read second string,

add a null character,

place in the dessert array

AlistairXO

name array

Dreeb\0
r ;

dessert array

Figure 4-4 The c i n view ofstring input
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LISTING 4 4 insir2.cpp

// instr2.cpp — reading more than one word with getline
//include <iostream.h>
int main(void)

const int Size = 20;

char nameCSizeU;
char dessertCSizeH;

// Zortech and Gnu users please check the Compatibility Note,

cout << "Enter your name:\n";
cin.getline(name. Size); // reads through newline
cout << "Enter your favorite dessert : \n";

cin.getlineCdessert, Size);
cout << "I have some delicious " << dessert;
cout << " for you, " << name << ".\n";
return 0;

>

Here is some sample output:

Enter you r name :

rite dessert:

I have some delicious Raspberry Torte for you, Melanie Ploops

Melanie Ploops
Enter your f a v<

Raspberry Tort

The program now reads complete names and delivers the user her just desserts!

The get l i ne ( ) function conveniently gets a line at a time. It reads input through the

newline character marking the end of the line, but it doesn’t save the newline character.

Instead, it replaces it with a null character when storing the string. See Figure 4-5.

COMPATIBILITY NOTE

At the time of this writing, some C++ versions, including Zortech C++ and

Gnu G+ + , haven’t fully implemented all facets of the C++ 2.0’s revised I/O

package. In particular, the getlineO member function isn’t available. If

this affects you, just read about this example and go on to the next one,

which uses a member function that Zortech and Gnu have implemented.

Also, early releases of Turbo C++ implemented get l i ne ( ) slightly differ-

ently so that it did store the newline character in the string.
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Since not everyone has getlineO available, let’s try another approach. The
istream class has another member function, called get ( ), that comes in several varia-

tions. One variant works much like getlineO. It takes the same arguments, interprets

them the same way, and reads to the end of a line. But it doesn’t read the newline. In

Listing 4-5, we replace getlineO with g e t ( )

.

LISTING 4 5 instrrS.cpp

// instr3.cpp — reading more than one word with getO
//include <iostream.h>
int main(void)

const int Size = 20;

char nameCSize];
char dessertCSizeU;

cout << “Enter your name:\n";
cin.getCname, Size); // reads to newline
cout << “Enter your favorite dessert : \n";
cin.get(dessert. Size);
cout << “I have some delicious “ << dessert;
cout << “ for you, “ << name << “.\n“;
return 0;

Here is a sample run:

Enter your name:

Sparky Bandersnoot
Enter your favorite dessert:
I have some delicious for you. Sparky Bandersnoot.

Darn! The program gets the name correctly, but it seems to have lost the dessert.

The problem is that ci n . get ( ) reads up to, but not including, the newline character.

After the first call to c i n . get ( ), the newline character is still in the input queue. The
second call to c i n . g e t ( ) then sees this lone newline as marking an empty line, so it

reads the null string into the dessert array. The null string is a string consisting of one

character—the null character. So poor Sparky winds up with the null dessert.

At this point, we seem to have taken a minor step backwards in our tasteful efforts

at dessert distribution, although it’s quite educational to see how cin.getO differs

from its cin. getlineO sibling. As you have seen, cin. getlineO reads a line, in-
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Code:

char nameCIOD;
cout << "Enter your name:\n";
cin.getlineCname, 10);

User responds by typing Jud, then the Return key.

Enter your name: Jud (enter)

cin.getlineO responds by reading Jud, reading the

newline generated by the Return key, and replacing it

with a null character.

J u d \0

newline replaced with null character

Figure 4-5 cin.getO includes the newline

eluding the newline, which it discards, while cin.getO reads just up to the newline,

which it leaves in the input queue for the next input operation. Nonetheless, you can

use c i n . g e t ( ) to get past the pesty newline by dipping further into the istreanis bag of

member functions (discussed fully in Chapter 12). The way to success is to use another

variant of cin.getO. If you use this function with no arguments, it reads the next

character in the input queue and discards it. This is exactly what we want now. We can

use c i n . g e t (name, Size) to read all the first line of input except for the newline charac-

ter. Then we can use ci n . get ( ) to read and discard the newline character. That will

cause the call to c i n
.
ge t (dessert, Size) to begin at the start of the next line.

There are two ways to add the argument-free c i n . get ( ) call to the program. The

first is as a separate statement:

cin.getCname, Size); // read Line

cin.getO; // read, discard next character

The second is to concatenate, or join, the two class member functions as follows:

cin.getCname, Size).get(); // concatenate member functions

This is something you can do with C++ member functions, provided they are properly

designed. The istream member functions are properly designed, so you can use this
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technique with the get() and cin.getlineO member functions. For example, the

statement

cin.getlineCnamel, Size).getline(name2, Size);

will read two consecutive input lines into the arrays namel and name2\ it’s equivalent to

making two separate calls to cin.getlineO. We’ll use concatenation in Listing 4-6.

And when we develop classes, we’ll show you how to incorporate this feature into your

class definitions.

LISTING 4-6 inslr4.cpp

// instr4.cpp -- reading more than one word with get & get()

//include <iostream.h>
int main(void)

const int Size = 20;

char nameCSize];
char dessertCSizeU;

cout << “Enter your name:\n“;
// NOTE: Zortech users please see Compatibility Note

ci n
.
get (name, Size).get(); // read string, newline

cout << “Enter your favorite dessert : \n";

cin.getCdessert, Size);
cout << “I have some delicious “ << dessert;
cout << “ for you, “ << name << “.\n“;

return 0;

COMPATIBILITY NOTE

As of this writing, some C++ versions, including Zortech C+ + , haven’t imple-

mented the g e t ( ) variant having no arguments. They do, however, imple-

ment yet another get ( ) variant, one that takes a single char argument. To
use it instead of the argumentless g e t ( )

,
you need to declare achar variable

first:

int c h

;

cin.getCname, Size).get(ch);

You can use this code instead of what is found in Listing 4-6. Chapters 5

and 12 further discuss the get ( ) variants.
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Here is a sample run:

Enter your name:

Mai Pa r f a i

t

Enter your favorite dessert:
Chocolate Mousse
I have some delicious Chocolate Mousse for you, Mai Parfait.

Again, we have a program that delivers the goods!

C++ programs frequently use pointers instead of arrays to handle strings. We’ll

take up that aspect of strings after learning a bit about pointers. Meanwhile, let’s take a

look at another derived type, the structure.

Introducing structures

Suppose you want to store information about a basketball player. You might want to

store his or her name, salary, height, weight, scoring average, free-throw percentage,

assists, and so on. You’d like some sort of data form that could hold all this information

in one unit. An array won’t do. Although an array can hold several items, each item has

to be the same type. That is, one array can hold twenty i n t s and another can hold ten

floats, but a single array can’t store ints in some elements and floats in other ele-

ments.

The answer to your desire (the one about storing information about a basketball

player) is the C++ structure. The structure is a more versatile data form than an array, for

a single structure can hold several kinds of data. This enables you to unify your data

representation by storing all the related basketball information in a single structure vari-

able. Ifyou want to keep track of a whole team, you can use an array of structures. The

structure type also is a stepping-stone to that bulwark of C++ OOP, the class. So

learning a little about structures now takes us that much closer to the OOP heart of

C++.

A structure is a user-definable type, with a template serving to define the type’s

data properties. Once you define the type, you can create variables of that type. Thus

creating a structure is a two-part process. First, you define a structure template. It de-

scribes and labels the different types of data that can be stored in a structure. Then you

create a structure variable
,
or, more generally, a structure data object

,
that follows the

template plan.

For example, suppose that Bloataire, Inc., wants to create a type to describe mem-
bers of its product line of designer inflatables. In particular, the type should hold the

name of the item, its volume in cubic feet, and its selling price. Here is a structure

template meeting those needs:
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struct inflatable // structure template
{

char nameC20];
float volume;
double price;

>;

The keyword struct indicates that the code defines a template for a structure.

The identifier inflatable is the name, or tag, we’ll use for this template; that makes in-

flatable the name for the new type. Thus you now can create variables of type inflatable

just as you create variables of type cha r or i nt. Next, between braces, comes the list of

data types to be held in the structure. Each list item is a declaration statement. You can

use any of the C++ types here, including arrays and other structures. We’ve used an

array of char, suitable for storing a string, and a f l oat and a double. Each individual

item in the list is called a structure member
, so the inflatable structure has three mem-

bers. See Figure 4-6.

Once you have the template, you can create variables of that type:

inflatable hat; // hat is a structure variable of type inflatable
inflatable wo op i e_cu s h i on ; // type inflatable variable
inflatable mainframe; // type inflatable variable

If you’re familiar with C structures, you’ll notice (probably with pleasure) that C++
allows you to drop the keyword structwhen declaring structure vari ables:

struct inflatable goose; // keyword struct required in C

inflatable vincent; // keyword struct not required in C++

In C++, the structure tag is used just like a fundamental type name. This change em-

phasizes that a structure template defines a new type. It also removes omitting struct

from the list of curse-inducing errors.

Given that hat is type inflatable
,
you use the membership operator (.) to access

individual members. For instance, hat. volume refers to the volume member of the

structure, and hat.price refers to the price member. Similarly, vincent.price is the price

member of a vincent variable. Because the price member is declared as type double,

hat.price and vincent.price both are equivalent to type double variables and can be used

in any manner an ordinary type double variable can. So hat is a structure but hat.price is

a double. By the way, the method we used to access class member functions like

cin.getlineO has its origins in the method used to access structure member variables

like vincent.price.

Listing 4-7 illustrates these points about a structure. Also, it shows how to initial-

ize one.
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LISTING 4-7 structur.cpp

// structur.cpp -- a simple structure
#include <iostream.h>
struct inflatable // structure template

char nameC20];
float volume;
double price;

>;

int main(void)
i

inflatable guest =

{

"Glorious Gloria", // name value

1.88, // volume value

29.99 // price value

}; // guest is a structure variable of type inflatable
// It's initialized to the indicated values

inflatable pal =

"Audacious Arthur",

3.12,
32.99

}; // pal is a second variable of type inflatable

the struct the tag - beeomes the

keyword name for the new type

-V V' ¥r/*7$m Wmm

opening and

closing braces

struct inflatable

char nameC20II;-i
float volume;
double price;

structure

members

Figure 4-6 Parts ofa structure template
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// NOTE: some implementations require using
// static inflatable guest =

cout << "Expand your guest list with " << guest. name;
cout << " and " << pal. name << "!\n";

// pal. name is the name member of the pal variable
cout << "You can have both for $";

cout << guest. price + pal. price << "!\n";
return 0;

COMPATIBILITY NOTE

Just as some implementations have not yet implemented the ability to ini-

tialize an ordinary array defined in a function, they also haven’t imple-

mented the ability to initialize an ordinary structure defined in a function.

Again, the solution is to use the keyword s t a t i c in the declaration.

Here is the output:

Expand your guest list with Glorious Gloria and Audacious Arthur!
You can have both for $62.98!

PROGRAM NOTES

One important matter is where to place the structure template. There are two choices

for st ruct ur . cpp. We could have placed the template inside the ma i n ( ) function, just

after the opening brace. The second choice, and the one we made, is to place the tem-

plate outside ofma i n ( ) and preceding it. When a definition occurs outside of any func-

tion, it’s called an external definition. For this program, there is no practical difference

between the two choices. But for programs consisting of two or more functions, the

difference can be crucial. The external definition can be used by all the functions follow-

ing it, while the internal definition can be used only by the function in which the defi-

nition is found. Most often, you will want an external template definition so that all the

functions can use structures of that type. See Figure 4-7.

Variables, too, can be defined internally or externally, with external variables be-

ing shared among functions. (Chapter 8 will look further into that topic.) C++ practices

discourage using external variables but encourage using external templates.

Next, notice the initialization procedure:
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inflatable guest =

{

“Glorious Gloria",
1 . 88 ,

29.99

>;

// name value
/ / vo l ume value
// price value

external template— can be

used in all functions in file

local template— can be

used only in this function

type parts variable

type perks variable

//include < i o s t r e a m . h >

struct parts

unsigned long part_number;

float part_cost;

> ;

void mail(void);

int main(void)

struct perks

int k e y_n umber;

char c a r C 1 2 ] ;

>;

parts chicken;

perks mr_blug;

>

void mail(void)

type parts variable parts studebaker;

can’t declare a type *

perks variable here • •

>

Figure 4-7 Local and external templates

As with arrays, you use a comma-separated list ofvalues enclosed within a pair of braces.

The program placed one value per line, but you can place them all on the same line. Just

remember to separate items with a comma:
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inflatable duck = { "Daffny", 0.12, 9.98T;

Each member of the structure can be initialized to the appropriate kind of data. For

instance, the name member is a character array, so we can initialize it to a string.

Each structure member is treated as a variable of that type. Thus pal.price is a

do ub l e variable and pal. name is an array of char. And when the program uses cout to

display pal. name, it displays the member as a string. By the way, because pal. name is a

character array, we can use subscripts to access individual characters in the array. For

example, pal.name[0] is the character A. But pal[0] is meaningless, since pal is a struc-

ture, not an array.

OTHER STRUCTURE PROPERTIES

C++ attempts to make using user-defined types as similar as possible to using built-in

types. For example, you can pass structures as arguments to functions, and you can have

a function use a structure as a return value. Also, you can assign one structure to another

of the same type by using the assignment operator (=). Doing so causes each member of

one structure to be set to the value of the corresponding member in the other structure,

even if the member is an array. We’ll defer passing and returning structures until we
discuss functions in Chapter 7, but we can take a quick look at structure assignment

now. Listing 4-8 provides an example.

LISTING 4-8 assgn sleep
// assgn_st.cpp — assigning structures
# include <iostream.h>
struct i nf latable
i

char nameE20H;
float volume;
double price;

>;

int main(void)
{

inflatable bouquet =

"sunf lowers",
0 . 20 ,

12.49

>;

// NOTE: some implementations may require using
// static inflatable bouquet =
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inflatable choice;

cout << "bouquet: " << bouquet. name << " for $";

cout << bouquet
.
pr i ce << "\n";

choice = bouquet; // assign one structure to another
cout << "choice: " << choice. name << " for $";

cout << choice. price << "\n";

return 0;

Here’s the output:

bouquet: sunflowers for $12.49
choice: sunflowers for $12.49

As you can see, the choice structure has its members assigned the same values that were

stored in the bouquet structure. This is called memberwise assignment.

You can combine defining a template with creating structure variables. To do so,

follow the closing brace with the variable name or names:

struct perks

i n t k e y_n umber;
char carE12D;

> mr_smith, ms_jones; // two perks variables

You can even initialize a variable you create in this fashion:

struct perks
{

i n t k e y_n umber;
char car[12D;

> m r_g l i t z =

7, // value for mr_g l i t z . key_numbe r member
"Packard" // value for mr_gli tz . car member

>;

However, keeping the template definition separate from the variable declarations usu-

ally makes a program easier to read and follow.

Another thing you can do with structures is create a structure with no type name.

You do this by omitting a tag name while simultaneously defining a template and a

variable:

struct //notag

intx; // 2 members
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int y;

> position; // a structure variable

This creates one structure variable called position. You can access its members with the

membership operator, as in positions but there is no general name for the type. So you
can’t subsequently create other variables of the same type. We won’t be using this lim-

ited form of structure.

Aside from the fact a C++ program can use the structure tag as a type name, C
structures have all the features we’ve discussed so far for C++ structures. But C++ struc-

tures go further. Unlike C structures, for instance, C++ structures can have member
functions in addition to member variables. But these more advanced features most typi-

cally are used with classes rather than structures, so we’ll discuss them when we cover

classes. For now, let’s continue our survey of derived types.

Pointers hud the Free Store

At the beginning of Chapter 3 we mentioned three fundamental properties that a com-
puter program must keep track ofwhen storing data. To save the book the wear and tear

of your thumbing back to that chapter, here are those properties again:

i Where the information is stored

i What value is kept there

i What kind of information is stored

You Ve used one strategy for accomplishing these ends: defining a simple variable. The
declaration statement provides the type and a symbolic name for the value. It also causes

the program to allocate memory for the value and to keep track of the location inter-

nally.

Let’s look at a second strategy now, one that becomes particularly important in

developing C++ classes. This strategy is based on pointers, which are variables that store

addresses of values rather than the values themselves. But before discussing pointers,

let’ s see how to find addresses explicitly for ordinary variables. Just apply the address

operator, represented by &, to a variable to get its location. Listing 4-9 demonstrates

this operator.

LISTING 4 9 afldress.cpp

// address. cpp — using the & operator to find addresses
^include <i ost ream . h>

int main(void)
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int donuts = 6;

double cups = 4.5;

cout << “donuts value = “ << donuts;
cout << " and donuts address = “ << &donuts << “\n“;

// NOTE: you may need to use unsigned C&donuts)
// and unsigned (Scups)

cout << “cups value = “ << cups;

cout << “ and cups address = “ << &cups << “\n";

return 0;

>

Here is the output:

donuts value = 6 and donuts address = 0x8566fff4
cups value = 4.5 and cups address = 0x8566ffec

COMPATIBILITY NOTE

cout is a smart object, but some versions are smarter than others. Thus

some implementations fail to recognize pointer types. For instance, at the

time of this writing, Zortech C++ requires that you type cast the address to

a recognizable type, such as unsigned int. The appropriate type cast de-

pends on the memory model. The default DOS memory model uses a two-

byte address, hence unsigned int is the proper cast. Some DOS memory
models, however, use a four-byte address, which requires a cast to unsigned

long.

When displaying addresses, cout uses hexadecimal notation because that is the usual

notation used to describe memory. Our implementation stores cups at a lower memory

location than donuts. The difference between the two addresses is 0x8566fff4 -

0x8566ffec, or 8. This makes sense, for cups is type double, which uses eight bytes. (In

case you’re interested, these particular representations of addresses reflect the PC
method of describing an address by a segment value and by an offset. The segment value,

8566in this case, identifies the block ofmemory being used to store the data; it’s the actual

address divided by sixteen. The offsets, jfecandff4 in this case, represent memory position

relative to the beginning of the segment. PC programs can use two-byte pointers holding

just the offset if all the data is in one segment. Or they can use four-byte pointers, with the

first two bytes holding the segment value and the second two bytes holding the offset. Turbo

C++ displays the four-byte form even if a program internally uses the two-byte form.)
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Using ordinary variables, then, treats the value as a named quantity and the loca-

tion as a derived quantity. Now let’s look at the pointer strategy, one that is essential to

the C++ programming philosophy of memory management. (See the note on Pointers

and the C++ Philosophy.)

POINTERS AMD THE C++ PHILOSOPHY

Object-oriented programming differs from traditional procedural programming

in OOP’s emphasis on making decisions during run time instead of compile

time. Run time means while a program is running, and compile time means

when the compiler is putting a program together. A run-time decision is

like, when on vacation, choosing what sights to see depending on the weather

and on your mood at the moment, while a compile-time decision is more
like adhering to a preset schedule regardless of the conditions. Run-time

decisions provide the flexibility to adjust to current circumstances. For in-

stance, consider allocating memory for an array. The traditional way is to

declare an array. To declare an array in C+ +
,
you have to commit yourself to

a particular array size. Thus the array size is set when the program is com-
piled, so it is a compile-time decision. Perhaps you think an array of 20

elements is sufficient 80% of the time, but that occasionally the program will

need to handle 200 elements. So to be safe, you use an array with 200 elements.

This results in your program wasting memory most of the times it’s used.

OOP tries to make a program more flexible by delaying such decisions until

run time. That way, once the program is running, you can tell it you’ll need

only 20 elements one time or that you need 205 elements another time. In

short, you make the array size a run-time decision. To make this approach

possible, the language has to allow you to create an array—or equivalent

—

while the program runs. The C++ method, as you’ll soon see, involves using

the keyword newto request the correct amount ofmemory and using pointers

to keep track of where the newly allocated memory is found.

The new strategy for handling stored data switches things around by treating the

location as the named quantity and the value as a derived quantity. A special type of

variable—the pointer—holds the address of a value. Thus the name of the pointer rep-

resents the location. Applying the * operator, called the indirect value or the

dereferencing operator, yields the value at the location. (Yes, this is the same * symbol

used for multiplication; C++ uses the context to determine whether you mean multipli-

cation or dereferencing.) Suppose, for example, that manly is a pointer. Then manly

represents an address, and *manly represents the value at that address. The combination
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* manly becomes equivalent to an ordinary type i nt variable. Listing 4-10 demonstrates

these points. It also shows how to declare a pointer.

LISTING 4-10 poinler.cpp

// pointer. cpp -- our first pointer variable
# include <iostream.h>
int main(void)

int updates = 6; // declare a variable
int * p_updates; // declare pointer to an int

p_updates = &updates; // assign address of int to pointer

// NOTE: Some systems may require you to type cast the addresses

// in cout statements to unsigned

// express values two ways

cout << "Values: updates = " << updates;

cout << ", *p_updates = " << *p_updates << "\n";

// express address two ways

cout << "Addresses: Supdates = " << Supdates;

cout << ", p_updates = " << p_updates << "\n";

// use pointer to change value

*p_updates = *p_updates + 1;

cout << "Now updates = " << updates << "\n";

return 0;

>

Here is the output:

Values: updates = 6, *p_updates = 6

Addresses: &updates = 0x85b0fff4, p_updates = 0x85b0fff4
Now updates = 7

As you can see, the int variable updates and the pointer variable p_updates are just two

sides of the same coin. The updates variable represents the value as primary and uses the

& operator to get the address, while thep_updates variable represents the address as primary

and uses the * operator to get the value. See Figure 4-8. And because p_updates points to

updates
,
*p_updates and updates are completely equivalent. So we can use *p_updates

exactly as we would use a type i n t variable. As the program shows, we can even assign values

to *p_updates. Doing so changes the value of the pointed-to value, updates.
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int jumbo = 2 3;

int * pe = & j u m b o ;

these are these are

the same
/v* jumbo \ / o i the same/ &jumbo yX
( \ *pe \ ( Pe ' \

V value j \ Address J
23 \ 0x2ac8 /

Figure 4-8 Two sides ofa coin

DECIHRING RHD INITIflllZING POINTERS

Let’s examine the process of declaring pointers. A computer needs to keep track of the

type ofvalue a pointer refers to. For instance, the address of a char looks the same as the

address of a d o u b l e
,
but char and double use different numbers of bytes and different

internal formats for storing values. Therefore, a pointer declaration must specify what

type of data the pointer points to. For example, our program has this declaration:

i n t * p_u p dates;

This states that the combination * p_updates is type int. (The space between the *

operator and the variable name is optional.) Because the * operator is used by applying

it to a pointer, the p_updates variable itself must be a pointer. We say that p_updates

points to type int. We also say that the type for p_updates is pointer-to-i nt or, more
concisely, i nt*. To repeat: p_updates is a pointer (an address), and *p_updates is an i nt

and not a pointer. Also see Figure 4-9.

In C+ + , the combination int* is a derived type name, the type pointer-

to- int.

You use the same syntax to declare pointers to other types:

double * tax_ptr; // tax_ptr points to type double
char * str; // str points to type char
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Because we declare tax_ptr as a pointer-to-do ub L e, the compiler knows that *tax_ptr is

a type double value. That is, it knows that *tax_ptr represents a number stored in float-

ing-point format and occupying (on most systems) eight bytes. A pointer variable is

never simply a pointer. It is always a pointer to some type. So tax_ptr is type pointer-to-

double (or type double*) and jtris type pointer-to-cha r (or char *). Although both

are pointers, they are pointers of two different types. Thus, like arrays, pointers are

derived from other types.

Note that while tax_ptr and str point to data types of two different sizes, the two

variables tax_ptr and str themselves typically are the same size. That is, the address of a c h a r

is the same size as the address of a doub le, much as 1015 might be the street address for a

department store while 1022 could be the street address of a small cottage. The size or value

of an address doesn’t really tell you anything about the size or kind of variable or building

found at that address. Usually, addresses require two or four bytes, depending on the com-

puter system. (Some systems may have larger addresses, and a system conceivably could use

different address sizes for different data types, but that would be unusual.)

memory address variable name

T=^> 1000

1002

1004

1006

,

1008

1010

1012

1014

1016

int ducks = 12; i n t *birddog = & d u c k s ;

1 2

1000

ducks

birddog

points

to ducks

b i rddog

<^=

creates ducks variable, stores creates birddog variable, stores

the value 12 in the variable the address of ducks in the variable

Figure 4-9 Pointers store addresses
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You can use a declaration statement to initialize a pointer. In that case, the

pointer, not the pointed-to value, is initialized. That is, the statements

int higgens = 5;

int * pi = Shiggens;

set pi and not *pi to the value &higgens.

Listing 4-11 demonstrates initializing a pointer to an address.

LISTING 4-11 init plr.cpp

// init_ptr.cpp -- initialize a pointer
//include <iostream.h>
int main(void)

int higgens = 5;

int * pi = Shiggens;

// NOTE: Some users may need to type cast the addresses
// in cout statements (Shiggens and pi) to unsigned

cout << "Value of higgens = " << higgens
<< Address of higgens = " << Shiggens << "\n";

cout << "Value of *pi = " << *pi
<< "; Value of pi = " << pi << "\n";

return 0;

Here is the output:

Value of higgens = 5; Address of higgens = 0x8fa0fff4
Value of * p i = 5; Value of pi = 0x8fa0fff4

You can see that the program initializes pi, not *pi, to the address of higgens.

Danger awaits those who use pointers incautiously. One extremely important
point is that when you create a pointer in C++, the computer allocates memory to hold
an address

, but it does not allocate memory to hold the data that will be pointed to.

Creating space for the data involves a separate step. Omitting that step, as in the fol-

lowing, is an invitation to disaster:

long * fellow; // create a pointer-to-long
* fellow = 223323; // place a value in never-never land
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Sure, fellow is a pointer. But where dots it point? The code failed to assign an address to

fellow. So where is the value 223323 placed? We can’t say. Because fellow wasn’t ini-

tialized, it could have any value. Whatever that value is, the program interprets it to be

the address at which to store 223323. Iffellow happens to have the value 1200, then the

computer attempts to place the data at address 1200, even if that happens to be an

address in the middle of your program code. Chances are that wherever fellow points,

you don’t want to put the number 223323 there. This kind of error can produce some

of the most insidious and hard-to-trace bugs around.

Pointer Golden Rule: ALWAYS set a pointer to a definite and appropriate

address before applying the dereferencing operator (*) to it.

PIMflM IMS
Pointers are not integer types, even though computers typically handle addresses as

integers. Conceptually, however, pointers are distinct types from integers. Integers are

numbers you can add, subtract, divide, and so on. But a pointer describes a location,

and it doesn’t make sense to, say, multiply two locations times each other. So, in terms

of the operations you can perform with them, pointers and integers are different from

each other. Consequently, you can’t simply assign an integer to a pointer:

i n t * pi;

pi = 0xB8000000; // type mismatch

Here the left-hand side is a pointer to int, so it can be assigned an address. But the

right-hand side is just an integer. You may know that 0xB8000000 is the combined

segment-offset address of video memory on your system, but nothing in the statement

tells the program that this number is an address. C will let you make assignments like

this. But C++ enforces type agreement more stringently, and the compiler will give you

an error message saying you have a type mismatch. So ifyou want to use a numeric value

as an address, you should use a type cast to convert the number to the appropriate

address type:

int * pi;

pi = (int * ) 0xB8000000; // types now match

Now both sides of the assignment statement represent addresses of integers, so the as-

signment is valid. Note that being the address of a type int value doesn’t mean that pi

itself is type int. For instance, in the large memory model on an IBM PC, type i nt is a

two-byte value, while the addresses are four-byte values.
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Pointers have some other interesting properties that we’ll discuss as they become
relevant. Meanwhile, let’s look at how pointers can be used to manage run-time alloca-

tion of memory space.

Now that you have some feel for how pointers work, let’s see how they can implement

that important OOP technique of allocating memory as a program runs. So far, we’ve

initialized pointers to the addresses ofvariables; this is namedmemory allocated during

compile time, and the pointers merely provided an alias for memory you could access

directly by name anyway. The true worth of pointers comes into play when you allocate

unnamedmemory during run time to hold values. In this case, pointers become the only

access to that memory. In C, you could allocate memory with the library function

ma l Loc ( ). You can still do so in C++, but C++ also has a better way, the new operator.

Let’s try out this new technique by creating unnamed, run-time storage for a type

i nt value and accessing the value with a pointer. The key is the C++ new operator. You
tell new what data type you want memory for; new finds a block of the correct size and
returns the address of the block. Assign this address to a pointer, and you’re in business.

Here’s a sample of the technique:

int * pn = new int;

The new int part tells the program we want some new storage suitable for holding

an i nt. The new operator uses the type to figure out how many bytes are needed. Then
it finds the memory and returns the address. We assign the address to pn, which is de-

clared to be of type pointer-to-i nt. So now pn is the address and *pn is the value stored

there. Compare this with assigning the address of a variable to a pointer:

int higgens;
int *pi = &higgens;

In both cases
(
pn and pi) we assign the address of an i nt to a pointer. In the second case,

we can also access the i n t by name: higgens. In the first case, our only access is via the

pointer. That raises a question: Since the memory to which pn points lacks a name, what
do you call it? We say that pn points to a data object. This is not “object” in the sense of

“object-oriented programming”; it’s just “object” in the sense of “thing.” The term “data

object” is more general than the term “variable,” for it means any block of memory allo-

cated for a data item. Thus a variable is also a data object, but the memory thepn points to

is not a variable. The pointer method for handling data objects may seem more awkward
at first, but it offers greater control over how your program manages memory.
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The general form for obtaining and assigning memory for a single data object,

which can be a structure as well as a fundamental type, is this:

type * point er_name = new type;

You use the data type twice, once to specify the kind of memory requested and once to

declare a suitable pointer. Of course, if you’ve already declared a pointer of the correct

type, you can use it instead of declaring a new one. Listing 4-12 illustrates using new

with two different types.

LISTING 4 12 new.cpp

// new.cpp — using the new operator

//include <iostream.h>
i nt ma i n ( voi d )

int * pi = new int; // allocate space for an int

*pi=1001; // store a value there

// NOTE: Some users may need to type cast the addresses

// in cout statements (pi and pd) to unsigned

cout << "int

cout << "value = " << *pi << "
: location = " << pi << "\n";

double * pd = new double; // allocate space for a double

*pd = 10000001.0; // store a double there

cout << "double ";

cout << "value = " << *pd << ": location = " << pd << "\n";

cout << "size of pi = " << sizeof pi;

cout << "
: size of *pi = " << sizeof *pi << "\n";

cout << "size of pd = " << sizeof pd;

cout << ": size of *pd = " << sizeof *pd << "\n";

return 0;

>

Here is the output:

int value = 1001: location = 0x857011ec

double value = 10000001: location = 0x857011f4

size of pi = 2: size of *pi = 2

size of pd = 2: size of *pd = 8
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Program Notes

The program uses new to allocate memory for a type int data object and for a type

double data object. This occurs while the program is running. The pointers pi and pd
point to these two data objects. Without them, you cannot access those memory loca-

tions. With them, you can use *pi and *pd just as you would use variables. Assigning

values to *pi and *pd assigns values to the new data objects. Similarly, printing *pi and

*pd displays those values.

The program also demonstrates one of the reasons you have to declare the type a

pointer points to. An address in itself reveals only the beginning address of the object

stored, not its type nor the number of bytes used. Look at the addresses of the two

values. They are just numbers with no type or size information. Also, note that the size

of a pointer-to-i nt is the same as the size of a pointer-to-doub le. Both are just ad-

dresses. But because new . cpp declared the pointer types, the program knows that *pd is

a d o u b l e value of eight bytes, while *pi is an i n t value of two bytes. So when n e w . c p p

prints the value of *pd, cou t can tell how many bytes to read and how to interpret them.

The sharp-eyed among you may be wondering how the program manages to store

a number like 0x85701 lec, which appears to be four bytes long, in a two-byte variable.

The system on which we ran the program (IBM PC-compatible) divides memory into

segments of 64K (a K is 1024 bytes), and the program uses a two-byte pointer to hold

the offset of a memory location from the beginning of the segment used for data. But

c out was implemented to print both the two-byte segment value (0x8570) and the two-

byte offset (0x1 lec) as a single four-byte value (0x85701 lec).

OUT OF MEMORY?

It’s possible that the computer may not have sufficient memory available to

satisfy a new request. When that is the case, new returns the value 0. In C++,
a pointer with the value 0 is called the nullpointer. C++ guarantees that the

null pointer never points to valid data, so it often is used to indicate failure

for operators or functions that otherwise return useable pointers. Once you
learn about i f statements (Chapter 6), you can check to see if new returns the

null pointer and thus protect your program from attempting to exceed its bounds.

USING NEK TD CREATE DYN1MIC II1RYS

If all a program needs is a single value, you may as well declare a simple variable, for that

is simpler, if less impressive, than using new and a pointer to manage a single small data
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object. More typically, you use new with larger chunks of data, such as arrays, strings,

and structures. This is where new gets useful. Suppose, for example, you’re writing a

program that may or may not need an array, depending on information given to the

program while it is running. If you create an array by declaring it, the space is allocated

when the program is compiled. Whether or not the program finally uses the array, the

array is there, using up memory. This is called static binding, meaning the array is built

into the program at compilation time. But with new, you can create an array during run

time if you need it and skip creating the array ifyou don’t need it. Or you can select an

array size after the program is running. This is called dynamic binding, meaning the ar-

ray is created while the program is running, and the array is called a dynamic array. With

static binding, you must specify the array size when you write the program. With dy-

namic binding, the program can decide upon an array size while the program runs.

For now, we’ll look at two basic matters concerning dynamic arrays: how to use

C++’s new operator to create an array, and how to use a pointer to access array elements.

CREATING A DYNAMIC RRRAY WITH NEW

It’s easy to create a dynamic array in C++; you tell new the type of array element you

desire and how many elements you want. The syntax requires that you follow the type

name with the number of elements in brackets. For instance, if you need an array of 10

i nt s, do this:

int * psome = new int [103; // get a block of 10 ints

The new operator returns the address of the first element of the block. In this example,

that value is assigned to the pointer psome. Note that psome is a pointer to a single int,

the first element of the block. It’s your responsibility to keep track of how many ele-

ments are in the block. That is, the compiler doesn’t keep track of the fact that psome

points to the first of ten integers, so you have to write your program so the program

keeps track of the number of elements.

The general form for allocating and assigning memory for an array is this:

type_name * pointer_name = new type_name E num_e L eme n t s 3

;

This returns a block of memory large enough to hold num_elements elements of type

type_name, with pointer_name pointing to the first element. As you’re about to see, you

can use pointer_name in many of the same ways you can use an array name.

USING A DYNAMIC flAARY

Once you create a dynamic array, how do you use it? First, think about the problem

conceptually. The statement
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int * psome = new int CIO] ; // get a block of 10 ints

creates a pointer psome that points to the first element of a block of ten int values.

1 hink of it as a finger pointing to that element. Suppose an int occupies two bytes.

Then, by moving your finger two bytes in the correct direction, you can point to the

second element. Altogether, there are ten elements, and that tells the range over which
you can move your finger. Thus, the new statement supplies you with all the informa-

tion you need to identify every element in the block.

Now think about the problem practically. How do you access one of these ele-

ments? The first element is no problem. Because psome points to the first element of the

array, *psome is the value of the first element. That leaves nine more elements to access.

The simplest way may surprise you ifyou haven’t worked with C: just use the pointer as

if it were an array name. That is, you can use psome[0] instead of *psome for the first el-

ement, psome[1] for the second element, and so on. So using a pointer to access a dy-

namic array turns out to be very simple, even if it may not be immediately obvious why
the method works. The reason you can do this is that C and C++ handle arrays inter-

nally by using pointers anyway. This near equivalence of arrays and pointers is one of

the beauties of C and C++. We 11 elaborate on this equivalence in a moment. First,

Listing 4-13 shows how you can use new to create a dynamic array and then use array

notation to access the elements. It also points out a fundamental difference between a

pointer and a true array name.

LISTING 4 13 arraynew.cpp
// arraynew.cpp — using the new operator for arrays
^include <iostream.h>
int main(void)

double * p3 = new double C3]; // space for 3 doubles
p3C0] = 0.2; // treat p3 like an array name
p3 C 1 ] = 0.5;

p3 C 2 ] = 0.8;
cout << "p3C 1 ] is " << p3C 1 ] << "

. \n"

;

P3 = p3 + 1; / / increment the pointer
cout << "Now p3C0] is " << p3C0] << " and ";

cout << "p3C1] is " << p3C1] << ".\n";
return 0;

>

Here is the output:

p3 C 1 ] is 0.5.
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." V-
;

Now p3C0] is 0.5 and p3C1!] is 0.8.

As you can see, arraynew.cpp uses the pointer p3 as if it were the name of an

array, with p3[0] being the first element, and so on. The fundamental difference be-

tween an array name and a pointer shows in the following line:

p3 = p3 + 1; // okay for pointers, wrong for array names

You can’t change the value of an array name. But a pointer is a variable, hence you can

change its value. Note the effect of adding 1 to p3. The expression p3[0] now refers to

the former second element of the array. Thus adding 1 to p3 caused it to point to the

second element instead of the first. The actual addresses of consecutive i n t s typically

differ by two or four bytes, so the fact that adding 1 to p3 gives the address of the next

element suggests that there is something special about pointer arithmetic. There is.

POINTERS. 1RRHYS. HMD POINTEI HRITHMETIC

The near equivalence of pointers and array names stems from pointer arithmetic and

how C++ handles arrays internally. First, let’s check out the arithmetic. Adding 1 to an

integer variable increases its value by 1 . But adding 1 to a pointer variable increases its

value by the number of bytes of the type it points to. So adding 1 to a pointer-to-

doub L e adds 8 to the numerical value on systems with eight-byte double, while adding

1 to a pointer-to-short adds 2 to the pointer value if short is two bytes. Listing 4-14

demonstrates this amazing point. It also shows a second important point: C++ inter-

prets the array name as an address.

LISTING 4 14 addpnlrs.cpp

// addpntrs.cpp — pointer addition

//include <iostream.h>
int main(void)
{

double wagesC3D = -(10000.0, 20000.0, 30000. 0>;

short stacksC3D = -C3, 2, 1>;

// NOTE: Some users may need to type cast the addresses

// in cout statements (ps and pw) to unsigned

// Here are two ways to get the address of an array

double * pw = wages; // name of an array = address

short * ps = &stacksC03; // use address operator
// with array element

cout << “pw = " << pw << ", *pw = " << *pw << “\n";
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pw = pw + 1 ;

cout << “add 1 to the pw poi nter : \n“;
cout << “pw = “ << pw << “, *pw = “ << *pw << “\n\n";

cout << “ps = “ << ps << “, *ps = “ << * p s << “\n“;
ps = ps + 1 ;

cout << “add 1 to the ps pointer:\n“;
cout << “ps = “ << ps << ", *ps = “ << * p s << “\n\n";

cout << “access two elements with array notation\n“;
cout << stacksCOH << “ “ << stacksCID << “\n";
cout << “access two elements with pointer notation\n";
cout << *stacks << “ “ << ^(stacks + 1) << “\n“;

cout << sizeof wages << “ = size of wages array\n";
cout << sizeof pw << “ = size of pw pointer\n";
return 0;

Here is the output:

pw = 0x7c87ffd8, *pw = 10000
add 1 to the pw pointer:
pw = 0x7c87ffe0, *pw = 20000

ps = 0x7c87fff0, * p s = 3

add 1 to the ps pointer:
ps = 0x7c87fff2, * p s = 2

access two elements with array notation
3 2

access two elements with pointer notation
3 2

24 = size of wages array
2 = size of pw pointer

PROGRAM NOTES

In most contexts, C++ interprets the name of an array as the address of its first element.

Thus the statement

double * pw = wages;
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makes pw a pointer to type double, then initializes pw to wages, which is the address of the

first element of the wages array. For wages, as with any array, we have the following equality:

wages = SwagesCOD = address of first element of array

Just to show that we aren’t jiving you, we used the address operator explicitly in the

expression &stacks[0] for initializing the yv pointer to the first element of the stacks array.

Next, the program inspects the values ofpw and *pw. The first is an address and

the second is the value at that address. Because pw points to the first element, the value

displayed for *pw is that of the first element, 10000. Then the program adds 1 to pw. As

promised, this adds 8 (8 + 8 = 10 in hexadecimal) to the numeric address value, because

doub le on our system is eight bytes. This makes pw equal to the address of the second

element. Thus *pw is now 20000, the value of the second element. See Figure 4-10.

(The address values in the figure are adjusted to make the figure clearer.)

After this, the program goes through similar steps for ps. This time, because ps points

to type short and because s h o r t is two bytes, adding 1 to the pointer increases its value by

2. Again, the result is to make the pointer point to the next element of the array.

double wagesC3D = {10000.0, 20000.0, 30000.01;

short stacksC3H = {3, 2, 11;

double * pw = wages;

short * ps = &stacksC01;

1 0 0 0 0.0
1 1 1 1 1 1 1

2 0 0 0 0

i i i i i i

. 0

1

3 0 0 0 0.0
! 1 1 1 1 1 1

3 2 1

address:

1 1 1 II II

100

1 1 1 1 1 1

108

1 1 1 1 1 1 1 1

112

^ i i

120 122 124

pw (pw+1) ps(ps+1)

pw points to type double, so

adding 1 to pw changes its

value by 8 bytes

points to type short so

adding 1 to ps changes its

value by 2 bytes

Figure 4-10 Pointer addition
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Remember, adding 1 to a pointer variable increases its value by the number
of bytes of the type to which it points.

Now consider the array expression stacks[l]. The C++ compiler treats this expres-

sion exactly as ifyou wrote it as %stacks + 1). The second expression means calculate the

address of the second element of the array, then find the value stored there. The end

result is precisely what we mean by stacks[
1
']. (Operator precedence requires using the

parentheses in the expression * (stacks + 1 ). Without them, 1 would be added to *stacks

instead of to stacks.)

The program output demonstrates that *(stacks + 1) and stacks[1] are the same.

Similarly, * (stacks + 2) is the same as stacks[2], In general, wherever you use array nota-

tion, C++ makes the following conversion:

a r raynameC

i

1 becomes *(arrayname + i)

And if you use a pointer instead of an array name, C++ makes the same conversion:

poi nternameC i 3 becomes *
( poi n t e rname + i)

Thus in many respects you can use pointer names and array names the same way. You
can use array notation with either. You can apply the dereferencing operator (*) to

either. In most expressions, each represents an address. One difference is that you can

change the value of a pointer while an array name is a constant:

pointername = pointername + 1 ; // valid
arrayname = arrayname + 1; // not allowed

The second difference is that applying the si zeof operator to an array name yields the

size of the array, but applying si zeof to a pointer yields the size of the pointer, even if

the pointer points to the array. For instance, in Listing 4-14, bothpw and wages refer to

the same array. But applying the s i zeof operator to them produced the following results:

24 = size of wages array *— displaying sizeofwages

2 = size of pw pointer *— displaying sizeofpw

This is one case in which C++ doesn’t interpret the array name as an address.

In short, using new to create an array and using a pointer to access the different

elements is a simple matter. Just treat the pointer as an array name. Understanding why
this works, however, is an interesting challenge. If you really wish to understand arrays

and pointers, you should review their mutual relationships carefully. In fact, you’ve

been exposed to quite a bit of pointer knowledge lately, so let’s summarize what’s been

revealed about pointers and arrays to date.
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SUMMARIZING POINTER PRINTS

Declaring Pointers: To declare a pointer to a particular type, use this form:

typename * pointername;

Examples:

double * pn; // pn points to a double value
char * pc; // pc points to a char value

Here pn and pc are pointers and double* and c h a r * are the C++ notations for the types

pointer-to-doub l e and pointer-to-cha r.

Assigning Values to Pointers: A pointer should be assigned a memory address. You can

apply the & operator to a variable name to get an address ofnamed memory, and the new

operator returns the address of unnamed memory.

Examples:

double bubble = 3.2;
pn = &bubble; // assign address of bubble to pn

pc = new char; // assign address of newly allocated
// char memory to pc

Dereferencing Pointers: Dereferencing a pointer means referring to the pointed-to

value. Apply the dereferencing, or indirect value, operator (*) to a pointer to dereference

it. Thus ifpn is a pointer to bubble, as in the last example, then *pn is the pointed-to

value, or 3.2 in this case.

Examples:

cout << *pn; // print the value of bubble
*pc = 'S'; // place the value 'S' in the memory location

// whose address is pc

Distinguishing Between a Pointer and the Pointed-to Value: Remember, if pi is a

pointer-to-i nt, that *pi is not a pointer-to-i nt; instead, *pi is the complete equivalent

to a type i nt variable. It is pi that is the pointer.

Examples:

int * pi = new int; // assigns an address to the pointer pi

*pi = 5; // stores the value 5 at that address

Array Names: In most contexts, C++ treats the name of an array as being equivalent to

the address of the first element of an array.

Example:

int tacosMOD; // tacos is the same as StacosCOH
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One exception is when you use the name ofan array with the s i z eof operator. In

that case, si zeof returns the size of the entire array, in bytes.

Pointer Arithmetic: C++ allows you to add an integer to a pointer. The result equals

the original address value plus a value equal to the number of bytes in the pointed-to

object.

Examples:

float fog = 2.2;
float * pf = Sfog; // suppose pf and &fog are the address 3000
pf = pf + 1 ; // now pf is 3004 if a float is four bytes

int tacosMOD; // suppose tacos, or StacosMOD, is 4000
// then tacos + 1 is 4002 if int is two bytes

Dynamic Binding and Static Binding for Arrays: Use an array declaration to create an

array with static binding, that is, an array whose size is set during compilation time:

int tacosMOD; // static binding, size fixed at compile time

Use the new operator to create an array with dynamic binding (a dynamic array),

that is, an array that is allocated and whose size can be set during run time:

int size;
cin >> size;
int * pz = new int CsizeD; // dynamic binding, size set at

// run time

Array Notation and Pointer Notation: Using bracket array notation is equivalent to

dereferencing a pointer:

tacosCOD means *tacos means the value at address tacos
tacosC3D means *(tacos + 3) means the value at address tacos + 3

This is true both for array names and for pointer variables, so you can use either pointer

notation or array notation with pointers and with array names.

Examples:

int * pi = new int MOD;// P i points to block of 10 ints
* p i = 5; // set zero e lement to 5

p i [ 0 D = 6 ; // reset zero element to 6

p i M 0 D = 44; // set eleventh element to 44
int tacosMOD;
* ( t a c o s + 4) = 12; // set tacosC4D to 1

2
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The special relationship between arrays and pointers extends to strings. Consider the

following code:

char flowerCIO] = “rose";
cout << flower << “s are red\n";

The name of an array is the address of its first element, so flower in the cout statement is

the address of the char element containing the character Y. The cout object assumes

that the address of a c h a r is the address of a string, so it prints the character at that

address, then continues printing characters until it runs into the null character (\0). In

short, ifyou give cout the address of a character, it prints everything from that character

to the first null character following it.

The crucial element here is not that flower is an array name but that flower acts as

the address of a char. This implies, for instance, that you can use a pointer-to-cha r as

an argument to c o u t , also, since it, too, is the address of a c h a r . Of course, that pointer

should point to the beginning of a string. We’ll check that out in a moment. But first,

what about the final part of the above cout statement? Ifflower really is the address of

the first character of a string, what is the expression “s are red\n ”? To be consistent with

c out’s handling of string output, this quoted string should also be an address. And it is,

for in C++ a quoted string, like an array name, serves as the address of its first element.

So the code above doesn’t really send a whole string to cout, it just sends the string

address. This means strings in an array, quoted strings, and strings described by pointers

are all handled equivalently. Each is really passed along as an address. That’s certainly

less work than passing each and every character in a string.

With cout and with most C++ expressions, the name of an array of c h a r , a

pointer-to-c h a r, and a quoted string constant are all interpreted as the

address of the first character of a string.

Listing 4-15 illustrates using the different forms of strings. It uses two functions from

the string library. The s t r l en ( ) function, which we’ve used before, returns the length

of a string. The strcpyC ) function copies a string from one location to another. Both

have function prototypes in the string.h header file. The program also showcases

some pointer misuses that you should try to avoid.
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LISTING 4 15 pntsir.cpp

// pntstr.cpp -- using pointers to strings
^include <iostream.h>
^include <string.h>
i nt ma i n ( voi d )

char animaLC20] = "bear";
char * bird = "penguin";
char * ps;

// declare strlenO, strcpyC)

// animal holds bear
// bird holds address of string
// uninitialized

cout << animal << " and ";

cout << bi rd << "\n";
cout << ps << "\n";

// display bear
// display penguin
// blunder - display garbage

cout << "Enter a kind of animal: ";

cin >> animal; // 0 k if input < 20 chars
cout << "Enter a kind of bird: ";

cin >> bird; // not recommended, may work on
// some systems, but behavior
// is undefined

// cin >> ps; Too horrible a blunder to try; ps doesn't
II point to allocated space

ps = animal;
cout << ps << "s ! \n";

p s = bird;
cout << ps << "s ! \n" ;

// set ps to point to string
// ok, same as using animal
// reassign pointer
// ok, same as using bird

ps - new charCstrlen(animal) + ID; // get new storage
strcpyCps, animal); // copy string to new storage
cout << "Now ps points to " << ps << "!\n";
return 0;

Here is a sample run:

bear and penguin

Enter a kind of anima
Enter a kind of bird:
sloths!
parrots

!

Now ps points to sloth!

I : s loth

pa r rot

output from cout« ps« “\n”;
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PROGRAM NOTES

The program in Listing 4-15 creates one char array (animal) and two pointers-to-cha r

variables {birdand ps). The program begins by initializing the animalarray to the “bear”

string, just as we’ve initialized arrays before. Then the program does something new. It

initializes a pointer-to-cha r to a string:

char * bird = “penguin"; // bird holds address of string

Remember,
“
penguin

”
really represents the address of the string, so this statement as-

signs the address of “penguin” to the bird pointer. This means you can use the pointer

bird just as you would have used the string
“
penguin , as in cout

«

“A concerned ” <<

bird« “speaks\ri\ Finally, the pointer ps remains uninitialized, so it doesn’t point to

any string. (This, you recall, is usually a bad idea, and this example is no exception.)

Next, the program illustrates that we can use the array name animal and the

pointer bird equivalently with cout. Both, after all, are the addresses of strings, and

cout displays the two strings {bear and penguiri) stored at those addresses. When we

made the error of attempting to display ps, we got a blank line. Creating an uninitialized

pointer is a bit like distributing a blank signed check; you lack control over how it will

be used. We were a little lucky here, for ps, being uninitialized, may have accidentally

pointed to some awkward location. As it was, it pointed to a location containing a zero,

so nothing was displayed. Otherwise, you might get some garbage output.

For input, the situation is a bit different. It’s safe to use the array animal for input

as long as the input is short enough to fit into the array. Using a pointer to a string

constant, however, can cause problems. In our case it worked, for the original string was

big enough to hold the input. But C++ doesn’t guarantee that string constants are stored

uniquely. That is, if you use a string constant “penguin ’’elsewhere in the program, the

compiler might set bird to point to the same string instead of using a separate string. So

reading a value into one string could affect what you thought was an independent string

elsewhere. Worse yet is trying to read information into the location pointed to by ps.

Because ps is not initialized, we don’t know where the information will wind up. It

might even overwrite information already in memory. Fortunately, it’s easy to avoid

these problems—just use a sufficiently large char array to receive input. Don’t use

string constants, and don’t use uninitialized pointers to receive input.

When reading a string into a program, you should always use the address of

previously allocated memory. This address can be in the form of an array

name or of a pointer that has been initialized using new.
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The end of a program shows a common string-handling trick for conserving

memory. It also lets us bring new back into the discussion.

ps = new c ha r C s t r L en ( an i ma L ) + M; // get new storage
strcpyCps, animal); // copy string to new storage

The string sloth doesn’t completely fill the animal array, so we’re wasting space. This

bit of code uses strlenC ) to find the length of the string; it adds 1 to get the length

including the null character. Then the program uses new to allocate just enough space to

hold the string. Finally, it uses the s t r c py ( ) function to copy the string in animal to the

newly allocated memory. The st rcpy ( ) function takes two arguments. The first is the

destination address, and the second is the address of the string to be copied. It’s up to

you to make certain that the destination really is allocated and has sufficient space to

hold the copy. We accomplished that here by using strlenC) to find the correct size

and using new to get free memory.

By the way, don’t use the following code to copy a string:

ps = animal; // this does NOT copy a string

All this does is reset ps to the address of the animal array. This makes both ps and animal
refer to the same storage location; all you get are two names for the same thing. But
using st rcpy ( ) copies a string from one location to a second location, giving you two
separate, but identical, strings.

Of course, we haven’t really saved space because animal is still there, but this

technique is the starting point for more sophisticated memory management.

USING NEW TO CREATE DYNAMIC STRUCTURES

You’ve seen how it can be advantageous to create arrays during run time instead of
compile time. The same holds true for structures. You need allocate space for only as

many structures as a program needs during a particular run. Again, the new operator is

the tool to use. With it, you can create dynamic structures. Again, “dynamic” means the

memory is allocated during run time, not during compilation; the term doesn’t mean
that the structure is pulsing with barely contained energy. Incidentally, because classes

are much like structures, you 11 be able to use the techniques you learn for structures

with classes, too.

Using new with structures has two parts: creating the structure and accessing its

members. To create a structure, use the structure type with new. For example, to create

an unnamed structure of the inflatable type and to assign its address to a suitable

pointer, you can do the following:

inflatable * ps = new inflatable;
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This assigns to ps the address of a chunk of free memory large enough to hold a structure

of the inflatable type. The syntax, you’ll note, is exactly the same as it was for C++’s

built-in types.

The tricky part is accessing members. When you create a dynamic structure, you

can’t use the dot membership operator with the structure name because the structure

has no name. All you have is its address. C++ provides an operator just for this situation:

the arrow membership operator (->). This operator, formed by typing a hyphen, then a

greater-than symbol, does for pointers to structures what the dot operator does for

structure names. For instance, if/v points to a type inflatable structure, t\\zn ps->price \s

the price member of the pointed-to structure. See Figure 4-11.

Sometimes new users become confused about when to use the dot operator

and when to use the arrow operator to specify a structure member. The rule

is simple. If the structure identifier is the name of a structure, use the dot

operator. If the identifier is a pointer to the structure, use the arrow operator.

struct things

{

i n t good;

int bad; , .

grubnose is a
*

' , 1
,

structure

things grubnose = { 3 , 4 5 3 > ;

things * pt = Sgrubnose;
L
-j-> pt points to the

grubnose structure

use . operator with
^ grubnose.good grubnose.bad

structure name

grubnose structure

use —> operator with 1 ^ J t .r
y pt->good pt->bad

pointer-to-structure J

Figure 4-11 Identifying structure members
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A second, uglier approach is to realize that ifps is a pointer to a structure, then *ps

represents the pointed-to value, the structure itself. Then, because *ps is a structure,

(*ps).price is the price member of the structure. C++’s operator precedence rules require

that we use parentheses in this construction.

Listing 4-16 uses new to create an unnamed structure and demonstrates both pointer

notations for accessing structure members.

LISTING 4 IB newslruc.cpp

// newstruc . cpp -- using new with a structure
#include <iostream.h>
struct inflatable // structure template

char nameH20D;
float volume;
double price;

>;

int main(void)

inflatable * ps = new inflatable;// allot structure space

cout << "Enter name of inflatable item: ";

cin.getC (*ps) .name, 20); // method 1 for member access
cout << "Enter volume in cubic feet: ";

cin >> ps->volume; // method 2 for member access
cout << "Enter price: $";

cin >> ps-> price;
cout << "Name: " << ps->name << "\n";
cout << "Volume: " << ps->volume << " cubic feet\n";
cout << "Price: $" << ps->price << "\n";
return 0;

Here is a sample run:

Enter name of inflatable item: Fabulous Frodo
Enter volume in cubic feet: 1.40
Enter price: $17.99
Name: Fabulous Frodo
Volume: 1.4 cubic feet
Price: $17.99
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FREEING MEMORY WITH DEIETE

Using new to request memory when you need it is just the more glamorous half of the

C++ memory-management package. The other half is the delete operator, which lets

you return memory to the memory pool when you are finished with it. That is an

important step for making the most effective use of memory. Memory that you return,

orfree, can then be reused by other parts ofyour program. You use de l e t e by following

it with a pointer to a block of memory originally allocated with new:

int * ps = new int; // allocate memory with new
delete ps; // free memory with delete

This removes the memory that ps points to; it doesn’t remove the pointer ps itself. So

you can reuse ps to, say, point to another new allocation.

You cannot use de l ete to free memory created by declaring variables:

intjugs=5; //ok
int * pi =& jugs; //ok
delete pi; // not allowed, pi not allocated by new

Use delete only to delete memory allocated with new.

Note that the critical test for using de l e t e is that you use it with memory allocated

by new. This doesn’t mean you have to use the same pointer you used with new; instead,

you have to use the same address'.

int * ps = new int; // allocate memory
int * pq = ps; // set second pointer to same block
delete pq; // delete with second pointer

Ordinarily, you won’t create two pointers to the same block of memory, for that raises

the possibility of mistakenly trying to delete the same block twice. But, as you’ll soon

see, using a second pointer does make sense when you work with a function that returns

a pointer.

H NEW HMD DELETE EXAMPLE

What new and marvelous things can you accomplish by using new and de l ete? Listing

4-17 shows some of the possibilities. The program defines a function that returns a

pointer to an input string. This function reads the input into a large temporary array,

then uses new to create a chunk of memory sized to fit to the input string. Then the

function returns the pointer to the block. This approach could conserve a lot ofmemory
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for programs that read in a large number of strings. Suppose your program had to read

a thousand strings, that the largest string might be seventy-nine characters long, but that

most of the strings would be much shorter. If you used char arrays to hold the strings,

you’d need a thousand arrays of eighty characters each. That’s 80,000 bytes, and much
of that block ofmemory would wind up unused. Alternatively, you could create an array

of a thousand pointers to char, then use new to allocate only the amount of memory
needed for each string. That could save tens of thousands of bytes. Instead of having to

use a large array for every string, you fit the memory to the input. Even better, you also

could use new to find space to store only as many pointers as are needed. Well, that’s a

little too ambitious for right now. Even using an array of a thousand pointers is a little

too ambitious for right now, but Listing 4-17 illustrates some of the techniques. Also,

just to illustrate how de lete works, the program uses it to free memory for reuse.

LISTING 4 17 flelete.cpp

// delete. cpp -- using the delete operator
#include <iostream.h>
#include <string.h>
char * getname ( voi d ) ; // function prototype
int main(void)

char * name; // create pointer but no storage

// NOTE: Some users may need to type cast name to
// unsigned instead of to (int *)

name = getnameO; // assign address of string to name
cout << name << " at " << (int *) name << "\n";
delete name; // memory freed

name = getnameO; // reuse freed memory
cout << name << " at “ << (int *) name << “\n";
return 0;

>

char * getname ( voi d ) // return pointer to new string

char tempC80D;

cout << “Enter last name: ";

cin >> temp;

char * pn = new charCstrlen(temp) + ID;
strcpy(pn, temp); // copy string into smaller space
return pn; // temp lost when function ends

>
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COMPATIBILITY NOTE

As mentioned earlier, Zortech C+ + ’s implementation of c out, at the time

of this writing, doesn’t, in general, recognize pointers. Therefore, to print

an address, you need to type cast the address to an integer type. However,

Zortech’s cout does recognize the pointer-to- char type and print the string

at the indicated address, so no change is needed to print strings.

Here is a sample run:

Enter Last name: Frede Ldumpki

n

F rede Ldumpki n at 0x85b30dd6
Enter Last name: Pook
Pook at 0x85b30dd6

Note that freeing memory resulted in the program using the same address for both

names.

PROGRAM NOTES

First, consider the function getnameO. It uses c i n to place an input word into the temp

array. Next, it uses new to allocate new memory to hold the word. Including the null

character, the program needs strLen(temp) + 1 characters to store the string, so that’s

the value given to new. Once the space is available, getnameO uses the standard library

function s t r c py ( ) to copy the string from temp to the new block. The function doesn’t

check to see if the string will fit or not, but getnameO covers that by requesting the

right number of bytes with new . Finally, the function returns pn
,

the address of the

string copy.

In mainO, the return value (the address) is assigned to the pointer name. This

pointer is defined in mainO, but it points to the block of memory allocated in the

getnameO function. The program then prints the string and the address of the string.

Here we have used a small bit of trickery. The variable name is a pointer, and cout

normally prints pointers as hexadecimal addresses. But cout processes a pointer-to-

char differently from other pointers. Instead of printing the address value of a pointer-

to- char, cout prints the string stored at the address. Therefore, to print the address

itself, main(

)

uses C++’s type casting facility to convert the name pointer to another

type: pointer-to- i nt. That type cout prints as an address.

Next, after freeing the block pointed to by name,
mainO calls get name ( ) a second

time. C++ doesn’t guarantee that newly freed memory is the first chosen the next time

new is used, but in our sample run the same block ofmemory wound up being used for

the next input.

Chapter Four • Derived Types



To appreciate some of the more subtle aspects of this program, you should know
a little more about how C++ handles memory. So let’s preview some material that’s

covered more fully in Chapter 8.

flUTOMHTIC STORfiGE. STHTIC STORAGE. THE FREE STORE

C++ has three ways of managing memory for data, depending on the method used to

allocate memory: automatic storage, static storage, and the free store. Data objects allo-

cated in these three ways differ from each other in how long they remain in existence.

We’ll take a quick look at each type.

fluTOMHTic Variables

Ordinary variables defined inside a function are called automatic variables. They come
into existence automatically when the function containing them is invoked, and they

expire when the function terminates. For example, the temp array in Listing 4-17 exists

only while the g e t n a m e ( ) function is active. When program control returns to m a i n ( )

,

the memory used for temp is freed automatically. So ifgetnameO had returned the

address of temp, the name pointer in ma i n ( ) would have been left pointing to a memory
location that soon would be reused. That’s one reason we had to use newingetnameO.

Actually, automatic values are local to the block containing them. A block is a

section of code enclosed between braces. So far, all our blocks have been entire func-

tions. But, as you 11 see in the next chapter, you can have blocks within a function. So if

you define a variable inside one of those blocks, it exists only while the program is

executing statements inside the block.

STATIC STORAGE

Static storage is storage that exists throughout the execution ofan entire program. There
are two ways to make a variable static. One is to define it externally, outside a function.

The other is to use the keyword static when declaring a variable:

static double fee = 56 . 50 ;

Under K&R C, only static arrays and structures could be initialized, while C++ 2.0 and
ANSI C allow you to initialize automatic arrays and structures, too. However, as some
ofyou may have discovered, some C++ 2.0 implementations have not yet implem ented
initialization for automatic arrays and structures.
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Chapter 8 takes up static storage in more detail. The main point here about auto-

matic and static storage is that these methods rigidly define the lifetime of a variable.

Either the variable exists for the entire duration of a program (the static variable) or else

it exists only while a particular function or block is being executed (the automatic vari-

able).

THE FREE STORE

The new and de L e t e operators, however, provide a more flexible approach. They manage

a pool of memory, which C++ refers to as the free store. This pool is separate from the

memory used for static and automatic variables. As Listing 4-17 shows, new and delete

let you allocate memory in one function and free it in another. Thus the lifetime of the

data is not tied arbitrarily to the life of the program or the life of a function. Using new

and delete together gives you much more control over how a program uses memory
than does using ordinary variables.

Pointers are among the most powerful of C++ tools. They also are the most

dangerous, for they permit computer-unfriendly actions, such as using an

uninitialized pointer to access memory or attempting to free the same memory
block twice. Furthermore, until you get used, through practice, to pointer

notation and pointer concepts, pointers can be confusing. This book will

return to pointers several more times in the hopes that each exposure will

make you more comfortable with them.

Summary
The array, the structure, and the pointer are three C++ derived types. The array can

hold several values all of the same type in a single data object. By using an index, or

subscript, you can access the individual elements in an array.

The structure can hold several values of different types in a single data object, and

you can use the membership operator ( . ) to access individual members. The first step in

using structures is creating a structure template defining what members the structure

holds. The name, or tag, for this template then becomes a new type identifier. You can

then declare structure variables of that type.

Pointers are variables designed to hold addresses. We say a pointer points to the

address it holds. The pointer declaration always states what type of object a pointer

points to. Applying the dereferencing operator (*) to a pointer yields the value at the

location to which the pointer points.
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A string is a series of characters terminated by a null character. A string can be

represented by a quoted string constant, in which case the null character is implicitly

understood. You can store a string in an array ofcha r, and you can represent a string by

a pointer-to-cha r that is initialized to point to the string. The st r lent

)

function re-

turns the length of a string, not counting the null character. The strcpyO function

copies a string from one location to another. When using these functions, include the

s t r i n g . h header file.

The new operator lets you request memory for a data object while a program is

running. The operator returns the address of the memory it obtains, and you can assign

that address to a pointer. The only means to access that memory is to use the pointer. If

the data object is a simple variable, you can use the dereferencing operator to indicate a

value. If the data object is an array, you can use the pointer as if it were an array name to

access the elements. If the data object is a structure you can use the pointer

dereferencing operator (->) to access structure members.

Pointers and arrays are closely connected. If ar is an array name, then the expres-

sion ar[i] is interpreted as *(ar + i), with the array name being interpreted as the address

of the first element of the array. Thus the array name plays the same role as a pointer. In

turn, you can use a pointer name with array notation to access elements in an array

allocated by new.

The new and delete operators let you control explicitly when data objects are

allocated and when they are returned to the memory pool. Automatic variables, which

are those declared within a function, and static variables, which are defined outside a

function or with the keyword static, are less flexible. An automatic variable comes

into being when the block containing it (typically a function definition) is entered and

expires when the block is left. A static variable persists for the duration of a program.

Review questions

1 . How would you declare each of the following?

a. actors is an array of 30 c h a r

b. betsie is an array of 1 00 s h o r t

c. chuck is an array of 1 3 f l o a t

d. dipsea is an array of 64 long double

2. Declare an array of 5 i n t s and initialize it to the first five odd integers.wr Ot>i> =
3. Write a statement that assigns the sum of the first and last elements of the array in

question 2 to the variable even.

o] *+ 00 ’)

C++ Primer Plus



4. Write a statement that displays the value of the second element in the float array

ideas. \ TO;
Cg^Arr X.-C eAr i

5. Declare an array of cha

r

and initialize it torthe string “cheeseburger”.

CVSA*-*- Hi - M
}

6. Devise a structure template that describes a fish. The structure should include the

kind, the weight in whole ounces, and the length in fractional inches.

Declare a triable of the type defined in question 6 and initialize it/ x *7.

8 . Suppose ted\s a doub l e variable. Declare a pointer that points to ted, and use the

pointer to display ted! s value.

Suppose treakle is an array of lOfloats. Declare a pointer that points to the first

element of treakle,
and use the pointer to display the first andJast elements of the

array. pv»v-r-r p~ >cQ^5~,s
~i ^ )

0. Write a code fragment that asks the user to enter a positive integer and then creates

a dynamic array of that many i n t s.

11. Is the following valid code? If so, what does it print?

cout << (int *) "Home of the jolly bytes";

12. Write a code fragment that dynamically allocates a structure of the type described

in question 6 and which then reads a value for the structure member that repre-

sser's; th^ kind of fish.A—S ' tf> _ X

A I
*<*>

c^r ^ pp
" \n";

y

i ++

:

1
pi

5

^ PP' (^4- 1') 4*5*1

i

Fu*r Av$ -

fr^

.^ €r\&.
{

c-frrrSrt
~'

/£rzc*^

L,fTT u

V
s
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„mpu,„* more „„ Th.y ™ge ,

modify, extrapolate, synthesize, and otherwise manipulate data. Sometimes they

even distort and trash data, but we ll try to steer clear of that kind of behavior. To
perform their manipulative miracles, programs need tools for performing repetitive ac-

tions and for making decisions. C++, of course, provides such tools. Indeed, it uses the

same for loops, w h i L e loops, do while loops, i f statements, and s w i t c hes that regular

C employs, so ifyou know C, you can zip through this and the next chapter. (But don’t

zip too fast—you don’t want to miss how c i n handles character input!) These various

program control statements often use relational expressions and logical expressions to

govern their behavior. This chapter discusses loops and relational expressions, and the

next chapter follows up with branching statements and logical expressions.

Introducing the for [pop

Circumstances often call upon a program to perform repetitive tasks, such as adding

together the elements of an array one by one or printing some paean to productivity

twenty times. The C++ for loop makes such tasks easy to do. Let’s look at a loop in

Listing 5-1, see what it does, then discuss how it works.
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LISTING 5-1 forloop.cpp

// forloop.cpp — introducing the for Loop

//include <iostream.h>
i nt ma i n ( voi d )

// initialize; test ; update
for (int i = 0; i < 5; i++)

cout << "C++ knows loops. \n";

cout << "C + + knows when to stop.Xn";
return 0;

>

Here is the output:

C++ knows loops

.

C + + knows loops

.

C + + knows loops

.

C + + knows l oops .

C + + knows loops

.

C++ knows when to stop.

This loop begins by defining an integer i and setting it to 0\

int i = 0

This is the loop initialization part of the loop. Then, in the loop test
,
the program tests to

see if i is less than 5:

i < 5

If so, the program executes the following statement, which is termed the loop body.

cout << "C + + knows loops. \n";

Then the program uses the loop updatepm of the loop to increase i by 1:

i ++

We’ve used the ++ operator, called the increment operator. It increments the value of its

operand by 1. (The increment operator is not restricted to for loops. For instance, you

can use

i + + ;

instead of

i = i + 1

;

as a statement in a program.) Incrementing i completes the first cycle of the loop.
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Next, the loop begins a new cycle by comparing the new i value with 5. Because

the new value (7) also is less than 5, the loop prints another line and then finishes by

incrementing i again. That sets the stage for a fresh cycle of testing, executing a state -

ment, and updating the value of i. The process continues until the loop updates i to 5.

Then the next test fails, and the program moves on to the next statement after the loop.

FOR LOOP PARTS

A for loop, then, provides a step-by-step recipe for performing repeated actions. Let’s

take a more detailed look at how it’s set up. The usual parts of a for loop handle these

steps:

i Setting a value initially

i Performing a test to see if the loop should continue

i Executing the loop actions

i Updating value(s) used for the test

The C++ loop design positions these elements so that you can spot them at a glance.

The initialization, test, and update actions constitute a three-part control section en-

closed in parentheses. Each part is an expression, and semicolons separate the expres-

sions from each other. The statement following the control section is called the body of

the loop, and it is executed as long as the test-expression remains true:

for (.initiaiization; test -expression; update-expression )

body

C++ syntax counts a complete for statement as a single statement, even though it may

incorporate one or more statements in the body portion.

The loop evaluates initialization just once. Typically, programs use this expression

to set a variable to a starting value, then use the variable to count loop cycles. If you’re

coming to C++ from C, you may be a little surprised that our example declares the

variable i in the for loop control section. C doesn’t allow you to use a declaration there,

but C++ does. The C++ programming style is to declare variables near the location

they’re first used. This program first uses i inside the loop, so we declared i in the ini-

tialization part of the control statement. Of course, you could instead declare the vari-

able before the loop, if you wanted to.

The test-expression determines whether the loop body gets executed. Typically, this

expression is a relational expression, that is, one that compares two values. Our example,

for instance, compares the value of i to 5, checking to see if i is less than 5. If the com-

parison is true, the program executes the loop body. Actually, C++ doesn’t limit test-

expression to true-false comparisons. You can use any expression. If the expression

evaluates to zero, the loop terminates. If the expression evaluates to nonzero, the loop
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continues. Listing 5-2 demonstrates this by using the expression i as the test condition.

(In the update section, / --is similar to i+ + except that it decreases the value of i by 1 each

time it’s used.)

LISTING 5-2 minutest. cpp
// num_test.cpp — use numeric test in for loop

//include <iostream.h>
int main(void)

cout << “Enter the starting countdown value:

int limit;

c i n >> limit;

for (int i = limit; i; i— ) // entry- condition test

cout << "i = " « i << “ \n"

;

cout << “Done now that i = " << i << “\n";

return 0;

>

Here is the output:

Enter the starting countdown value: 4

i = 4

i = 3

i = 2

i = 1

Done now that i = 0

Note that the loop terminates when i reaches 0. Relational expressions, such as i < 5, fit

into this framework by evaluating to 1 if true and to 0 if false. Also note that the i

variable is not confined to the loop; we’re free to display its value after the loop

completes.

The for loop is an entry-condition loop. This means the test expression is evalu-

ated before each loop cycle. The loop never executes the loop body when the test ex-

pression is false. For instance, suppose we rerun the program in Listing 5-2 but give 0 as

a starting value. Because the test condition fails the very first time it’s evaluated, the loop

body never gets executed:

Enter the starting countdown value: 0

Done now that i = 0

This look-before-you-loop attitude can help keep a program out of trouble. The

update-expression is evaluated at the end of the loop, after the body has been executed.
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Typically, it’s used to increase or decrease the value of the variable keeping track of the

number of loop cycles. However, it can be any valid C expression, as can the other

control expressions. This makes the for loop capable ofmuch more than simply count-

ing from 0 to 5, the way our first loop did. You’ll see some examples later.

The for loop body consists of a single statement, but you’ll soon see how to

stretch that rule. C++ doesn’t let you use a declaration statement in the loop body itself

because that would lead to multiple declarations of the same variable and also because

statement 1

for (ini t_expr;

test_expr : update_expr

sta t ement2

statement3

sta tement

1

,

statement3
—-—

Figure 5-1 The for loop
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it’s conceivable that program execution could skip the loop entirely. Figure 5-1 sum-

marizes the for loop design.

A f o r statement looks something like a function call because it uses a name fol-

lowed by paired parentheses. However, for’s status as a C++ keyword prevents the

compiler from thinking for is a function. It also prevents you from naming a function

for.

Common C++ style is to place a space between for and the following paren-

theses and to omit space between a function name and the following parentheses:

for (int i = 6; i < 10; i++)

smart_function(i )

;

Other control statements, such as i f and wh i L e, are treated similarly to for.

This serves to reenforce visually the distinction between a control statement and

a function call. Also, common practice is to indent the body of a for statement

to make it stand out visually.

EXPRESSIONS AND STATEMENTS

A for control section uses three expressions. Within its self-imposed limits of syntax,

C++ is a very expressive language. Any value or any valid combination of values and

operators constitute an expression. For example, 10 is an expression with the value 10

(no surprise), and 28 *20 is an expression with the value 560. In C++, every expression

has a value. Often the value is obvious. For instance, the expression

22 + 27

is formed from two values and the addition operator, and it has the value 49. Sometimes

the value is less obvious. For example,

x = 20

is an expression because it’s formed from two values and the assignment operator. C++
defines the value ofan assignment expression to be the value ofthe left-hand member, so

the expression above has the value 20. The fact that assignment expressions have values

permits statements such as the following:

maids = (cooks = 4) + 3;

The expression cooks = 4 has the value 4, so maids is assigned the value 7. However, just

because C++ permits this behavior doesn’t mean you should encourage it. But the same

rule that makes this peculiar statement possible also makes the following useful state-

ment possible:
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x = y = z = 0;

This is a fast way to set several variables to the same value. The precedence table (Appen-

dix D) reveals that assignment associates right-to-left, so first 0 is assigned to z, then the

value of z - 0 is assigned to y, and so on.

Finally, as we mentioned, relational expressions evaluate to 1 if true and to 0 if

false. The short program in Listing 5-3 illustrates some points about expression values.

The << operator has higher precedence than the operators we’re using in the expres-

sions, so we’ve used parentheses to enforce the correct order.

LISTING 5-3 express. cpp
// express. cpp -- values of expressions
//include <iostream.h>
i nt ma i n ( voi d )

{

i n t x ;

cout << "The expression x = 100 has the value ";

cout << (x = 100) << "\n";

cout << "Now x = " << x << "\n";

cout << "The expression x < 3 has the value ";

cout << (x < 3) << "\n";

cout << "The expression x > 3 has the value ";

cout << (x > 3) << "\n";

return 0;

Here is the output:

The expression x = 100 has the value 100

Now x = 100

The expression x < 3 has the value 0

The expression x > 3 has the value 1

A C++ expression is a value or a combination ofvalues and operators, and every

C++ expression has a value.

To evaluate the expression x = 100, C++ must assign the value 100 to x. When the

very act of evaluating an expression changes the value of data in memory, we say the

evaluation has a side effect. Thus evaluating an assignment expression has the side effect

ofchanging the assignee’s value. You may think ofassignment as the intended effect, but
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from the standpoint ofhow C++ is constructed, evaluating the expression is the primary

effect. Not all expressions have side effects. For instance, evaluating x + 15 calculates a

new value, but it doesn’t change the value of x. But evaluating + +x + 15 does have a side

effect, since it involves incrementing x.

From expression to statement is a short step; just add a semicolon. Thus

age = 100

is an expression, while

age = 100;

is a statement. Any expression can become a statement by adding a semicolon, but the

result may not make programming sense. For instance, if rodents is a variable, then

rodents + 6; // valid, but useless, statement

is a valid C++ statement. The compiler will pass it, but the statement doesn’t accomplish

anything useful. The program merely calculates the sum, does nothing with it, and goes

on to the next statement.

Of course, what makes rules interesting are the exceptions. Note that C++ syntax

causes the two semicolons in a for control section to act as expression separators, not as

statement makers, so the three parts of the control section really are expressions, not

statements, and the entire loop counts as a single statement.

NONEXPRESSIONS RND STATEMENTS

Some concepts, such as knowing the structure of a for loop, are crucial to under-

standing C++. But there are also relatively minor aspects of syntax that can suddenly

bedevil you just when you think you understand the language. We’ll look at a couple of

them now.

While it is true that adding a semicolon to any expression makes it a statement, the

reverse is not true. That is, removing a semicolon from a statement does not necessarily

convert it to an expression. Of the kinds of statements we’ve used so far, return state-

ments, declaration statements, and for statements don’t fit the statement = expression

+ semicolon mold. For instance, while

i n t toad;

is a statement, the fragment i nt toad is not an expression and does not have a value.

This makes code like the following invalid:

eggs = int toad * 1000; // invalid, not an expression
cin >> int toad; // can't combine declaration with cin

Similarly, you can’t assign a for loop to a variable:
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int fx = for (int i = 0; i < 4 ; i + +

)

cout >> i; // not possible

Here the for loop is not an expression, so it has no value, so it can’t be assigned.

At this point you may have noticed an apparent inconsistency. If the semicolons in

a for statement control section separate expressions from each other and if dropping

the semicolon from a declaration statement doesn’t produce an expression, then what do

we call the inti = 0 initialization in a for loop like this?

for (int i = 0; i< 4; i++)

cout >> i ;

As we said, int i = 0 is not an expression. Nor is it a declaration statement, since the

semicolon is not part of it. Because C didn’t allow this form at all, C++ had to come up

with a new term: the declaration-statement expression. What it boils down to is that C++

programmers want to be able to declare and initialize a variable in a for loop initial-

ization, and they’ll do whatever is necessary to C++ syntax and to the English language

to make it possible.

BACK 10 THE FDR LOOP

Let’s be a bit more ambitious with loops. Listing 5-4 uses a loop to calculate and store

the first 1 6 factorials. Factorials, which are handy for computing odds, are calculated the

following way. Zero factorial, written as 0!, is defined to be 1. Then 1! is 1 * 0!, or 1.

Next, 2! is 2 * 1 !, or 2. Then 3! is 3 * 2!, or 6, and so on, with the factorial of each integer

being the product of that integer with the preceding factorial. (One of the pianist Victor

Borge’s best-known monologues features phonetic punctuation, in which the exclama-

tion mark is pronounced something like phffft pptz, with a moist accent. As of this

writing, no reputable organization of mathematicians has denied that mathematicians

privately use this pronunciation when discussing factorials.) The program uses one loop

to calculate the values of successive factorials, storing them in an array. Then it uses a

second loop to display the results. Also, the program introduces using external declara-

tions for values.

LISTING 5 4 lormore.cpp

// formore.cpp -- more looping with for

#include <iostream.h>
const int Size = 16; // example of external declaration

int main(void)

double factorialsCSizeD;
f a c t o r i a l s C 1 3 = f actori a lsC03 = 1.0;
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for (int i = 2; i < Size; i++)

factorialsCi 1 = i * f actori a lsCi-1 ];
for (i = 0; i < Size; i++)
{

cout << i << "
!

= “

;

cout << factorialsCi] << “\n";
>

return 0;

Here is the output:

0 ! = 1

1 ! = 1

2 ! = 2

3! = 6

4! = 24

5! = 120
6! = 720
7! = 5040
8! = 40320
9! = 362880
10! = 3628800
11 ! = 3 . 991 68e + 07
12! = 4 . 79001 6e+08
13! = 6 . 227021 e+09
14! = 8.717829e+10
15! = 1 . 307674e+1

2

Factorials get big fast!

Program Notes

The program creates an array to hold the factorial values. Element 0 is 0!, element 1 is 1 !,

and so on. Since the first two factorials equal one, the program sets the first two elements
of thefactorials array to 1.0. (Remember, the first element of an array has an index value
of 0.) After that, the program uses a loop to set each factorial to the product of the index
with the previous factorial. The loop illustrates that we can use the loop counter as a
variable in the body of the loop.

Once the program declares i in the first loop, it can use / again in the second loop.
The / variable is no different from any other variable; it just happens to be declared in a
loop initialization. The / variable can be used anywhere subsequently in the mainO
function.
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The program demonstrates how the for loop works hand in hand with arrays by

providing a convenient means to access each array member in turn. Also, formore.cpp

uses const to create a symbolic representation (Size) for the array size. Then it uses Size

wherever the array size came into play, such as in the array definition and in the limits for

the loops handling the array. Now, if you wish to extend the program to, say, 20 facto-

rials, you just have to set Size to 20 in the program and recompile. By using a symbolic

constant, you avoid having to manually change every occurrence of 16 to 20.

It’s usually a good idea to define a const value to represent the number of ele-

ments in an array. Use the const value in the array declaration and in all other

references to the array size, such as in a for loop.

The limit i < Size reflects the fact that subscripts for an array with Size elements

run from 0 to Size - 7, so the array index should stop 1 short of Size. You could use the

test i < — Size - 1 instead, but it looks awkward in comparison.

One program sidelight is that we declared the const i n t variable Size outside the

body of ma i n ( ) . As the end of Chapter 4 mentioned, this makes Size external data. The

two consequences of declaring Sizein this fashion are that Size exists for the duration of

the program and that it can be used by all the functions in the program file. In this

particular case, the program has just one function, so declaring Size externally has little

practical effect. But multifunction programs often benefit from sharing external con-

stants, so we ll practice using them now.

CHANGING THE STEP SIZE

So far our loops have increased the loop counter by 1 each cycle. We can change that by

changing the update expression. The program in Listing 5-5, for example, increases the

loop counter by a user-selected step size. Instead of using z++ as the update expression,

it uses the expression i = i + by,
where by is the user-selected step size.

LISTING 5-5 blgstep.cpp

// bigstep.cpp — count as directed

//include <iostream.h>
int main(void)

cout << “Enter an integer:

int by;

c i n >> by;

cout << “Counting by “ << by << “s:\n“;
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for (int i = 0; i < 100; i = i + by)

cout << i << "\n";
return 0;

>

Here is a sample run:

Enter an integer: 17

Counting by 17s:
0

17

34

51

68

85

Once i reaches the value 102
, the loop quits. The main point here is that the up-

date expression can be any valid expression. For instance, ifyou wanted to square i and

add 10 each cycle, you could use / = / * i + 10.

The for loop provides a direct way to access each character in a string in turn. Listing

5-6, for example, lets you enter a string and then displays the string character by charac-

ter in reverse order. The st r Len( ) yields the number of characters in the string; the

loop uses that value in its initializing expression to set i to the index of the last character

in the string, not counting the null character. To count backwards, the program uses the

decrement operator (—) to decrease the array subscript by 1 each loop. Also, Listing 5-6

uses the greater than or equal to relational operator (>=) to test whether the loop has

reached the first element. We’ll summarize all the relational operators soon.

LISTING 5-6 forstrl.cpp

// forstrl.cpp -- using for with a string
//include <iostream.h>
//include <string.h>
const int Size = 20;
int main(void)

cout << “Enter a word: “;

char wordCSizeH;
cin >> word;
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// display letters in reverse order

for (int i = strlen(word) - 1; i >= 0; i—

)

cout << wordCiH;

cout << "\n";

return 0;

Here is a sample run:

Enter a word: animal
lamina

Yes, the program succeeds in printing animal backwards; choosing animal as a test

word more clearly illustrates the effect of this program than choosing, say, redder or stats.

THE INCREMENT (++] 111 DECREMENT H OPERATORS

C++ features several operators that are frequently used in loops, so let’s take a little time

to examine them now. We’ve already used two: the increment operator (++), which

inspired the name C++, and the decrement operator These perform two exceedingly

common loop operations: increasing or decreasing a loop counter by 1 . However, there’s

more to their story than you’ve seen to date. Each operator comes in two varieties. The

prefix version comes before the operand, as in + +x. The posfix version comes after the

operand, as in x+ +. The two versions have the same effect upon the operand, but they

differ in when they take place. It’s like getting paid for mowing the lawn in advance or

afterwards; both methods have the same final effect on your wallet, but they differ in

when the money gets added. Listing 5-7 demonstrates this difference for the increment

operator.

LISTING 5-7 plus-one. cpp
// plus_one.cpp — the increment operator

//include <iostream.h>
int main(void)

int a = 20;

int b = 20;

cout << "a = n << a << "
: b = " « b << "\n";

cout << "a++ = " << a++ << "
: + + b = " << ++b << "\n";

cout << “a = " << a « "
: b = " << b << "\n";
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return 0;

>

Here is the output:

a =20: b = 20

a++ = 20 : ++b = 21

a =21: b = 2

1

Roughly speaking, the notation a++ means “use the current value of a in evaluat-

ing an expression, then increment the value of a” Similarly, the notation ++b means

“first increment the value of b,
then use the new value in evaluating the expression. ” For

example, we have the following relationships:

i nt x = 5;

i nt y = ++x

;

// change x. then assign to y

// y is 6, X i s 6

i nt z = 5;

i n t y = z++; // assign to y, then change z

// y is 5, z i s 6

The increment and decrement operators are a concise, convenient way to handle

the common task of increasing or decreasing values by 1. You can use them with point-

ers as well as with basic variables. Recall that adding 1 to a pointer increases its value by

the number of bytes in the type it points to. The same rule holds for incrementing and

decrementing pointers.

Incrementing and decrementing pointers follow pointer arithmetic rules. Thus
if pt points to the first member of an array, then ++/>£ changes pt so that it

points to the second member.

The increment and decrement operators are nifty little operators, but don’t get

carried away and increment or decrement the same value more than once in the same
statement. The problem is that the use-then-change rule and change-then-use rule can

become ambiguous. That is, a statement such as

x + + = 2 * x + + * (3 - + + x); // don't do it

can produce quite different results on different systems. C++ does not define correct

behavior for this sort of statement.
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Listing 5-5 uses the following expression to update a loop counter:

i = i + by

C++ has a combined addition and assignment operator that accomplishes the same re-

sult more concisely:

i += by

The += operator adds the values of its two operands together and assigns the result to the

left-hand operand. This implies that the left-hand operand must be something you can

assign to, such as a variable, an array element, a structure member, or data identified by

dereferencing a pointer:

i n t k = 5 ;

k += 3; // ok, k set to 8

int *pa = new intCIOIl;

p a C 4 H = 12;

pa[4]+=6; // ok, paE41 set to 18

*(pa + 4)+=7; // ok, pa[4] set to 25

34+=10; // quite wrong

Each arithmetic operator has a corresponding assignment operator, as summarized

in Table 5-1. Each operator works analogously to +=. Thus the statement

k *= 10;

replaces the current value of k with a value ten times greater.

Table 5-1 Combined assignment operators

Operator

+=

/*

%=

Effect (L=left operand, R=right

assigns L+R to L

assigns L-R to L

assigns L*R to L

assigns L/R to L

assigns L%R to L
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The format, or syntax, for writing a C++ for statement may seem restrictive to you be-

cause the body of the loop must be a single statement. That’s awkward if you want the

loop body to contain several statements. Fortunately, C++ provides a syntax loophole

through which you may stuff as many statements as you like into a loop body. The trick

is to use paired braces to construct a compound statement, or block. The block consists of

the braces and the enclosed statements and, for the purposes of syntax, counts as a single

statement. For instance, the program in Listing 5-8 uses braces to combine three sepa-

rate statements into a single block. This enables the body of the loop to prompt the user,

read input, and do a calculation. The program calculates the running sum of the num-

bers you enter, and this provides a natural occasion for using the += operator.

LISTING 5-8 block. cpp
// block. cpp — use a block statement
//include <iostream.h>
int main(void)

cout << "The Amazing Accounto will sum and average
cout << "five numbers for you.\n";
cout << "Please enter five values:\n";
double number;
double sum = 0.0;
for (int i = 1; i <= 5; i++)

C // block starts here
cout << "Value " << i << "

: ";

c i n >> number

;

sum += number

;

> // block ends here
cout << "Five exquisite choices indeed! ";

cout << "They sum to " << sum << "\n";
cout << "and average to " << sum / 5 << ",\n";
cout << "The Amazing Accounto bids you adieu!\n";
return 0;

Here is a sample run:

The Amazing Accounto will sum and average five numbers for you.
Please enter five values:
Value 1 : 1 942
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Value 2 : 1948
Value 3: 1957
Value 4 : 1 974
Value 5: 1980
Five exquisite choices indeed! They sum to 9801
and average to 1960.2.
The Amazing Accounto bids you adieu!

Suppose you left in the indentation but omitted the braces:

for (int i = 1; i <= 5; i++)
cout << “Value " << i << "

: // loop ends here
cin >> number; // after the loop
sum += number;

cout << “Five exquisite choices indeed! “;

The compiler ignores indentation, so only the first statement would be in the loop. Thus
the loop would print the five prompts and do nothing more. After the loop completed,

the program would move to the following lines, reading and summing just one number.

Compound statements have another interesting property. Ifyou define a new vari-

able inside a block, the variable persists only as long as the program is executing state-

ments within the block. When execution leaves the block, the variable is deallocated.

That means the variable is known only within the block:

//include <iostream.h>
int main(void)
{

int x = 20;

{

int y = 100;

cout << x << “\n“;

cout << y << “\n“;
>

cout << x << “\n";
cout << y << “\n“;
return 0;

>

Note that a variable defined in an outer block is still defined in the inner block.

// block starts

// ok

II ok

// block ends

II ok

// invalid, won't compile

THE CDMMH DPERRTOR [OR MORE SYNTAX TRICKS

The block, as you saw, lets you sneak two statements into a place where C++ syntax

allows just one statement. The comma operator does the same for expressions, letting

you sneak two expressions into a place where C++ syntax allows only one expression. For

instance, suppose you have a loop in which one variable increases by 1 each cycle and a
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second variable decreases by 1 each cycle. Doing both in the update part of a for loop

control section would be convenient, but the loop syntax allows just one expression

there. The solution is to use the comma operator to combine the two expressions into

one:

j++, i-- // two expressions count as one for syntax purposes

The comma is not always a comma operator. For instance, the comma in the

declaration

int i, j; // comma is a separator here, not an operator

serves to separate adjacent names in a list of variables.

Listing 5-9 uses the comma operator twice in a program that reverses the contents

of a character array. Note that Listing 5-6 displayed the contents of an array in reverse

order, but Listing 5-9 actually moves characters around in the array. The program also

uses a block to group several statements into one.

LISTING 5-9 forslr2.cpp

^ // forstr2.cpp — reversing an array
#include <iostream.h>
#include <string.h>
const int Size = 20;

int main(void)

cout << "Enter a word:

char wordCSizeH;
cin >> word;

// physically modify array
char temp;
• -

int l, j;

for (j = 0, i = strlen(word) - 1; j < i; i— , j++)

{ // start block
temp = wordCi];
wordCiD = wordlljD;

wordCjD = temp;

> // end block
cout << word << "\n";

return 0;

>

Fiere is a sample run:
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Enter a word
: parts

% v» s 8 si '

strap

PROGRAM NOTES

Look at the for control section:

for (j = 0, i = str len(word) - 1; j < i; i
- - , j++)

j
= 0 , i = 4 Swap word CO] with word C 4 ]

Q. a r t s \0

index 0 1 2 3 4 5

;

s a r t p \o

index 0 1 2 3 4 5

j++, i
-- Swap word C 1 ] with word C 3 ]

s a r t p \o

index 0 1 2 3 4 5

s t r a p \o

index 0 1 2 3 4 5

j + + , i
- - Now j < i becomes false so loop terminates

Figure 5-2 Reversing a string

Chapter Five - Loops and Relational Expressions



174

First, it uses the comma operator to squeeze two initializations into one expression for

the first part of the control section. Then it uses the comma operator again to combine

two updates into a single expression for the last part of the control section.

Next, look at the body. The program uses braces to combine several statements

into a single unit. In the body, the program reverses the word by switching the first

element of the array with the last element. Then it increments j and decrements i so that

they now refer to the next-to-the-first element and to the next-to-the-last element. This

accomplished, the program swaps those elements. Note that the test condition^/ makes
the loop stop when it reaches the center of the array. If it were to continue past this

point, it would begin swapping the switched elements back to their original positions.

See Figure 5-2.

Another thing to note is the location for declaring the variables temp
, i, and j. We

declared i and j before the loop because you can’t combine two declarations with a

comma operator. That’s because declarations already use the comma for another pur-

pose—separating items in a list. We could have used a single declaration-statement

expression to create and initialize two variables, but it’s a bit confusing visually:

int j
= 0, i = str len(word) - 1

In this case the comma is just a list separator, not the comma operator, so the expression

declares and initializes bothy and i. But it looks like it’s just declaring j.

COMMA OPERATOR TIDBITS

By far the most common use for the comma operator is to fit two or more expressions

into a singlefor loop expression. But C++ does provide the operator with two additional

properties. First, it guarantees that the first expression is evaluated before the second

expression. So expressions such as the following are safe:

i = 20, j = 2 * i // i set to 20, j set to 40

Second, C++ states that the value of a comma expression is the value of the second part.

The value of the expression above, for instance, is 40, since that is the value ofj = 2 *
i.

Relational Expressions

Computers are more than relentless number crunchers. They have the gift of being able

to compare values, and this ability is the foundation of computer decision making. In

C++, relational operators embody this ability. C++ provides six relational operators for

comparing numbers. Because characters are represented by their ASCII code, you can

use these operators with characters, too. But they don’t work with strings. Each rela-

C++ Primer Plus



175

tional expression reduces to the value 1 if the comparison is true and to 0 if the com-
parison is false, so they are well suited for use in a loop test expression. Table 5-2 sum-
marizes these operators.

Tame 5-2 Relational operators

Operator Meaning '

- :

< is less than

<= is less than or equal to

== is equal to

> is greater than

>= is greater than or equal to

u
is not equal to

waam

These six operators exhaust the comparisons C++ lets you make for numbers. If

you want to compare two values to see which is the more beautiful or the luckier, you’ll

have to look elsewhere.

Here are some sample tests:

for (x = 20; x > 5 ; x— ) // continue while x is greater than 5

for (x = 1; y ! = x; x + +) // continue while y is not equal to x
for (cin >> c; c == ' 1

; cin >> c) // continue while c

//is a space

The relational operators have a lower precedence than the arithmetic operators.

That means the expression

x+3>y-2 // expression 1

corresponds to

(x + 3) > (y - 2) // expression 2

and not the following:

x + (3 > y) - 2 // expression 3

Because the expression (3 > y) is either 1 or 0, expressions 2 and 3 both are valid. But
most of us would want expression 1 to mean expression 2, and that is what C++ does.
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Don’t confuse testing the is-equal-to operator (==) with the assignment operator (= ).

The expression

musicians == 4 // comparison

asks the musical question, Is musicians equal to The expression has the value 1 if the

comparison is true and 0 if it is false. The expression

musicians =4 // assignment

assigns the value 4 to musicians. The whole expression, in this case, has the value 4
because that’s the value of the left-hand side.

The flexible design of the for loop creates an interesting opportunity for error. If

you accidentally drop an equal sign(=) from the == operator and use an assignment ex-

pression instead of a relational expression for the test part of a for loop, you have still

produced valid code. That’s because you can use any valid C++ expression for a for

loop test condition. Remember, the loop really checks to see if the expression is zero or

non-zero, not if it is false or true. So an expression that assigns 4 to musicians has the

value 4 and is treated as true. Ifyou come from a language such as Pascal or BASIC that

uses = to test for equality, you may be particularly prone to this slip.

Listing 5-10 shows a situation in which you could make this sort of error. The
program attempts to examine an array ofquiz scores and to stop when it reaches the first

score that’s not a 20. We show a loop that correctly uses comparison and then one that

mistakenly uses assignment in the test condition. The program also has another egre-

gious design error that you’ll see how to fix later. (You learn from your mistakes, and

Listing 5-10 is happy to help in that respect.)

LISTING 5-10 equal. cpp
// equal. cpp -- equality vs assignment
//include <iostream.h>
int main(void)

int quizscoresCIO] =

i 20, 20, 20, 20, 20, 19, 20, 18, 20, 20>;

// NOTE: some implementations may need to use

// static int qui zscoresd 01 to enable initialization

cout << "Doing it right:\n";
for (int i = 0; qui zscoresCi D == 20; i++)
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cout << "quiz " << i << " is a 20\n";

cout << "Doing it dangerously wrong:\n";
for (i = 0; quizscoresCi] = 20; i++)

cout << "quiz " << i << " is a 20\n";

return 0;

>

Here is some sample output:

Doi ng it right:

quiz 0 is a 20

quiz 1 is a 20

quiz 2 is a 20

quiz 3 is a 20

quiz 4 is a 20

Doing it dangerously wrong:

quiz 0 is a 20

quiz 1 is a 20

quiz 2 is a 20

quiz 3 is a 20

quiz 4 is a 20

quiz 5 is a 20

quiz 6 is a 20

quiz 7 is a 20

quiz 8 is a 20

quiz 9 is a 20

quiz 10 is a 20

quiz 11 is a 20

quiz 12 is a 20

quiz 13 is a 20

The first loop correctly halts after displaying the first five quiz scores. But the second

starts by displaying the whole array. Worse than that, it says every value is 20. Worse

than that, it doesn’t stop at the end of the array!

Where things go wrong, of course, is with the following test expression:

q u i z s c o r e s C i D = 20

First, simply because it assigns a nonzero value to the array element, the expression is

always nonzero, hence always true. Second, because the expression assigns values to the

array elements, it actually changes the data. Third, because the test expression remains

true, the program continues changing data beyond the end of the array. It just keeps
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putting more and more 20s into memory! This is not good. In our case, the computer

eventually crashed.

Like C, C++ grants you more freedom than most languages in programming. This

comes at the cost of requiring greater responsibility on your part. Nothing but your own
good planning prevents a program from going beyond the bounds of a standard C++
array. However, with C++ classes, you can design a protected array type that prevents

this sort of nonsense. Chapter 1
1
provides an example. In the meantime, you should

build the protection into your programs when needed. For instance, our loop should

have included a test that kept it from going past the last member. That’s true even for the

“good” loop. If all the scores had been 20 s, it, too, would have exceeded the array

bounds. In short, the loop needed to test the value of the array and test the value of the

array index. Chapter 6 will show you how to use logical operators to combine two such

tests into a single condition.

Suppose you want to see if a string in a character array is the word mate. If word is the

array name, the following test may not do what you think:

word == “mate"

Remember that the name of an array is a synonym for its address. Similarly, a quoted

string constant is a synonym for its address. Thus the above relational expression doesn’t

test to see if the strings are the same—it checks to see if they are stored at the same

address. And the answer to that is no, even if the two strings have the same characters.

Because C++ handles strings as addresses, you’ll get little satisfaction trying to use

the relational operators to compare strings. Instead, you can go to the C++ string library

and use the st rcmp( ) function to compare strings. This function takes two string ad-

dresses as arguments. That means the arguments can be pointers, string constants, or

character array names. If the two strings are identical, the function returns the value

zero. If the first string precedes the second alphabetically, s t r cmp ( ) returns a negative

value, and if the first string follows the second alphabetically, strcmpO returns a

positive value. Actually, “in the system collating sequence” would be more accurate than

“alphabetically.” This means that characters are compared according to the system code

for characters. For instance, in ASCII code, all uppercase letters have smaller codes than

the lowercase letters, so uppercase precedes lowercase in the collating sequence. There-

fore the string “Zoo ’’precedes the string “aviary ”. The fact that comparisons are based on

code values also means that uppercase and lowercase letters differ, so the string “FOO ”is

different from the “foo ’’string.

In some languages, such as BASIC and standard Pascal, strings stored in differently
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sized arrays are necessarily unequal to each other. But in C++ strings are defined by the

terminating null character, not by the size of the containing array. That means that two

strings can be identical even if contained in differently sized arrays:

char b i g C 80 5 = "Daffy"; // 5 Letters plus \0
char littleC6] = "Daffy"; // 5 Letters pLus \0

By the way, although you can’t use relation operators to compare strings, you can use

them to compare characters because characters are really integer types. So

for (ch = 'a'; ch <= 'z'; ch + +)

cout << ch;

is valid code for displaying the characters of the alphabet.

Listing 5-11 uses strcmpO in the test condition of a for loop. The program

displays a word, changes its first letter, displays the word again, and keeps going until

strcmpC ) determines the word is the same as the string “mate”. Note that the listing

includes the string.h file because it provides a function prototype for strcmpO.

LISTING 5-11 compstr.cpp

// compstr.cpp — comparing strings
#incLude <iostream.h>
#incLude <string.h> // prototype for strcmpC)
int main(void)
{

char wordC5!] = "?ate";

// NOTE: some i mp L ementa t i ons may need to use
// static char wordC5D to enabLe i n i t i a L i za t i on

for (char ch = 'a'; strcmpCword, "mate"); ch++)

cout << word << "\n";
wordCOH = ch;

>

cout << "After Loop ends, word is " << word << "Non-
return 0;

>

Here is the output:
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? a t e

a a t e

bate
cate
date
ea t e

fate
gate
hate
i a t e

j a te

ka t e

late

After loop ends, word is mate

PROGRAM NOTES

The program has some interesting points. One, of course, is the test. We want the loop

to continue as long as word is not mate. That is, we want the test to continue as long as

strcmpC ) says the two strings are not the same. The most obvious test for that is this:

strcmp(word, "mate") != 0 // strings are not the same

This statement has the value 1 (true) if the strings are unequal and the value 0 (false) if

they are equal. Butwhat about strcmp(word, "mate") byitself? It has a nonzero value

(true) if the strings are unequal and the value 0 (false) if the strings are zero. In essence,

the function returns true if the strings are different and false if they are the same. So you

can use just the function instead of the whole relational expression. This produces the

same behavior and involves less typing. Also, it’s the way C and C++ programmers

traditionally have used s t r c m p ( )

.

Next, compstr.cpp uses the increment operator to march the variable ch through

the alphabet:

c h + +

You can use the increment and decrement operators with character variables because

type char really is an integer type, so the operation actually changes the integer code

stored in the variable. Also, note that using an array index makes it simple to change

individual characters in a string:

wordCOD = ch;

Finally, unlike most of the for loops to date, this loop isn’t a counting loop. That

is, it doesn’t execute a block ofstatements a specified number of times. Instead, the loop

watches for a particular circumstance (word being “mate”) to signal that it’s time to

stop. More typically, C++ programs use while loops for this second kind of test, so let’s

examine that form now.
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The while Loop

The while loop is a for loop stripped of the initialization and update parts; it has just

a test condition and a body:

while ( test-condition )

body

First a program evaluates the test-condition expression. If the expression evaluates

to a nonzero value (true), the program executes the statement(s) in the body. As with a

for loop, the body consists of a single statement or of a block defined by paired braces.

After finishing with the body, the program returns to the test-condition and reevaluates it.

If the condition is nonzero, the program executes the body again. This cycle of testing

and execution continues until the test-condition evaluates to 0 (false). See Figure 5-3.

Clearly, if you want the loop to terminate eventually, something within the loop body

must do something to affect the test-condition expression. For example, the loop could

increment a variable used in the test condition or read a new value from keyboard input.

statementl

while ( t e s t_e xpr

)

statement^

statement3

true

statement?
'

while loop

statements—

Figure 5-3 The w h i l e loop
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Like the for loop, the white loop is an entry-condition loop. Thus if test-condition

evaluates to 0 to begin with, the program never executes the body of the loop.

Listing 5-12 puts the while loop to work. The loop cycles through each character

in a string and displays the character and its ASCII code. The loop quits when it reaches

the null character. This technique of stepping through a string character by character

until reaching the null characters is a standard C++ method for processing strings. Be-

cause a string contains its own termination marker, programs often don’t need explicit

information about how long a string is.

LISTING 5-12 while. cpp
// while. cpp — introducing the while loop

//include <iostream.h>
const int Size = 20;

i nt mai n( voi d)

cha r nameCSi zeD

;

>

cout << "Your first name, please:

c i n >> name

;

cout << "Here is your name, verticalized and ASC 1 1 i zed : \ n"

;

int i = 0; // start at beginning of string
while (nameCiD != ' \ 0 1

) // process to end of string

cout << nameCi] << ": " << int(nameCiD) << "\n";
i++; // don't forget this step

return 0;

Here is a sample run:

Your first name, please: Muffy
Here is your name, verticalized and ASCIIized:
M: 77

u: 117

f: 102

f: 102

y: 121

(No, verticalized and ASCIIized are not real words or even good would-be words.

But they do add a technoid tone to the output.)
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Program notes

The while condition looks like this:

while (nameCiD != ' \ 0 *

)

It tests whether a particular character in the array is the null character. For this test to

eventually succeed, the loop body needs to change the value of /. And it does so by

incrementing / at the end ofthe loop body. Omitting this step would keep the loop stuck

on the same array element, printing the character and its code until you managed to kill

the program. Such an infinite loop is one of the most common problems with loops.

Often it is caused by forgetting to update some value within the loop body.

You can rewrite the while line this way:

while ( nameC i ]

)

With this change, the program will work just as it did before. That’s because when
named i : is an ordinary character, its value is the character code, which is nonzero, or

true. But when name l i 1 is the null character, its character-code value is 0, or false. This

notation is more concise but less clear than what we used. Dumb compilers may produce

faster code for the second version, but smart compilers will produce the same code for

both.

To get the program to print the ASCII code for a character, we use a type cast to

convert namel i ] to an integer value. Then cout prints the value as an integer instead

of interpreting it as a character code.

FOR VS. WHILE

In C++ the for and while loops are essentially equivalent. For instance, the for loop

for ( i ni t-expressi on; test-expression; update-expression)

statement ( s

)

>

could be rewritten this way:

init-expression;
while (test-expression)
{

statement ( s

)

update-expression;
>

Similarly, the whi le loop
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while (test-expression)
body

could be rewritten this way:

for ( ; test-expression;)
body

The for loop requires three expressions, but they can be empty expressions. Only the

two semicolons are mandatory. Incidentally, a missing test expression in a for loop is

construed as being true, so the loop

for ( ; ; )

body

runs forever.

Because the two loops are nearly equivalent, the one you use is a matter of style.

(There is a slight difference if the body includes a continue statement, which is dis-

cussed in Chapter 6.) Typically, programmers use the for loop for counting loops be-

cause the for loop format lets one place all the relevant information—initial value,

terminating value, and method of updating the counter—in one place. And the while

loop most often is used when you don’t know in advance precisely how many times the

loop will execute.

BAD PUNCTUATION

Both the for loop and the while loop have bodies consisting of the single

statement following the parenthesized expressions. As you’ve seen, that single

statement can be a block, which can contain several statements. Keep in mind
that braces, not indentation, define a block. Consider the following loop, for

example:

i = 0;

while (nameCiD != ' \ 0 *

)

cout << nameCi] << "\n";

i+ + ;

cout << “Done\n";

The indentation tells us the program author intended for the i ++; statement to

be part of the loop body. The absence of braces, however, tells the compiler that

the body consists solely of the first cout statement. Thus the loop keeps

printing the first character of the array indefinitely. The program never reaches

the i ++; statement because it is outside the loop.

The next example shows another potential pitfall:
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i = 0;

while (nameCiD != '\0'); // problem semicolon
{

cout << nameCiU << "\n";

i+ + ;

>

cout << “Done\n";

This time we got the braces right, but we also inserted an extra semicolon. Re-

member, a semicolon terminates a statement, so this statement terminates the

while loop. In other words, the body of the loop is a null statement
,
that is,

nothing followed by a semicolon. All the material in braces now comes after the

loop. It never gets reached. Instead, the loop cycles doing nothing forever. So

beware the straggling semicolon.

JUST D MOMENT

Sometimes it’s useful to build a time delay into a program. For instance, you may have

encountered programs that flash a message on screen, then go on to something else

before you can read it. You’re left with the fear that you’ve missed irretrievable informa-

tion of vital importance. It would be so much nicer if the program paused five seconds

before moving on. The while loop is handy for producing this effect. One ofthe earlier

techniques was to make the computer count for a while to use up time:

long wait = 0;

while (wait++ < 10000)

; //countingsilently

The problem with this approach is that you have to change the counting limit

when you change computer processor speed. Several games written for the original IBM
PC, for instance, became unmanageably fast when run on its faster successors. A better

approach is to let the system clock do the timing for you.

The ANSI C and the C++ libraries have a function to help you do this. The func-

tion is called c l o c k (

)

, and it returns the system time elapsed since a program started

execution. There are a couple of complications. First, c lock( ) doesn’t necessarily re-

turn the time in seconds. Second, the function’s return type might be long on some

systems, unsigned long on others, or perhaps some other type.

But the time.h header file provides solutions to these problems. First, it defines a

symbolic constant, TCK_CLK by name, that equals the number of system time units

per second. So dividing the system time by this value yields seconds. Or you can

multiply seconds by TCK_CLK to get time in the system units. Second, time.h

establishes c lock_t as an alias for the c lock( ) return type. (See the box about Type
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Aliases.) This means you can declare a variable as type c Lock_t and the compiler will

then convert that to tong or unsigned int or whatever the proper type is for your

system.

COMPATIBILITY NOTE

Some C++ implementations may have problems with waiting, cpp if the

implementation’s library component is not fully ANSI C compliant. That’s

because the c L oc k ( ) function is an ANSI addition to the traditional C library.

Listing 5-13 shows how to use clockO and the t i me . h header to create a time-

delay loop.

LISTING 5 13 walling. cpp
// waiting. cpp — using clockO in a time-delay Loop
#include <iostream.h>
#include <time.h> // describes clockO function, clock_t type
int main(void)

cout << "Enter the delay time, in seconds:
float secs; cin >> secs;
c lock_t delay = secs * C LK_T C K ; // convert to clock ticks
cout << "starting\a\n";
clock_t start = clockO;
while (clockO - start < delay ) // wait until time elapses

cout << "done \a\n";
return 0;

>

By calculating the delay time in system units instead of in seconds, the program
avoids having to convert system time to seconds each loop cycle.

TYPE ALIASES

C++ has two ways to establish a new name as an alias for a type. One is to use the

preprocessor:

^define BYTE char // preprocessor replaces BYTE with char

The preprocessor then replaces all occurrences of BYTE with char when you
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compile a program, thus making BYTE an alias for char.

The second method is to use the C++ (and C) keyword typedef to create

an alias. For instance, to make byte an alias for char, do this:

typedef char byte; // makes byte an alias for char

Here’s the general form:

typedef type a Lias-name;

The typedef approach is the more powerful, for it can be used with more
complex types, such as pointers:

typedef char * by t e_po i n t e r ; // pointer to char type

You could try something similar with //define, but that won’t work ifyou

declare a list of variables. For instance, consider the following:

//define FL0AT_P0INTER float *

FLOAT_POINTER pa, pb;

Preprocessor substitution converts the declaration to this:

float * pa, pb; // pa a pointer to float, pb just a float

The typedef approach doesn’t have that problem.

Notice that typedef&oesn’t create a new type. It just creates a new name
for an old type. So ifyou make word an alias for i nt, cout will treat a type word

value as the i nt it really is.

[HE DO WHILE [OOP

You’ve now seen the for loop and the while loop. The third C++ loop is the do while.

It’s different from the other two because it’s an exit-condition loop. That means this

devil-may-care loop first executes the body of the loop, and only then evaluates the test

expression to see if it should continue looping. If the condition evaluates to 0, the loop

terminates; otherwise, a new cycle of execution and testing begins. Such a loop always

executes at least once because its program flow has to pass through the body of the loop

before reaching the test. Here’s the syntax:

do

body
while ( test-expression );

The body portion can be a single statement or a brace-delimited statement block. Figure

5-4 summarizes the program flow for the do while loop.
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Usually, an entry-condition loop is a better choice than an exit-condition loop

because the entry-condition loop checks before looping. For instance, suppose Listing 5-

12 had used do while instead of while. Then the loop would have printed the null

character and its code before finding it had already reached the end of the string. But

sometimes a do while test does make sense. For instance, if you’re requesting user

input, the program has to obtain the input before testing it. Listing 5-14 shows how to

use do while in that situation.

statementl

do

statement2

while (test_expr)

;

statement3

statementl
wmmmmmwmmm-

—

Figure 5-4 The do while loop
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LISTING 5 14 dowhlle.cpp

// dowhile.cpp -- exit-condition Loop
#include <iostream.h>
int main(void)

int n ;

cout << "Enter numbers in the range 1-10 to find ";

cout << "my favorite numberXn";
do

{

cin >> n; // execute body
> while (n != 7); // then test
cout << "Yes, 7 is my favorite. \n" ;

return 0;

Here’s a sample run:

Enter numbers in the range 1-10 to find my favorite number
9

4

7

Yes, 7 is my favorite.

Loops rnd Text input

Now that you’ve seen how loops work, let’s look at one of the most common and

important tasks assigned to loops: reading text character by character from a file or from

the keyboard. For instance, you may wish to write a program that counts the numbers of

characters, lines, and words in the input. Traditionally, C++, like C, uses the while

loop for this sort of task. We’ll investigate now how that is done. Ifyou already know C,

don’t skim through this part too fast. Although the C++ while loop is the same as C’s,

C++’s I/O facilities are different. This can give the C++ loop a somewhat different look.

In fact, the c i n object supports three distinct modes ofsingle-character input, each with

a different user interface. So let’s look at how to use these choices with white loops.
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If a program is going to use a loop to read input from the keyboard, it has to have some
way ofknowing when to stop. How can it know when to stop? One way is choose some
special character, sometimes called a sentinel character, to act as a stop sign. For in-

stance, Listing 5-15 stops reading input when the program encounters a # character.

The program counts the number of characters it reads and it echoes them. That is, it

redisplays the characters that have been read. (Pressing a keyboard key doesn’t automati-

cally place a character on the screen; programs have to do that drudge work by echoing

the input character.) When finished, it reports the total number of characters processed.

Listing 5-15 shows the program.

LISTING 5-15 textinl.cpp

// textinl.cpp — reading chars with a while loop
^include <iostream.h>
i n t ma i n ( voi d

)

char ch;

int count = 0; // use basic input

ci n >> ch;

while (ch != '#')

cout << ch;

coun t++;

cin >> ch;

>

cout << "\n" << count
return 0;

// get a character
// test the character

// echo the character
// count the character
// get the next character

<< " characters read\n";

Here’s a sample run:

see ken runtfreally fast
seekenrun
9 characters read

Apparendy Ken runs so fast, he obliterates space itself— or at least the space char-

acters in the input.

PROGRAM NOTES

First, note the structure. The program reads the first input character before it reaches the

loop. That way, the first character can be tested when the program reaches the loop
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statement. This is important, for the first character may be #. Because textinl.cpp

uses an entry-condition loop, the program correctly skips the entire loop in that case.

And because the variable count was set to zero previously, count has the correct value.

Suppose the first character read is not a #. Then the program enters the loop, dis-

plays the character, increments the count, and reads the next character. This last step is

vital. Without it, the loop repeatedly processes the first input character forever. With it,

the program advances to the next character.

This all sounds reasonable. So why does the program omit the spaces on output?

Blame c i n. When reading type char values, just as when reading other basic types, c i n

skips over spaces and newlines. So the spaces in the input did not get echoed and they

did not get counted.

To further complicate things, the input to ci n is buffered. That means the char-

acters you type don’t get sent to the program until you press the Return key or Enter key.

This is why we were able to type characters after the #. Once we pressed the Return key,

the whole sequence of characters was sent to the program, but the program quit process-

ing the input once it reached the # character.

Cll.GETF] 10 THE RESCUE

Usually, programs that read input character by character need to examine every charac-

ter, including spaces, tabs, and newlines. The istream class (defined in i os t r earn . h), to

which c i n belongs, includes member functions that meet this need. In particular, the

member function call cin.get(ch) reads the next character, even if it is a space, from

the input and assigns it to the variable ch. By replacing c i n>>ch with this function call,

we can fix Listing 5-15. Listing 5-16 shows the result.

LISTING 5 16 lextin2.cpp

// textin2.cpp -- reading chars with a while loop

//include <iostream.h>
int main(void)
{

char c h

;

int count = 0;

cin.get(ch); // use the cin.get(ch) function
while (ch != ' U ' )

cout << ch;

coun t + + ;

cin.get(ch); // use it again
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>

>

cout << M \n" << count <<

return 0;

<1 characters read\n";

Here is a sample run:

Did you use a U

2

pencil?
Did you use a

14 characters read

Now the program echoes and counts every character, including the spaces. Input is

still buffered, so it’s still possible to type more input than what eventually reaches the

program.

If you are familiar with C, this program may strike you as being terribly wrong!

The c i n . g e t ( c h ) call places a value in the ch variable, which means it is altering the

value of the variable. In C, you must pass the address of a variable to a function if you

want to change the value of that variable. But the call to c i n . get ( ) in Listing 5-16

passes ch, not &ch. In C, code like this won’t work. In C++ it can, providing the

function declares the argument as a reference. This is a derived type new to C++. The
iostream.h header file declares the argument to cin.get(ch) as a reference type, so

this function can alter the value of its argument. We’ll get to the details in Chapter 8.

Meanwhile, the C mavens among you can relax—ordinarily, argument passing in C++
works just as it does in C. But for cin.get(ch) it doesn’t.

WHICH CW.GETO?

Chapter 4 used this code:

char nameCSizeD;

cout << "Enter your name:\n”;
c i n

. get ( name. Size);

At that time cin.get(ch) took two arguments: the array name, which is the address of

the string (technically, type char*), and Size, which is an integer of type i nt. (Recall

that the name of an array is the address of its first element, so that makes the name of a

character array type char*.) But most recently, we’ve used c i n
. g e t ( c h ) this way:

char c h ;

cin.get(ch);

This time cin.get(ch) has one argument, and it’s type char.

Once again it is time for those ofyou familiar with C to get excited or confused. In

C, if a function takes a pointer-to-cha r and an i n t as arguments, you can’t successfully
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use the same function with a single argument of a different type. But you can do so in

C++ because the language supports an OOP feature called function overloading. Func-

tion overloading allows you to create different functions having the same name provid-

ing they have different argument lists. If, for instance, you usecin.getCname, Size)

in C++, the compiler will find the version of c i n . g e t ( ) that uses a char* and an i n t

as arguments. But ifyou use cin.get(ch), the compiler fetches the version that uses a

single type char argument. There is even another version of c i n . g e t ( ) that takes no

arguments. Function overloading lets you use the same name for related functions that

perform the same basic task in different manners or for different types. This is another

topic awaiting you in Chapter 8. Meanwhile, you can get accustomed to function over-

loading by using the examples that come with the istream class. To distinguish between

the different function versions, we’ll include the argument list when referring to them.

Thus c i n . g e t ( ) means the version that takes no arguments and c i n . g e t ( c h ) means

the version that takes one argument.

THE ENDDF-fliE CIHDITIIN

As Listing 5-16 showed, using a symbol such as #to signal the end of input is not satis-

factory because such a symbol may be part of legitimate input. The same is true of other

arbitrarily chosen symbols, such as @ or %. If the input comes from a file, you can

employ a much more powerful technique—detecting the end-of-file. C++ input facili-

ties cooperate with the operating system to detect when input reaches the end of a file

and to report that information back to a program.

At first glance, reading information from files seems to have little to do with c i n

and keyboard input. But there are two connections. First, many operating systems, in-

cluding UNIX and MS-DOS, support redirection
,
which lets you substitute a file for

keyboard input. For instance, suppose in MS-DOS that you have an executable pro-

gram called gofish.exe and a text file called fishtale. Then you can give this command line

at the DOS prompt:

gof i sh <f i shta Le

This causes the program to take input from thefishtale ile instead offrom the keyboard.

The < symbol is the redirection operator for both UNIX and DOS. Second, many
operating systems let you simulate the end-of-file condition from the keyboard. In

UNIX you do so by typing Control-D at the beginning of a line. In DOS, you type

Control-Z, then the Return key, anywhere on the line.

Ifyour program can test for the end ofa file, you can use it with redirected files and

you can use it for keyboard input in which you simulate end-of-file. That sounds useful,

so let’s see how it’s done.

The key is using the return value for the cin.get(ch) function call. The
c i n . g e t ( c h ) function does two things. First, it assigns a value to ch

;
this feature we’ve
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used. Second, and this is a new feature, the function returns a value to the calling pro-

gram. That is, you can have a statement in the following form:

someobject = cin.get(ch);

Normally, the cin.get(ch) function returns an object of the istream class. The
main point here is that the object is nonzero. But if the function determines that it has

reached the end of the input file, it returns a value of zero instead and does not assign a

value to ch. In other words, the return value is nonzero (true) if cin.get(ch) finds

another character and zero (false) ifthe function finds the end-of-file. This means we can

use the c i n . g e t ( c h ) function as a test expression for a w h i L e loop. That way, the loop

keeps reading characters until cin.get(ch) returns a zero value. This kind of loop is

handy for reading character input, as shown in Listing 5-17.

LISTING 5-17 lextln5.cpp

// textin3.cpp — reading chars to end of file
//include <iostream.h>
i nt ma i n ( voi d

)

char ch;

int count = 0;

while ( ci n . get ( ch ) ) // cin.get(ch) is 0 on EOF
{

cout << ch;

coun t++;

>

cout << count << " characters read\n";
return 0;

>

Here is sample output. Because we ran the program on a DOS system, we typed

Control-Z, Return to simulate the end-of-file condition. UNIX users would type Con-
trol-D instead.

The green bird sings in the wi nter . (155™)

The green bird sings in the winter.
Yes, but the crow flies i n the dawn. (Return)

Yes, but
A
Z( Return)

the crow flies i n the da wn

.

73 characters read
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By using redirection, you can use this program to display a text file and report how
many characters it has. This time we’ll have a program read, echo, and count a two-line

file on a UNIX system (the $ is a UNIX prompt):

$ texti n3 < stuff
I am a UNIX file. I am proud
to be a UNIX file.
49 characters read
$

YET ANOTHER CIN GETO

The more nostalgic of the C users among you may yearn for C’s character I/O functions,

getcharC) and putcharO. They are still available if you want them. Just use the

s t d i o . h header file as you would in C. Or you can use member functions from the

istream and ostream classes that work much the same way. We’ll look at that approach

now.

COMPATIBILITY MOTE

At the time of this writing, Zortech C++ doesn’t support the cin.getC)

member function (no arguments) discussed here.

The cin.getC) member function with no arguments returns the next character

from the input. That is, you use it in this fashion:

ch = cin.getC);

(Recall that c i n . get C ch ) returns an object, not the character read.) This func-

tion works much the same as C’s getcharC), returning the character code as a type i n t

value. Similarly, you can use the cout . put C ) function (see Chapter 3) to display the

character:

cout.putCch);

It works much like C’s p u t c h a r C ); its argument can be type char or type int.

To use cin.getC) successfully, you need to know how it deals with the end-of-

file condition. When the function reaches the end of a file, there are no more characters

to be returned. Instead, cin.getC) returns a special value represented by the symbolic
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constant EOF. This constant is defined in the iostream.h header file. The EOF value

must be different from any valid character value so that the program won’t confuse EOF
with a regular character. Typically, EOF is defined as the value -1 because no character

has an ASCII code of -1. But you don’t need to know the actual value. Just use EOF in

the program. For instance, the heart of Listing 5-15 looked like this:

c i n >> c h ;

whi Le (ch != ' //
'

)

cout << ch;

count++;
c i n > > c h ;

>

We can replace ci n with cin.getO, cout with cou t . pu t ( ), and Wwith EOF:

ch = cin.getO;
while (ch != EOF)

cout.put(ch);
count++;
ch = cin.getO;

>

If ch is a character, the loop displays it. If ch is EOF’ the loop terminates.

You should realize that EOFdoes not represent a character in the input. Rather,

it’s a signal that there are no more characters.

There’s a subtle but important point about using cin.getO beyond the changes

made so far. Because EOF represents a value outside of the valid character codes, it’s

possible that it may not be compatible with the char type. For instance, on some sys-

tems type char is unsigned, so a char variable could never have the usual TOTvalue of

- L For this reason, ifyou use cin.getO (no argument) and test for TOT, you need to

assign the return value to type i n t instead of type char. Also, ifyou make ch type i n t

instead of type cha r, you should use cout.put(ch) instead of cout<<ch. That’s be-

cause cout displays type i nt as an integer, not as a character.

Listing 5-18 incorporates the ci n . get ( ) approach into a new version of Listing

5-1 5. It also condenses the code by combining character input with the while loop test.

LISTING 5-18 textinicpp

// textin4.cpp — reading chars with cin.getO
//include <iostream.h>
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i nt ma i n C voi d )

{

intch; // should be int, not char
int count = 0;

while ( ( c h = cin.getC)) != EOF) // test for end-of-file

cout.put(ch); // useifchistypeint
coun t++;

}

cout << count << " characters read\n";
return 0;

>

Here’s a sample run:

The sullen macker el sulks i n the shadowy shallows.
The sullen macker el sulks i n the shadowy shallows.
Yes, but the blue bird of happiness harbcirs secrets .

Yes,
A 7

but the blue bird of happi nei s s ha rbcirs secrets.
L

104 characters re a d

Let’s analyze the loop condition:

while ( ( c h = cin.getC)) != EOF)

The parentheses enclosing the subexpression ch = cin.get() cause the program to

evaluate that expression first. To do the evaluation, the program first has to call the

cin.getC) function. Next it assigns the function return value to ch. Because the value

of an assignment statement is the value of the left operand, the whole subexpression

reduces to the value of ch. If this value is EOF, the loop terminates; otherwise, it con-

tinues. The test condition needs all the parentheses. Suppose we leave them out:

while Cch = cin.getC) != EOF)

The != operator has higher precedence than =, so first the program compares

c i n . get C )’s return value to EOF. A comparison produces a 0 (false) or 1 (true) result,

and that’s the value that gets assigned to ch.

Using c in. get Cch) (with an argument) for input, on the other hand, doesn’t

create any type problems. The c i n . get C ch ) function, recall, doesn’t assign a special

value to ch on end-of-file. In fact it doesn’t assign anything to ch in that case. So ch is

never called upon to hold a non-char value. Table 5-3 summarizes the differences be-

tween cin.getCch) and cin.getC).
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Table 5-3 cln.get(ch) versus cin.geto

Nested [oops hud Two-Dimen sidnal Arrays
Earlier you saw how the for loop is a natural tool for processing arrays. Let’s go a step

further and look at how afor loop within a f o r loop (nested\oops) serves to handle two-

dimensional arrays.

First, let’s examine what a two-dimensional array is. The arrays used so far are

termed one-dimensional arrays because you can visualize each array as a single row of

data. You can visualize a two-dimensional array as being more like a table, having both

rows and columns of data. You could use a two-dimensional array, for instance, to

represent quarterly sales figures for six separate districts, with one row of data for each

district. Or you could use a two-dimensional array to represent the position of

RoboDork on a computerized game board.

C++ doesn’t provide a special two-dimensional array type. Instead, you create an

array for which each element is itself an array. For example, suppose you want to store

maximum temperature data for five cities over a four-year period. In that case you can

declare an array as follows:

int maxtempsC4]C5U;

This declaration means that maxtemps is an array with four elements. Each of these ele-

ments is an array of five integers. See Figure 5-5. You can think of the maxtemps array as

representing four rows of five temperature values each.

The expression maxtempsCOJ is the first element of the maxtemps array, hence
ma x temps CO ] is itselfan array of five i nt s. The first element ofthe maxtempsCOIl array

is maxtempsCODCOD, and this element is a single int. Thus you need to use two sub-

scripts to access the int elements. You can think ofthe first subscript as representing the

row and the second subscript as representing the column. See Figure 5-6.
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maxtemps is an array of 4 elements

int ma x t emp s C 4 3 C 5 3

;

each element is an array of 5 int

s

The maxte•mps array

maxtemps[0] maxtemps[1] maxtemps[2] maxtemps[3]

1 1 1 1

1 1

maxtemps[0][0]

maxtemps[1][0]

Figure 5-5 An array ofarrays

maxtemps[2][0]

maxtemps[3][0]

int maxtempsC43C53;

The maxtemps array viewed as a table:

0 1 2 3 4

ma x t emp s C 0 3 0 ma x t emp s C 0 3 C 0 3 maxtempsC03C1 3 ma x t emp s C 0 3 C 2 3 maxtempsC03C33 ma x t emp s C 0 3 C 4 3

maxtempsCI 1 1 maxtempsCI 3 C 0 3 maxtempsCI 3 C 1 3 maxtempsCI 3 C 2 3 maxtempsCI 3 C 3 3 maxtempsCI 3C43

maxtempsC23 2 maxtempsC23C03 maxtempsC23C1

3

maxtempsC23C23 ma x t emp s C 2 3 C 3 3 maxtempsC23C43

maxtempsC33 3 ma x t emp s C 3 3 C 0 3 maxtempsC33C1

3

ma x t emp s C 3 3 C 2 3 ma x t emp s C 3 3 C 3 3 maxtempsC33C43

Figure 5-6 Accessing array elements with subscripts
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Suppose you want to print all the array contents. Then you can use one for loop

to change rows and a second, nested, for loop to change columns:

for (int row = 0; row < 4 ; row + +)

{

for (int col = 0; col < 5; col + +)

cout << maxtempsCrowlEcol] << "\t";
cout << "\n";

>

For each value of row, the inner for loop cycles through all the colvalues. This example

prints a tab character ( \ t in C++ notation) after each value and a newline character after

each complete row.

When you create a two-dimensional array, you have the option of initializing each ele-

ment. The technique is based on that for initializing a one-dimensional array. That

method, you remember, is to provide a comma-separated list of values enclosed in

braces:

// initializing a one-dimensional array
int b t u s E 5 ] = -C 23, 26, 24, 31 , 28>;

For a two-dimensional array, each element is itself an array, so you can initialize

each element using a form like that above. Thus the initialization consists of a comma-
separated series of one-dimensional initializations all enclosed in a set of braces:

int maxtempsC4II[5] = // 2-D array
{

{94, 98, s
h-00 103, 101>, // values for maxtempsCOD

{98, 99, 91, 107, 1 05 > , // values for maxtempsCI 1

{93, 91, 90, 101, 1 04 > , // values for maxtempsC2]
{95, 100 , 88 , 105 , 1 03 > // values for ma x t emp s C 3 H

>;

The term {94, 98, 87, 103, 1 0 1 > initializes the first row, represented by

maxtempsCO], As a matter of style, placing each row of data on its own line, if possible,

makes the data easier to read.

Listing 5-19 incorporates an initialized two-dimensional array and a nested loop

into a program. This time we reverse the order of the loops, placing the column loop

{city index) on the outside and the row loop
(
year index) on the inside. Also, we use a

common C++ practice of initializing an array of pointers to a set of string constants.

That is, cities is declared as an array of pointers-to-cha r. That makes each element, such

as cities[0], a pointer-to-cha r that can be initialized to the address of a string. The pro-
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gram initializes cities[0] to the address of the “Gnbble City ’ string, and so on. Thus this

array of pointers essentially is an array of strings.

LISTING 5-19 nested. cpp
// nested. cpp — nested Loops and 2-D array
//include <iostream.h>

const int Cities = 5 ;

const int Years = 4 ;

int main(void)
C

char * citiesCCitiesD =

{

"G r i bb L e City",
"Gri bbleton",
"New Gribble",
"San Gribble",
"Gribble Vista"

int maxtempsCYearsDCCi t i esD =

C

C94, 98, 87, 103, 1 01 >,

C98, 99, 91, 107, 1 05 > ,

<93, 91, 90, 101, 1 04>,
{95 , 100 , 88 , 105 , 103>

// array of pointers
// to 5 strings

// 2-D array

// va lues for

// values for

// v a lues for

// va lues for

maxtempsCOD
maxtempsLI

D

max temps [2D

maxtemps[3D

cout << "Maximum temperatures for 1990 - 1993\n\n";

for (int city = 0; city < Cities; city++)

cout << citiesCcityD << ":\t";
for (int year = 0; year < Years; year + +)

cout << max t emps C y ea

r

D C c i

t

y D << "\t";
cout << "\n";

>

return 0;

Here is the program output:

Maximum temperatures for 1990 - 1993
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Gribble City: 94 98 93 95

Gribbleton: 98 99 91 100
New Gribble: 87 91 90 88
San Gribble: 103 107 101 105
Gribble Vista: 101 105 104 103

Using tabs in the output spaced the data more regularly than using spaces would have.

Chapter 12 presents more precise, but more complex, methods for formatting output.

Summary
C++ offers three varieties of loops: the for loop, the while loop, and the do while

loop. A loop cycles through the same set of instructions repetitively as long as the loop

test condition evaluates to nonzero, and the loop terminates execution when the test

condition evaluates to zero. The for loop and the while loop are entry-condition

loops, meaning they examine the test condition before executing the statements in the

body of the loop. The do while loop is an exit-condition loop, meaning it examines the

test condition after executing the statements in the body of the loop.

The syntax for each loop calls for the loop body to consist of a single statement.

However, that statement can be a compound statement, or block, formed by enclosing

several statements within paired curly braces.

Relational expressions, which compare two values, are often used as loop test con-

ditions. Relational expressions are formed by using one ofthe six relational operators: <,

<=> ==> >=, >, !=. Relational expressions evaluate to 1 if true and to 0 if false.

Many programs read text input or text files character by character. The istream

class provides several ways to do this. If ch is a type char variable, the statement

c i n > > c h ;

reads the next input character into ch. However, it skips over spaces, newlines, and tabs.

The member function call

cin.get(ch);

reads the next input character, regardless of its value, and places it in ch. The member
function call c i n . ge t ( ) returns the next input character, including spaces, newlines,

and tabs, so it can be used as follows:

ch = cin.getO;

The cin.get(char) member function call reports encountering the end-of-file

condition by returning the value 0, while the cin.getO member function call reports

end-of-file by returning the value EOF, which is defined in the i ost ream . h file.
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A nested loop is a loop within a loop. Nested loops provide a natural way to process

two-dimensional arrays.

REVIEW QUESTIONS

1 . What’s the difference between an entry-condition loop and an exit-condition loop?

Which kind is each of the C++ loops?

2. What would the following code fragment print if it were part of a valid program?

i n t i ;

for (i = 0; i < 5; i++)

c o u t < < i ;

cout << "\n";

3. What would the following code fragment print if it were part of a valid program?

• .mt j ;

for (j = 0; j < 11; j
+= 3)

cout < < j ;

cout << “\n" << j
<< "\n";

4. What would the following code fragment print if it were part of a valid program?

i n t j = 5 ;

while ( + + j < 9)

cout << j++ << "\n";

3. What would the following code fragment print if it were part of a valid program?

i n t k = 8 ;

do

cout <<" k = *' << k << " \ n "

;

while (k++ < 5);

6. Write a for loop that prints the values 1 2 4 8 16 32 64 by increasing the value of a

counting variable by a factor of 2 each cycle.

7. How do you make a loop body include more than one statement?

8. Is the following statement valid? If not, why not? If so, what does it do?

int x = 1,024;

9. How does cin>>ch differ from cin.get(ch) and ch = cin.get() in how it views

Chapter Five - Loops and Relational Expressions
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O
ne of the keys to designing intelligent programs is to make them able to make
decisions. In Chapter 5 you saw one kind ofdecision-making—looping—in which

a program decides whether or not to continue looping. Now we’ll investigate how
C++ lets you use branching statements to decide among alternative actions. Which
vampire-protection scheme (garlic or cross) should the program use? Which menu
choice has the user selected? Did the user enter a zero? C++ provides the i f and the

switch statements for implementing decisions, and they are this chapter’s main topics.

We’ll also look at the conditional operator, which provides another way to make a

choice, and at the logical operators, which let you combine two tests into one.

The if Statement

When a C++ program must choose whether or not to take a particular action, you can

use the i f statement. The i f comes in two forms: i f and if else. We’ll investigate

the simple i f first. It’s modeled after ordinary English, as in “If you have a Captain

Cookie card, you get a free cookie.” The i f statement directs a program to execute a

statement or statement block if a test condition is true and to skip that statement or

block if the condition is false. The syntax is similar to the while syntax:

if ( test-condition )

st a temen

t

A nonzero test-condition (true) causes the program to execute statement
, which can be a

single statement or a block. A zero test-condition (false) causes the program to skip

statement. See Figure 6-1. The entire i f construction counts as a single statement. By
the way, the statement portion can’t be a declaration statement; declarations have to be

placed where they can’t be skipped.
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statementl

if ( t e s t_e xpr)

statement2

statement3

statementl
L

i f statement

Figure 6-1 The if statement

Most often, test-condition will be a relational expression like those used to control

loops. Suppose, for instance, you want a program that counts the spaces in the input as

well as the total number of characters. You can use cin.get(ch) in a while loop to

read the characters, then use an i f statement to identify and count the space characters.

Listing 6- 1 does just that. (Remember that c i n . g e t ( c h ) normally returns c i n , which
is nonzero, causing the loop to continue. But it returns zero when the program detects

end of file, thus terminating the loop.)

LISTING (j-l if.cpp

// if.cpp — using the if statement
//include <iostream.h>
i nt mai n(voi d)

{

char ch;

C++ Primer Plus



int spaces = 0;

int total = 0;

while (cin.get(ch))
{

if (ch == ' ') // check if ch is a space
spaces++;

total++; // done every time

>

cout << spaces << “ spaces, " << total;

cout << " characters total\n";
return 0;

Here’s some sample output (again, we’ve used (return) to indicate pressing the

Return or Enter key and AZ to simulate end-of-file):

The balloonist was an airhead . (return)

a
Z (return)

4 spaces, 31 characters total

As the comments indicate, the spaces++; statement gets executed only when ch is

a space. Because it is outside the i f statement, the total++; statement is executed

every time. Note that the total count includes the newline character generated by typing

the Return or Enter key.

The if else Statement

The i f statement lets a program decide whether a particular statement or block is

executed. The if else statement lets a program decide which of two statements or

blocks is executed. It’s an invaluable statement for creating alternative courses of action.

The C++ if e 1 se is modeled after simple English, as in “Ifyou have a Captain Cookie

card, you get a Cookie Plus Plus, else you just get a Cookie d’Ordinaire.” The if else

statement has this general form:

if (test - condition )

s ta temen 1

1

else
sta temen t2

If test-condition is nonzero (true), the program executes statement1 and skips over state-

ment2. Otherwise, when test-condition is zero (false), the program skips statement1 and

executes statement2 instead. So the code fragment

Chapter Six • Branching Statements
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if (answer = = 1492)
cout << "That's right!\n";

else
cout << "You'd better review Chapter 1 again. \n";

prints the first message if answer is 1492 and prints the second message otherwise. Each

statement can be either a single statement or a statement block delimited by braces. See

Figure 6-2. The entire if else construct counts syntactically as a single statement.

statementl

if (test_expr)

statement2

else

statement3

statement4

For instance, suppose you want to alter incoming text by scrambling the letters

while keeping the newline character intact. That way, each line of input gets converted

to an output line of equal length. This means you want the program to take one course

of action for newline characters and a different course of action for all other characters.

As Listing 6-2 shows, if else makes this task easy.

LISTING 6 2 ifelse.cpp

// ifelse.cpp — using the if else statement
//include <iostream.h>
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int main(void)
<

char c h

;

cout << "Type, and I shall repeat. \n";

while (cin.get(ch))

if (ch == ' \n'

)

cout << ch; // done if newline
else

cout << ++ch; // done otherwise
>

// try ch + 1 instead of + + ch for interesting effect
cout << "Please excuse the slight conf usi on . \n";

return 0;

>

Here’s some sample output:

Type, and I shall repeat.
I am extremely pleased to

J !bn! fyusfnfmz !qmfbtfe!up
use such a powerful computer!
vtfltvdi !b!qpxfsgvm!dpnqvufs"
A
Z

Please excuse the slight confusion.

Note that one of the program comments suggests that changing ++ch to ch + 1

has an interesting effect. Can you deduce what it will be? If not, try it out, then see if

you can explain what’s happening. (Hint: Think about how cout handles different

types.)

FORMITTING YIUR IF ELSE STRTEMENTS

Keep in mind that the two if else alternatives must be single statements. Ifyou need

more than one statement, use braces to collect them into a single block statement. Un-

like some languages, such as BASIC or FORTRAN, C++ does not automatically con-

sider everything between i f and else a block, so you have to use braces to make the

statements a block. The following code, for instance, produces a compiler error. The

compiler sees it as a simple i f statement ending with the zorro++; statement. Then

comes a cout statement. So far, so good. But then comes what the compiler perceives as

an unattached else. And that gets flagged as a syntax error.

if (ch == ' Z ' )
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zorro++; // if ends here
cout << "Another Zorro candidate\n";

else II wrong
du l 1++;

cout << "Not a Zorro candidate\n";

Adding the braces converts the code to what we want:

if (ch == ' Z ' )

{ // if true block
zor ro + + ;

cout << "Another Zorro c a nd i da t e \
n
"

;

>

else
C //if false block

du l 1+ + ;

cout << "Not a Zorro candidate\n";
>

Because C++ is a free-form language, you can arrange the braces as you like as long

as they enclose the statements. We’ve shown one popular format. Here’s another:

if (ch == 'Z') {

zorro++;
cout << "Another Zorro ca nd i da t e \

n
"

;

>

else -C

du l 1+ + ;

cout << "Not a Zorro c a nd i da t e \ n "
;

>

The first form emphasized the block structure for the statements while the second

form ties the blocks more closely to the keywords i f and else. Either style should

serve you well unless you encounter a passionate advocate for some particular style.

TUT IF EISE If EESE CONSTRUCTION

Computer programs, like life, may present you with a choice from more than two selec-

tions. You can extend the C++ if else statement to meet that need. The else, you’ve

seen, should be followed by a single statement, which can be a block. Because an i f

else statement itself is a single statement, it can follow an else:

if (ch == 'A' )

a_grade++; // alternative # 1

else
if (ch == 'B') // alternative # 2

b_grade++; // subalternative # 2a
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else

// subalternative # 2bsoso++;

If ch is not A then the program goes to the else. There, a second if else subdivides

that alternative into two more choices. C++’s free formatting lets you arrange these

elements into an easier-to-read format:

if (ch == * A ' )

a_grade++; // alternative # 1

else if (ch = = 'B')

b_grade++; // alternative # 2

else
soso + + ; /-/alternative #3

This looks like a new control structure—an if else if else structure. But it’s

really one if else contained within a second. This revised format is much cleaner

looking, and it lets you skim through the code picking out the different alternatives.

This entire construction still counts as one statement.

Listing 6-3 uses this preferred formatting to construct a modest quiz program.

LISTING 6 3 Ifelseif.cpp

// ifelseif.cpp -- using if else if else
# include <iostream.h>
const int Fave = 27;

int main(void)

int n ;

cout << "Enter a number in the range 1-100 to find ";

cout << "my favorite number: ";

do

cin >> n;

if (n < Fave)

cout << "Too low -- guess again:
else if (n > Fave)

cout << "Too high — guess again:

else

cout << Fave << " is right!\n";
> while (n != Fave);

return 0;
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Here’s some sample output:

Enter a number in the range 1-100 to find my favorite number: 50
Too high -- guess again: 25

Too Low -- guess again: 37

Too high -- guess again: 31

Too high -- guess again: 28

Too high -- guess again: 27
27 is right!

[OGICRE EXPRESSIONS

Many a time you will need to test for more than one condition. For instance, for a

character to be a lowercase letter, its value must be greater than or equal to Tz’and less

than or equal to
€

z\ Or, ifyou ask a user to respond with a y ’or an n ’ you will want to

accept uppercase (T’and TV’) as well as lowercase. To meet this kind of need, C++
provides three logical operators to combine or modify existing expressions. The opera-

tors are logical OR, written II, logical AND, written &&, and logical NOT, written !

.

Let’s examine them now.

THE LIGICIL OR DPERRTOR:

In English, we use the word or to indicate when one or another, or both, of two condi-

tions satisfy a requirement. For instance, you can go to the MegaMicro company picnic

if you or your spouse work for MegaMicro, Inc. The C++ equivalent is the logical OR
operator, written II. This operator combines two expressions into one. If either, or both,

of the original expressions is nonzero (true), the resulting expression has the value 1

(true). Here are some examples:

5 ==5 || 5 == 9

5 > 3 || 5 > 10

5 > 8 || 5 < 10

5 < 8 | |
5 > 2

5 > 8 | |
5 < 2

//

//

//

//

//

true because first expression is t

true because first expression is t

true because second expression is

true because both expressions are
false because both expressions are

rue

rue

true
true
false

Because the 1 1 has a lower precedence than the relational operators, we don’t need to use

parentheses in these expressions. Table 6-1 summarizes how the II operator works.

Listing 6-4 uses the 1 1 operator in an i f statement to check for both uppercase and

lowercase versions of a character. Also, it uses C++’s string concatenation feature (see

Chapter 4) to spread a single string over three lines.
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WM 3t ’3
:

Pr3-:j71IIP
1811 MW

Tame 6-1 The II operator

LISTING 6-4 OP.cpp

// or.cpp -- use Logical OR operator
#include <iostream.h>
int main(void)
{

cout << "This program may reformat your hard disk\n"
"and destroy all your data.Xn"
"Do you wish to continue? <y/n> ";

char c h

;

c i n >> c h ;

if (ch == 'y' || ch == ' Y 1

) // y or Y

cout << "You were warned! \a\a\n";
else if (ch = = 'n' || ch == 1 N

1

)

cout << "A wise choice ... bye\n";
else

cout << "That wasn't a y or an n, so I guess I'LL "

"trash your disk anyway. \n";

return 0;

>

Here is a sample run:

This program may reformat your hard disk
and destroy all your data.
Do you wish to continue? <y/n> N

A wise choice ... bye

The program reads just one character, so only the first character in the response matters.

That means the user could have replied NO! instead ofN The program would just read

the N. But if the program tried to read more input later, it would start at the O.
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IHE 10EICHL BHD OPERATOR: te
The logical AND operator, written &&, also combines two expressions into one. The
resulting expression has the value 1 (true) only if both of the original expressions are

true. Here are some examples:

5 == 5 && 4 == 4

5 == 3 && 4 == 4

5 > 3 && 5 > 10

5 > 8 && 5 < 10

5 < 8 && 5 > 2

5 > 8 && 5 < 2

// true because both expressions are true
// false because first expression is false
// false because second expression is false
// false because first expression is false
// true because both expressions are true
// false because both expressions are false

Because the && has a lower precedence than the relational operators, we don’t need to

use parentheses in these expressions. Table 6-2 summarizes how the && operator works.

Tame 6-2 The s& operator

The Value of expr! && expr2
.

'

. ,

~ .

' T- /'
r

v

exprl == true exprl == false
i.

expr2 == true 1 (TRUE) 0 (FALSE)

expr2 == false 0 (FALSE) 0 (FALSE)
<- v;-''" 1

. -v I

Listing 6-5 shows how to use && to cope with a common situation: terminating a

while loop for two different reasons. In the listing, a whi le loop reads values into an

array. One test (i < Size) terminates the loop when the array is full. The second test

(temp >= 0) gives the user the option of quitting early by entering a negative number.

The && operator lets you combine the two tests into a single condition. The program

also uses two i f statements, an i f else statement, and a for loop, so it demonstrates

several topics from this and the preceding chapter.

LISTING 6-5 and.cpp

// and.cpp -- use logical AND operator
#include <iostream.h>
const int Size = 6;

int main(void)
{

float iqCSizeD;
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cout << "Enter the IQs of your in-laws. Program term"
"inates when you make\n" << Size << " entries ";

cout << "or enter a negative value. \n";

i n t i = 0 ;

float temp;

c i n >> temp;

while (i < Size && temp >= 0) // 2 quitting criteria

iqCi++D = temp;

if (i < Size) // room left in the array,
cin >> temp; // so get next value

>

if (i == 0)

cout << "No data— bye\n";
else

cout << "Enter your IQ: ";

float you;

cin >> you;

int count = 0;

for (int j =0; j < i; j++)

if (iqCjD > you)

coun t ++;
cout << count;

cout << " of your in-laws are smarter than you.\n";
>

return 0;

Note that the program places input into a temporary variable temp. Only after

verifying that the input is valid does the program assign the value to the array.

Here are a couple of sample runs. One terminates after six entries, and the second

terminates after a negative value is entered:

Enter the IQs of your in-laws. Program terminates when you make
6 entries or enter a negative value.
120 140 1 1 5

85

123

100

Enter your IQ: 122
2 of your in-laws are smarter than you.

Enter the IQs of your in-laws. Program terminates when you make
6 entries or enter a negative value.
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140

120

75

110
-3

Enter your IQ: 212.19
0 of your in-laws are smarter than you.

PROGRAM MOTES

Let’s look at the input part of the program:

cin >> temp;
while (i < Size && temp >= 0)

{

i q C i + + H = temp;
if (i < Size)

The program begins by reading the first input value into a temporary variable

called temp. Then the while test condition checks to see if there is still room left in the

array (/ < Size) and if the input value is nonnegative (temp >= 0). If so, it copies the temp

value to the array and increases the array index by 1. At this point, since array num-
bering starts at 0, i equals the total number of entries to date. That is, if i starts out at 0,

then the first cycle through the loop assigns a value to iq[0], then sets / to 1.

The loop terminates when the array is filled or when the user enters a negative

number. Note that the loop reads another value into temp only if i is less than Size, that

is, only if there is still room left in the array.

After getting data, the program uses an ifelse statement to comment if no data

were entered (that is, if the first entry was a negative number) and to process the data if

any is present.

SETTING yp RANGES WITH &&
The && operator also lets you set up a series of if else if else statements with each

choice corresponding to a particular range ofvalues. Listing 6-6 illustrates the approach.

It also shows a useful technique for handling a series of messages. Just as a pointer-to-

cha r variable can identify a string by pointing to its beginning, an array of pointers-to-
cha r can identify a series of strings. Just assign the address of each string to a different

array element. Listing 6-6 uses the qualify away to hold the addresses of four strings. For
instance, qualify[1]holds the address ofthe string “mud tug-ofwar\n ”. The program can

// 2 quitting criteria

// room left in the array,
// so read next value
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then use qualify[1] like any other pointer to a string, for example, with cout or with
strlenC) or strcmpO. Using the const qualifier protects these strings from accidental

alterations.

LISTING 6 6 mope_anfl.cpp
// mo r e_a nd . c pp — use Logical AND operator
//include <iostream.h>
const char * qualifyC4!] = // an array of pointers
{ //to stri ngs

"10,000-meter race. Xn",
"mud tug-of-wa r . \n",
"masters canoe j ous t i ng . \

n
"

,

"pie-throwing festival. \n"

>;

i nt ma i n ( voi d

)

i n t age;

cout << "Enter your age in years:
cin >> age;

int index;

if (age > 17 && age < 35)

index = 0;

else if (age >= 35 && age < 50)

index = 1;

else if (age >= 50 && age < 65)

index = 2 ;

else

index = 3 ;

cout << "You qualify for the " « qualifyCindexU;
return 0;

>

COMPATIBILITY NOTE

You may recall that some C++ implementations require that you use the key-

word static in an array declaration in order to make it possible to initialize

that array. That restriction, as Chapter 8 will discuss, applies to arrays declared

inside a function body. When an array is declared outside a function body, as is

qualify in Listing 6-6, it’s termed an externalmay and can be initialized even in

pre-ANSI C implementations.
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Here is a sample run:

Enter your age in years: 84
You qualify for the pie-throwing festival.

The entered age didn’t match any of the test ranges, so the program set index to 3 and
then printed the corresponding string.

PROGRAM NOTES

The expression age > 17 && age<35 tests for ages between the two values, that is, ages

in the range 18—34. The expression age>=35 && age<50 uses the liferoperator to

include 33 in its range, which is 33 -49. Ifwe had used age>35 && age<50
, the value 35

would have been missed by all the tests. When you use range tests, you should check

that the ranges don’t have holes between them. Also, be sure to set up each range cor-

rectly; see the discussion on Range Tests.

Look at the array declaration:

const char * qualifyC43 = // an array of pointers
{ // to strings

“ 1 0, 000-me t e r race. \ n",
"mud tug-of-war . \n",
"masters canoe j ou s t i ng . \ n " ,

"pie-throwing festival. \n"

>;

It states that qualify is an array of four elements, with each element being type char*,

that is, pointer-to-char. So each element can hold the address of a character. Each
quoted string, in turn, represents the address of its first character. Thus the program
initializes four pointers to four addresses. Also, the const qualifier says these pointers

point to characters that are constant. That means more_and . cpp has an array of string

constants that are not to be modified.

The if else statement serves to select an array index, which, in turn, identifies

a particular string.

RANGE TESTS

Note that each part of a range test should use the AND operator to join two
complete relational expressions:

if (age > 17 && age < 35) // OK

Don’t borrow from mathematics and use the following notation:

if (17 < age < 35) // Don't do this
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Ifyou make this error, the compiler won’t catch it, for it is still valid C++ syntax.

The < operator associates from left to right, so the previous expression means
the following:

if ( (17 < age) < 35)

But 1 7 < a g e is either true, or /, or else false, or 0. In either case, the expression

1 7 < age is less than 35, so the entire test is always true!

The ! operator negates, or reverses the truth value of, the expression following it. That is,

if expression is true, then /expression is false, and vice versa. More precisely, if expression is

nonzero, then ! expression is zero. And if expression is zero, then !expression is 1. Inciden-

tally, many people call the exclamation point bang, making !x bang-exe and !!x bang-

bang-exe.

Usually you can express a relationship more clearly without using this operator:

if(!(x>5)) // if (x <= 5) is clearer

But the ! operator can be useful with functions that return true-false values. For in-

stance, strcmp(s1,s2) returns a nonzero (true) value if the two strings si and s2 are

different from each other and a zero value (false) if they are the same. This implies that

! st r cmp ( si , s2 ) is true if the two strings are equal.

Listing 6-7 uses this technique (applying the ! operator to a true-false function) to

screen numeric input for suitability to be assigned to type i nt. The function i s_i nt ( ),

which we’ll discuss further in a moment, returns true if its argument is

within the range of values assignable to type int. The program then uses the test

wh i L e ( ! i s_i nt ( num) ) to reject values that don’t fit in the range.

LISTING 6-7 nol.cpp

// not.cpp -- using the not operator
//include <iostream.h>
//include <limits.h>
int i s_i n t ( doub l e )

;

int main(void)
C

double num;

cout << "Yo, dude! Enter an integer value:
c i n >> num;

while ( ! i s_i n t ( num ) ) // continue while num is not int-able
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cout << "Out of range — please try again:
c i n >> num;

>

i n t va l = num;

cout << "You've entered the integer " << va l << "\n";
return 0;

>

int i s_i n t ( doub l e x)

{

if (x <= INT_MAX && x >= INT_MIN) // use limits, h values
return 1

;

else

return 0;

>

Here is a sample run on a system with a two-byte int.

Yo, dude! Enter an integer value:
Out of range -- please try again:
Out of range -- please try again:
You've entered the integer 32767

Program notes

If you enter a too-large value to a program reading a type int, most implementations

simply truncate the value to fit without informing you that data was lost. This program

avoids that by first reading the potential int asadouble. The double type has more

than enough precision to hold a typical i n t value, and its range is much greater.

The i s_i n t ( ) function uses the two symbolic constants (INT_MAX and

INT_MIN) defined in the limits, h file (discussed in Chapter 3) to determine

whether its argument is within the proper limits. If so, the program returns a value of 1 ;

otherwise, it returns 0.

The ma i n (
)
program uses awhile loop to reject invalid input until the user gets

it right. You could make the program friendlier by displaying the int limits when the

input is out of range. Once the input has been validated, the program assigns it to an

i n t variable.

LOGOI IPERHTOR FRETS

As we mentioned, the C++ logical OR and logical AND operators have a lower prece-

dence than relational operators. That means an expression such as

50000
-42000
32767
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x>5&&x<10

is read this way:

(x > 5) && (x < 10)

The ! operator, on the other hand, has a higher precedence than any of the rela-

tional or arithmetic operators. Therefore, to negate an expression, you should enclose

the expression in parentheses:

!(x > 5) // is it false that x is greater than 5

! x > 5 // is !x greater than 5

The second expression, incidentally, is always false, for !x can only have the values 1

(true) or 0 (false).

The logical AND operator has a higher precedence than the logical OR operator.

Thus the expression

age > 30 && age <45
| |

weight > 300

means the following:

(age > 30 && age < 45)
| |

weight > 300

That is, one condition is that age be in the range 31 to 44, and the second condition is

that weight be greater than 300. The entire expression is true if one or the other or both

of these conditions are true.

You can, of course, use parentheses to tell the program the interpretation you

want. For instance, suppose you want to use && to combine the condition that age be

greater than 30 or weight be greater than 300 with the condition that donation be

greater than 1000. You have to enclose the OR part within parentheses:

(age >50
| |

weight > 300) && donation > 1000

Otherwise, the compiler will combine the weight condition with the donation condition

instead of with the age condition.

C++ guarantees that when a program evaluates a logical expression, it evaluates it

from left to right and stops evaluation as soon as it knows what the answer is. Suppose,

for instance, you have this condition:

x ! = 0 && 1 .0 / x > 100.0

If the first condition is false, then the whole expression must be false. That’s because for

this expression to be true, each individual condition must be true. Knowing the first

condition is false, the program doesn’t bother evaluating the second condition. That’s

fortunate in this example, for evaluating the second condition would have resulted in

dividing by 0.
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The ctype.h Library of Chara cter Functions

C++ has inherited from C a handy package of character-related functions, prototyped in

the ctype.h header file, which simplify such tasks as determining whether a character

is an uppercase letter or a digit or punctuation, and the like. For example, the

isalpha(ch) function returns a true (nonzero) value if ch is a letter and a false value

(zero) otherwise. Similarly, the ispunct(ch) returns a true value only if ch is a punc-

tuation character, such as a comma or period. Using these functions is more convenient

than using the AND and OR operators. For instance, here’s how you might use AND
and OR to test if a character ch is an alphabetic character:

if ( (ch >= ' a ' && ch <= ' z '
) | |

(ch >= 'A' && ch <= ' Z ' )

Compare that to using i s a L p h a ( ) :

if ( i sa L pha ( ch )

)

Not only is i sa l pha ( ) easier to use, it is more general. The AND, OR form assumes

that characters codes for A through Z are in sequence, with no other characters having

codes in that range. This assumption is true for the ASCII code, but it need not be true

in general.

Listing 6-8 demonstrates some functions from this family. In particular, it uses

i sa l pha ( ), which tests for alphabetic characters, isdigitsO, which tests for digit

characters, such as
'

3\ isspaceO, which tests for white space characters, such as

newlines, spaces, and tabs, and ispunctO, which tests for punctuation characters. The
program also reviews the if else if else structure and using a while loop with

c i n . get ( ).

LISTING 6-8 ctypes.cpp

// ctypes.cpp— use ctype.h library
//include <iostream.h>
//include <ctype.h> / prototypes for character functions
i nt ma i n ( voi d

)

{

cout << "Enter text for analysis, and simulate EOF"
" to terminate input. \n";

char ch;

int whitespace = 0;

int digits = 0;

int chars = 0;

int punct = 0;

int others = 0;
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whi Le(cin.getCch))
{

ifCisalpha(ch)) //

cha rs + + ;

else i f ( i sspa ce ( ch ) ) /

/

whitespace ++;
else if(isdigit(ch)) //

d i g i t s++;

else i f ( i spunct ( ch) ) //

pun c t + + ;

else

is it an alphabetic character?

is it a whitespace character?

is it a digit?

i s i t punctuat i on?

ot he rs + + ;

>
/

cout << chars << " letters, "

<< whitespace << " whitespace,
<< digits << " digits, "

<< punct << " punctuations, "

<< others << " others. \n";

II

return 0;

Here is a sample run; note that the white space count includes newlines:

Enter text for analysis, and simulate EOF to terminate input.
Freddy "Fuzzball" Fribble had 143 career
home runs and 1237 career strikeouts.
A
Z

57 letters, 12 whitespace, 7 digits, 3 punctuations, 0 others.

Table 6-3 summarizes the functions available in the ctype . h package. The list

corresponds to the ANSI C definition, but some systems may lack some of these func-

tions or have additional ones.

The i- operator

C++ has an operator that can often be used instead of the i f statement. This operator

is called the conditional operator, written ? : , and, for you trivia buffs, it is the only C++
operator that requires three operands. The general form looks like this:

expressi onl ? express! cm2 : expressi on3

If expression1 is true, then the value of the whole conditional expression is the value of

expression2. Otherwise, the value of the whole expression is the value of expression3.
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Here are two examples showing how the operator works:

5 > 3 ? 10 : 12 // 5 > 3 is true, so expression value is 10

3 == 9? 25 : 18 // 3 == 9 is false, so expression value is 18

We can paraphrase the first example this way: If 5 is greater than 3, the expression

Table 6-3 The ctype.h character functions

Function Name Return Value

i sa lnum(

)

true if argument is alphanumeric, i.e., a letter or a digit

i sa Ipha (

)

true if argument is alphabetic

i sent r l (

)

true if argument is a control character

isdigi t() true if argument is a decimal digit (0-9)

i sgraph (

)

true if argument is any printing character, other than a

space

i s lower (

)

true if argument is a lowercase letter

i spr i nt (

)

true if argument is any printing character, including a

space

i spunc t (

)

true if argument is a punctuation character

isspaceC) true if argument is a standard white-space character, i.e.,

a space, formfeed, newline, carriage return, horizontal

tab, or vertical tab

i suppe r (

)

true if argument is an uppercase letter

i sxdi gi t (

)

true if argument is a hexadecimal digit character, i.e.,

0-9, a-f, or A-F

tolower (

)

if the argument is an uppercase character, t o l owe r (

)

returns the lowercase version of that character; other-

wise, it returns the argument unaltered

toupper (

)

if the argument is a lowercase character, toupper (

)

returns the uppercase version of that character; other-

wise, it returns the argument unaltered
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evaluates to 10; otherwise, it evaluates to 12. In real programming situations, of course,

the expressions would involve variables.

Listing 6-9 uses the conditional operator to determine the larger of two values.

LISTING 6 9 condit.cpp

// condit.cpp -- using the conditional operator
^include <i os t ream . h>

int main(void)
{

int a , b

;

cout << "Enter two numbers: ";

c i n >> a >> b;

cout << "The Larger of " << a << " and " << b;

int c = a > b ? a : b; // c = a if a > b, else c = b

cout << " is " << c << "\n";

return 0;

>

Here is a sample run:

Enter two numbers: 2 5 027 <— Note that 027 is octal

The Larger of 25 and 23 is 25

The sample input should remind you that ci n, like C++ in general, interprets integers

beginning with the digit 0 as being written in octal. Thus 027 is interpreted to be the

base ten value 23.

The key part of the program is this statement:

int c = a > b ? a : b;

It produces the same result as the following statements:

int c ;

if (a > b

)

c = a

;

e L s e

c = b;

Compared to the if else sequence, the conditional operator is more concise

but, at first, less obvious. One difference between the two approaches is that the condi-

tional operator produces an expression and hence a single value that can be assigned or

be incorporated into a larger expression, as we did in assigning the value of the condi-

tional expression to the variable c. The conditional operator’s concise form, unusual

syntax, and overall weird appearance makes it a great favorite among programmers who

appreciate those qualities. One favorite trick for concealing the purpose of code is to

Chapter Six - Branching Statements



228

nest conditional expressions within one another, as the following mild example shows:

char xl21 C20D = {"Jason ","at your servi ce\n">;

char * y = "Quillstone
^

7 \

f o r ( i n t i = 0 ; i < 3 ; i + + ) ( ^ \ ? X tl 1J * f ^
cout << ( ( i < 2)? !i ? x Ci] : y : xC13);

: vca);
This is merely an obscure (but, by no means, maximally obscure) way to print the three

strings.

Jason Quillstone at your service

THE SWITCH STATEMENT

Suppose you create a screen menu that asks the user to select one of five choices, for

instance, Cheap, Moderate, Expensive, Extravagant, and Excessive. You can extend an

if else if e l se sequence to handle five alternatives, but the C++ sw i t c h statement

handles selecting a choice from an extended list more easily. Here’s the general form for

a switch statement:

switch ( integer-expression )

{

case LabeLI : statement ( s

)

case LabeL2 : statement (s)

m m m

default : s t a t emen t s ( s

)

>

A C++ switch statement acts as a routing device, telling the computer which line of

code to execute next. On reaching a switch, the program jumps to the line labeled with

the value corresponding to the value of integer-expression. For instance, if integer-ex-

pression has the value 4
,
the program will go to the line having a case 4: label. The

value integer-expression , as the name suggests, must be an expression that reduces to an

integer value. Also, each label must be an integer constant expression. Most often, labels

are simple i n t or c h a r constants such as 1 or *q\ If integer-expression doesn’t match any

of the labels, the program jumps to the line labeled default. The default label is

optional. Ifyou omit it and there is no match, the program jumps to the next statement

following the switch. See Figure 6-3.

The switch statement is different from similar statements in languages such as

Pascal in a very important way. Each C++ case label functions only as a line label, not

as a boundary between choices. That is, once a program jumps to a particular line in a

switch, it then sequentially executes all the statements following that line in the
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switch unless yon explicitly direct it otherwise. Execution does NOT automatically

stop at the next case. To make execution stop at the end of a particular group of state-

ments, you must use the break statement. This causes execution to jump to the state-

ment following the switch.

Listing 6-10 shows how to use switch and break together to implement a

simple menu for executives. The program uses a showmenuO function to display a set

of choices. A switch statement then selects an action based on the users response.

LISTING 6-10 swltch.cpp

// switch. cpp -- use the switch statement
#include <iostream.h>
void showmenu(void); // function prototypes
void repor t ( voi d )

;

void comfort (voi d)

;

int main(void)

showmenuC )

;

int choice;
cin >> choice;
while (choice != 5)

{

switch(choice)
{

case 1 : cout << "\a\n";

if num is 5 ifnum is 2 switch (num)

case 1 : statementl;

break:

E case 2 : sta t ement2

;

program jumps to here
break;

case 3 : statement3

;

break;

E default : statement4;
program jumps to here

Figure 6-3 The switch statement
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break;
case 2 : reportO;

break;
case 3 : cout << "The boss was in all day.\n

break;
case 4 : comfortO;

break;
default: cout << "That's not a choice. \n";

>

showmenu ( )

;

c i n >> choice;
>

cout << "Bye ! \n";
return 0;

>

void showmenuC voi d)

cout « "Please enter 1, 2, 3, 4, or 5:\n"
"1) alarm 2) report\n"
“3) alibi 4) comfort\n"
“5) quit\n";

>

voi d report (void)

cout << "It's been an excellent week for business. \n"
"Sales are up 120%. Expenses are down 35%. \n";

>

void comfort(void)

cout << "Your employees think you are the finest CE0\n"
"in the industry. The board of directors think\n"
"you are the finest CEO in the i ndus t ry . \

n
"

;

Here is a sample run of our executive menu program:

Please enter 1, 2, 3, 4, or 5:

1) alarm 2) report
3 ) a l i b i 4)comfort
5 ) quit
4

Your employees think you are the finest CEO
in the industry. The board of directors think
you are the finest CEO in the industry.
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Please enter 1, 2, 3, 4, or 5:

1 ) alarm 2) report
3 ) alibi 4)comfort
5 ) quit
2

It's been an excellent week for business.
Sales are up 120%. Expenses are down 35%.
Please enter 1, 2, 3, 4, or 5:

1 ) a l a rm 2) report
3 ) alibi 4) comfort
5 ) quit
6

That's not a choice.
Please enter 1, 2, 3, 4, or 5:

1 ) alarm 2) report
3 ) a l i bi 4 ) comfort
5) quit
5

By e !

The while loop terminates when the user enters a 5. Entering 1 through 4 acti-

vates the corresponding choice from the switch list, and entering 6 triggers the

default statements.

As noted before, this program needs the break statements to confine execution to

a particular portion of a switch. To see that this is so, you can remove the breaks from

Listing 6-9 and see how it works afterwards. You’ll find, for example, that entering 2
causes the program to execute all the statements associated with case labels 2, 3, T, and

the default. C++ works this v/ay because that sort of behavior can be useful. For one

thing, it makes it simple to use multiple labels. For instance, suppose you rewrote List-

ing 6-9 using characters instead of integers as menu choices and switch labels. Then
you could use both an uppercase and a lowercase label for the same statements:

char choice;
cin >> choice;
while (choice != ' Q ' & & choice != ' q * )

swi tchCchoi ce)

case ' a '
:

case ' A '
: cout <<

break;
case ' r '

:

case ' R '
: report( );

break;
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case '

L
'

:

case ' L 1

: cout << "The boss was in all day.Xn";
break;

case 1

c
1

case * C ’
: comfortO;
break;

default : cout << "That's not a choice. \n";

>

s howmenu ( ) ;

cin >> choice;
>

Because there is no break immediately following case ' a '

,
program execution passes on

to the next line, which is the statement following case 'A'.

SWITCH HND IF ELSE

Both the switch statement and the if else statement let a program select from a list

of alternatives. The if e l se is the more versatile of the two. For instance, it can handle

ranges, as in the following:

if (age > 17 && age < 35)

index = 0 ;

else if (age >= 35 && age < 50)

index = 1 ;

else if (age >= 50 && age < 65)

index = 2 ;

else
index = 3;

The switch, however, isn’t designed to handle ranges. Each switch case label must

be a single value. Also, that value must be an integer (which includes char), so a switch

won’t handle floating-point tests. And the case label value must be a constant. So if

your alternatives involve ranges or floating-point tests or comparing two variables, use

if else.

If, however, all the alternatives can be identified with integer constants, you can

use a switch or an if else statement. Because that’s precisely the situation that the

switch statement is designed to process, the switch statement usually is the more ef-

ficient choice in terms of code size and execution speed. The usual rule of thumb is to

use the switch statement if you have three or more alternatives.
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The brerk hnd cohtihue State ments

The break and continue statements enable a program to skip over parts of the code.

The break statement can be used in a switch statement and in any of the loops. It

causes program execution to pass to the next statement following the switch or the

loop. The continue statement is used in loops and causes a program to skip the rest of

the body of the loop. See Figure 6-4.

>

statements

;

continue skips rest of loop body and starts a new cycle

while (cin.get(ch))

{

statementl

;

if (ch == '\n')

break; i

statement2;

>

,^> statement3

;

L
": ' WMMSSBMMSSBM - ' —

break skips rest of loop and goes to following statement

Figure 6-4 The break and continue statements
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Listing 6-11 shows how the two statements work. The program lets you enter a

line of text. The loop echoes each character and uses break to terminate the loop if the

character is a period. This shows how you can use break to terminate a loop from

within when some condition becomes true. Next the program counts characters, but

not spaces. The loop uses continue to skip over the counting part of the loop when the

character is a space.

LISTING (HI jump.cpp

// jump.cpp — using continue and break
//include <iostream.h>
const int Size = 80;
int main(void)
i

char lineCSizeH;
int spaces = 0;

>

cout << Enter a line of text:\n"
cin.get(line. Size);
for (int i = 0; LineCiD !=

cout << LineCiU;
if ( l i neC i H == '

. ' )

break;
if (lineCiD != ' ')

continue;
spa ces++;

>

cout << "\n" << spaces << 1

return 0;

\0 1

; i ++)

// display character
// qui t if it's a period

// skip rest of loop

spaces\n";

Enter a line of text:

Let's do lunch today. You can pay!
Let's do lunch today.
3 spaces

C++ Primer Plus



PROGRAM NOTES

Note that while the continue statement causes the program to skip the rest of the loop

body, it doesn’t skip the loop update expression. In a for loop, the continue state-

ment makes the program skip directly to the update expression, then to the test expres-

sion. For a while loop, however, continue makes the program go directly to the test

expression. So any update expression in the loop body following the continue would
be skipped. In some cases, that could be a problem.

This program didn’t have to use continue. Instead, it could have used this code:

if (linen: != '
' )

spaces++;

However, the continue statement can make the program more readable when several

statements follow the continue. That way, you don’t need to make all those statements

part of an if statement.

Summhry
Programs and programming become more interesting when you introduce statements

that guide the program through alternative actions. (Whether this also makes the pro-

grammer more interesting is a point we’ve not fully researched.) C++ provides the i f

statement, the if else statement, and the switch statements as means for managing

choices. The C++ if statement lets a program execute a statement or statement block

conditionally. That is, the program executes the statement or block if a particular condi-

tion is met. The C++ if else statement lets a program select from two choices which

statement or statement block to execute. You can append additional else i f s to the

statement to present a series of choices. The C++ switch statement directs the program

to a particular case in a list of choices.

C++ also provides operators to help in decision-making. In Chapter 5 we dis-

cussed the relational expressions, which compare two values. The if and if else

statements typically use relational expressions as test conditions. By using C++’s logical

operators (&&, II, and !), you can combine or modify relational expressions, construct-

ing more elaborate tests. The conditional operator (?:) provides a compact way to

choose from two values.

The ctype . h library of character functions provides a convenient and powerful

set of tools for analyzing character input.

With C++’s loops and decision-making statements, you have the tools for writing

interesting, intelligent, and powerful programs. But we’ve only begun to investigate the

real powers of C++. Next, we’ll look at functions.
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REVIEW QUESTIONS

1. Consider the following two code fragments for counting spaces and newlines:

// Version 1

while (cin.get(ch))
i

if (ch == '
' )

spaces++;
if (ch = = 1

\ n ' )

newl i nes++;
>

// Version 2

while (cin.get(ch))

if (ch == '
' )

>

spaces++;
else if (ch == '\n')

newlines++;

What advantages, if any, does the second form have over the first?

2. In Listing 6-2, what is the effect of replacing ++ch with ch + 1?

3. Consider carefully the following program:

//include <iostream.h>
int main(void)

char c h

;

int ctl, c t 2 ;

c 1 1 = c 1 2 = 0;

while ((ch = cin.getO) != '$')

cout << ch;

c 1 1 + + ;

if (ch = '$' )

c t 2 + + ;

cout << ch;

>

cout <

<

11

c 1

1

= " << ctl << ", ct2 = " << c 1 2 << "\n";
return 0;
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Suppose we provide the following input, where (return) represents pressing the
Return key:

Hi ! (return)

Send $10 or $20 now 1 (return)

What is the output? (Assume input is buffered.)

4. Construct logical expressions to represent the following conditions:

a. iMvgfn is greater than or equal to 1 15 but less than 125.

b. ch is ‘q * or ‘Q’.

c. v is even, but is not 26. ^,0̂
W

t)
* \

d. donation is in the range 1000-2000 or guest is 1.

e. ch is a lowercase letter or an uppercase letter (assume the lowercase letters are

coded sequentially and that the uppercase letters are coded sequentially but
that there is a gap in the code between uppercase and lowercase)

5. In English the statement “I will not not speak" means the same as “I will speak ” In
C++, is !!x the same as x?

6. Construct a conditional expression that is equal to the absolute value of a variable.

That is, if a variable x is positive, the value of the expression is just x, but if x is

negative, the value of the expression is -x, which would be positive.

7. Rewrite the following fragment using switch:

if (ch == 'A')

a_grade++;
else if (ch == 'B')

b_g rade + + ;

else if (ch == ' C * )

c_g rade + + ;

else if (ch = = ' D * )

d_g r ade + + ;

else
f_g rade + + ;

8. In Listing 6-9, what advantage would there be in using character labels, such as ‘

a

’

and c , instead of numbers for the menu choices and switch cases? (Hint: Think
about what happens if the user types q in either case and what happens if the user
types 5 in either case.)

9. Consider the following code fragment:

i n t Line = 0 ;

char c h ;
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while (cin.get(ch))
{

if (ch == 'Q' )

break;
if (ch != ' \ n ' )

continue;
l i ne++;

>

Rewrite this code without using break or continue.

10. Write a program that reads keybpard input to end-of-file and that echoes the input

except for digits, converting each uppercase character to lowercase, and vice versa.
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F
un is where you find it. Look closely, and you’ll find it in functions. C++ comes
with a large library of useful functions, but real programming pleasure comes with

writing your own. In this and the next chapter you’ll examine how to define

functions, how to convey information to them, and how to retrieve information from

them. After reviewing how functions work, this chapter concentrates on how to use

functions in conjunction with arrays, strings, and structures. If you’ve paid your C
dues, you’ll find much of this chapter familiar. But don’t be lulled into a false sense of

expertise. C++ has made several additions to what functions can do, and the next chap-

ter deals primarily with them. Meanwhile, let’s attend to the fundamentals.

Function review

First, let’s review what you’ve already seen about functions. To use a C++ function, you
must do the following:

i Provide a function definition.

i Provide a function prototype.

i Call the function.

If you’re using a library function, the function has already been defined and compiled

for you. Also, you can use a standard library header file to provide the prototype. So all

that’s left to do is to call the function properly. The examples to date have done that several

times. For example, the standard C++ library includes the s t r L en ( ) function for finding

the length of the string. The associated standard header file s t r i ng . h contains the function

prototype for strlenO and several other string-related functions. This advance work
allows you to use the strlenO function in programs without further worries.
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But when you create your own functions, you have to handle all three aspects

—

defining, prototyping, and calling—yourself. Listing 7-1 shows these steps in a short

example.

LISTING 7-1 calling. cpp
// calling. cpp — defining, prototyping, and calling a function
^include <iostream.h>

void simple(void); // function prototype

int main(void)

cout << "mainO will call the simpleO f unct i on : \n";

simpleO; // function call

>

// function definition
void simple(void)
{

cout << "I'm just a simple country f unct i on . \n" ;

>

Here’s the output:

mainO will call the simpleO function:
I'm just a simple country function.

Let’s take a more detailed look at these steps now.

Functions can be grouped into two categories: functions that don’t have return values

and functions that do have return values. Functions without return values are termed

type void functions and have the following general form:

void functionname(.argumentL i st)

<

st a temen t ( s

)

return; // optional
>
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Here argumentlist specifies the types and number of arguments that are passed to the

function. We’ll investigate this list more fully later. The optional return statement

marks the end of the function. Otherwise the function terminates at the closing brace.

Type void functions correspond to Pascal procedures, FORTRAN subroutines, and
modern BASIC subprogram procedures. Typically, you use a voi d function to perform

some sort of action. For instance, a function to print Cheers! a given number ( n) oftimes

could look like this:

void cheersCint n) // no return value

for (int i = 0; i < n; i + +

)

c ou t << "Cheers! "
;

cout << "\n";
>

The i n t n argument list means that when you call this function, you should use a type

i n t argument.

A function with a return value produces a value that it returns to the function that

called it. In other words, if the function returns the square root of 9 (sqrt(9>), then

this becomes replaced by the value 3. Such a function is declared as having the same type

as the value it returns. Flere is the general form:

typename functionnameCargumenti i st

)

i

s ta temen t ( s

)

return v a Lue ; II value is of type typename
>

Functions with return values require that you use areturn statement so that the value is

returned to the calling statement. The value itselfcan be a constant, a variable, or a more
general expression. The only requirement is that the expression reduce to a value having

the typename type. The function then returns the final value to the function that called

it. C++ does place a restriction on what types you can use for a return value: the return

value cannot be an array. That leaves everything else possible—integers, floating-point

numbers, pointers, even structures and objects! (Interestingly, even though a C++ func-

tion can’t return an array directly, it can return an array that’s part of a structure or

object.)

As a programmer, you don’t need to know how a function returns a value, but

knowing the method may make the concept clearer to you. (Also, it gives you some-

thing to talk about with your friends and family.) Typically, a function returns a value

by copying the return value to a specified CPU register or memory location. Then the

calling program examines that location. So both the returning function and the calling

function have to agree on the type of data at that location. The function prototype tells
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double cube(double x); // function prototype

int main(void)

double q = cubed. 2);

a a a

>

double cubeCdouble x)

{

return x * x * x;

>

cubed calculates

return value and

places it here;

function header

tells cubed to use

a type double value

V
maind looks here

for the return value

and assigns it to q;

cubed prototype

tells maind to

expect type double

return value

location

Figure 7-1 Typical return value mechanism

the calling program what to expect, and the function definition tells the called program

what to return. See Figure 7-1. Providing the same information in the prototype as in

the definition may seem like extra work, but it does make good sense. Certainly, ifyou

wanted a courier to pick up something for you from your desk at the office, you enhance

the odds of the task being done right ifyou provide a description ofwhat you want both

to the courier and to someone at the office.

A function terminates after executing a return statement. If a function has more
than one return statement, for example, as alternatives to different if else selections,

the function terminates after executing the first return statement it reaches:

int biggerCint a, int b)

i f ( a > b )

return a; // if a > b, function terminates here
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else

return b ; // otherwise, function terminates here
>

Functions with return values are much like functions in Pascal, FORTRAN, and
BASIC. They return a value to the calling program, which can then assign that value to

a variable, or display the value, or otherwise use it. Here’s a simple example that returns

the cube of a type doub l e value:

double cube ( doub l e x) // x times x times x

return x * x * x; // a type double value
>

For instance, the function call cubed . 2

)

would return the value 1.728. Note that this

return statement uses an expression. The function computes the value of the expres-

sion ( 1.728 in this case) and returns the value.

PROTOTYPING AND FUNCIIOH CRUS
By now you are familiar with making function calls, but you may be less comfortable

with function prototyping because that’s often been hidden in the include files. So let’s

use the two functions we just defined in a program (Listing 7-2), paying notice to the

function prototypes.

LISTING 7-2 proios.cpp

// protos . cpp — use prototypes and function calls
^include <iostream.h>
void cheers(int); // prototype: no return value
double cubeCdouble x); // prototype: returns a double
int main(void)

cheers(5); // function call
cout << "Give me a number:
double side;
cin >> side;

double volume = cube(side); // function call
cout << "A " << side <<"-foot cube has a volume of
cout << volume << " cubic feet.Xn";
cheers ( cube ( 2 )) ; // prototype protection at work
return 0;

>
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void cheersCint n)

for (int i =0; i <n; i++)

cout << "Cheers

!

cout << "\n";
>

double cubeCdouble x)

return x * x * x;

>

Here’s a sample run:

Cheers! Cheers! Cheers! Cheers! Cheers!
Give me a number: 5

A 5-foot cube has a volume of 125 cubic feet.
Cheers! Cheers! Cheers! Cheers! Cheers! Cheers! Cheers'
Cheers

!

Note that mainO calls the type void function cheers () by using the function
name and arguments followed by a semicolon: cheers(s);. That’s an example of a
function call statement. But because c ube ( ) has a return value, ma i n ( ) can use it as part
of an assignment statement:

double volume = cube(side);

But we said you should concentrate on the prototypes. What should you know
about prototypes? First, you should understand why C++ requires prototypes. Then,
because C++ requires prototypes, you should know the proper syntax. Finally, you
should appreciate what the prototype does for you. Let’s look at these points in turn,
using Listing 7-2 as a basis for discussion.

WHY PROTOTYPES?

The prototype describes the function interface to the compiler. That is, it tells the com-
piler what type of return value, if any, the function has, and it tells the compiler the
numbei and the type of function arguments. Consider, for example, how a prototype
affects this function call from Listing 7-2:

double volume = cube(side);

First, the prototype tells the compiler that cube should have one type double argument.
If the program fails to do so, prototyping allows the compiler to catch the error. Second,
when the cubeO function finishes its calculation, it places its return value at some
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specified location—perhaps in a CPU register, perhaps in memory. Then the calling

function, ma i n ( ) in this case, retrieves the value from that location. Because the proto-

type states that cube () is type double, the compiler knows how many bytes to retrieve

and how to interpret them. Without that information, the compiler could only guess.

Still, you may wonder, why does the compiler need a prototype? Can’t it just look

further in the file and see how the functions are defined? One problem with that ap-

proach is that it is less efficient. The compiler would have to put compiling ma i n ( ) on
hold while it searched the rest of the file. An even more serious problem is the fact that

the function may not even be in the file. C++ allows you to spread a program over

several files, which can be compiled independently, then combined later. If that’s the

case, then the compiler may not have access to the function code when it’s compiling

ma i n (

)

. The same is true if the function is part of a library. The only way to avoid using

a function prototype is to place the function definition above its first use. That is not

always possible. And the C++ programming style is to put ma i n ( ) first because it gener-

ally provides the structure for the whole program.

PROTOTYPE SYNTAX

A function prototype is a statement, so it must have a terminating semicolon. The sim-

plest way to get a prototype is to copy the function heading from the function definition

and add a semicolon. That’s what we did for cube ( ):

double cubeCdouble x); // add ; to heading to get prototype

However, the function prototype does not require that you provide names for the

variables; a list of types is enough. So we prototyped cheers () just using the argument

type:

void cheers(int); // okay to drop variable names in prototype

In general, you can either include or exclude variable names in the arguments lists for

prototypes. The variable names in the prototype just act as place holders, so if you do

use names, they don’t have to match the names in the function definition.

C++ VERSUS ANSI C PROTOTYPING

ANSI C borrowed prototyping from C+ + , but the two languages do have

some differences. The most important is that ANSI C, to preserve compat-

ibility with classic C, made prototyping optional, while C++ makes prototyping

mandatory. For instance, consider the following function declaration:

void say_h i ( )

;
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In C+ + ,
leaving the parentheses empty is the same as using the keyword

void within the parentheses. It means the function has no arguments. In

ANSI C, leaving the parentheses empty means that you decline to state

what the arguments are. That is, it means you’re foregoing prototyping the

argument list.

WHAT PROTOTYPES DO FOR YOU

You’ve seen that prototypes help the compiler. But what do they do for you? They

greatly reduce the chances for program errors. In particular, prototypes ensure the fol-

i The program correctly handles the function return value.

i The program checks that you use the correct number of function arguments.

i The program checks that you use the correct type of arguments. If not, it con-

verts the arguments to the correct type, if possible.

We’ve already discussed getting the return value handled correctly. Let’s look now

at what happens when you use the wrong number of arguments. For instance, suppose

you made the following call:

double z = cube( );

Without function prototyping, the compiler would let this go by. When the func-

tion was called, it would look where cubeO should have placed a number and use

whatever value happened to be there. This, for instance, is how C worked before ANSI
C borrowed prototyping from C++. Since prototyping is optional for ANSI C, this is

still how some C programs work. But in C++ prototyping is not optional, so you are

guaranteed protection from that sort of error.

Next, suppose you use the correct number but the wrong type of argument. In C,

this could create weird errors. For instance, if a function expected a type int value

(assume that’s two bytes) and you passed a doub l e (assume that’s eight bytes), the func-

tion would look at just the first two bytes of the eight and try to interpret them as an i n t

value. C++, however, automatically converts the value you pass to the type specified in the

prototype. For instance, Listing 7-2 manages to get two type mismatches in one state-

ment:

cheers(cube(2) );

First, the program passes the int value of 2 to cube ( ), which expects type double.

The compiler, noting that the cubeO prototype specifies a type double argument, con-

verts 2 to 2. 0, a type doub l e value. Then cube ( ) returns a type doub l e value (8 . 0) to be

used as an argument tocheersO. Again, the compiler checks the prototypes and notes
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that cheers ( ) requires an i nt. So it converts the return value to the integer 8. In gen-

eral, prototyping produces automatic type casts to the expected types.

Automatic type conversion doesn’t head off all possible errors. For instance, ifyou
pass a value of 8.33E27 to a function that expects an i nt, such a large value cannot be

converted correctly to a mere i nt. Some compilers will warn you of possible data loss

when there is an automatic conversion from a larger type to a smaller.

Also, prototyping results in type conversion only when it makes sense. It won’t,

lor example, convert an integer to a structure or to a pointer.

Function Arguments and Pa ssing by Value

It’s time to take a closer look at function arguments. C++ normally passes arguments by

value. That means the numerical value of the argument is passed to the function, where
it is assigned to a new variable. For instance, Listing 7-2 has this function:

double volume = cube(side);

Here side is a variable that, in the sample run, had the value 5. The function heading for

cubeC ), recall, was this:

double cubeCdouble x)

When this function is called, it creates a new type do ub l e variable called xand assigns

the value 5 to it. This insulates data in mai n( ) from actions that take place in cubeC ),

for cubeC ) works with a copy of side instead of with the original data. You’ll see an

example of this protection soon. A variable that’s used to receive passed values is called

a formal argument or parameter. The value passed to the function is called the actual

argument. Thus argument passing assigns the actual argument to the formal argument.

See Figure 7-2.

Variables, including formal parameters, declared within a function are private to

the function. When a function is called, the computer allocates the memory needed for

these variables. When the function terminates, the computer frees the memory that was

used for those variables. (Some C++ literature refers to this allocation and freeing of

memory as creating and destroying variables. That does make it sound much more
exciting.) Such variables are called local variables because they are localized to the func-

tion. As we mentioned, this helps preserve data integrity. It also means that if you de-

clare a variable called x in ma i n ( ) and another variable called x in some other function,

that these are two distinct, unrelated variables much as the Albany in California is dis-

tinct from the Albany in New York. See Figure 7-3.
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Functions can have more than one argument. In the function call, just separate the

arguments with commas:

n_c ha r s C
1

R 1

, 25);

This passes two arguments to the function n_char(), soon to be defined.

Similarly, when you define the function, you use a comma-separated list of decla-

rations in the function heading:

void n_chars(char c, int n) // two arguments

This function heading states that the function n_cha r ( ) takes one type char argument

and one type int argument. The variables cand n are assigned the values passed to the

function. If a function takes two arguments of the same type, you have to give the type

of each argument separately. You can’t combine declarations the way you can when
declaring regular variables:

void fifiCfloat a, float b) // declare each variable separately
void fifiCfloat a, b) // NOT acceptable

As with other functions, just add a semicolon to get a prototype:

void n_chars(char c, int n); // prototype, style 1

double cubeCdouble x);

original

value

assigns it side

double side = 5; wwEg"" the value 5

double volume = cube(side); hb^> passes the value 5

• to the cubeC ) function

int main(void) creates variable

called side and

>

double cubeCdouble x)

return x * x * x;

>

creates variable

called * and

assigns it the

passed value of 5

5

copied

value

Figure 7-2 Passing by value
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You don t have to use the same variable names in the prototype. Also, you can omit the

variable names in the prototype:

void n_char sCchar, int); // prototype, style 2

void cheersCint n);

int main(void)

int n = 20;

int i = 1000;

int y = 10;

• •

cheers(y);

>

void cheersCint n)

{
|

for (int i = 0; i < n; i++)

cout « "Cheers! ";

cout « "\n";

>

Each function has its

own variables with

their own values.

20 1000 10 10 0

n i y n i

Variables in mainO Variables in cheers ()

Figure 7-3 Local variables
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However, providing variable names can make the prototype more understandable, par-

ticularly if two parameters are the same type. Then the names can remind you which

argument is which:

double me l on_den s i t y ( doub l e weight, double volume);

Listing 7-3 shows an example of a function with two arguments. It also illustrates

how changing the value of a formal argument in a function has no effect on the data in

the calling program.

LISTING 7-3 twoarg.cpp

// twoarg.cpp — a function with 2 arguments
//include <iostream.h>
void n_cha rs ( cha r , int);
i nt ma i n ( voi d

)

int times;
char c h

;

cout << “Enter a character: “;

c i n >> ch

;

while (ch != 'q') // q to quit

cout << “Enter an integer: “;

c i n >> times;
n_chars(ch, times); // function with two arguments
cout << “\nEnter another character or press the"

“ q-key to quit: “;

cin >> ch;

>

cout << “The value of times is “ << times << “.\n";
cout << “Bye\n“;
return 0;

void n_chars(char c, int n)

while ( n— > 0

)

cout << c;

// displays c n times

// continue until n reaches 0

Here is a sample run:
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Enter a character : W

Enter an integer: 50

WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
Enter another character or press the q-key to quit: a

Enter an integer: 20
aaaaaaaaaaaaaaaaaaaa
Enter another character or press the q-key to quit: q
The value of times is 20.

Bye

PROGRAM NOTES

The ma i n ( ) function uses a wh i l e loop to keep loops fresh in your mind. Note that it

uses c i n >> c h to read a character instead ofcin.get(ch)orcin = cin.get(). There’s

a good reason for doing so. The c i n
. g e t (

) pair of functions, you recall, read all input

characters, including spaces and newlines, while cin skips spaces and newlines. When
you respond to the program prompt, you have to press Return at the end of each line,

thus generating a newline character. The cin >> ch approach conveniently skips over

these newlines, but the c i n . g e t ( ) siblings would read the newline following each num-
ber entered as the next character to display. You can program around this nuisance, but

it’s simpler to use c i n as we did.

The n_char( ) function takes two arguments: a character rand an integer n. It

then uses a loop to display the character the number of times specified by the integer:

while (n-- > 0) // continue until n reaches 0

cout << c;

Notice that the program keeps count by decrementing the n variable, where n is the

formal parameter from the argument list. This variable was assigned the value of the

times variable in ma i n ( ). The wh i l e loop then decreases n to zero, but, as the sample run

demonstrates, changing the value of n has no effect on times.

Let’s create a more ambitious function, one that performs a nontrivial calculation. Also,

the function will illustrate using local variables other than the function’s formal argu-

ments.

Many states in the United States now sponsor a lottery with some form of Lotto

game. Lotto lets you pick a certain number of choices from a card. For instance, you

might get to pick six numbers from a card having forty-nine numbers. Then the Lotto

managers pick six numbers at random. Ifyour choice exactly matches theirs, you win a
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few million dollars or so. Our function will calculate the probability that you have a

winning pick. (Yes, a function that successfully predicts the winning picks themselves

would be more useful, but C++, although powerful, has yet to implement psychic facili-

ties.)

First, we need a formula. Suppose you have to pick six values out of forty-nine.

Then mathematics says you have one chance in R of winning, where R is given by the

following formula:

49 x 48 x 47 x 46 x 45 x 44
R =

6x5x4x3x2xl

For six choices the denominator is the product ofthe first six integers, or 6 factorial. The
numerator also is the product of six consecutive numbers, this time starting with 49 and

going down. More generally, if you pick picks values out of numbers numbers, the de-

nominator is picks factorial and the numerator is the product ofpicks integers starting

with the value numbers and working down. You can use afor loop to make that calcu-

lation:

Long double result = 1.0;
for (n = numbers, p = picks; p > 0; n--, p--)

result = result * n / p ;

Rather than multiplying all the numerator terms first, the loop begins by multi-

plying 1.0 by the first numerator term, then dividing by the first denominator term.

Then, in the next cycle, the loop multiplies and divides by the second numerator and
denominator terms. This keeps the running product smaller than if you did all the

multiplication first. For instance, compare

(10*9)/ (2*1)

with the following:

(10 / 2) * (9 / 1 )

The first evaluates to 90 / 2, then to 45, while the second evaluates to 5 * 9, then

to 45. Both give the same answer, but the first method produces a larger intermediate

value (90) than does the second. The more factors you have, the bigger the difference

gets. For large numbers, this strategy can keep the calculation from overflowing the

maximum possible floating-point value.

Listing 7-4 incorporates this formula into an oddsO function. Because the

number of picks and the total number of choices should be positive values, the program
uses the unsigned int type (unsigned, for short) for those quantities. Multiplying

several integers together can produce pretty large results, so lotto, cpp uses the long
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double type for the function’s return value. Also, terms such as 49 / 6 produce a trun-

cation error for integer types.

COMPATIBILITY MOTE:

Some C++ implementations don’t support type longdouble.Ifyour imple-

mentation falls into that category, try ordinary double instead.

LISTING 7-4 lotto. cpp
// lotto. cpp -- odds against winning
//include <iostream.h>
// Note: some implementations require double instead of long double
long double odds ( uns i gned numbers, unsigned picks);
int main(void)

double total, choices;
cout << “Enter total number of game card choices and\n“

“number of picks allowed:\n";
while ((cin >> total >> choices) && choices <= total)
{

cout << “You have one chance in “;

cout << oddsCtotal, choices); // compute the odds
cout << “ of winning. \n“;

cout << “Next two numbers (q to quit): “;

>

cout << “bye\n“;
return 0;

// the following function calculates the odds of picking picks
// numbers correctly from numbers choices
long double odds ( uns i gned numbers, unsigned picks)

long double result = 1.0; // here come some local variables
long double n;

unsigned p;

for (n = numbers, p = picks; p > 0; n--, p--)

result = result * n / p ;

return result;
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Here’s a sample run. Notice that increasing the number of choices on the game
card greatly increases the odds against winning.

Enter total number of game card choices and
number of picks allowed:
49 6

You have one chance in 13983816 of winning.
Next two numbers (q to quit): 53 6

You have one chance in 2.295748e + 0 7 of winning.
Next two numbers (q to quit): 38 6

You have one chance in 2760681 of winning.
Next two numbers (q to quit): q
bye

PROGRAM NOTES

The odds ( ) function illustrates two kinds of local variables you can have in a function.

First, there are the formal parameters (numbers and picks), which are declared in the

function heading before the opening brace. Then come the other local variables ( result,

.
n , and p). They are declared in between the braces bounding the function definition.

The main difference between the formal parameters and the other local variables is that

the formal parameters get their values from the function that calls oddsf), while the other

variables get values from within the function.

FUNCTIONS flND RRRfiYS

So far the example functions have been simple, using only the basic types for arguments
and return values. But junctions can be the key to handling more involved types, such as

arrays and structures. Let s take a look now at how arrays and functions get along with
each other.

Suppose you’ve been using an array to keep track of how many cookies each per-

son has eaten at the family picnic. (Each array index corresponds to a person, and the

value of the element corresponds to the number of cookies that person ate.) Now you
want thetotal. That’s easy to do; just use a loop to add all the array elements. But adding
array elements is such a common task that it makes sense to design a function to do the

job. Then you won’t have to write a new loop every time you have to sum an array.

Let’s consider what the function interface involves. Since the function calculates a

sum, it should return the answer. If we keep our cookies intact, we can use a function
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with a type i n t return value. So that the function knows what array to sum, we’ll want

to pass the array name as an argument. And to make the function general so that it is not

restricted to an array of a particular size, we’ll pass the size of the array. The only new

ingredient here is that we have to declare that one of the formal arguments is an array

name. Let’s see what that and the rest of the function heading look like:

int sum_arr(int arrCU, int n) // arr = array name, n = size

This looks plausible. The brackets seem to indicate that arr is an array, and the fact the

brackets are empty seems to indicate we can use the function with an array of any size.

But things are not always what they seem: arr is not really an array; it’s a pointer! The

good news is that we can write the rest of the function just as if arr were an array. ;First,

we’ll see that this approach works, then we’ll look into why it works.

Listing 7-5 illustrates using a pointer as if it were an array name. The program

initializes the array to some values and uses the sum_arr( ) function to calculate the

sum. You’ll note that the sum_a rr() function uses arr as if it were an array name.

LISTING 7 5 arrftinl.cpp

// arrfunl.cpp — functions with an array argument

^include <iostream.h>
const int Size = 8;

int sum_arr(int arrCU, int n); // prototype
int main(void)
{

int cookiesCSizeU = {1,2,4,8,16,32,64,128};
// some systems require preceding int with static to

// enable array initialization

int sum = su m_a rr(cookies. Size);

cout << "Total cookies eaten: " << sum << "\n”;

return 0;

}

// return the sum of an integer array

int sum_arr(int arrC], int n)

{

int total = 0;

for (int i =0; i <n; i++)

total = total + arrCiU;

return total;

}
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Here is the program output:

Total cookies eaten: 255

As you can see, the program works. Now let’s look at why it works.

The key is that C++, like C, in most contexts treats the name of an array as if it were a

pointer. Recall from Chapter 4 that C++ interprets an array name as the address of its

first element:

cookies == &cookiesC0D // array name is address of first element

(There are two exceptions to this rule. First, the array declaration uses the array name to

label the storage. Second, applying s i zeof to an array name yields the size of the whole

array, in bytes.)

Listing 7-5 makes the following function call:

int sum = sum_arr(cookies. Size);

Here cookies is the name ofan array, hence, by C++ rules, the address of its first element.

So the function passes an address. Because the array has type int elements, cookies must

be type pointer-to- i nt, or i nt*. That suggests that the correct function heading should

be this:

int sum_arr(int *arr, int n) // arr = array name, n = size

Here we’ve replaced int arr CD with int*arr. It turns out that both headings are cor-

rect, for in C++ the notations int *arr and int a r r CD have the identical meaning when
used in a function heading or function prototype. Both mean that arr is a pointer-to-

i n t . However, the array notation version ( i n t a r r C D ) symbolically reminds us that arr

not only points to an i nt, it points to the first i nt in an array of i nts. So we’ll use the

array notation when the pointer is to the first element of an array, and we’ll use the

pointer notation when the pointer is to an isolated value. Incidentally, the notations

int *arr and int arr CD are ^synonymous in any other context. For instance, you

can’t use the notation int t i pC D to declare a pointer in the body of a function.

Given that the variable arr is really a pointer, the rest of the function makes sense.

As you may recall from the discussion of dynamic arrays in Chapter 4, you can use the

bracket array notation equally well with array names or with pointers to access elements

ofan array. So whether arr is a pointer or an array name, the expression arr[3]means the

fourth element of the array. And it probably will do you no harm at this point to remind

you of the following two identities:
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arrCiH == *(ar + i) // values in two notations
&arrCi!] == ar + i // addresses in two notations

Remember, adding 1 to a pointer, including an array name, actually adds a value equal

to the size, in bytes, of the type the pointer points to. So pointer addition and array

subscripting are two equivalent ways of counting elements from the beginning of an

array.

LICHTIQHS OF USING HRRHYS HS HRGUMENTS

Let’s look at the implications of Listing 7-5. The function call sum_a r r ( cooki es.

Size) passes the address of the first element of the cookies array and the number of

elements of the array to the sum_a rr() function. The sum_a r r ( ) function assigns the

cookies address to the pointer variable arr and assigns Size to the int variable n. This

means Listing 7-5 doesn’t really pass the array contents to the function. Instead, it tells

the function where the array is (the^address), what kind of elements it has (the type), and

how many elements it has (the ^variable). See Figure 7-4. Armed with this information,

the function then uses the original array. Pass an ordinary variable, and the function

works with a copy. But pass an array, and the function works with the original. Actually,

this difference doesn’t violate C++’s pass-by-value approach. The sum_arr ( ) function

still passes a value that’s assigned to a new variable. But that value is a single address, not

the contents of an array.

Is the correspondence between array names and pointers a good thing? Indeed, it

is. The design decision to use array addresses as arguments saves the time and memory
needed to copy an entire array. The overhead for using copies can be prohibitive if

tells the address of the array tells how many
elements to process

tells the type of array

( , | |

int sum_arr(int arrCD, int n)
i i

• •

same as arr
,
means arr is a pointer

Figure 7-4 Telling afunction about an array
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you’re working with large arrays. Not only would a program need more computer
memory, but it would have to spend time copying large blocks of data. On the other

hand, working with the original data raises the possibility of inadvertent data corrup-

tion. That s a real problem in classic C, but ANSI C and C++’s const modifier provides

a remedy. We’ll show an example soon. But first, let’s alter Listing; 7-5 to illustrate some
points about how array functions operate. Listing 7-6 demonstrates that cookies and arr

have the same value. It also shows how the pointer concept makes the sum_a r r function

more versatile than it may have appeared at first.

LISTING 7-6 arrfun2.cpp

// arrfun2.cpp — functions with an array argument
^include <iostream.h>
const int Size = 8;

int sum_arr(int arrCD, int n);
int ma i n ( voi d

)

{

int cooki esCSi zeD = {1,2,4,8,16,32,64,128};
// some systems require preceding int with static to
// enable array initialization

cout << cookies << " = array address,
// some systems require a type cast: unsigned (cookies)

cout << sizeof cookies << “ = sizeof cookies\n";
int sum = su m_a rrCcookies, Size);
cout << “Total cookies eaten: " << sum << “\n";
sum = sum_a r r ( cooki es, 3); // a lie
cout << “First three eaters ate “ << sum << “ cookies. \n“;
sum = sum_a rrCcookies + 4, 4); // another lie
cout << “Last four eaters ate “ << sum << “ cookies. \n“;
return 0;

>

// return the sum of an integer array
int sum_arr(int arrC3, int n)

{

int total = 0 ;

cout << arr << “ = arr, “;

// some systems require a type cast: unsigned (arr)

cout << sizeof arr << “ = sizeof arr\n";
for (int i =0; i <n; i++)

total = total + a r r C i ;

return total;
>
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Here’s the output:

0x8f8cffe6 = array address, 16 = sizeof cookies
0x8f8cffe6 = arr, 2 = sizeof arr
Total cookies eaten: 255
0x8f8cffe6 = arr, 2 = sizeof arr
First three eaters ate 7 cookies.
0x8f8cffee = arr, 2 = sizeof arr
Last four eaters ate 240 cookies.

PROGRAM NOTES

This example illustrates some very interesting points about array functions. First, note

that cookies and arr both evaluate to the same address, exactly as claimed. But sizeof

cooki es is 16, while sizeof arr is only 2. That’s because sizeof cookies is the size of

the whole array, while sizeof arr is the size of the pointer variable. (Our system, re-

member, uses two-byte addresses.) By the way, that’s why we have to pass the size of the

array explicitly instead of using sizeof arr in sum_arr().

Because the only way sum_arr( ) knows the number of elements in the array is

through what we tell it with the second argument, we can lie to the function. For in-

stance, the second time we use the function, we make this call:

sum = s u m_a rr(cookies, 3);

By telling the function that cookies has but three elements, we get the function to cal-

culate the sum of the first three elements.

Why stop there? We also can lie about where the array starts:

sum = s u m_a rrCcookies + 4, 4);

Because cookies acts as the address of the first element, cookies + 4 acts as the address of

the fifth element. So this statement sums the fifth, sixth, seventh, and eighth elements of

the array. Note in the output how the third call to the function assigns a different

address to arr than the first two calls did. And yes, you could use &cookies[4] instead of

cookies + 4 as the argument; both mean the same thing.
*»: MiJ-'* ' ' , ...... ..

. r..--

When you choose to use an array to represent data, you’ve made a design decision. But

design decisions should go beyond how data is stored; they should also involve how the

data is used. Often, you’ll find it profitable to write specific functions to handle specific

data operations. (The profits here are increased program reliability, ease of modifica-
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tion, and ease of debugging.) Also, when you start integrating storage properties with

operations in your thinking about a program, you’ll be taking an important step to-

wards the OOP mind-set; that, too, may prove profitable in the future.

Let’s examine a simple case. Suppose you want to use an array to keep track of the

dollar values of your real estate. (If necessary, suppose you have real estate.) You’ll have

to decide on what type to use. Certainly, doub Le is less restrictive in its range than i nt

or long, and it provides enough significant digits to represent the values precisely. Next,

you have to decide on the number of array elements. (With dynamic arrays created with

new, you can put off that decision, but we’ll keep things simple.) Let’s say that you have

no more than five properties, so you can use an array of five doubles.

Now consider the possible operations you might want to execute with the real

estate array. Two very basic ones are reading values into the array and displaying the

array contents. Let’s add one more operation to the list: reassessing the value of the

properties. For simplicity, assume that all your properties increase or decrease in value at

the same rate. (Remember, this is a book on C++, not on real estate management.)

Next, think about what each function should do, then write the code accordingly. We’ll

go through these steps next.

FILLING THE RRRflY

Because a function with an array name argument accesses the original array, not a copy,

you can use a function call to assign values to array elements. So one argument to the

function will be the name of the array to be filled. In general, a program might manage
more than one person’s investments, hence more than one array, so you won’t want to

build the array size into the function. Instead, pass the array size as a second argument,

as in the previous example. Also, it’s possible that you may wish to quit reading data

before filling the array, so you’ll want to build that feature into the function. Because

you may enter fewer than the maximum number of elements, it makes sense to have the

function return the actual number of values entered. These considerations suggest the

following function prototype:

int f i l l_a r r ay ( doub l e arCH, int limit);

I he function takes an array name argument and an argument specifying the maximum
number of items to be read, and the function returns the actual number of items read.

For instance, ifyou use this function with an array of five elements, you would pass 5 as

the second argument. And ifyou entered only three values, the function would return 3.

You can use a loop to read successive values into the array, but how can you
terminate the loop early? One way is use a special value to indicate the end of input.

Since no property should have a negative value, you can use a negative number to indi-

cate the end of input. Given this, you can code the function as follows:
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int f i L L_a r ray ( doub L e arCH, int Limit)
{

double temp;
for (int i = 0; i < Limit; i + +

)

{

cout << "Enter value #" << i + 1 << ";

cin >> temp;
if (temp < 0) // signal to terminate

break;
a r C i 3 = temp;

>

return i;

>

Note that the code includes a prompt to the user in the program. If the user enters

a nonnegative value, the value is assigned to the array. Otherwise the loop terminates. If

the user enters only valid values, the loop terminates after reading limit values. The last

thing the loop does is increment /, so after the loop terminates, i is 1 greater than the last

array index, hence it’s equal to the number of filled elements. The function then returns

that value.

Showing the Array hno Protecting |t with const

Building a function to display the array contents is simple. You pass the name of the

array and the number of filled elements to the function, which then uses a loop to

display each element. But there is another consideration—guaranteeing that the display

function doesn’t alter the original array. Unless the purpose of a function is to alter data,

you should safeguard it from doing so. That protection comes automatically with ordi-

nary arguments, since C++ passes them by value and the function works with a copy.

But functions that use an array work with the original. After all, that’s why the

f i l l_a r r a y ( ) function is able to do its job. To protect an array from being altered, you

can use the keyword const (discussed in Chapter 3) when declaring the formal argu-

ment:

void show_a r ray ( cons t double arCD, int n);

The declaration states that the pointer ar points to constant data. This means that you

can’t use ar to change the data. That is, you can use a value such as ar[0], but you can’t

change that value. Note that this doesn’t mean that the original array need be constant;

it just means that you can’t use ar in the show_array( ) function to change the data.

Suppose you accidentally violate this restriction by doing something like the following

in the show_array() function:

a r [ 0 3 += 10;
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Then the compiler will put a stop to your wrongful ways. Turbo C++, for an example,

will give an error message like this (edited slightly):

Cannot modify a const object in function
show_a r ray ( const double *,int)

The message reminds us that C++ interprets the declaration const double ar[] to

mean const double *ar. Thus the declaration really says that ar points to a constant

value. We 11 discuss this in detail when we finish with the current example. Meanwhile,
here is the code for the shoiv_array() function:

void show_a rray( const double arC], int n)
{

for (int i =0; i <n; i++)

cout << "Property U" « i + 1 << "
: $";

cout << arCi 1 « "\n";
>

>

Modifying the Horny

The third operation for our array is multiplying each element by the same revaluation

factor. You need to pass three arguments to the function: the factor, the array, and the

number of elements. No return value is needed, so the function can look like this:

void r ea s s e s s ( doub l e r, double arCD, int n)

for (int i =0; i < n; i++)
arCiD *= r;

>

Because this function is supposed to alter the array values, you don’t use const to declare clv.

Putting the Pieces together

Now that we’ve defined the data type in terms ofhow it’s stored (an array) and how it’s

used (three functions), we can put together a program using the design. Because we’ve
already built all the array-handling tools, we’ve greatly simplified programming m a i n ( )

.

Most of the remaining programming work consists of having ma i n () call the functions
we ve just developed. Listing 7-7 shows the result.
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LISTING 7-7 arrfunlcpp
// arrfun3.cpp — array functions and const
^include <iostream.h>
const int Max = 5 ;

// function prototypes
int f i L L_a r ray ( doub l e arC3, int Limit);
void s h o w_a rrayCconst doubLe arCD, int n); // don't change data
void reassessCdouble r, doubLe arCD, int n);

int ma i n ( voi d

)

doubLe propertiesLMaxU;

int size = f i L L__ar ray (proper ti es. Max);
s h o w_a rray(properties, size);
cout << "Enter reassessment rate: ";

doubLe rate;

c i n >> rate;

reassess(rate, properties, size);
s h o w_a rrayCproperties, size);
return 0;

>

int f i L L_a r ray ( doub L e arCU, int Limit)

doubLe temp;
for (int i = 0; i < Limit; i++)

cout << "Enter vaLue U” « i + 1 << ": ";

c i n >> temp;

i f ( temp < 0

)

break;
a r C i = temp;

>

return i;

>

// the foLLowing function can use, but not aLter,
// the array whose address is ar

void show_array( const doubLe arC], int n)

for (int i =0; i <n; i++)

cout << "Property #" << i + 1 << "
: $";

cout << arCiD << "\n";
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>

>

// multiplies each element of art: by r

void reassess ( doub l e r, double arCII, int n)

for (int i =0; i < n; i++)

Here are two sample runs. Recall that input should quit when the user enters five
properties or enters a negative number, whichever comes first. The first example illus-

trates reaching the five-property limit, and the second example illustrates entering a
negative value.

Enter value #1: 100000
Enter value #2: 80000
Enter value #3: 222000
Enter value #4: 240000
Enter value #5: 118000
Property #1: $100000
Property #2 : $80000
Property #3: $222000
Property #4: $240000
Property #5: $118000
Enter reassessment rate: 1.10
Property #1 : $110000
Property #2: $88000
Property #3: $244200
Property #4: $264000
Property U 5 : $129800

Enter va lue ft 1 : 200000
Enter value #2: 84000
Enter value #3 : 1 60000
Enter va lue #4 : -2

Property #1 : $200000
Proper ty #2 : $84000
Property #3 : $160000
Enter reassessment rate: 1.20
Property #1 : $240000
Property #2: $100800
Property #3: $192000
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PROGRAM NOTES

We’ve already discussed the important programming details, so let’s reflect on the pro-

cess. We began by thinking about the data type and designed appropriate functions to

handle the data. Then we assembled these functions into a program. This sometimes is

called bottom-up programming because the design process moves from the component

parts to the whole. This approach is well suited to OOP, which concentrates on data

representation and manipulation first. Traditional procedural programming, on the

other hand, has leaned towards top-down programming, in which you develop a modu-
lar grand design first, then turn your attention towards the details.

fERS AND CONST

Using const with pointers has some subtle aspects (pointers always seem to have subtle

aspects), so let’s take a closer look. You can use the const keyword two different ways

with pointers. The first way is to make a pointer point to a constant object, and that

prevents you from using the pointer to change the pointed-to value. The second way is

to make the pointer itself constant, and that prevents you from changing where the

pointer points. Now for the details.

First, let’s declare a pointer pt that points to a constant:

int age = 39;
const int * pt = Sage;

This declaration states that pt points to a const int {39, in this case). Therefore you

can’t use pt to change that value. In other words, the value *pt is const and cannot be

modified:

*pt += 1; // INVALID because pt points to a const int

cin >> *pt; // INVALID for the same reason

Now for a subtle point. Our declaration for pt doesn’t necessarily mean that the

value it points to is really a constant; it just means the value is a constant insofar as pt is

concerned. For instance, pt points to age, and age is not const. So you can change the

value of age directly by using the age variable, but you can’t change the value indirectly

via the pt pointer:

*pt = 2 0; // INVALID because pt points to a const int

age = 20; // VALID because age is not declared to be const

In the past, we’ve assigned the address of a regular variable to a regular pointer.

Now we just assigned the address of a regular variable to a pointer-to-cons t. That leaves

two other possibilities: assigning the address of a const variable to a pointer-to-const
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and assigning the address ofaconst toa regular pointer. Are they both possible? The
first is, and the second isn’t:

const float g_earth = 9.80;
const float * pe = &g_earth; // VALID

const float g__moon = 1.63;
float * pm = &g_moon; // INVALID

For the first case, you can use neither g_earth nor pe to change the value 9.80. C++
doesn’t allow the second case for a simple reason—if you could assign the address of
g_moon to pm, then you could cheat and use pm to alter the value of g_moon. That
would make a mockery of g_mooris const status, so C++ prohibits assigning the ad-

dress ofaconst to a non- const pointer.

Now another subtle point: the declaration

int age = 39;
const int * pt = Sage;

only prevents you from changing the value pt points to, which is 39. It doesn’t prevent
you from changing the value ofpt itself. That is, you can assign a new address to pt\

int sage = 80;
pt = Ssage; // okay to point to another location

But you still can’t use ptto change the value it points to (now 80).

The second way to use const makes it impossible to change the value of the

pointer itself:

int sloth = 3;

const int * ps = Ssloth; // a pointer to const int
int * const finger = Ssloth; // a const pointer to int

Note that the last declaration has repositioned the keyword const. This form of decla-

ration constrains finger to point only to sloth. However, it does allow you to use finger to

alter the value of sloth. The middle declaration does not allow you to use ps to alter the
value of sloth, but it does permit you to have ps point to another location. In short, finger
and *ps are both const, and finger 2nd ps are not const. See Figure 7-5.

If you like, you can declare a const pointer to a const object:

double trouble = 2.0E30;
const double * const stick = Strouble;

Here stick can point only to trouble
, and stick cannot be used to change the value of

trouble. In short, both stick and *stick are const.

Most often well be using the pointer-to- const form to protect data when we pass

pointers as function arguments. For example, recall the show_array( ) prototype from List-

ing 7-5:
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void show_array( const double arC], int n);

Using c o n s t in that declaration means that s h o w_a rrayO cannot alter the values in any

array passed to it.

Functions and Strings

A string, you’ll recall, consists of a series of characters terminated by the null character.

Much of what you’ve learned about designing array functions applies to string func-

tions, too. But there are a few special twists to strings that we’ll unravel now.

int gorp = 16;

int chips = 12;

const int * p_snack = Sgorp;

*p_snack = 20;

disallows changing value

to which p_snack points

p_snack = &chips;

H m

p_snack can point

to another variable

int gorp = 16;

int chips = 12;

int * const p_snack = &gorp;

*p_snack = 20;
m %

p_snack can be used

to change value

Figure 7-5 Pointers-to-const and c onst pointers

fH, X

P-Snack = & c h i p s

;

1 1 I #

disallows changing variable

to which p_s na c k points
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Suppose you wish to pass a string as an argument to a function. You have three

choices for representing a string:

i An array of c h a r

i A quoted string constant

i A pointer-to-c ha r set to the address of a string

All three choices, however, are type pointer-to-c ha r (more concisely, type c ha r*), so all

three can be used as arguments to string-processing functions:

char ghostC15] = "galloping";
char * str = "galumphing";
int nl = st r l en ( ghos t ) ; // ghost is SghostCO]
int n2 = strlen(str); // pointer to char
int n3 = strlenC "gambolling"); // address of string

Informally, we may say we’re passing a string as an argument, but we’re really passing

the address of the first character in the string. This implies that a string function pro-

totype should use type cha r* as the type for the formal parameter representing a string.

One important difference between a string and a regular array is that the string has

a built-in terminating character. (Recall that a cha r array containing characters but no

null character is just an array and not a string.) That means you don’t have to pass the

size of the string as an argument. Instead, the function can use a loop to examine each

character in the string in turn until the loop reaches the terminating null character.

Listing 7-8 illustrates that approach with a function that counts the number of times a

given character appears in a string.

// strgfun.cpp — functions with a string argument
//include <iostream.h>
int c_i n_st r ( const char * str, char ch);
int ma i n ( voi d

)

{

char mmmC15] = "minimum"; // string in an array
// some systems require preceding char with static to
// enable array initialization

char *wail = "ululate"; // wail points to string

i nt ms = c_i n_str(mmm, 'm');

int us = c_i n_s t r ( wa i l ,
' u');

cout << ms << " m characters in " << mmm << "\n";
cout << us << " u characters in " << wail << "\n";
return 0;

>
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// this function counts the number of ch characters
// in the string str

int c_i n_st r ( const char * str, char ch)
{

int count = 0;

while (*str ) // quit when *str is ' \ 0 *

if (*st r == ch

)

court t + + ;

str + + ; // move pointer to next char
>

return count

;

>

Here’s the output:

3 m characters in minimum
2 u characters in ululate

PROGRAM NOTES

Because the c_int_str( ) function shouldn’t alter the original string, it uses the const

modifier when declaring the formal parameter str. Then, ifyou mistakenly let the func-

tion alter part of the string, the compiler will catch your error. Of course, you can use

array notation instead for declaring str in the function heading:

int c_i n_s t r ( cons t char strCD, char ch) // also okay

However, using pointer notation reminds us that the argument doesn’t have to be the

name of an array but can be some other form of pointer.

The function itselfdemonstrates a standard way to process the characters in a string:

while ( * s t r

)

{

s ta temen t ( s

)

s t r + + ;

}

Initially, str points to the first character in the string, so *str represents the first

character itself. For instance, immediately after the first function call, *str has the value

‘m ’, the first character in minimum. As long as the character is not the null character

( \0 ), *str is nonzero, so the loop continues. At the end of each loop the expression
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s t r++ increments the pointer by one byte so it points to the next character in the string.

Eventually, str points to the terminating null character, making *str equal to 0, which
is the numeric code for the null character. That condition terminates the loop.

FUHCTIIHS TUT RETUIH STIIIES

Now suppose you want to write a function that returns a string. Well, a function can’t

do that. But it can return the address of a string, and that’s even better. Listing 7-9 for

instance, defines a function called bui ldstr( ) that returns a pointer. This function

takes two arguments: a character and a number. Using new, the function creates a string

whose length equals the number, and then it initializes each element to the character.

Then it returns a pointer to the new string.

LISTING 7-9 strgftack.cpp

// strgback.cpp — a function returning a pointer to char
#include <iostream.h>
char * bui IdstrCchar c, int n); // prototype
int main(void)

int times;
char c h ;

cout << “Enter a character:
cin >> ch;

cout << “Enter an integer: “;

cin >> times;
char *ps = buildstr(ch, times);
cout << ps << “\n“;
delete ps; // f re e memory
ps=buildstr('+ , ,20); // reuse pointer
cout << ps << “-DONE-" << ps << “\n";
return 0;

// builds string made of n c characters
char * bui IdstrCchar c, int n)

char * pstr = new charln + 1];
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// terminate stringpstrCn] = '\0';

while ( n-- > 0

)

pstrCnD = c; // fill rest of string

return pstr;

>

Here’s a sample run:

Enter a character: V

Enter an integer: 46

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
++++++++++++++++++++- DON E-++++++++++++++++++++

Program notes

To create a string of n visible characters, you need storage for n + 1 characters in order to

have space for the null character. So the function asks for n + 1 bytes to hold the string.

Next, it sets the final byte to the null character. Then it fills in the rest of the array from

back to front. The loop

while ( n-- > 0)

pstrCnD = c;

cycles n times as n decreases to zero, filling n elements. At the start of the final cycle, n

has the value 1. Because n~ means use the value, then decrement it, the while loop test

condition compares 1 to 0,
finds the test to be true, and continues. But after making the

test, the function decrements n to 0, so pstr[0] is the last element set to c. The reason for

filling the string from back to front instead of front to back is to avoid using an addi-

tional variable. Using the other order would involve something like this:

i n t i = 0 ;

while (i < n)

pstrCi++D = c;

Note that the variable pstr is local to the bui Ids t r function, so when that function

terminates, the memory used for pstr is freed. But because the function returns the value

ofpstr,
the program is able to access the new string through the ps pointer in ma i n ( ).

Just to keep in practice, we used de lete to free memory used for the string after

the string was no longer needed. We then reused ps to point to the new block ofmemory

obtained for the next string.
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Functions rnd Structures

Let’s move from arrays to structures. It’s easier to write functions for structures than for

arrays. Although structure variables resemble arrays in that both can hold several data

items, structure variables behave like basic, single-valued variables when it comes to

functions. You can pass structures by value, just as you do with ordinary variables. In

that case, the function works with a copy of the original structure. And a function can

return a structure. There’s no funny business like the name of an array being the address

of its first element. The name of a structure is simply the name of the structure, and if

you want its address, you have to use the & address operator.

The most direct way to program using structures is to treat them as you would
treat the basic types; that is, pass them as arguments and use them, if necessary, as return

values. However, there is one disadvantage to passing structures by value. If the struc-

ture is large, the space and effort involved in making a copy of a structure can increase

memory requirements and slow the system down. For those reasons (and because, at

first, C didn’t allow passing structures by value), many C programmers prefer passing

the address of a structure, then using a pointer to access the structure contents. C++
provides a third alternative, called passing by reference, that we’ll discuss in Chapter 8,

and we’ll examine the other two choices now, beginning with passing and returning

entire structures.

PUSHING RND RITURNING STRUCTURES

Passing structures by value makes the most sense when the structure is relatively com-
pact, so let’s develop a couple of examples along those lines. The first example deals

with travel time (not to be confused with time travel). Some maps will tell you that it is

3 hours, 30 minutes, from Thunder Falls to Bingo City and 1 hour, 23 minutes, from
Bingo City to Grotesquo. We can use a structure to represent such times, using one
member for the hour value and a second member for the minute value. Adding two
times is a little tricky because you may have to transfer some of the minutes to the hours

part. For instance, the two times above sum to 4 hours, 75 minutes, which should be

converted to 5 hours, 15 minutes. Let’s develop a structure to represent a time value,

then develop a function that takes two such structures as arguments and returns a struc-

ture representing their sum.

Defining the structure is simple:

st ruct t rave l_t i me

int hours;
i n t m i n s ;

>;
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Next, consider the prototype for a sum () function that returns the sum of two such

structures. The return value should be type trave l_t i me, and so should the two argu-

ments. Thus the prototype should look like this:

travel_time sum( t ra ve l_t i me tl, t ra ve l_t i me t2);

To add two times, first add the minute members. Integer division by 60 yields the

number of hours to carry over, and the modulus operator (%) yields the number of

minutes left. Listing 7-10 incorporates this approach into the sum() function and adds

a show_t i me ( ) function to display the contents of a travel_time structure.

LISTING 7-10 iravel.cpp

// travel. cpp — using structures with functions

#include <iostream.h>
struct travel_time

int hours;

int mins;

>;

const int Mins_per_hr = 60;

travel_time sum( t ra ve L_t i me tl, travel_time t2);

void show_t i me ( t rave L_t i me t);

int main(void)

travel_time dayl = T5, 45>; // 5 hrs, 45 min

travel_time day2 = T4, 55>; // 4 hrs, 55 min

// Some implementations require using static travel_time

// to allow structure initialization

travel_time trip = sumCdayl, day2);

cout << "Two-day total: ";

show_t ime(trip);

travel_time day 3 = -C4, 32 >;

cout << "Three-day total: ";

show_t i me ( sum ( t r i p, day3));

return 0;

>

travel_time sum ( t r a ve l_t i me tl, travel_time t2)

i
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travel_time total;

>

total. mins = (tl.mins + 1 2. mi ns) % Mi ns_pe r_h r ;

total. hours = tl. hours + t2. hours +

(tl.mins + 1 2 . mi ns

)

return total;
/ Mins_per_hr;

void s how_t i me ( t r a ve l_t i me t)

>

cout << t. hours << " hours, "

<< t.mins << " minutes\n";

Here travel time acts just like a standard typename; you can use it to declare vari-

ables, function return types, and function argument types. Because variables like total

and tl are traveljime structures, you can apply the dot membership operator to them.

Note that because the sum() function returns a travel_time structure, it can be used as

an argument for the show_time( ) function. Because C++ functions, by default, pass

arguments by value, the show_time(sum(trip, day3)) function call first evaluates the

sum (trip, day3) function call in order to find its return value. The show_t i me ( ) call

then passes sumO’s return value, not the function itself, to show_time( ). Here’s the

program output:

Two-day total: 10 hours, 40 minutes
Three-day total: 15 hours, 12 minutes

HNOTHEI EXIHPLE

Much of what you learn about functions and C++ structures will carry over to C++
classes, so it’s worth looking at a second example. This time we’ll deal with space instead

of time. (For simplicity, we’ll ignore Einstein’s unification of time and space into a

space-time continuum in which what is space and what is time depends on the ob-

server.) In particular, we’ll define two structures representing two different ways of de-

scribing positions, then develop functions to convert one form to the other and to show
the result. This example is a bit more mathematical than the last (and less so than a full

relativistic treatment), but you don’t have to follow the mathematics to follow the C++.

Suppose you want to describe the position of a point on the screen or a location on

a map relative to some origin. One way is to state the horizontal offset and the vertical

offset of the point from the origin. Traditionally, mathematicians use the symbol xto
represent the horizontal offset and y to represent the vertical offset. See Figure 7-6.
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Together, x and y constitute rectangular coordinates. We can define a structure consist-

ing of two coordinates to represent a position:

struct rect

{

double x; // horizontal distance from origin
double y; // vertical distance from origin

>;

A second way to describe the position of a point is to state how far it is from the

origin and in what direction it is (for example, 40 degrees north of east). Traditionally,

y-axis

Rectangular coordinates of Micromips relative to Byteville

Figure 7-6 Rectangular coordinates
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mathematicians measure the angle counterclockwise from the positive horizontal axis.

See Figure 7-7. The distance and angle together constitute polar coordinates. We can

define a second structure to represent this view of position:

struct polar
{

double distance; // distance from origin
double angle; // direction from origin

>;

Let’s construct a function that displays the contents of a type polar structure. The
math functions in the C++ library assume angles are in radians, so we’ll measure angles in

that unit. But for display purposes, we’ll convert radian measure to degrees. That means
multiplying by 180/71, which is approximately 57.29577951. Here’s the function:

// show polar coordinates, converting angle to degrees
void show_po lar (polar dapos)

const double Rad_to_deg = 57.29577951;

cout << “distance = " << dapos. distance;
cout << ", angle = “ << dapos. angle * Rad_to_deg;
cout << " degrees\n";

>

Notice that the formal variable is type polar. When you pass a polar structure to this

function, the structure contents are copied into the dapos structure, and the function

then uses that copy in its work. Because dapos is a structure, we use the membership
(dot) operator (see Chapter 4) to identify structure members.

Next, let’s try something more ambitious and write a function that converts rec-

tangular coordinates to polar coordinates. We’ll write the function so that we pass a rect

structure to the function and have the function return a polar structure to the calling

program. This involves using functions from the math library, so the program will have

to include the ma t h . h header file. Also, on some systems you’ll have to tell the compiler

to load the math library (see Chapter 1). We can use the Pythagorean theorem to get

the distance from the horizontal and vertical components:

distance = sqrt( x X x +yXy)

The atan2( ) function from the math library calculates the angle from the vand y val-

ues:

angle = atan2 (y, x)

(There’s also an a tan ( ) function, but it doesn’t distinguish between angles 180 degrees

apart. That uncertainty is no more desirable in a math function than it is in a wilderness

guide.)
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Given these formulas, we can write the function as follows:

// convert rectangular to polar coordinates
polar rect_to_polar(rect xypos) // type polar
{

polar answer;

answer. distance =

sqrt( xypos. x * xypos. x + xypos. y * xypos. y);
answer. angle = a tan2 ( xypos

. y , xypos. x);
return answer; // returns a polar structure

>

The main new point to notice is that in order to return a type polar structure, you have

to declare the function to be type polar.

Now that we have the functions ready, we can write the rest of the program.

Listing 7-11 presents the result.

x-axis

Figure 7-7 Polar coordinates
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LISTING 7-11 strctf un.cpp

// strctfun.cpp -- functions with a structure argument
#include <iostream.h>
#i nc Lude <math . h>

// structure templates
struct polar
{

double di stance;
doub l e angle;

>;

st ruct rect

double x;

double y ;

>;

// distance from origin
// direction from origin

// horizontal distance from origin
// vertical distance from origin

// prototypes
polar rect_to_polar ( rect xypos);
void s how_po l a r ( po l a r dapos);

int main(void)

rect rplace;
polar pplace;

cout << "Enter the x and y values: ";

while (cin >> rplace. x >> rplace. y) // slick use of cin

pplace = r ec t_t o_po l a r ( r p l a ce ) ;

show_po lar(pplace);
cout << "Next two numbers (q to quit): ";

>

return 0;

>

// convert rectangular to polar coordinates
polar rec t_t o_po l a r ( rec t xypos)

polar answer;

answer . di stance =

sqrt( xypos. x * xypos. x + xypos. y * xypos. y);
answer. angle = a tan2 ( xypos . y, xypos. x);
return answer; // returns a polar structure

>
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// show polar coordinates, converting angle to degrees
void show_polar (polar dapos)

const double Rad_to_deg = 57.29577951;

cout << "distance = " << dapos . di stance;
cout << ", angle = " << dapos. angle * Rad_to_deg;
cout << " degrees\n";

>

Here is a sample run:

Enter the x and y values: 30 40

distance = 50, angle = 53.130102 degrees
Next two numbers (q to quit): -100 100

distance = 141.421356, angle = 135 degrees
Next two numbers (q to quit): q

PROGRAM NOTES (INCLUDING A SLICK FEATURE]

We’ve already discussed the two functions, but the program has one more slick feature.

It uses c i n to control a w h i l e loop:

while (cin >> rplace.x >> rplace.y)

Recall that cin is an object of the istream class. The extraction operator (>>) is

designed in such a way that cin>> rplace.x also is an object of that type. As you’ll see

in Chapter 10, class operators are implemented with functions. What really happens

when you use cin>> rplace.x is that the program calls a function that returns a type

istream value. Apply the extraction operator to the cin >> rplace.x object (cin >>

rplace.x >> rplace.yj, and you again get an object of the istream class. Thus the

wh i l e loop test expression is an istream object, which normally is nonzero, hence true.

If, however, the input data does not match c i n’s expectations, the returned value is 0,
or

false. In this loop, for example, c i n expects the user to enter two numbers. If, instead,

you enter q,
as we did, cin >> recognizes that q is not a number. So it leaves the q in the

input queue and returns a lvalue, terminating the loop.

Compare this approach for reading numbers to the one in Listing 7-7:

for (int i = 0; i < limit; i++)

cout << "Enter value #" << i + 1 << "
: ";

cin >> temp;
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if (temp < 0)

break;
arCi] = temp;

>

To terminate that loop early, you enter a negative number. That restricts input to non-

negative values. That restriction fits the needs of that program, but more typically you
would want a means of terminating a loop that didn’t exclude certain numeric values.

Using cin >> as the test condition eliminates such restrictions, for it accepts all valid

numeric input. So keep this trick in mind when you need an input loop for numbers.

PASSING STRyCTURE ADDRESSES

Suppose you want to save time and space by passing the address of a structure instead of

passing the entire structure. This requires rewriting the functions so that they use point-

ers to structures. First, let’s see how to rewrite the show_po La r ( ) function. You need to

make three changes:

i When calling the function, pass it the address of the structure ( &pplace) in-

stead of the structure itself (pplace).

b Declare the formal parameter to be a pointer to polar, that is, type polar *

Because the function shouldn’t modify the structure, use the const modifier.

i Because the formal parameter is a pointer instead of a structure, use the in-

direct membership operator (->) instead of the membership operator (dot).

After the changes, the function looks like this:

// show polar coordinates, converting angle to degrees
void show_polar (const polar * pda)

const double Rad_to_deg = 57.29577951;

cout << "distance = " << pda->di stance;
cout << ", angle = " << pda->angle * Rad_to_deg;
cout << " degrees\n";

}

Next, let’s alter rec t_to_po la r. This is more complicated because the original

r e c t to po l a r function returns a structure. To take full advantage of pointer effi-

ciency, you should use a pointer instead of a return value. The way to do this is to pass

two pointers to the function. The first will point to the structure to be converted, and
the second will point to the structure that’s to hold the conversion. So instead of return-

ing a new structure, the function will modify an existing structure in the calling func-
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tion. Otherwise, apply the same principles used to convert show_polar() to pointer

arguments. Listing 7-12 shows the reworked program.

LISTING 7-12 strciptr.cpp

// strctptr.cpp — functions with pointer to structure arguments

#include <iostream.h>
#i nc Lude <math . h>

// structure templates
struct polar

double distance;
double angle;

>;

struct red
{

double x;

double y;

>;

// prototypes
void rec t_to_po l a r ( const rect * pxy, polar * pda);

void show_polar (const polar * pda);

int main(void)

rect rplace;

polar pplace;

cout << "Enter the x and y values: ";

while (cin >> rplace. x >> rplace. y)

{

r ec t_t o_po l a r ( & r p l a c e, Spplace); // pass addresses

show_polar (&pplace) ; // pass address

cout << "Next two numbers (q to quit): ";

>

return 0;

>

// convert rectangular to polar coordinates

void r e c t_t o_po l a r ( cons t rect * pxy, polar * pda)

pda->di stance =

sq r t ( pxy->x * pxy->x + pxy->y * pxy->y);

// distance from origin

// direction from origin

// horizontal distance from origin

// vertical distance from origin
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pda->angle = a tan2 ( pxy->y, pxy->x);
>

// show polar coordinates, converting angle to degrees
void show_polar (const polar * pda)

{

const double Rad_to_deg = 57.29577951;

cout << "distance = " << pda->di stance;
cout << ", angle = " << pda->angle * Rad_to_deg;
cout << " degrees\n";

>

From the user's standpoint, the program in Listings 7-12 behaves like that in

Listing 7-11. The hidden difference is that 7-11 works with copies of structures, while

7-12 uses pointers to the original structures.

Recursion

And now for something completely different. A C++ function has the interesting char-

acteristic that it can call itself. This ability is termed recursion. Recursion is an important

tool in certain types of programming, such as artificial intelligence, but we’ll just take a

superficial look (artificial shallowness) at how it works.

If a recursive function calls itself, then the newly called function calls itself, and so

on ad infinitum unless the code includes something to terminate the chain of calls. The
usual method is to make the recursive call part of an //"statement. For instance, a type

void recursive function called recursO could have a form like this:

void r e cur

s

( a rg umen t L i

s

t)

{

s ta tements

1

if (test)
recurs (.arguments')

st a tements2
>

With luck or foresight, ^eventually becomes false, and the chain of calls is broken.

Recursive calls produce an intriguing chain of events. As long as the //statement

remains true, each call to recursO executes statements 7, then invokes a new incarna-

tion of recurs ( ) without reaching statements2. When the i f statement becomes false,

the current call then proceeds to statements2. Then, when the current call terminates,
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program control returns to the previous version of recurs ( ) that called it. Then that

version of r e c u r s ( ) completes executing its statements2 section and terminates, return-

ing control to the prior call, and so on. Thus ifrecursC) undergoes five recursive calls,

first the statementsl section is executed five times in the order in which the functions

were called, then the statements

2

section is executed five times opposite the order in

which the functions were called. After going in five levels of recursion, the program then

has to back out through the same five levels. Listing 7-13 illustrates this behavior.

LISTING 7 13 recur.cpp

// recur.cpp -- use recursion
^include <iostream.h>
void countdownCint n);

int main(void)
{

countdown(4); // call the recursive function
return 0;

>

void countdownCint n)

cout << "Counting down ... " << n << "\n";
if (n > 0)

countdown(n-l); // function calls itself

cout << n << Kaboom!\n";
>

Here’s the output:

Counting down . .

.

4 *— level 1

Counting down . .

.

3 «— level 2

Count i ng down . . . 2 <— level 3

Count i ng down . . . 1 <— level 4

Count i ng down . . . 0 <— level 5

0: Kaboom! *— level 5

1 : Kaboom

!

«— level 4

2: Kaboom! — level 3

3: Kaboom! <— level 2

4: Kaboom! <— level 1

beginning to back out through the series of calls

Note that each recursive call creates its own set ofvariables, so by the time the program

reaches the fifth call, it has five separate variables called n, each with a different value.
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Summary
Functions are the C++ programming modules. To use a function, you need to provide

a definition and a prototype, and you have to use a function call. The function defini-

tion is the code that implements what the function does. The function prototype de-

scribes the function interface: how many and what kinds of values to pass to the

function and what sort of return type, if any, to get from it. The function call causes the

program to pass the function arguments to the function and to transfer program execu-

tion to the function code.

By default, C++ functions pass arguments by value. This means that the formal

parameters in the function definition are new variables that are initialized to the values

provided by the function call. Thus C++ functions protect the integrity of the original

data by working with copies.

C++ treats an array name argument as the address of the first element of the array.

Technically, this is still passing by value, for the pointer is a copy of the original address.

But the function uses the pointer to access the contents of the original array. When
declaring formal parameters for a function (and only then), the following two declara-

tions are equivalent:

typename arrC3;
iypename * am;

Both mean arris a pointer to typename. When writing the function code, however, you
can use arr as if it were an array name in order to access elements: a r r C i 3. Even when
passing pointers, you can preserve the integrity of the original data by declaring the

formal argument to be a pointer to a const type. Because passing the address ofan array

conveys no information about the size of the array, you normally would pass the array

size as a separate argument.

C++ provides three ways to represent strings: a character array, a string constant,

and a pointer to a string. All are type char* (pointer-to-cha r), so they are passed to a

function as a type char* argument. C++ uses the null character (A O') to terminate
strings, and string functions use that fact to determine the end of any string they are

processing.

C++ treats structures the same as basic types, meaning that you can pass them by value

and use them as function return types. However, if the structure is large, it may be more
efficient to pass a pointer to the structure and let the function work with the original data.

A C++ function can be recursive; that is, the code for a particular function can
include a call of itself.
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Review questions

1 . What are the three steps in using a function?

2. Construct function prototypes that match the following descriptions:

a. i gor ( ) takes no arguments and has no return value.

b. t o f u ( ) takes an i n t argument and returns afloat.

c. m p g (

)

takes two type double arguments and returns a d o u b l e

.

d. summationO takes the name of a long array and an array size as values and re-

turns along value.

e. d o c t o r ( ) takes a string argument and returns a d o u b l e value.

f. ofcourseO takes a boss structure as an argument and returns nothing.

g. p l o t ( ) takes a pointer to a map structure as an argument and returns a string.

3. Write a function that takes three arguments: the name of an i nt array, the array size,

and an i nt value. Have the function set each element of the array to the i nt value.

4. Write a function that takes a doub l e array name and an array size as arguments and

that returns the largest value in that array. Note that this function shouldn’t alter the

contents of the array.

3. Why don’t we use the const qualifier for function arguments that are one of the funda-

mental types?

6. What are the three forms a string can take in a C++ program?

7. Write a function having this prototype:

int replaceCchar * str, char cl, char c2);

Have the function replace every occurrence of cl in the string .tfrwith c2, and have the

function return the number of replacements it makes.

8. What does the expression *"pi zza" mean? What about "taco" [2D?

9. C++ lets you pass a structure by value and it lets you pass the address of a structure. If

glitz is a structure variable, how would you pass it by value? How would you pass its

address? What are the trade-offs of the two approaches?
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10. Here is a structure template:

struct box

char makerC40];
float height;
float width;
float length;
float volume;

>;

a. Write a function that passes a box structure by value and that displays the value of

each member.

b. Write a function that passes the address of a box structure and that sets the volume

member to the product of the other three dimensions.

1 1 . Define a recursive function that takes an integer argument and returns the factorial of

that argument. Recall that 3 factorial, written 3!, equals 3 x 2!, and so on, with 0! de-

fined as 1. In general, n! = n * (n - 1)!.
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W ith the last chapter under your belt, you now know a lot about C++ functions,

but there’s much more to come. C++ provides many new function features that

separate C++ from its C heritage. The new features include inline functions,

default argument values, function overloading (polymorphism), and passing variables

by reference. This chapter discusses these C++ enhancements to functions. Also, it ex-

amines multifile programs, C++’s varieties of storage classes, and pointers to functions.

This chapter, more than any other you’ve read so far, explores features found in C++ but

not C, so it marks our first major foray into plus-plussedness.

nline Functions

Let’s begin by examining inline functions, a C++ enhancement designed to speed up

programs. The primary distinction between normal functions and inline functions is

not in how you code them but in how the C++ compiler incorporates them into a

program. To understand the distinction between inline functions and normal func-

tions, you need to peer more deeply into a program’s innards than we have so far. It’s

really not all that messy (you’ll just be peering, not groping), so let’s do that now.

The final product of the compilation process is an executable program, which

consists of a set of machine language instructions. When you start a program, the op-

erating system loads these instructions into the computer’s memory, so each instruc-

tion has a particular memory address. The computer then goes through these

instructions step by step. Sometimes, as when you have a loop or a branching statement,

program execution will skip over instructions, jumping back or forward to a particular

address. Normal function calls also involve having a program jump to another address

(the function’s address), then jumping back when the function terminates. Let’s look at
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that process in a little more detail. When the program reaches the function call instruc-

tion, the program stores the memory address of the instruction immediately following

the function call, copies arguments to the stack (a block of memory reserved for that

purpose), jumps to the memory location that marks the beginning of the function,

executes the function code, perhaps placing a return value in a register, then jumps back

to the instruction whose address it saved. 1 Jumping back and forth and keeping track of

where to jump means that there is an overhead in elapsed time to using functions.

The C++ inline function provides an alternative. This is a function whose com-
piled code is in line” with the other code in the program. That is, the compiler replaces

the function call with the corresponding function code. With inline code, the program
doesn’t have to jump to another location to execute the code, then jump back. Inline

functions thus run a little faster than regular functions. But there is a memory penalty.

If a program calls an inline function ten times, then the program winds up with ten

copies of the function inserted into the code. See Figure 8-1.

Most programmers recommend using inline functions sparingly, if at all. The
speed gain is usually minimal unless the function itself is so short that the time needed

to execute the function is comparable to the time spent jumping to and from the func-

tion. In that case, the function is already fast, so about the only time you would get

much of a benefit is if the function were the main time-consumer in a crucial loop.

If you must use this feature, you have to do two things:

i Preface the function definition with the keyword inline.

i Place the function definition above all functions that call it.

Note that you have to place the entire definition (meaning the function header and all

the function code), not just the prototype, above the other functions.

The compiler does not have to honor your request to make a function inline. It may
decide the function is too large or notice that it calls itself (recursion is not allowed for

inline functions), or the feature may not be implemented for your particular compiler.

Listing 8-1 illustrates the inline method with an inline squareC ) function that

squares its argument. Note that we’ve placed the entire definition on one line. That’s

not required, but if the definition doesn’t fit on one line, the function probably is a poor
candidate for being an inline function.

LISTINGS l Inline. cpp
// inline. cpp — use an inline function
//include <iostream.h>

It s a bit like having to leave off reading some text to find out what a footnote says, then, upon finishing the footnote,

returning to where you were reading in the text.
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// an inline function must be defined before first use
inline double squareCdouble x) { return x * x; >

int main(void)

double a, b;

double c = 13.0;

a = square(5.0);
b = square(4.5 + 7.5); // can pass expressions
cout « "a = " « a « ", b = " « b « "\n";

cout << "c = " << c;

cout << ", c squared = " << square(c++) << "\n";

cout << "Now c = " << c << "\n";

>

Here’s the output:

a = 25, b = 144

c = 13, c squared = 169

Now c = 14

The output illustrates that inline functions pass arguments by value just like regu-

lar functions do. If the argument is an expression such as 4.5 + 7.5, the function passes

the value of the expression, 12 in this case. This makes C++’s inline facility far superior

to C’s macro definitions. See the discussion on Inline versus Macros.

Even though we didn’t provide a separate prototype, C++’s prototyping features

are still in play. That’s because the entire definition, coming before the function’s first

use, serves as a prototype. This means you can use squareO with an int argument or

a long argument, and the program will automatically type cast the value to type

double before passing it to the function.

INLINE VERSUS MACROS

The inline facility is a C++ addition. C uses the preprocessor //define

statement to provide macros, a crude implementation of inline code. For

instance, here’s a macro for squaring a number:

//define SQUARE(X) X*X

This works not by passing arguments but by text substitution, with the X
acting as a symbolic label for the “argument ”:
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int main(void)

{

hubba(2);

hubba(4);

hubba(IO);

>

v
void hubbaCint n)
T1

for (i = 0; i < n; i++)

cout << ''hubba!

cout << "\n";

A regular function transfers program

execution to a separate function.

Figure 8- 1 Inlinefunctions versus regularfunctions

int main(void)

i

n = 2;

for (i = 0; i < n; i++)

cout « "hubba! ";

cout «
>

" \ n
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n = 4;

for (i = 0; i < n; i++)

cout << "hubba! ";

cout « " \n n .

f

- .

~ '

,

iiiiipMMi | 1 i

:

n = 10;

for (i = 0; i < n; i++)

cout << "hubba! ";

cout << " \ n
•f m

i

>

>

An inline function replaces a

function call with inline code.

a = SQUAREC5.0); is replaced by a = 5 . 0 * 5 . 0 ;

b = SQUAREC4.5 + 7.5); is replaced by
b = 4. 5 + 7. 5*4.

5

+ 7.5 ;

SQUARE(c++) is replaced by c++*c++

Only the first example works properly. You can improve matters with a

liberal application of parentheses:

#define SQUARE(X) C(X)*(X))
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Still, the problem remains that macros don’t pass by value. Even with this new
definition, SQUARECc++) increments c twice. But our inline squareO function

in Listing 8-1 evaluates c
,
passes that value to be squared, then increments conce.

The intent here is not to show you how to write C macros. Rather, it

is to suggest that if you have been using C macros, consider converting

them to C++ inline functions.

Default Arguments

Let’s look at another topic from C++’s bag of new tricks—the default argument. A de-

fault argument is a value that’s used automatically ifyou omit the corresponding actual

argument from a function call. For example, ifyou set up void wo w ( i n t n ) so that n has

a default value of 1, then the function call wow() is the same as wow( 1 ). This gives you

greater flexibility in how you use a function. Suppose you have a function called L e f t (

)

that returns the first n characters of a string, with the string and n being arguments. More
precisely, the function will return a pointer to a new string consisting of the selected

portion of the original string. For instance, the call LeftC "theory", 3) would construct

a new string “the ”and return a pointer to it. Now suppose you establish a default value of

1 for the second argument. The call LeftC "theory", 3) would work as before, with

your choice of3 overriding the default. But the call LeftC "theory"), instead ofbeing an

error, would assume a second argument of 1 and return a pointer to the string V’. This

kind of default is helpful ifyour program often needs to extract a one-character string but

occasionally needs to extract longer strings.

How do you establish a default value? You must use the function prototype. Be-

cause the compiler looks at the prototype to see how many arguments a function uses,

the function prototype also has to alert the program to the possibility of default argu-

ments. The method is to assign a value to the argument in the prototype. For instance,

here’s the prototype fitting this description of LeftC):

char * LeftCconst char * str, int n = 1);

We want the function to return a new string, so its type is cha r*, or pointer-to-cha r. We
want to leave the original string unaltered, so we use the const qualifier for the first ar-

gument. We want n to have a default value of 1, so we assign that value to n. A default

argument value is essentially an initialization value. Thus the prototype above initializes n

to the value 1. So ifyou leave n alone, it has the value 7, but if you pass an argument, the

new value overwrites the 1.

When you use a function with an argument list, you must add defaults from right

to left. That is, you can’t provide a default value for a particular argument unless you

also provide defaults for all the arguments to its right:
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int harpoCint n, int m = 4 , int j
= 5);

int chico(int n , int m = 6 , int j);
int grouchoCint n = 1, int m = 2 , int n = 3);

// VALID
// INVALID
// VALID

Listing 8-2 puts default arguments to use. Note that only the prototype indicates the

default. The function definition is the same as it would have been without default arguments.

LISTING 8 2 lef t.cpp

// Left.cpp — string function with a default argument
//include <iostream.h>
const int Size = 80;
char * leftCconst char * str, int n = 1);
int main(void)
{

char sampleCSizeD;
cout << "Enter a string:\n";
cin.get(sample,Size);
char *ps = left(sample, 4);
cout << ps << "\n";
ps = left(sample);
cout << ps << "\n";
return 0;

>

// This function returns a pointer to a new string
// consisting of the first n characters in the str string,
char * leftCconst char * str, int n)

f

if(n < 0)

n = 0;

char * p = new charCn+ID;
for (int i = 0; i < n && strCiH; i++)

pCiH = strLiD; // copy characters
while ( i <= n

)

pCi+ + 3 = '\0'; // set rest of string to ' \ 0 '

return p;
>

Here’s a sample run:

Enter a string:
bestir
best
b
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PROGRAM NOTES

The program uses new to create a new string for holding the selected characters. One
awkward possibility is that an uncooperative user requests a negative number of charac-

ters. In that case, the function sets the character count to 0 and eventually returns the

null string. Another awkward possibility is that an irresponsible user requests more

characters than the string contains. The function protects against this by using a com-

bined test:

i < n & & strCill

The i <n test stops the loop after n characters have been copied. The second part of the

test, the expression s t r C i 1, is the code for the character about to be copied. If the loop

reaches the null character, the code is zero, and the loop terminates. The final while

loop terminates the string with the null character, then sets the rest of the allocated

space, if any, to null characters.

Another approach for setting the size of the new string would be to set n to the

smaller of the passed value and the string length:

int ten = strlen(str);
n = (n < len) ? n : ten; // the lesser of n and len

char * p = new charEn+ID;

This ensures that new doesn’t allocate more space than what’s needed to hold the string.

That can be useful if you make a call like leftC'Hi!", 32767). Our first approach

copies the “Hi!” into an array of 32767 characters, setting all but the first three charac-

ters to the null character. The second approach copies “Hi!” into an array of four char-

acters. But, by adding another function call (strlenO), it increases the program size,

slows the process, and requires that you remember to include the s t r i ng . h header file.

C programmers have tended to opt for faster running, more compact code and leaving

a greater burden on the programmer to use functions correctly. The C++ tradition,

however, places greater weight on reliability. After all, a slower program working cor-

rectly is better than a fast program that works incorrectly. If that time taken to call

s t r l e n ( ) turns out to be a problem, you can let l e f t ( ) determine the lesser of n and

the string length directly. For instance, the following loop quits when m reaches n or the

end of the string, whichever comes first:

int m = 0 ;

while ( m <= n && strCm] != ’XO 1

)

m + + ;

char * p = new charCm+ID:
// use m instead of n in rest of code
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Function Polymorphism [Fumc tidn Overlording]

If you think default arguments are neat (cool, rad, super), function polymorphism will

really turn you on. Default arguments let you call the same function using varying

numbers of arguments. Function polymorphism, also called function overloading
,
lets

you use multiple functions sharing the same name. The expression “polymorphism'
5

means having many forms, so function polymorphism lets a function have many forms.

Similarly, the expression “function overloading” means you can attach more than one

function to the same name, thus overloading the name. Both expressions boil down to

the same thing, but we’ll usually use the expression function overloading—it sounds

harder working. You can use function overloading to design a family of functions that

do essentially the same thing, but using different argument lists.

Overloaded functions are analogous to verbs having more than one meaning. For

instance, Miss Piggy can root at the ball park for the home team, and pigs can root in the

soil for potatoes. The context (one hopes) tells you which meaning of root is intended in

each case. Similarly, C++ uses the context to decide which version of an overloaded

function is intended.

The key to function overloading is a function’s argument list, also called the func-

tion signature. If two functions use the same number and types of arguments in the same

order, they have the same signature; the variable names don’t matter. C++ lets you define

two functions by the same name providing the functions have different signatures. The
signature can differ in the number ofarguments or in the type of arguments, or both. For

instance, you could define a set of p r i n t ( ) functions with the following prototypes:

vo i d pri n t ( c ons t char * str, int width); // #1

vo i d pri n t ( d ou b l e d. int width); // nz
vo i d pri n t ( L ong l , in t width); // #3
vo i d pri n t ( i n t i , i nt width); // #4
vo i d pri nt ( c on s t char *str ); // U 5

When you then use a pri nt ( ) function, the compiler matches your use to the

prototype having the same signature:

print(“ Pancakes", 15); // use #1

printC" Syrup"); //use #5
printCI 995.0, 10); / / use #2
print(1995, 12); //use #4
pri nt ( 1 995L, 15); // use #3

For instance, printC Pancakes", 15) uses a string and an integer as arguments, and
that matches prototype #1.

When using overloaded functions, be sure you use the proper argument types in

the function call. For instance, consider the following statements:
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unsigned int year = 3210; // ambiguous call
printCyear, 6);

Which prototype does the pri nt ( ) call match here? It doesn’t match any of them. A
lack of a matching prototype doesn’t automatically rule out using one of the functions,

for C++ will try to use standard type conversions to force a match. If, say, the only

p r i n t (
)
prototype were #2, the function call printCyear, 6) would convert the year

value to type double. But in reality, there are three prototypes that take a number as the

first argument, providing three different choices for converting year. Faced with this

ambiguous situation, C++ will reject the function call as an error.

Keep in mind that it’s the signature, not the function type, that enables function

overloading. For instance, the following two declarations are incompatible:

long gronkCint n , float m); // same signatures,
double gronkCint n, float m); // hence not allowed

Therefore C++ won’t permit you to overload gronkC ) in this fashion. You can have

different return types, but only if the signatures also are different:

long gronkCint n, float m); // different signatures,
double gronkCfloat n, float m); // hence allowed

We’ve already developed a lef t C ) function that returns a pointer to the first n char-

acters in a string. Let’s add a second l e f t C ) function, one that returns the first n digits

in an integer. You could use it, for example, to examine the first three digits of a U.S.

postal zip code stored as an integer, a useful act if you wish to sort for urban areas.

The integer function is a bit more difficult to program than the string version

because we don’t have the benefit of each digit stored in its own array element. One
approach is to first compute the number of digits in the number. Dividing a number by

10 lops offone digit, so you can use division to count digits. More precisely, you can do

so with a loop like this:

unsigned digits = 1;

while Cn /= 10)

d i g i t s + + ;

This loop counts how many times you can remove a digit from n until none are left.

Recall that n /= 10 is short for n = n / 10. If n is 8, for example, the test condition assigns

to n the value 8 / 10, or 0, since it’s integer division. That terminates the loop, and digits

remains at 1. But if n is 238, the first loop test sets n to 238 / 10, or 23. That’s nonzero,
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so the loop increases digits to 2. The next cycle sets n to 23 / 10, or 2. Again, that’s

nonzero, so digits grows to 3. The next cycle sets n to 2 / 10, or 0, and the loop quits,

leaving digits set to the correct value, 3.

Now suppose you know the number has 5 digits and you want to return the first

3 digits. You can get that value by dividing the number by 10, then dividing the answer

by 10 again. Each division by 10 lops one more digit off the right end. We can calculate

the number of digits to lop—just subtract the number of digits to be shown from the

total number of digits. For instance, to show 4 digits of a 9-digit number, lop off the last

3 digits. You can code this approach as follows:

ct = digits - ct;

while ( ct--)
num /= 10;

return num;

Listing 8-3 incorporates this code into a new l e f t ( ) function. The function in-

cludes some additional code to handle special cases, such as asking for zero digits or

asking for more digits than the number possesses. Because the signature of the new
l e f t ( ) differs from that of the old l e f t ( ) , we can, and do, use both functions in the

same program.

LISTING 8-3 leftover.cpp

// leftover.cpp — overloading the leftO function
^include <i os t ream . h>

unsigned long left(unsigned long num, unsigned ct);
char * lef t ( const char * str, int n = 1);

i nt mai n( voi d)

char * trip = "Hawaii!!"; // test value
unsigned long n = 12345678; // test value
int i ;

for ( i = 1 ; i < 10; i ++)

cout << leftCn, i) << "\n";
cout << leftCtrip, i) << "\n";

>

return 0;

// This function returns the first ct digits of the number num.
unsigned long l e f t ( uns i gned long num, unsigned ct)
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{

unsigned digits = 1;

unsigned Long n = num;

if ( c t == 0 || num == 0

)

return 0;

while (n /= 10)

d i g i t s + + ;

if (digits > ct)

{

ct = digits - ct;

while ( ct--)

num /= 10;

return num;

>

else

return num;

// return 0 if no digits

// return left ct digits

// if ct >= number of digits
// return the whole number

// This function returns a pointer to a new string
// consisting of the first n characters in the str string,
char * leftCconst char * str, int n)

i f ( n < 0)

n = 0;

char * p = new charEn+IU;
for (int i = 0; i < n && strCiD; i++)

p C i = strCiJ; // copy characters
while (i <= n)

pCi+ + D = * \ 0 ' ; // set rest of string to ' \ 0 *

return p;

}

Here’s the output:

1

H

12

Ha

123

Haw

1234
Ha wa

1 2345
Ha wa i
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123456
Ha wa i i

1234567
Hawaii

!

12345678
Hawaii ! !

12345678
Hawaii ! !

WHEN TO USE FUNCTION OVERLORDING

You may find function overloading fascinating, but don’t overuse the facility. You
should reserve function overloading for functions that perform basically the same task

but with different forms of data. Also, you may want to check whether you can accom-

plish the same end with default arguments. For example, you can replace the single,

string-oriented L e f t ( ) function with two overloaded functions:

char * LeftCconst char * str, unsigned n); // two arguments
char * LeftCconst char * str); // one argument

But using the single function with a default argument is simpler. There’s just one func-

tion to write, instead of two, and the program will require memory for just one function

instead of two. The function overloading approach, however, is the more powerful, for

it enables you to use different types of arguments as well as different numbers of argu-

ments.

Reference Variables

C++ adds a new derived type to the language—the reference variable. A reference is a

name that acts as a name, or alternative name, for a previously defined variable. For

instance, if you make twain a reference to the clemens variable, you can use twain and

clemens interchangeably to represent that variable. Of what use is such an alias? Is it to

help people who are embarrassed by their choice of variable names? Maybe, but the

main use for a reference is as a formal argument to a function. By using a reference as an

argument, the function works with the original data instead of with a copy. References

provide a convenient alternative to pointers for processing large structures with a func-

tion, and they are essential to designing classes. Before seeing how to use references with

functions, however, let’s examine the basics of defining and using a reference.
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CREHTING I HEFEREICE VIRIRBLE

You may recall that C and C++ use the & symbol to indicate the address of a variable.

C++ assigns an additional meaning to the S symbol and presses it into service for de-

claring references. For example, to make rodents an alternative name for the variable rats,

do the following:

i n t rats;
int & rodents = rats; // makes rodents an alias for rats

In this context, & is not the address operator. Instead, it serves as part of the type iden-

tifier. Just as char* in a declaration means pointer-to-c ha r, int & means reference-to-

an-int. The reference declaration allows you to use rats and rodents interchangeably;

both refer to the same value and the same memory location. Listing 8-4 illustrates the

truth of this claim.

LISTING 8-4 firstref.cpp

// firstref.cpp -- defining and using a reference
^include <iostream.h>
int main(void)
i

int rats = 101;

int & rodents = rats; // rodents is a reference

cout << “rats = “ << rats;

cout << ", rodents = “ << rodents << “\n“;

rodent s + + ;

cout << “rats = “ << rats;

cout << ", rodents = “ << rodents << “\n“;

// some implementations require type casting the following

// addresses to type unsigned
cout << “rats address = “ << &rats;

cout << “, rodents address= “ << Srodents << “\n";

return 0;

Note that the & operator in the statement

int & rodents = rats;

is not the address operator, but declares that rodents is of type int &, that is, a reference

to an int variable. But the & operator in the statement
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cout<<", rodents address ="« Srodents << "\n";

is the address operator, with Srodents representing the address of the variable to which
rodents refers. Here is the program’s output:

rats = 101, rodents = 101

rats = 102, rodents = 102
rats address = 0x8fa2fff4, rodents address= 0x8fa2fff4

As you can see, both rats and rodents have the same value and the same address. And
incrementing rodents by 1 affects both variables. (Keep in mind that while this example
shows you how a reference works, it doesn’t represent the typical use for a reference,

which is as a function parameter, particularly for structure and object arguments. We’ll

look into these uses pretty soon.)

References tend to be a bit confusing to C veterans coming to C++ because they

are tantalizingly reminiscent of pointers, yet somehow different. For instance, you can
create both a reference and a pointer to refer to rats:

int rats = 101;
int & rodents = rats; // rodents a reference
int * prats = & r a t s ; // prats a pointer

Then you could use the expressions rodents and sprats interchangeably with rats and use

the expressions &rodents and prats interchangeably with drrats. From this standpoint, a

reference looks a lot like a pointer in disguised notation in which the *
dereferencing

operator is understood implicitly. And, in fact, that’s more or less what a reference is.

But there are differences besides those of notation. For one, in our example it was nec-

essary to initialize the reference when declaring it; you can’t declare the reference, then
assign it a value later, the way you can with a pointer:

int rat;

int 8 rodent;
rodent = rat; // No, you can't do this.

You should initialize a reference variable when you declare it. (You can
consider a reference parameter in a function’s argument list as being initial-

ized to the passed argument.)

Also, a reference is more like a const pointer; once a reference pledges its alle-

giance to a particular variable, it sticks to its pledge. Listing 8-5 shows what happens if

you try to make a reference change allegiance from a rats variable to a bunnies variable.
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LISTING 8-5 secref.cpp

// secref.cpp -- defining and using a reference
^include <iostream.h>
int main(void)

int rats = 101;

int & rodents = rats; // rodents is a reference

cout << “rats = “ << rats;

cout << ", rodents = " << rodents << "\n";

// some implementations require type casting the following
// addresses to type unsigned

cout << "rats address = " << Srats;
cout << ", rodents address= " << Srodents << "\n";

int bunnies = 50;

rodents = bunnies; // can we change the reference?
cout << "bunnies = " << bunnies;
cout << ", rats = " << rats;

cout << ", rodents = " << rodents << "\n";

// some implementations require type casting the following
// addresses to type unsigned

cout << "bunnies address = " << Sbunnies;
cout << ", rodents address= " << Srodents << "\n";

return 0;

>

Here’s the output:

rats = 101, rodents = 101

rats address = 0x8f87fff4, rodents address= Qx8f87fff4
bunnies = 50, rats = 50, rodents = 50

bunnies address = 0x8f87fff2, rodents address= 0x8f87fff4

Initially, rodents refers to rats, but then the program attempts to make rodents a

reference to bunnies:

rodents = bunnies;

For a moment, it looks as if this attempt has succeeded, for the value of rodents changes

from 101 to 50. But closer inspection reveals that rats also has changed to 50 and that

rats and rodents still share the same address, which differs from the bunnies address.

Because we made rodents an alias for rats, our assignment statement really means the

same as the following:
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rats = bunnies;

That is, it means “assign the value of the bunnies variable to the rat variable.”

REFERENCES HS FUNCTION PRRHHETERS

Most often, references are used as function parameters, making a variable name in the

function an alias for a variable in the calling program. This method of passing argu-

ments is called passing by reference. Passing by reference allows a called function to access

variables in the calling function. C++’s addition of the feature is a break from C, which

only passes by value. Passing by value, recall, results in the called function working with

copies of values from the calling program. See Figure 8-2. Of course, C lets you get

around the passing by value limitation by using pointers.

Let’s compare using references and using pointers in a common computer prob-

lem, swapping the values of two variables. A swapping function has to be able to alter

values of variables in the calling program. That means the usual approach of passing

variables by value won’t work, since the function will end up swapping the contents of

copies of the original variables instead of the variables themselves. Ifyou pass references,

however, the function can work with the original data. Or you can pass pointers in

order to access the original data. Listing 8-6 shows all three methods, including the one
that doesn’t work, so that you can compare them.

LISTING 8-6 swaps.cpp

// swaps.cpp — swapping with
//include <iostream.h>
void swaprCint & a, int & b);
void swappCint * p, int * q);
void swapv(int a, int b);

int ma i n ( voi d

)

int wa l let 1 = 300;
int wallet2 = 350;

references and with pointers

// a, b are aliases for ints
// p, q are addresses of ints
// a, b are new variables

cout << "walletl = $" << walletl;
cout << " wallet2 = $" << wallet2 << "\n";

cout << "Using references to swap contents:\n";
s wa p r ( wa 1 1 e 1 1 , wallet2); // pass variables
cout << "walletl = $" << walletl;
cout << " wa 1 1 e 1 2 = $" « wallet2 « "\n";
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cout << “Using pointers to swap contents : \n";
swapp ( &wa t L et 1 , &wallet2); // pass addresses of variables
cout << "walletl = $“ << walletl;
cout << “ wallet2 = $" << wallet2 << "\n";

cout << “Trying to use passing by value:\n“;
s wa p v ( wa 1 1 e 1 1 , wallet2); // pass values of variables
cout << “walletl = $“ << walletl;
cout << “ wallet2 = $“ << wallet2 << “\n“;
return 0;

>

void swaprCint & a, int & b) // use references

int temp;

temp = a; // use a, b for values of variables
a = b;

b = temp;

>

void swappCint * p, int * q) // use pointers
{

int temp;

temp = * p ; // use * p , *q for values of variables

*P = *q;

*q = temp;

>

void swapvCint a, int b) // try using values

int temp;

temp = a; // use a, b for values of variables
a = b;

b = temp;

>

Here’s the output:

walletl = $300 wallet2 = $350

Using references to swap contents:
walletl = $350 wallet2 = $300

original values

-values swapped
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Using pointers to swap contents:
walletl = $300 wallet2 = $350
Trying to use passing by value:
walletl = $300 wallet2 = $350

«- values swapped again

swap failed

Passing By Value

void sneezyCint x);

int main(void)

* creates a variable

int times = 20; -*£> called times, assigns

sneezy(times); it the value 20

>

creates a variable

void sneezyCint x) —<> called assigns it

i the passed value 20

20

times

two variables,

two names

>

Passing By Reference

void grumpyCint &x);

int main(void)

creates a variable

int times = 20; called times
, assigns

grumpy ( t i mes ) ; it the value 20

>

times, x

A

one variable,

two names

void grumpyCint

C

makes x an

alias for times

>

Figure 8-2 Passing by value andpassing by reference
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As we expected, the reference method and pointer method successfully swapped

the contents of the two wallets, while the passing by value method failed.

Program notes

First, note how each function is called:

swaprCwalletl, wallet2); // pass variables
swappC&walletl, &wallet2); // pass addresses of variables
swapv ( wa l l et 1 , wallet2); // pass values of variables

Passing by reference (swaprCwalletl, wallet2)> and passing by value

(swapvCwalletl, wallet2)) look identical. The only way you can tell that swaprO

passes by reference is by looking at the prototype or at the function definition. How-
ever, the presence of the address operator (&) makes it obvious when a function passes

by address ( ( swapp ( &wa 1 1 et 1 , &wa l let 2) ). (Recall that the type declaration int*p

means that p is a pointer to an i n t and therefore the argument corresponding to p
should be an address, like & w a 1 1 e 1 1 .)

Next, compare the code for the two functions swaprO (passing by reference) and

swapv (

)

(passing by value). The only outward difference between the two is how the

function parameters are declared:

void swaprCint & a, int & b)

void swapvCint a, int b)

The internal difference, of course, is that in swaprO, the variables a and b serve as

aliases for walletl and wallet2, so swapping a and b swaps walletl and wallet2. But in

swapv ( ), the variables a and b are new variables that copy the values of walletl and

wallet2, so swapping a and b has no effect on walletl and wallet2.

Finally, compare the functions swaprO (passing a reference) and swappO

(passing a pointer). The first difference is in how the function parameters are declared:

void swaprCint & a, int & b)

void swappCint * p, int * q)

The second difference is that the pointer version requires using the
*
dereferencing

operator throughout when the function uses p and q. Although the reference version

and the pointer version are equally effective, the reference version has a cleaner look.

RFffRFIICF PRDPER1IES AND ODDITIES

Interesting and surprising things can happen when you use reference arguments. Sup-

pose, for instance, you define a function by ref ( ) that has a type int 8 (reference-to-
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i nt) argument. Clearly, you can use a type i nt variable for an argument when calling

the function. But there are many other possibilities, as Listing 8-7 shows. In it, the

by ref ( ) function uses a loop to print and increment its argument three times. This lets

us see what the value of the reference variable rx is, and it also lets us examine the effect

incrementing rx has upon the original argument.

LISTING 8-7 refexamp.cpp

// refexamp.cpp -- varieties of reference arguments
#include <iostream.h>
void byrefCint & rx); // rx is a reference

i nt mai n( voi d)

// some implementations require static int valsC5] to
// enable array initialization

int valsC5D = {2,4,6,8,10};

// some implementations require static struct parts to
// enable structure initialization

struct parts {

int a;

float b

;

> thing = { 600, 3.14 >;

int x = 20;

>

byref ( va l sC4D )

;

cout << " va l s C4

D

byref(thing.a);
cout << " t h i ng . a

byrefCIOI );

byref(2 * x + 3 )

;

cout << "x = " <<

long ing = 15;

byref(ing);
cout << “ing = "

return 0;

// pass an int element of an array
= " << valsC4] << " after using byref()\n"

// pass an int member of a structure
<< thing. a << " after using byref()\n"

// pass a constant
// pass an expression

x << " after using byref()\n";

// pass the wrong type variable
<< ing << " after using byref()\n";

r

r

void byrefCint & rx)

forCint i =0; i <3; i++)

cout << rx++ << "
.

cout << "\n";
>

C++ Primer Plus



311

Here is the output:

10... 11... 12...
valsE4D = 13 after using byrefC)
600 . . . 601 . . . 602 . . .

thing. a = 603 after using byrefC)
101 .. . 102. . . 103. . .

43..

. 44... 45...

x = 20 after using byrefC)

15..

. 16... 17...

ing = 15 after using byrefC)

Startling Results ano Anonymous Variables

The first thing to note is that the reference rx can refer to any data object having the

properties of an i nt variable. Thus va l sC4], being an element of an array of i nt, is

equivalent to an i nt variable. You can display it, add it, assign to it, and so on, just as

with a regular variable. Therefore C++ lets you make rx be an alias for an individual ar-

ray element. Similarly, while thing is a structure, thing.a is an i nt, so you can make rx

an alias for that structure member. You’ll notice that byrefC) uses the values of vals[4]

and of thing.a in its display and that increasing nr by 3 in byrefC) increases vals[4] and

thing.a by 3. That’s because rx is vals[4] after the first function call and rx is thing.a after

the second function call. A rose by any other name smells as sweet, and a structure

member or an array element by any other reference is the same i nt it always was.

Although perhaps surprising, this behavior makes sense once you realize that array

elements and structure members can act like simple variables. The next two examples of

argument forms are a bit more startling. First, the program passes an argument of 100.

While 100 may be an i nt, it’s hardly a variable. For instance, replacing rx with 100

produces 100++, which is a syntax error. Yet the output clearly shows that rx starts out

with the value 100 and that it allows itself to be incremented!

What’s happening may become clearer with the subsequent example, in which we

pass not a variable, not a constant, but an entire expression: 2 * x + 3. Again, this is not

a variable. Again, replacing rx with the expression yields (2 * x + 3)++ , a syntax error.

Yet the program correctly prints the values 43, 44, and 45. The clue to what’s really

happening comes in the next output line, in which the program reveals that the value of

xis still unchanged. Changing rxhad no effect on x, so whatever rx refers to, it’s not x.

What has happened is that the program has created an anonymous and temporary type

/^variable, assigned it the value of the expression (or of 100 in the preceding example),

and then made rx a reference to that anonymous variable.
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If a function call argument does not match the type of a corresponding

reference parameter, C++ creates an anonymous variable of the correct type,

assigns the value of the function call argument to the anonymous variable,

and has the parameter refer to that variable.

This rule enables functions with reference arguments to handle function calls that

pass constants and expressions instead of the expected variable. It also explains what

happened in the final example, in which we attempt to pass ing, a type Long variable, to

by ref ( ). Because of the type mismatch, the program created an anonymous type i nt

variable, assigned it the value 15, and had rx refer to it. Thus the program printed the

values 15, 16
, and 17, but left /^unchanged. In short, rx altered the anonymous vari-

able, not ing.

Because C++ creates anonymous variables when you mismatch a variable to a ref-

erence, references don’t work that well with C++’s basic types. The anonymous variable

doesn’t cause problems ifyou don’t expect the function to modify the original variable,

but the usual reason for using a reference is so that the function willmodify the original

variable. For this reason, many programmers prefer to use pointers instead of references

when a function modifies a basic type in the calling program. The syntax is a little

uglier, what with using the & and ^operators, but even that is an advantage. When you
see a function call like swapp (&wa L L e 1 1 , Swa L l e 1

2

), you know without looking for

the prototype that this function can alter variables in the calling program.

USING REFERENCES HITH H STRUCTURE

References may be less than ideal for C++’s basic types, but they work wonderfully with

structures and classes, C++’s user-defined types. You’re unlikely to try to pass the wrong
type of structure, and if you do, the compiler will catch it.

The method for using a reference to a structure is the same as the method for using

a reference to a basic variable; just use the & reference operator when declaring a struc-

ture parameter. The program in Listing 8-8 does exactly that. It also adds an interesting

twist by having a function return a reference. This makes it possible to use a function

invocation as an argument to a function. Well, that’s true of any function with a return

value. But it also makes it possible to assign to a function invocation, and that’s possible

only with a reference return type. We’ll explain these points after showing the program’s

output. The program has a use( ) function that displays two members of a structure

and increments a third member. Thus the third member can keep track of how many
times a particular structure has been handled by the use ( ) function.
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LISTING 8-8 strlref.cpp

// strtref.cpp — using structure references
^include <iostream.h>
struct thug

{

char nameC20];
char quoteC64];
int used;

>;

thug & useCthug & thugref); // function with a reference return type

int main(void)

// NOTE: some implementations require using the keyword static
// in the two structure declarations to enable initialization

thug muggins =

{

"Potato Nose Muggins",
"Youse guys ain't gettin* nuttin' outa me!",

0

useCmuggi ns ) ; // muggins is type thug

cout << muggins. used << " use(s)\n";

use ( u se ( mugg i ns ) ) ; // use(muggins) is type thug

cout << muggins. used << " useCs)\n";

thug mor f =

"Polly Morf",

"Would you like to pet my banana slug?",

0

>;

use(muggins) = morf; // can assign to function!
cout << muggins. name << " says ciao\n";
return 0;

>

// use() returns the reference passed to it

thug & useCthug & thugref)

{

cout << thugref. name << " says:\n";

cout << thugref . quote << "\n";

thugref. used++;
return thugref;

>
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Here’s the output:

Potato Nose Muggins says:
Youse guys ain't gettin' nuttin' outa me!

1 u s e ( s )

Potato Nose Muggins says:
Youse guys ain't gettin' nuttin' outa me!

Potato Nose Muggins says:
Youse guys ain't gettin' nuttin' outa me!
3 use ( s )

Potato Nose Muggins says:
Youse guys ain't gettin' nuttin' outa me!
Polly Morf says ciao

PROGRAM NOTES

The program ventures into three new areas. The first is using a reference to a structure,

illustrated by the first function call:

use (mugg ins);

It passes the structure muggins by reference to the u s e ( ) function, making thugrefa

synonym for muggins. So when the use() function displays the name and quote

members of thugref it really displays the members of muggins. Also, when the function

increments thugref.used to 1, it really increments muggins, used, as the program output

shows:

Potato Nose Muggins says:
Youse guys ain't gettin' nuttin' outa me!
1 u s e ( s )

The second new area is using a reference as a return value. Because use ( ) returns

a type thug reference, it can be used as an argument to any function expecting type thug

reference arguments, such as use( ) itself. Thus the next function call in Listing 8-8 is

really two function calls, with one function serving as the argument for the second:

use(useCmuggins) );

The inner function call prints the name and quote members and increments the used

member to 2. The function returns thugref reducing what’s left to the following:

use ( thugref ) :

Because thugrefIs a reference to muggins, this function call is equivalent to the following:

use (mugg i ns ) :

So use() displays the two string members again, and it increments the ^Wmember to 3.
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A function that returns a reference is actually an alias for the referred-to

variable.

This property offunctions returning references turns out to be crucial to aspects of

C++ class design. For instance, recall that the ostream class defines the << operator so

that you can concatenate expressions as follows:

cout << muggins. used << " use(s)\n";

The C++ mechanism for defining (overloading) operators is to write a function de-

scribing how the operator works. Concatenating the operator, as above, turns out to be

equivalent to having nested function calls, such as use(use(muggins)),in which the

argument and return values are references to the same type. We’ll return to this topic in

Chapter 10.

The third new area the program explores is that you can assign to a function if that

function has a reference type return value:

use(muggins) = morf;

For nonreference return values, this assignment would be a syntax error, but it’s okay for

use(). This is the order of events. First, the use( ) function is evaluated. That means

muggins is passed by reference to use ( ). As usual, the function displays two members

and increments the wWmember to 4. Then the function returns the reference. Because

the return value refers to muggins
,
this makes the final step equivalent to the following:

muggins = morf;

C++ allows you to assign one structure to another, so this copies the contents of the morf

structure into muggins
,
as is shown when displaying muggins. name produces Morf s

name and not Muggins’s. In short, the statement

use(muggins) = morf;

is equivalent to the following:

use(muggins);
muggins = morf;

You can assign a value (including a structure or a class object) to a C+ +

function only if the function returns a reference to a variable or, more gen-

erally, to a data object. In that case, the value is assigned to the referred-to

variable or data object.
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This is another property that enables certain forms ofoperator redefinition. Chap-

ter 1 1 will use it, for instance, to redefine the array subscript operator [] for a class that

defines a more powerful version of the array.

Separate Compilation

C++, like C, allows you, even encourages you, to locate the component functions to a

program in separate files. As Chapter 1 described, you can then compile the files sepa-

rately, then link them into the final executable program. (A C++ compiler typically

compiles programs and also manages the linker program.) If you modify just one file,

you can recompile just that one file, then link it to the previously compiled versions of

the other files. This facility makes it easier to manage large programs. Furthermore,

most C++ environments provide additional facilities to help with the management.

UNIX systems, for example, have the make program. It keeps track of which files a

program depends upon and of when they were last modified. If you run make and it

detects you’ve changed one or more source files since the last compilation, make re-

members the proper steps needed to reconstitute the program. Zortech C++ also has a

make feature, and the Turbo C++ environment provides a similar facility with its

Project menu.

Let’s look at a simple example. Instead of looking at compilation details, which

will depend on the implementation, let’s concentrate on more general aspects, such as

design.

Suppose, for example, you decide to break up the program in Listing 7-11 by
placing the functions in a separate file. That listing, recall, converted rectangular coordi-

nates to polar coordinates, then displayed the result. You can’t simply cut the original

file on a dotted line after the end of main(). The problem is that main() and the other

two functions all use the same structure templates, so you need to put the templates in

both files. Simply typing them in is an invitation to err. Even ifyou copy the templates

correctly, you have to remember to modify both sets of templates if you make changes

later. In short, spreading a program over multiple files creates new problems.

Who wants more problems? The developers of C and C++ didn’t, so they’ve

provided the #i nc Lude facility to deal with this sort of situation. Instead of placing the

templates in each file, you can place them in a header file, then include that header file

in each source code file. That way, ifyou modify the structure definition, you can do so

just once, in the header file. Also, you can place the function prototypes in the header

file. Thus you can divide the original program into three parts:

i A header file that contains the structure templates and prototypes for functions

using those templates.
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i A source code file that contains the code for the structure-related functions.

i A source code file that contains the code that calls upon those functions.

This is a useful strategy for organizing a program. If, for instance, you write an-

other program that uses those same functions, just include the header file and add the

function file to the project or make list. Also, this organization reflects the OOP ap-

proach. One file, the header file, contains the definition of the user-defined types. A
second file contains the function code for manipulating the user-defined types. To-

gether, they form a package you can use for a variety of programs.

Listings 8-9, 8-10, and 8-11 show the result of dividing Listing 7-11 into separate

parts. Note that we use “coordi n . h ” instead of <coordin.h> when including the

header file. If the file name is enclosed in brackets, the C++ compiler looks at the part of

the host system’s file system that holds the standard header files. But if the file name is

enclosed in double quotation marks, the compiler first looks at the current working

directory (or equivalent). If it doesn’t find the header file there, it then looks in the

standard location.

Figure 8-3 outlines the steps for putting this program together on a UNIX system.

Note that you just give the CC compile command and the other steps follow automati-

cally. Zortech C++ and Turbo C++ go through essentially the same steps, but, as out-

lined in Chapter 1
,
you initiate the process differently.

Let’s quickly review the Turbo C++ method. (Borland C++ follows the same

steps.) First, you open the Project menu and select Open project. In the dialog box,

choose a name for the project file. To help keep track of things, a good choice is the

name you’ve used for the file holding the mai n( ) function. If you enter, say f i Lei,

Turbo C++ automatically adds a prj extension indicating that filel.prj is a project

file. Then choose Add from the Project menu and select the first file for the project; in

this case, that would be f i L el . cpp. Then use Add to select the next file, f i Le2 . cpp in

this case. And that’s it. When you’re finished with this program, use the Close com-

mand from the Project menu to close the project. (As long as you have a particular

project open, the compiler will run that program regardless ofwhat source code files are

open.) To work on the program again, use the Open project command from the Project

Menu to reopen the project.

LISTING 8-9 toopdin.li

// coordin.h — structure templates and function prototypes

// structure templates
st ruct polar

double distance; // distance from origin

double angle; // direction from origin

(Listing continued on p. 319)
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1. Give UNIX compile command for two source files:

CC filel.cpp file2.cpp

2. Preprocessor combines included files with source code:

// f i Lei . cpp
#include <iostream.h>
#include "coordin.h"
int main(void)

V

\

// iostream.h

// math .

h

// coordin.h

*

j
tempi. cpp

»

«

|
temporary files

:
•
•

:

:
•
•

j

temp2 . cpp
:

3. Compiler creates an object code

file for each source code file:

f i lei .o

-J
f

i

le2.o

4. Linker combines object code files

with library code and start-up code

to produce executable file:

library code,
startup code

Figure 8-3 Compiling a multifile C+ + program on a UNIX system
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>;

struct rect

{

double x; // horizontal distance from origin
double y; // vertical distance from origin

>;

// prototypes
polar rect_to_po l a r ( rect xypos);
void s how_po l a r ( po l a r dapos);

LISTING 8-10 Mlel.cpp

// filel.cpp -- example of a two-file program
//include <iostream.h>
//include "coordin.h" // structure templates, function prototypes
int main(void)

rect rplace;

polar pp l a ce;

cout << "Enter the x and y values:

while (cin >> rplace. x >> rplace. y) // slick use of cin

pplace = re c t_t o_po l a r ( rp l a ce ) ;

s h o w_p olar(pplace);
cout << "Next two numbers (q to quit): ";

>

return 0;

>

LISTING 8-11 file2.cpp

// file2.cpp — contains functions called in filel.cpp
//include <iostream.h>
//include <math.h>
//include "coordin.h" // structure templates, function prototypes

// convert rectangular to polar coordinates

polar rect_to_polar ( rect xypos)

polar answer;

answer . di stance =

sq r t ( xypos. x * xypos. x + xypos. y * xypos. y);
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answer. angle = atan2(xypos.y, xypos.x);
return answer; // returns a polar structure

>

// show polar coordinates, converting angle to degrees
void show_polar (polar dapos)
{

const double Rad_to_deg = 57.29577951;

cout << "distance = " << dapos . di stance;
cout << ", angle = " << dapos. angle * Rad_to_deg;
cout << " degrees\n";

>

Storage Classes, Scope, oh o [inkoge

Now that you’ve seen a multifile program, it’s a good time to extend the discussion of

storage classes in Chapter 4, for storage classes affect how information can be shared

across files. It may be a while since you last read Chapter 4, so let’s review what it said

about storage classes. C++ uses three separate schemes for storing data, and the schemes

differ in how long they preserved data in memory.

i Automatic variables are those declared inside a function definition; that in-

cludes function parameters. They are created when program execution enters

the function or block in which they are defined, and the memory used for

them is freed when execution leaves the function or block.

i Static variables are those defined outside of a function definition or else using

the keyword static. They persist for the entire time a program is running.

i Dynamic storage allocated by the new operator persists until freed with the

delete operator or until the program ends, whichever comes first.

We’ll fill you in on the rest of the story now, including fascinating details about

when variables of different types are in scope
, or visible (usable by the program), and

about linkage
,
which determines what information is shared across files.

SCOPE AND LINKAGE

Scope describes how widely visible a name is in a program. A C++ variable can have one
of two scopes. A variable having block scope is known only within the block in which it

is defined. A block, you remember, is a series of statements enclosed in braces. A func-

tion body, for example, is a block, but you can have other blocks nested within the
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function body. A variable having yz/^ scope is known throughout the file after the point it

is defined. Automatic variables have block scope, and a static variable can have either

scope, depending on how it is defined. C++ functions (other than class member func-

tions, which we’ll discuss in later chapters) have file scope.

Linkage determines which names refer to variables or functions in one file only

and which can be used in several files to refer to the same variable or function. A variable

or function with internal linkage is known only to the file containing its definition. A
variable or function with external linkage can be shared among different files.

Let’s look in more detail at the scope and linkage properties of C++’s various

storage classes.

HUTOMHTIC VRRIRBLE8

Function parameters and variables declared inside a function belong, by default, to the

automatic storage class. These variables have local visibility, or scope. That is, if you

declare a variable called texas in mai n( ) and declare another variable with the same

name in a function called oi l(), you’ve created two independent variables, each

known only in the function in which it’s defined. Anything you do to the texas in o i L (

)

has no effect on the texas in mainO, and vice versa. Also, each variable is allocated when

its function begins execution, and each fades from existence when its function termi-

nates.

If you define a variable inside of a block, the variable’s persistence and scope is

confined to that block. Suppose, for instance, you define a variable called teledeli at the

beginning of ma i n ( ) . Now suppose you start a new block within mainO and define a

new variable, also called teledeli
,
in that block. The program interprets the teledeli name

to mean the local block variable while the program executes statements within the

block. We say the new definition hides the prior definition. The new definition is in

scope
,
and the old definition temporarily is out ofscope. When the program leaves the

block, the original definition comes back into scope. See Figure 8-4.

Listing 8-12 illustrates how automatic variables are localized to the function or

block containing them.

LISTING 8 12 auto.cpp

// auto.cpp — illustrating scope of automatic variables

//include <iostream.h>
void oilCint x);

int main(void)

// NOTE: some implementations require that you type cast the

// addresses in this program to type unsigned
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int texas = 31;
int year = 1992;
cout << "In mainO, texas
cout << Stexas << "\n";
cout << "In mainO, year :

cout << Syear << "\n";
oi L(texas);
cout << "In main(), texas
cout << Stexas << "\n";
cout << "In mainO, year :

cout << Syear << "\n";
return 0;

' << texas << ", Stexas =";

<< year << ", Syear =";

1 << texas << ", Stexas =";

<< year << ", Syear =";

void oi L ( i nt x)

int texas = 5;

cout << "In oiL(), texas = " << texas << ", Stexas =";

cout << Stexas << "\n";
cout << "In o i L C ) , x = " << x << ", Sx =";

cout << Sx << "\n";
C // start a block

int texas = 113;
cout << "In block, texas = " << texas;
cout << ", Stexas = " << Stexas << "\n";
cout << "In block, x = " << x << ", Sx =";

cout << Sx << "\n";
y // end a block
cout << "Post-block texas = " << texas;
cout << ", Stexas = " << Stexas << "\n";

Here is the output:

In mainO, texas = 31, Stexas =0x8f95fff4
In mainO, year = 1 992, Syear =0x8f95fff2
In oil(), texas = 5, Stexas =0x8f95ffea
In oil(), x = 31, Sx =0x8f95fff0
In block, texas = 113, Stexas = 0x8f95ffe8
In block, x = 31, Sx =0x8f95fff0
Post-block texas = 5, Stexas = 0x8f95ffea
In mainO, texas = 31, Stexas =0x8f95fff4
In mainO, year = 1992, Syear =0x8f95fff2

(Jh

—

t
-

Primer Plus



teledeli # 1

in scope

teledeli # 2

in scope,

hides

teledeli #1

teledeli # 1

in scope

again

int teledeli;

int teledeli;

teledeli

#2
exists

teledeli

# 1

exists

>

Figure 8-4 Blocks and scope

Notice how each of the three texas variables has its own distinct address and how the

program uses only the particular variable in scope at the moment, so assigning the value

113 to the texas in the inner block in oi l ( ) has no effect on the other variables of the

same name.

Let’s summarize the sequence of events. When mai n( ) starts, the program allo-

cates space for texas and year,
and these variables come into scope. When the program

calls o i l ( ) , these variables remain in memory but pass out of scope. Two new variables,

x and texas, are allocated and come into scope. When program execution reaches the

inner block in o i l ( ) ,
the new texas passes out of scope as it is superseded by an even

newer definition. The variable x, however, stays in scope because the block doesn’t de-

fine a new x. When execution exits the block, the memory for the newest texas is freed,

and texas number 2 comes back into scope. When the o i l ( ) function terminates, that

texas and x expire, and the original texas and year come back into scope.

Incidentally, you can use the C++ (and C) keyword auto to indicate the storage

class explicitly:
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i nt f roob ( i nt n

)

{

auto float ford;

>

Because one can use the auto keyword only with variables that already are auto-

matic by default, programmers rarely bother using the auto keyword. Occasionally, it’s

used to clarify code to the reader. For example, you can use it to indicate that you
purposely are creating an automatic variable that overrides a global definition, such as

those we’ll be discussing shortly.

Automatic variables ana the Stuck

You may gain a better understanding of automatic variables by seeing how a typical C++
compiler implements them. Because the number of automatic variables grows and
shrinks as functions start and terminate, the program has to manage automatic variables

as it runs. The usual means is to set aside a section of memory and treat it as a stack for

managing the flow and ebb of variables. It’s called a stack because new data figuratively

is stacked atop old data, then removed from the stack when a program is finished with
it. The default size of the stack depends on the implementation, but a compiler gener-

ally provides the option of changing the size. The program keeps track of the stack by
using two pointers. One points to the base of the stack, where the memory set aside for

the stack begins, and one points to the top of the stack, which is the next free memory
location. When a function is called, its automatic variables are added to the stack, and
the pointer to the top points to the next available free space following the variables.

When the function terminates, the top pointer is reset to the value it had before the

function was called, effectively freeing the memory that had been used for the new
variables.

A stack is a LIFO (Last In, First Out) design, meaning the last variables added to

the stack are the first to go. (To date, variables haven’t mounted a legal challenge to this

practice.) The design simplifies argument passing. The function call places the values of
its arguments on top of the stack and resets the top pointer. The called function uses the

description of its formal arguments to determine the addresses of each argument. Figure

8-5, for example, shows a f i b ( ) function that, when called, passes a two-byte intend a

four-byte long. These values go on the stack. When f i b ( ) begins execution, it asso-

ciates the names real and tellwith the two values. When f i b ( ) terminates, the top-of-

stack pointer is relocated to its former position. The new values aren’t erased, but they

no longer are labeled, and the space they occupy will be used by the next process that
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1 . Stack before function

call (each box represents

two bytes)

1890

2929

top of stack (next

addition goes here)

values placed on
the stack earlier

2. Stack after function call

function I

call pushes f i b ( 1 8 , 5 0 L ) ;

arguments
onto stack

- -50-L- -

18

1890

2929

top of stack (next

addition goes here)

Long value takes 4 bytes

int value takes 2 bytes

3. Stack after function

begins execution

void fibCint real. Long teLL)

>

- -50L- -

18

1890

2929

top of stack (next

addition goes here)

t e i l
function execution

associates formal

arguments with
r e a L values on stack

4. Stack after function

terminates

- -50L- -

18

1890

2929

top of stack reset to

original position (next

addition goes here)

Figure 8-3 Passing arguments with a stack
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places values on the stack. (The figure is somewhat simplified, for function calls may
pass additional information, such as a return address.)

You may have noticed that addresses in Listing 8-12 decreased rather than in-

creased as new variables were added. That’s because this particular C++ compiler imple-

ments the stack upside down. This changes the direction the stack grows, but it retains

the basic concept.

Type register Variables

C++, like C, supports the register keyword for declaring automatic variables. This key-

word is a hint to the compiler that you would like it to use a CPU register instead of the

stack to handle a particular variable. The idea is that the CPU can access a value in one

of its registers more rapidly than it can access memory in the stack. To declare a register

variable, preface the type with the keyword:

register int count_fast; // request for a register variable

You’ve probably noticed the qualifying words “hint” and “request.” The compiler

doesn’t have to honor the request. For example, the registers may already be occupied,

or you might request a type that doesn’t fit in a register. Current feeling is that modern
compilers are often smart enough not to need the hint. If you write a for loop, for

example, the compiler may take it upon itself to use a register for the loop index.

THE STHTIC STORAGE CLASS

Variables that belong to the static storage class last for the duration of the program; they

are less ephemeral than automatic variables. Because the number of static variables

doesn’t change as the program runs, the program doesn’t need a special device like a

stack to manage them. Instead, the compiler allocates a fixed block of memory to hold

all the static variables, and those variables stay present as long as the program executes.

Also, ifyou don’t explicitly initialize a static variable, the compiler sets it to zero. Static

arrays and structures have each element or member set to zero by default.

COMPATIBILITY NOTE

Classic K&R C did not allow you to initialize automatic arrays and struc-

tures, but it did allow you to initialize static arrays and structures. ANSI C
and C++ 2.0 allow you to initialize both kinds. But some C++ 2.0 transla-

tors use C compilers that are not fully ANSI C compliant. If you are using
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such an implementation, you may need to use one of the three varieties of

static storage classes for initializing arrays and structures.

C++, like C, provides three varieties of static variables: external, static, and exter-

nal static. If that looks a little confusing to you, you’re right. Unfortunately, C++ uses

the word static in two different senses. One is that of a variable that persists for the

duration of the program. In that sense, all three varieties are static. The second sense

limits how widely known the variable is; it affects the scope and linkage. The external

variable is available to all files of a program (file scope, external linkage), the external

static variable is available to all the functions in a single file (file scope, internal linkage),

and the static variable is confined to a single function (block scope, internal linkage).

Table 8-1 summarizes the storage class features; you’ve seen some of this information

already, but we’ll take a closer look now.

External variables

External variables are called external because they are defined outside of, hence external

to, any function. For example, they could be declared above the mainO function. You

Table II I Storage classes

automatic default for function

parameters and
variables declared

inside a function

block internal while defining

block is being

executed

external default for

variables declared

outside of any

function

file external while program is

running

static by applying the

static keyword to

a variable declared

inside a function

block internal while program is

running

extern static by applying the

static keyword to

a variable declared

outside any function

file internal while program is

running
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can use an external variable in any function that follows the external variable’s definition

in the file. Thus external variables are often termed global variables in contrast to auto-

matic variables, which are local variables. However, ifyou define an automatic variable

having the same name as an external variable, the automatic variable is the one in scope

when the program executes that particular function. Listing 8-13 illustrates these

points. It also shows how you can use the keyword extern to redeclare an external

variable defined earlier and how you can use C++’s scope resolution operator to access

an otherwise hidden external variable.

LISTING 8-13 external. cpp
// external. cpp -- external variables
//include <iostream.h>
// external variable
double warming = 0.3;

// function prototypes
void updateCdouble dt);
void local( vo id);

i nt ma i n ( voi d

)

cout << "G loba l

updateCO.I );

cout << “Global
local();

cout << “G loba l

return 0;

>

void update e doub l e dt) // modifies global variable

extern double warming; // optional r ede c l a r a t i on
warming += dt;

cout << “Updating global warming to “ << warming;
cout << “ degrees. \n“;

>

void locallvoid) // uses local variable

double warming = 0.8; // new variable hides external one

cout << “Local warming = “ << warming << “ degrees. \n“;
// Access global variable with the

// uses global variable

warming is “ << warming << “ degrees. \n“;
// call function to change warming

warming is “ << warming << “ degrees. \n“;
// call function with local warming

warming is “ << warming << “ degrees. \n“;
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// scope resolution operator
cout << "But global warming = " << ::warming;
cout << " degrees. \n";

Here is the output:

Global warming is 0.3 degrees.
Updating global warming to 0.4 degrees.
Global warming is 0.4 degrees.
Local warming = 0.8 degrees.
But global warming = 0.4 degrees.
Global warming is 0.4 degrees.

PROGRHM NOTES

The program output illustrates that both m a i n ( ) and u p d a t e ( ) can access the external

variable warming. Note that the change that update() makes to warming shows up in

subsequent uses of the variable.

The updateC) function redeclares the warming variable using the keyword

extern. This keyword means “use the variable by this name previously defined exter-

nally.” Since that is what updateC) would do anyway if you omitted the entire decla-

ration, this declaration is optional. It serves to document that the function is designed to

use the external variable. The original declaration

double warming = 0.3;

is called a defining declaration ,
or, simply, a definition. It causes storage for the variable

to be allocated. The redeclaration

extern double warming;

is called a referencing declaration, or, simply, a declaration. It does not cause storage to be

allocated, for it refers to an existing variable. You can use the extern keyword only in

declarations referring to previously defined variables (or functions—more on that later).

Also, you cannot initialize a variable in a referencing declaration:

extern double warming = 0.5; // INVALID

You can initialize a variable in a declaration only if the declaration allocates the

variable, that is, only in a defining declaration. After all, the term initialization means

assigning a value to a memory location when that location is allocated.

The l oca l ( ) function demonstrates that when you define a local variable having

the same name as a global variable, the local version hides the global version. The
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locate) function, for example, uses the local definition of warming when displaying

warming’s value.

C++ takes a step beyond C by offering the scope resolution operator When
prefixed to the name of a variable, this operator means to use the global version of that

variable. Thus local () displays warming as 0.8, but it displays :: warming as 0.4.

You’ll encounter this operator again in a different context when we discuss classes.

GLOBAL OR LOCAL?

Now that you have a choice of using global or local variables, which should
you use? At first, global variables have a seductive appeal—because all func-

tions have access to a global variable, you don’t have to bother passing argu-

ments. But this easy access has a heavy price—unreliable programs. Computing
experience has shown that the better job your program does of isolating

data from unnecessary access, the better job the program does in preserving

the integrity of the data. So most often, you should use local variables and
pass data to functions on a need-to-know basis rather than making data
available indiscriminately with global variables. As you will see, OOP takes

this data isolation a step further.

Global variables do have their uses, however. For example, you may
have a block of data that s to be used by several functions, such as an array

of month names or of the atomic weights of the elements. The external

storage class is particularly suited to representing constant data, for then
you can use the keyword const to protect the data from change.

const char * const monthsC12] =

“January", “February",
“June", “July", “August
“November", “December"

“March", “April", “May",
^ ^ 5 6 p 1 6 m Id 0 p

^ ^ q ^ ^ q g p
u

The First const protects the strings from change, and the second const
makes sure that each pointer in the array remains pointing to the same
string it pointed to initially.

THE STATIC MODIFIER [IDCfll VARIABLES]

The static modifier can be used either with a local variable or with a global variable.

We’ll look at the local case now. When used inside a function, static makes a local

variable have the static storage class. That means that even though the variable is known
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only to that function, it exists even while the function is inactive. Thus a static local

variable can preserve its value between function calls. (Static variables would be useful

for reincarnation—you could use them to pass bank deposit information to your next

appearance.) Also, if you initialize a static local variable, the program initializes the

variable once, when the program starts up. Subsequent calls to the function don’t

reinitialize the variable, the way they do for automatic variables. Listing 8-14 illustrates

these points.

LISTING 8-14 sialic. cpp
// static. cpp -- using a static Local variable
#include <iostream.h>
// constants
const int Size = 80;

// function prototype
void strcountCchar *str);

int ma i n ( voi d

)

char inputCSizeD;

cout << "Enter a line:\n";

// NOTE: if your implementation doesn't support getlineC), you'll

// have to rewrite the program using getCchar *, int) and

// getCchar)

cin.getlineCinput, Size);

while CinputCOD != ' \ 0 ' )

{

strcount(input);
cout << "Enter next line (empty line to quit):\n";

cin.getlineCinput, Size);

>

cout << "Bye\n";
return 0;

void strcountCchar * str)

static int total = 0; // static local variable

int count = 0; // automatic local variable

while (*str++) // go to end of string

count++;
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total += count;
cout << count << " characters in this string\n";
cout << total << " characters total\n";

Here is the program’s output:

Enter a line:

49 characters in this string
86 characters total
Enter next line (empty line to quit):

Bye

Note that the automatic variable count is reset to 0 each time the function is called.

However, the static variable total is set to 0 once, at the beginning. After that, total

retains its value between function calls, so it’s able to maintain a running total.

Applying the static modifier to an external variable becomes meaningful in multifile

programs. In that context, a static external variable is local to the file containing it. It

has internal linkage. But a regular external variable has external linkage
, meaning it can

be used in different files. In that case, one and only one file can contain the external

definition for the variable. Other files wishing to use that variable must use the keyword
extern in a reference declaration. See Figure 8-6.

If a file doesn’t provide the extern declaration of a variable, it can’t use an external

variable defined elsewhere:

// f i lei

int errors = 20; // external declaration

// file 2

// missing an extern int errors declaration
void froobishC)

cout << errors; // doomed attempt to use errors
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If a file attempts to define a second external variable by the same name, that’s an

error:

// f i lei

int errors = 20; // external declaration

// file 2

int errors;
void froobishC)

// invalid declaration

cout << errors; // doomed attempt to use errors

1 he correct approach is to use the keyword extern in the second file:

// f i lei

int errors = 20; // external declaration

// file 2

extern int errors;
void froobishC)
i

// refers to errors from filel

cout << errors; // uses errors defined in filel

But if a file declares a static external variable having the same name as an ordinary

external variable declared in another file, the static version is the one in scope for that

file:

// filel

int errors = 20; // external declaration

// f i le2

static int errors = 5; // known to file2 only
void froobishC)

cout << errors; // uses errors defined in file2

In a multiple-file program, you can define an external variable in one and

only one file. All other files using that variable have to declare that variable

with the extern keyword.
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i

Use a regular external variable to share data among different parts of a multifile

program. Use a static external variable to share data among functions found in just

one file. Also, ifyou make an external variable static, you needn’t worry about its name
conflicting with external variables found in other files.

Listings 8-15 and 8-16 show how C++ handles external and static external vari-

ables. Listing 8-15 (twofilel.cpp) defines the external variables tom and dick and the

static external variable harry. The ma i n ( ) function in that file displays the addresses of

the three variables, then calls the remote_access() function, which is defined in a

second file. Listing 8-16 (twofite2.cpp) shows that file. In addition to defining

remote_access ( ), the file uses the extern keyword to share tom with the first file.

Next, the file defines a static variable called dick. The static modifier makes this

variable local to the file and overrides the global definition. Then the file defines an

external variable called harry. It can do so without conflicting with the harry of the first

file because the first harry is local to twofilel.cpp. Then the remote_a ccess (

)

function displays the addresses of these three variables so that you can compare them

// f i lei . cpp
//include <iostream.h>

// function prototypes
iiiiiiM xV

//include "mystuff.h"
I

I

// defining an external variable
int process_status = 0;

int main(void)
i

V

;

void promi se( void)

1

IMMIllllllIttll

—

// f i le2. cpp
//include <iostream.h>

// function prototypes
//include "mystuff.h"

// referencing an external variable
extern int process_status;

int manipulateCint n)

'

char * remark(char * str)

This file defines the variable

process_statusy causing the

compiler to allocate space for it.

This file uses extern to instruct the

program to use the variable

process_status that was defined in

another file.

Figure 8-6 Defining declaration and referencing declaration
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with the addresses of the corresponding variables in the first file. Remember to compile

both files together to get the complete program.

LISTING llli iwofilel.cpp

// twofilel.cpp — external and static external variables
//include <iostream.h> // to be compiled with two file2.cpp
int tom = 3 ; // external variable definition
int dick = 30; // external variable definition
static int harry = 300; // static external variable definition

// function prototype
void r emo t e_a c ces s ( vo i d )

;

int main(void)

// NOTE: some implementations require that you type cast
// the addresses to type unsigned

cout << "main() reports the following addresses : \n";
cout << &tom << " = &tom, " << &dick << " = &dick, ";

cout << Sharry << " = &harry\n";
r e m o t e_a ccessO;
return 0;

LISTING 8-16 lwofile2.cpp

// twofile2.cpp — external and static external variables
//include <iostream.h>
extern int tom; // tom defined elsewhere
static int dick = 10; // overrides external dick
int harry = 200; // external variable definition,

// no conflict with twofilel harry

void r emo t e_a c c e s s ( vo i d )

{

// NOTE: some implementations require that you type cast
// the addresses to type unsigned

cout << "remote_access() reports the following addresses : \n";
cout << &tom << “ = &tom, " << &dick << " = &dick, " ;

cout << &har ry << " = &harry\n";
>
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Here is the output:

mainO reports the following addresses:
0x8fa000a8 = & t o m , 0x8fa000aa = & d i c k , 0x8fa000ac = & harry
remote_access( ) reports the following addresses:
0x8fa000a8 = &tom, 0x8fa000f8 = &dick, 0x8fa000fa = &harry

As you can see, both files use the same tom variable, but different dick and harry

variables.

STDIRBE C1HSSES RID CONST

In C++ (but not C), the const modifier alters the default storage classes slightly. While

an external variable has external linkage by default, a const external variable has in-

ternal linkage by default. That is, C++ treats an external const definition like a static

external definition. You can think of the keyword const, when used in an external

definition, as being preceded by an implicit static keyword.

const int fingers = 10; // same as static const int fingers;
int main(void)
{

C++ bent the rules for constant types to make life easier for you. Suppose, for

instance, you have a set of constants that you’d like to place in a header file and that you

use this header file in several files in the same program. After the preprocessor includes

the header file contents in each source file, each source file will contain definitions like

this:

const int fingers = 10;

const char * warning = "Wak!";

If external const declarations had external linkage like regular variables
, this would be

an error, for you can define an external variable in one file only. That is, only one file

could contain the above declaration, while the other files would have to use the extern

keyword. Moreover, only the declarations without the extern keyword could initialize

values:

// extern would be required if const had external linkage
extern const int fingers; // can't be initialized
extern const char * warning;

So you would need one set of definitions for one file and a different set of declarations

for the other files. But, because externally defined const data have internal linkage, you
can use the same declarations in all files.
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Internal linkage also means that each file gets its own set of constants rather than

sharing them. Each definition is private to the file containing it.

If, for some reason, you want to make a constant have external linkage, you can

use the extern keyword to override the default internal linkage:

extern const states = 50; // external linkage

You must use the extern keyword to declare the constant in all files using the constant.

This differs from regular external variables, in which you don’t use the keyword extern

when defining a variable, but use extern in other files using that variable. Also, unlike

regular variables, you can initialize an extern const value. Indeed, you have to, for

const data requires initialization.

When you declare a const within a function or block, it has block scope,

meaning the constant is usable only when the program is executing code within the

block. This means that you can create constants within a function or block and not have

to worry about the name conflicting with constants defined elsewhere.

STORDEE CLASSES nil FIICTIONS

Functions, too, have storage classes, although the selection is more limited than for

variables. C++, like C, does not allow you to define one function inside another, so all

functions automatically have a static storage class, meaning they are all present as long as

the program is running. By default, functions are external, meaning they have external

linkage and can be shared across files. You can, in fact, use the keyword extern in a

function prototype to indicate the function is defined in another file, but that is op-

tional. (For the program to find the function in another file, that file must be one of the

files being compiled as part of the program or a library file searched by the linker.) You

can also use the keyword static to give a function file scope. You would apply this

keyword to the prototype and to the function definition:

static int privateCdouble x);

static int privateCdouble x)

{

>

That means the function will be known only in that file. It also means you can use the

same name for a different function in another file. As with variables, a static function

overrides an external definition for the file containing the static declaration. So if you

defined your own strlenO function in one file of a multifile program and declared

the function static that one file would use your definition of strlenO, while the
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other files would use the library version. If you defined your own s t r L en ( ) function

and did not declare it as static, then the compiler would use your version in all the

files of your program. See the discussion on Where C++ Finds Functions.

Inline functions behave differently from regular functions. By default, they have

internal linkage and hence are local to the file containing them.

WHERE C++ FINDS FUNCTIONS

Suppose you call a function in a particular file in a program. Where does

C++ look for the function definition? If the function prototype in that file

indicates that function is static, the compiler will look only in that file for

the function. Otherwise, the compiler (and we use the word to include the

linker, too) looks in all the program files. If it finds two definitions, the

compiler sends you an error message, for you can have only one definition

for an external function. If it fails to find any definition in your files, the

function then searches the libraries. This implies that if you define a func-

tion having the same name as a library function, the compiler will use your

version rather than the library version.

Storage classes describe memory allocated for variables (including arrays and structures)

and functions. They don’t apply to memory allocated by using the C++ new operator

(or by the older C mallocO function). We’ll call that kind of memory dynamic

memory. As you saw in Chapter 4, dynamic memory is controlled by the new and

delete operators, not by scope and linkage rules. Thus dynamic memory can be allo-

cated from one function and freed from another function. Unlike automatic memory,
dynamic memory is not LIFO; the order of allocation and freeing depends upon when
and how new and delete are used. Typically, the compiler will use three separate

memory chunks: one for static variables (this chunk may be subdivided), one for auto-

matic variables, and one for dynamic storage.

Although storage class concepts don’t apply to dynamic memory, they do apply to

the pointer variables used to keep track of dynamic memory. For instance, suppose we
have the following statement inside a function:

float * p_fees = new float C20U;

The eighty bytes (assuming a float is four bytes) ofmemory allocated by new remains

in memory until the program expires or until the delete operator frees it. But the
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p_fees pointer passes from existence when the function containing this declaration ter-

minates. So if you wish to have the eighty bytes of allocated memory available to an-

other function, you need to pass or return its address to that function. On the other

hand, if you make the same declaration externally, then the p_fees pointer will be avail-

able to all the functions following that declaration in the file. And by using

extern float * p_fees;

in a second file, you make that same pointer available in the second file.

POIHIERS TO FUNCTIONS

No discussion of C or C++ functions would be complete without mention of pointers

to functions. We’ll take a quick look at this topic, leaving the full exposition of the

possibilities to more advanced texts.

Functions, like data items, have addresses. A function’s address is the memory

address at which the stored machine language code for the function begins. Normally,

it’s neither important nor useful for us or the user to know that address. But it can be

useful to a program. For example, it’s possible to write a function that takes the address

of another function as an argument. That enables the first function to find the second

function and run it. This approach is more awkward than simply having the first func-

tion call the second one directly, but it leaves open the possibility of passing different

function addresses at different times. And that means the first function can make use of

whatever function for which we pass the address.

CTIDH POINTER BHSICS

Let’s clarify this process with an example. Suppose you want to design an estimateO

function that estimates the amount of time needed to write a given number of lines of

code, and you want different programmers to use the function. Part of the code for

e s t i ma t e ( ) will be the same for all users, but the function will allow each programmer

to provide his or her own algorithm for estimating time. The mechanism for that will be

to pass to estimateO the address of the particular algorithm function the program-

mer wishes to use. To implement this plan, you need to be able to do the following:

i Take the address of a function.

i Declare a pointer to a function.

i Use a pointer to a function to invoke the function.
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Obtaining the Address of a function

Taking the address of a function is simple: just use the function name without trailing

parentheses. That is, if t h i n k ( ) is a function, then think is the address of the func-

tion. So to pass a function as an argument, pass the function name. Be sure you distin-

guish between passing the address of a function and passing the return value of a

function:

process(think); // passes address of thinkC) to processO
thought ( thi nk( ) ); // passes return value of thinkO to thoughtC)

The processO call enables the processO function to invoke the thinkC) function

from within process (). The thoughtC) call first invokes the thinkC) function, then

passes the return value of thinkC) to the thoughtC) function.

DECLARING A POINTER TO H FUNCTION

When we’ve declared pointers to data types, the declaration has had to specify exactly

what type to which the pointer points. Similarly, a pointer to a function has to specify

the type of function to which the pointer points. This means the declaration should

identify the function’s return type and the function’s signature (its argument list). For

instance, suppose Pam LeCoder has written a time-estimating function with the follow-

ing prototype:

double pamCint); / / prototype

Here’s what a declaration of an appropriate pointer type looks like:

double C*pf)Cint); // pf points to a function that takes
// one int argument and that
// returns type double

Note that this looks just like the pamC ) declaration, with C*pf ) playing the part of

pam. Since pam is a function, so is C*pf ). And if C*pf ) is a function, then pf is a

pointer to a function.

In general, to declare a pointer to a particular kind of function, you can first

write a prototype for a regular function of the desired kind, then replace the

function name by an expression in the form of ( * p f ) . That will make pf a

pointer to a function of that type.

The declaration requires the parentheses around (*pf

)

to provide the proper

operator precedence. Parentheses have a higher precedence than die * operator, so
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*pf(int) means pf() is a function that returns a pointer, while (*pf)(int) means

pf is a pointer to a function:

double (*pf)(int); // pf points to a function
double *pf(int); // pf() a function that returns a pointer

Once you’ve declared pf properly, you can assign it the address of a matching

function:

double pam(int);
doub le ( *pf ) ( i nt ) ;

pf = pam; // pf now points to the pam() function

Note that pam() has to match pf in both signature and return type. The compiler

rejects nonmatching assignments:

double ned(double);
int ted(int);
double (*pf)(int);
pf = ned; // invalid -- mismatched signature
pf = ted; // invalid -- mismatched return types

Let’s return to the e s t i ma t e ( ) function we mentioned earlier. Suppose you want

to pass it the number of lines of code to be written and the address of an estimating

algorithm, such as the pam() function. Then it could have the following prototype:

void estimateCint lines, double (*pf)(int));

This declaration says the second argument is a pointer to a function having an int ar-

gument and a double return value. To have estimateO use the pam() function, we

pass it pam( )’s address:

estimate(50, pam);

Clearly, the tricky part about using pointers to functions is writing the prototypes, while

passing the address is very simple.

USING fl POINTER TO INVOKE fl FUNCTION

Now we get to the final part of the technique, which is using a pointer to call the

pointed-to function. The clue comes in the pointer declaration. There, recall, (*pf

)

played the same role as a function name. Thus all we have to do is use ( * p f ) as if it were

a function name:

double pam(int);
double (*pf)(int);
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pf = pam; // pf now points to the pam() function
double x = p a m ( 4 ) ; // call pam() using the function name
double y = (*pf)(5); // call pam() using the pointer pf

Actually, C++ also allows you to use pfas if it were a function name:

double y = pf(5); // also call pam() using the pointer pf

We’ll use the first form. It is uglier, but it provides a strong visual reminder that the code

is using a function pointer.

(Holy syntax! How can pf and (*pf

)

be equivalent? Historically, one school of

thought maintained that since pf is a pointer to a function, then *pf is a function,

hence you should use ( *pf ) ( ) as a function call. A second school maintained that since

the name of a function is a pointer to that function, then a pointer to that function

should act like the name of a function, hence you should use pf ( ) as a function call.

C++ takes the compromise view that both forms are correct, even though they are

logically inconsistent with each other. Before you judge that compromise too harshly,

reflect that the ability to hold views that are not logically self-consistent is a hallmark of

the human mental process.)

Listing 8-17 demonstrates using function pointers in a program. It calls the es-

timate ( ) function twice, once passing the betsy ( ) function address, and once pass-

ing the pam() function address. In the first case, estimateO uses betsyO to

calculate the number ofhours needed, and in the second case, estimateO uses pam()

for the calculation. This design facilitates future program development. When Ralph
develops his own algorithm for estimating time, he doesn’t have to rewrite esti-
mate () . Instead, he merely need supply his own r a l p h ( ) function, making sure it has

the correct signature and return type. Of course, rewriting estimateO isn’t a difficult

task, but the same principle applies to more complex code. .Also, the function pointer

method allows Ralph to modify how estimateO works even if he doesn’t have access

to the source code for estimateO.

LISTING 8 17 fun pir.cpp

II f u n_p tr.cpp -- pointers to functions
#include <iostream.h>
double betsy(int);
double pam(int);

// second argument is pointer to a type double function that
// takes a type int argument
void estimateCint lines, double (*pf)(int)>;
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int main(void)

int code;

cout << “How many Lines of code do you need? “;

c i n >> code;

cout << “Here's Betsy's es t i ma t e : \ n“

;

estimateCcode, betsy);
cout << “Here's Pam's est i mate : \n“;
estimateCcode, pam);
return 0;

>

double betsyCint Lns)

return 0.05 * Ins;

>

double pamCint Ins)

return 0.03 * Ins + 0.0004 * Ins * Ins;
>

void estimateCint lines, double (*pf)(int))

cout << lines << “ lines will take “;

cout << C*pf)Clines) << “ hour(s)\n“;
>

Here are two sample runs:

How many lines of code do you need? 30
Here's Betsy's estimate:
30 lines will take 1.5 hour(s)
Here's Pam's estimate:
30 lines will take 1.26 hour(s)

How many lines of code do you need? 100
Here's Betsy's estimate:
100 lines will take 5 hour(s)
Here's Pam's estimate:
100 lines will take 7 hour(s)
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Summary
C++ has expanded C function capabilities. By using the inline keyword with function

definition and by placing that definition ahead of the first call to that function, you

suggest to the C++ compiler that it make the function inline. That is, instead of having

the program jump to a separate section of code to execute the function, the compiler

replaces the function call with the corresponding code inline. An inline facility should

be used only when the function is short.

C++ prototypes let you define default values for arguments. If a function call

omits the corresponding argument, the program uses the default value. If the function

includes an argument value, the program uses that value instead of the default. Default

arguments can be provided only from left to right in the argument list. Thus if you
provide a default value for a particular argument, you must also provide default values

for all arguments to the right of that argument.

A function’s signature is its argument list. You can define two functions having

the same name providing they have different signatures. This is called function poly-

morphism, or function overloading. Typically, you would overload functions to pro-

vide essentially the same service to different data types.

C++ encourages you to use multiple files in developing programs. An effective

organizational strategy is to use a header file to define user types and provide function

prototypes for functions to manipulate the user types. Use a separate source code file for

the function definitions. Together, the header file and the source file define and imple-

ment the user-defined type and how it can be used. Then ma i n ( ) and other functions

using those functions can go into a third file.

C++’s storage classes determine how long variables remain in memory and what
parts of a program have access to them (scope and linkage). Automatic variables are

those defined within a block, such as a function body or a block within the body. They
exist and are known only while the program executes statements in the block containing

the definition.

Static variables exist for the duration of the program. A variable defined outside of

any function has external storage class. It’s known to all functions in the file following

its definition (file scope) and is made available to other files in the program (external

linkage). For another file to use such a variable, it must declare it using the extern
keyword. A variable defined outside any function but qualified with the keyword
static has file scope but is not made available to other files (internal linkage). A vari-

able defined inside a block but qualified with the keyword static is local to that block

but retains its value for the duration of the program.

C++ functions, by default, have external storage class, so they can be shared across

files. But inline functions and functions qualified with the keyword static have internal

linkage and are confined to the defining file.
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The name of a C++ function acts as the address of the function. By using a func-

tion argument that is a pointer to a function, you can pass to a function the name of a

second function that you wish the first function to evoke.

Review Questions

1. What kinds of functions are good candidates for inline status?

2. Suppose the song( ) function has this prototype:

void songCchar * name, int times);

a. How would you modify the prototype so that the default value for times is P

b. What changes would you make in the function definition?

c. Can you provide a default value of “O, My Papa ” for name

?

3. Write overloaded versions of iquote(),a function that displays its argument enclosed

in double quotation marks. Write three versions: one for an int argument, one for a

double argument, and one for a string argument.

4. Here is a structure template:

struct box

char makerC40D;
float height;
float width;
float length;
float volume;

>;

a. Write a function that passes a box structure by reference and that displays the value

of each member.

b. Write a function that passes a ^xstructure by reference and sets the volumemember
to the product of the other three dimensions.

5. Here are some desired effects. Indicate whether each can be accomplished with default

arguments, with function overloading, with both, or with neither. Provide appropriate

prototypes.

a. massCdensity, volume) returns the mass of an object having a density of density

and a volume of volume, while mass(density) returns the mass having a density of

density and a volume of 1.0 cubic meters. All quantities are type double.
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b. repeat (10, "I'm OK" ) displays the indicated string 10 times, while re pea t ( “But

you're kind of s tup i d" ) displays the indicated string 5 times.

c. average(3,6) returns the int average oftwo int arguments, while average(3 . 0,

6.0) returns the double average of two double values.

d. mangleC'I'm glad to meet you") returns the character ‘F or a pointer to the

string “Fm mad to gleetyou
”
depending on whether you assign the return value to a

char variable or to a c h a r * variable.

e. average(3,6) returns an i n t average ofthe two i n t arguments when called in one

file, and it returns a double average of the two i nt arguments when called in a

second file in the same program.

6. What storage class would you use for the following situations?

a. homer is a formal argument (parameter) to a function.

b. The secret variable is to be shared by two files.

c. The topsecret variable is to be shared by the functions in one file but hidden from

other files.

d. beencalled keeps track of how many times the function containing it has been

called.

7. Write a function that normally takes one argument, the address of a string, and prints

that string once. However, if a second, type i n t argument is provided and is nonzero,

the function prints the string a number of times equal to the number of times that

function has been called to that point. (Yes, this is a silly function, but it makes you use

some of the techniques discussed in this chapter.)

8. Design a function calculateO that takes two type double values and a pointer to

a function that takes two double arguments and returns a double. The calculateO
function also should be type double, and it should return the value that the pointed-

to function calculates using the double arguments to calculateO. For example,

suppose we have this definition for the addO function:

double addCdouble x, double y)

return x + y;
>
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Then the function call in

double q = calculated. 5, 10.4, add);

would cause calculated to pass the value 2.5 and 10.4 to the add() function and

then to return the add( ) return value (12.9).
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O
bject-oriented programming (OOP) is a particular conceptual approach to design-

ing programs, and C++ has enhanced C with features that ease the way to apply-

ing that approach. Perhaps the most important OOP features are these:

i Data abstraction

i Encapsulation and data hiding

i Polymorphism

> Inheritance

The class is the single most important C++ enhancement for implementing those

features and tying them together. This chapter begins our examination of classes, ex-

plaining data abstraction, encapsulation, and data hiding, and showing how classes

implement these features. It discusses how to define a class, how to provide a class with

public and private sections, and how to create member functions that work with the

class data. Also, the chapter acquaints you with constructors and destructors
, special mem-

ber functions for creating and disposing of objects belonging to a class. Finally, you’ll

meet the this pointer, an important component of some class programming. The fol-

lowing two chapters will extend the discussion to operator overloading (another variety

of polymorphism) and inheritance.

PROCEDURAL AND OBJECT-ORIENTED PROGRAMMING

Although we have explored the OOP perspective on programming every so often, we’ve

usually stuck pretty close to the standard procedural approach of languages such as C,

Pascal, and BASIC. Let’s look at an example that clarifies how the OOP outlook differs
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from that of procedural programming. As the newest member of the Genre Giants
softball team, you’ve been asked to keep the team statistics. Naturally, you turn to your
computer for help. Ifyou were a procedural programmer, you might think along these lines:

Let’s see, I want to enter the name, times at bat, number of hits, batting

averages 1

, and all those other great basic statistics for each player. Wait,

the computer is supposed to make life easier for me, so let’s have it figure

out some of that stuff, like the batting average. And I want the program
to report the results. How should I organize this? I guess I should do
things right and use function. Yeah, 1 11 make ma i n ( ) call a function to

get the input, then call a function to make the calculations, and then call

a function to report the results. Hmmm, what happens when I get data

from the next game? I don’t want to start from scratch again. Okay, I can
add a function to update the statistics. Golly, maybe I’ll need a menu in

mai n( ) to select between entering, calculating, updating, and showing
the data. Hmm—how am I going to represent the data? I could use an
array of strings to hold the players’ names, another array to hold the at

bats for each player, another array to hold the hits, and so on. No, that’s

dumb. I can design a structure to hold all the information for a single

player, then use an array of those structures to represent the whole team.

In snort, you would first concentrate upon the procedures you would follow, then think
about how to represent the data. (Note: So that you don’t have to keep the program
running the whole season, you’ll probably also want to be able to save data to a file and
read data from a file. But as we haven’t covered files yet, we’ll ignore that complication
for now.)

Now let’s see how your perspective changes when you don your OOP hat (an

attractive polymorphic design). You would start by thinking about the data. Further-
more, you would think about the data not only in terms ofhow to represent it, but in terms
ofhow it’s to be used:

Let’s see—what am I keeping track of? A ball player, of course. So I want
an object that represents the whole player, not just her batting average or

times at bat. Yeah, that’ll be my FDU (fundamental data unit), an object

representing the name and statistics for a player. 1 11 need some methods
to handle this object. Hmmm, I guess I need a method to get basic infor-

mation into this unit. The computer should calculate some of the stuff,

like the batting averages—I can add methods to do calculations. And the

'For those who don’t follow baseball or softball, the batting average is the number of hits a player has divided by his official times
at bats. An at bat terminates when a player gets on base or makes an out, but certain events, such as walking, don’t count as official
times at bat.
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program should do those calculations automatically, without the user

having to remember to ask to have them done. Also, I’ll need methods

for updating the information and displaying it. So the user gets three

ways to interact with the data: initialization, updating, and reporting. That’s

the user interface.

In short, you would concentrate upon the object as the user perceives it, thinking

about the data needed to describe the object and about the operations that will describe

the user’s interaction with the data. After developing a description of that interface,

you’d move on to deciding how to implement the interface and data storage. Finally,

you’d put together a program to use your new design.

HTH HBSTRHCTIOII HMD CLASSES

Data abstraction is the crucial step of representing information in terms of its interface

with the user. In the softball statistics example, the interface describes how the user

initializes, updates, and displays the data. From data abstraction, it is a short step to the

user-defined type
,
which in C++ is a class design that implements that interface.

S I IIP!?

Let’s think a little more about what constitutes a type. For example, what is a nerd? If

you subscribe to the popular stereotype, you may think of a nerd in visual terms—thick,

black-rimmed glasses, pocket protector full of pens, and so on. After a little reflection,

you may conclude that a nerd is better defined operationally, for example, in how he or

she responds to an awkward social situation. We have a similar situation, if you don’t

mind stretched analogies, with a procedural language like C. At first, you tend to think

of a data type in terms of its appearance—how it is stored in memory. A char, for

example, typically is one byte of memory, and a doub L e is often eight bytes of memory.

But a little reflection leads one to conclude that a data type is also defined in terms ofthe

operations that can be performed upon it. For instance, the i n t type can use all the

arithmetic operations. You can add, subtract, multiply, and divide integers. You can

also use the modulus operator (%) with them. On the other hand, consider pointers. A
pointer may very well require the same amount of memory as an i nt. It may even be

represented internally as an integer. But a pointer doesn’t allow the same operations that

an integer does. You can’t, for example, multiply two pointers times each other. The

concept makes no sense, so C++ doesn’t implement it. Thus when you declare a variable

as an int or as a pointer-to-f loa t, you’re not just allocating memory—you are also
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establishing which operations can be performed with the variable. In short, specifying a

basic type does two things:

i It determines how much memory will be needed for a data object.

i It determines what operations, or methods, can be performed using the data

object.

For built-in types, this information is built into the compiler. But when you define a

user-defined type in C++, you have to provide the same kind of information yourself. In

exchange for this extra work, you gain the power and flexibility to custom-fit new data

types to match real-world requirements.

The class is the C++ vehicle for translating a data abstraction to a user-defined type. It

combines data representation and methods for manipulating that data into one classy

package. Let s look at a class representing the softball information mentioned earlier.

Generally, a class specification has two parts:

i A class definition, which describes the component members (both data mem-
bers and function members) of the class

i The class method definitions, which describe how certain class member func-

tions are implemented

Roughly speaking, the class definition provides a class overview, while the method defi-

nitions supply the details.

Listing 9-1 presents a class definition for a softball

c

lass. You’ll notice it looks like

a structure template with a few additional wrinkles, such as member functions and
public and private sections. Incidentally, in concentrating on the spirit of a class defini-

tion, we’ve limited the statistical aspect to the basics. Softball and baseball, of course, are

the stuff of a statistician’s dreams. In addition to our meagre offerings, you could have
daytime average, nighttime average, average against left-handed pitching, average
against right-handed pitching, walks, on by errors, hit by pitches, on base average, slug-

ging average, doubles, triples, home runs, average with players on base, with the bases

loaded, with players in scoring position, and so on. And you would want to distinguish

between official at bats and total at bats, for the official at bats excludes walks and
sacrifices. One nice thing about the OOP approach is that once you’ve set up the funda-
mental structure for a program, it’s easy to go back and add new data elements.
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LISTING 9 1 classlst.cpp

// c lassl st . cpp — our first class definition
c l ass softball // softball is name of new type

pr i va t e

:

// can be accessed only through
char f i rstname C 1 5 3 ; // member functions
char lastnameC 153;

unsigned at bat s;

unsigned hits;

unsigned rbis; // runs batted in

float ave;

float ca lc_ave (void); // private member function
pu b l i c : // defines public interface

void setallCvo id); // public member functions
void update(vo id);

void show_stat s ( v o i d ) ;

>;

You’ll get a closer look at the class definition details later, but first let’s examine

the more general features. To begin, the C++ keyword class identifies this code as

being the template, or definition, of a class. The syntax identifies softball as being the

type name for this new class. This definition enables us to declare variables, called ob-

jects, or instances,
of the softball type. Each individual object would represent a single

player. For example, the declarations

softball sally;

softball solly;

would create two softball objects called W/yand solly.

Next, notice that the definition includes data members, such as firstname and rbis,

and function members, such as ca lc_ave( ) and update ( ). Here prototypes represent

the functions. We’ve talked about how the istrcam and ostream classes have member

functions, such as get ( ) and getlineO. The function prototypes in the softball class

definition demonstrate how member functions are established. The iostream.h

header file, for example, has a ge 1 1 i ne (
)
prototype in the istream class definition. Class

member functions are also termed class methods. The full definitions for the member

functions will come later, but the prototypes suffice to describe the function interfaces.

This wrapping of data and methods into the same package is termed encapsulation. The

binding of data and methods into a single unit is the most striking feature of the class.

Because of encapsulation, creating a softball object automatically establishes the rules

governing how that object can be used.
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Also new are the keywords private and public. These labels describe the

visibility, ”or accessibility, of class members. Any program using an object of a particu-

lar class can access the public portions directly. But a program can access the private
members2 of an object only by using the public member functions. For instance, the

only way to alter the atbats member of the softball class is to use the s e t a 1 1 ( ) or

updateC) member function. Thus the public member functions act as go-betweens

between the program and an object’s private members; they provide the interface

between object and program. This insulation of data from direct access by a program is

called data hiding. (C++ provides a third visibility keyword, protected, which we ll

discuss when we cover class inheritance in Chapter 11.) See Figure 9-1. While data

hiding may be an unscrupulous act in, say, a stock fund prospectus, it’s a good practice in

computing because it preserves the integrity of the data.

OOP AND C++
Object-oriented programming is a programming style that you can use with any
language. Certainly, you can incorporate many OOP ideas into ordinary C
programs. For instance, Chapter 8 provided an example in which a header file

contained a structure prototype along with the prototypes for functions to ma-
nipulate that structure. Thus the mai n( ) function simply defined variables of
that structure type and used the associated functions to handle those variables;

ma i n ( ) did not directly access structure members. In essence, that example de-

fined an abstract type that encapsulated the storage format and the function

prototypes in a header file, hiding the actual data representation from main().

C++, however, includes features specifically intended to implement the OOP
approach, so it lets you take the process a few steps further than you can with C.
First, placing the data representation and the function prototypes into a single

class definition instead of into a file tightens the encapsulation by placing every-

thing in one class definition. Second, making the data representation private
enforces the stricture that that data be accessed by authorized functions only. If,

in the C example, mainO directly accessed a structure member, it would be
violating the spirit of OOP, but it wouldn’t be breaking any C language rules.

But trying to access, say, the hits member of a softball object directly does break
a C++ language rule, and the compiler will catch it.

Note that data hiding not only prevents you from accessing the data directly, but
it also absolves you from needing to know how the data is represented. To use the

2Some readers may find the expression “private members” vaguely unsettling, but that is the usual C++ terminology.
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softball class, you don’t need to know that it has a hits member or that the type for that

member is unsigned int. What you do need to know is what the different member
functions accomplish; that is, you need to know what kinds of arguments a member
function takes and what kind of return value it has. The principle is to separate the

details of the implementation from the design of the interface. If you later find a better

way to implement the data representation or the details of the member functions, you

can change those details without changing the program interface, and that makes pro-

grams much easier to maintain.

PUBLIC OR PRIVATE?

Class members, whether they be data items or member functions, can be declared either

in the public section or the private section of a class. But because one of the main

OOP precepts is to hide the data, data items normally go into the private section. The
member functions that constitute the class interface go into the public section; other-

wise, you couldn’t call those functions from a program. As our sample definition shows,

you can also put member functions in the private section. You can’t call such func-

tions directly from a program, but the public methods can use them. Typically, you

keyword class the class name becomes the name of

identifies class definition this user-defined type

keyword private identifies

class members that can be

accessed only through the

public member functions

(data hiding)

keyword public identifies

class members that constitute

the public interface for the

class

i
1

1

1

class softball

private:

char f i rstnameCI 5];

char lastnameCI 5D;

unsigned atbats;

unsigned hits;

unsigned rbis;

float ave;

float ca l c_ave ( voi d )

;

pub lie:

void setall(void);

void update(void);

void show_stats(void);

>;

class members

can be

data types

or

functions

(encapsulation)

Figure 9-1 The softball class
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would use private member functions to handle implementation details that don’t

form part of the public interface.

You don’t have to use the keyword private in class definitions, for that is the

default visibility for class objects:

class world
{

float mass; // private by default
char nameC20]; // private by default

public:

void tellall(void);

>

However, we’ll use the private label explicitly in order to emphasize the concept of

data hiding.

CLASSES AND STRUCTURES

Class descriptions look much like structure templates with the addition of

member functions and of the public and private visibility labels. In fact, C+ +

has extended to structures the same features classes have. The only difference is

that the default visibility type for a structure is public, while the default type

for the class is private. But C++ programmers commonly use classes to imple-

ment class descriptions while restricting structures to represent pure data objects.

We still have the second part of the class specification to do: providing code for the

member functions. Let s look at that next. Member function definitions are much like

regular function definitions. They have a function heading and a function body. They
can have return types and arguments. But they also have two special characteristics:

i When defining a member function, you use the scope operator (:;) to identify

the class to which the function belongs.

i Class methods can access the private components of the class.

Let’s look at these points now.

First, the function heading for a member function uses the scope operator (;;) to

indicate to which class the function belongs. For example, the heading for the

seta 1 1 ( ) member function looks like this:

void sof tba l l : : seta 1 1 (

)
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This notation means we are defining the seta l L (

)

function that is a member of the

softball class. Not only does this identify seta 1 1 (

)

as a member function, it means we

can use the same name for a member function for a different class. For instance, the

heading for a s e t a 1 1 ( ) function for a buffoon class would have this function heading:

void buf f oon : : seta L L (

)

Thus the scope resolution operator resolves the question of which class a method defi-

nition applies to. We say that the identifier seta L L (

)

has class scope. Other member

functions of the softball class can, if necessary, use the s e t a L L ( ) method without using

the scope resolution operator. That’s because they belong to the same class, making

seta 1 1 (

)

in scope. Using seta L L (

)

outside of the class definition and method defini-

tions, however, will require special measures, which we’ll get to soon.

The second special characteristic for methods is that the function can access the pri-

vate members of a class. For instance, the s h o w_s t a t s ( ) method can use code like this:

cout << "Player: " << firstname << " " << lastname << "\n";

Here firstname and lastname are private data members of the softball class. If you try to

use a nonmember function to access these data members, the compiler will stop you

cold in your tracks. (However, friend functions, discussed in Chapter 10, provide an

exception.)

With these two points in mind, we can implement the class methods as shown in

Listing 9-2. These method definitions can go in a separate file or in the same file with

the class definition. Since we are starting simple, we’ll assume that these definitions

follow the class definition in the same file. This is the easiest, although not the best, way

to make the class definition available to the method definitions. (The best way, which

we ll apply later, is to use a header file for the class definition and a source code file for

the class member function definitions.)

LISTING 9-2 classlst.cpp

//mo re class Ist.cpp — implementing the class member functions

//include <iostream.h>
float sof t ba 1 1 : : ca l c_a ve ( vo i d ) / / belongs to softball class

{

i f (atbats == 0)

return 0;

else

return float(hits) / atbats;

void sof t ba 1 1 : : se t a 1 1 ( vo i d ) // sets initial values
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{

cout << "Enter player's first name: ";

cin >> firstname;
cout << "Enter player's last name: ";

ci n >> lastname;
cout << "Enter number of at bats: ";

cin >> atbats;
cout << "Enter number of hits: ";

cin >> hits;
cout << "Enter number of RBIs: ";

cin >> rbis;
a ve = cal c_a ve ( )

;

cout << "\n";
>

void softball. :update(void) // revises stats
{

int temp;

cout << Enter stats for " << firstname << " ";
cout << lastname << ":\n";
cout << "Enter additional number of at bats: ";
c i n >> temp

;

atbats = atbats + temp;
cout << "Enter additional number of hits: ";
c i n >> temp;
hits = hits + temp;
cout << "Enter additional number of RBIs: ";
cin >> temp;
rbis = rbis + temp;
a v e = cal c_a v e ( ) ;

cout << "\n";

void softball: : show_s t a t s ( vo i d ) // display data

cout « "Player: " « firstname « " " « lastname « "\n";
cout « "At bats: " « atbats « " Hits: " « hits;
cout « " RBIS: " « rbis « " BA: " « ave « "\n\n";
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NEMBER [UNCTION NOTES

We made c a L c_a ve() aprivate method because the user doesn’t need direct access to

this function. Instead, the s e t a L L ( ) and updateC) functions call cal c_a v e ( ) to cal-

culate a player’s batting average once they’ve determined the number of hits and the

number of at bats. By the way, note the following statement from ca l c_ave:

return float(hits) / atbats;

The number of hits and the number of at bats are integer quantities, which means the

expression hits/atbats represents integer division. That would evaluate to zero if hits

is less than atbats, so we’ve used a C++ style type cast to make the numerator type

float, compelling the compiler to use floating-point division. Notice that we did not

use the form float(hits/atbats), for that would still use integer division, then con-

vert the result (most likely a zero) to a floating-point. You also can use the older C notation

for a type cast:

return (float) hits / atbats;

The s e t a 1 1 ( ) method prompts the user to enter name information along with

some batting statistics. The updateC) method lets the user enter information about the

number of additional at bats and the like. It uses the name information already provided

by s e t a 1 1 ( ) . Finally, show_stats() displays all the information about a player.

EFimtiG a Method within the Class Definition

The last example separated the method definitions from the class definition, but you

don’t have to do that. For instance, you could define the softball class this way:

class def i ni t i on

// softball is name of new type

// classlst.cpp -- our first

class sof tba 1

1

i

private:
char f i r s t nameC 1

5

1 ;

char lastnameC15];
unsigned atbats;
unsigned hits;

unsigned rbis;

float ave;

float cal c_a ve (

)

// can be accessed only through
// member functions

II runs batted in

// method definition
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i f (atbats == 0)

return 0;
else

return float(hits) / atbats;

Llc: II defines public interface
void seta ll(void); // public member functions
void update(void);
void s h o w_s tats(void) ;

Here we ve replaced the prototype for cal c_a ve ( ) with the complete function defini-
tion. When you define a function within a class definition, C++ makes that function an
inline function (Chapter 8). Thus, ifyou use this approach at all, you should use it only
with very short functions. We will continue to define member functions outside the
class definition because that is more in accord with the principle of separating details of
implementation from the class description. You can, ifyou like, define a member func-
tion outside the class definition and still make it inline. To do so, just use the inline
qualifier when defining the function in the class implementation section:

class sof tba 1

1

private:

float calc_ave();
publi c

:

m

>;

inline float sof tba l l : : ca lc_ave(

)

f

• • •

}

// definition kept separate

// use inline in definition

COMPATIBILITY MOTE

This two-part approach to creating inline member functions didn’t work orop-
erly in early versions ofTurbo C++ if the inline member functions were used in
a file other than the one containing the definition. However, this mechanism
does work in Borland C++ and newer releases of Turbo C++.
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Which object?

Now we’ve come to one of the most important aspects of using objects: how you apply

a class method to an object. Code such as

cout << "Player: " << firstname << " " << lastname << "\n";

uses the firstname and lastname members of an object. But which object? That’s an

excellent question! To answer it, first consider how you create an object. The simplest

way is to declare class variables:

softball kate, joe;

This creates two objects of the softball class, one named kate and one named joe.

Next, consider how to use a member function with one of these objects. The

answer, as with structures and structure members, is to use the membership operator:

kate . show_stats( ) ; // the kate object calls the member function

joe.show_stats(); // the joe object calls the member function

The first call invokes show_stats( ) as a member of the kate object. This means the

method will interpret firstname as kate.firstname and lastname as kate. lastname. Simi-

larly, the call j o e . s h o w_s t a t s ( ) makes the s h o w_s t a t s ( ) method interpretfirstname

and lastname as joe.firstname and joe. lastname.

When you call a member function, it uses the data members of the particular

object used to invoke the member function.

Similarly, the function call kate.setallC) invokes the calc_ave() function as if it

were kate . ca lc_ave( ), causing that function to get its data from the kate object.

Each new object you create contains storage for its own internal variables, the class

members. But all objects of the same class share the same set of class methods. Suppose,

for instance, that kate and joe are softball objects. Then kate . hi ts occupies one

chunk of memory and joe. hits occupies a second chunk of memory. But

kate . s how_s t a t

s

( ) and joe . show_stats( ) both invoke the same method, that is,

both execute the same block of code. They just apply the code to different data. Calling

a member function is what some OOP languages term sending a message. Thus sending

the same message to two different objects invokes the same method but applies it to two

different objects. See Figure 9-2.

Chapter Nine * Objects and Classes



Now you’ve seen how to define a class and its class methods. The next step is to produce

a program that creates and uses objects of a class. The C++ goal is to make using classes

as similar as possible to using the basic, built-in types, such as i nt and char. So you can

create a class object by declaring a class variable or using new to allocate an object of a

class type. You can pass objects as arguments, return them as function return values, and
assign one object to another. C++ provides facilities for initializing objects, for teaching

ci n and cout to recognize objects, and even for providing automatic type conversions

between objects of similar classes. It will be a while before you can do all these things,

softball kate, joe;

creates two
objects each

with its own
data, but uses

just one set of

member
functions

V

show_stats() member function

void softball show_stats( void)

cout << "Player: " « fname

kate. show_stats( ); joe . show_stats( )

;

uses show_stats()

member function with

kate data

uses show_stats()

member function with

joe data

Figure 9-2 Objects, data, and memberfunctions
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but let’s start now with the simpler properties. Indeed, you’ve already seen how to de-

clare a class object and to call a member function. Listing 9-3 combines those tech-

niques with the class definition and the member function definitions to form a

complete program. It creates two objects, one representing the position of left field, and

one representing center field. The program is simple, but it does test the features we

built into the class.

LISTING 9 5 classlst.cpp

// classlst.cpp complete -- use a class

#include <i ost ream . h>

// class definition
class sof tba l l

private:
char firstnameC15D;
char lastnameC15];
unsigned atbats;

unsigned hits;

unsigned rbis;

float ave;

float cal c_a v e ( )

;

public:
void seta 1 1 ( ) ;

void upda t e ( )

;

void show_s t a t s ( )

;

>;

// class methods
float sof tba l l : : ca l c_a ve ( ) // belongs to softball class

if (atbats = = 0)

return 0;

else

return float(hits) / atbats;

>

void sof tba l l :: seta 1 1 (

)

cout << "Enter player's first name: ";

c i n >> f i r s t name

;

cout << "Enter player's last name: ";

ci n >> lastname;

cout << "Enter number of at bats: ";

// can be accessed only through

// member functions

// private member function

// defines public interface

// public member functions
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cin >> atbats;
cout << "Enter number of hits: ";

cin >> hits;
cout << "Enter number of RBIs: ";

cin >> rbis;
a v e = cal c_a v e ( ) ;

cout << "\n";
>

void sof tba 1 1 :: updateC ) // revises stats

cout << "Enter stats for " << firstname << " ";

cout << Lastname << ":\n";
cout << "Enter additional number of at bats: ";

int temp;

cin >> temp

;

atbats = atbats + temp;
cout << "Enter additional number of hits: ";

cin >> temp;
hits = hits + temp;
cout << "Enter additional number of RBIs: ";

c i n >> temp;
rbis = rbis + temp;
a ve = cal c_a ve ( ) ;

cout << "\n";
>

void sof tba 1 1 : : show_sta t s (

)

cout << "Player: " << firstname << " " << lastname << "\n";
cout << "At bats: " << atbats « " Hits: " << hits;
cout << " RBIS: " << rbis << " BA: " << ave << "\n\n"*

>

// test program
int mai n( voi d)

cout « "Batter 00P!\n";

softball left, center; // try with two objects
left.setallO;
center.setallC);
l e f t . s h o w_s t a t s ( )

;

center . show_stats ( )

;

left. updateC)

;

center. updateC);
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Left. s how_s t a t s ( )

;

center . show_stats ( )

;

cout << "bye\n";
return 0;

Here’s a sample run:

Batter OOP!

Enter player's first name: Kimball
Enter player's last name: Kinnison
Enter number of at bats: 520
Enter number of hits: 232
Enter number of RBIs: 143

Enter player's first name: Hari
Enter player's last name: Seldon
Enter number of at bats: 480
Enter number of hits: 135
Enter number of RBIs: 38

Player: Kimball Kinnison
At bats: 520 Hits: 232 RBIS: 143 BA: 0.4461 54

Player: Hari Se l don

At bats: 480 Hits: 135 RBIS: 38 BA: 0.28125

Enter stats for Kimball Kinnison:
Enter additional number of at bats: 24

Enter additional number of hits: 11

Enter additional number of RBIs: 4

Enter stats for Hari Seldon:
Enter additional number of at bats: 21

Enter additional number of hits: 9

Enter additional number of RBIs: 3

Player: Kimball Kinnison
At bats: 544 Hits: 243 RBIS: 147 BA: 0.446691

Player: Hari Seldon
At bats: 501 Hits: 144 RBIS: 41 BA: 0.287425

bye
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As promised, calling Left.setallO causes the s e t a L l ( ) method to use the left

object, and so on. Note that ma i n ( ) is just a vehicle for testing the design of the softball

class. Given that the class works as we like, we can now use the softball class as a user-

defined type in other programs. The critical point in using the new type is understand-

ing what the member functions do; you shouldn’t have to think about the

implementation details. See the discussion on the Client-Server Model.

THE CLIENT-SERVER MODEL

OOP programmers often discuss program design in terms of a client-server

model. In this conceptualization, the client is a program that uses the class. The
class definition, including the class methods, constitute the server, which is a

resource available to the programs that need it. The client uses the server

through the publicly defined interface only. This means the client’s only re-

sponsibility, and, by extension, the client’s programmer’s only responsibility, is

to know that interface. The server’s responsibility, and, by extension, the

server’s designer’s responsibility, is to see that the server reliably and accurately

performs according to that interface. Any changes the server designer makes to

the class design should be to details of implementation, not to the interface.

This allows programmers to improve the client and the server independently of
each other, without changes in the server having unforeseen repercussions in the

client’s behavior.

Sill I) i
The first step in specifying a class design is providing a class definition. The class defini-

tion is modeled after a structure template and can include data members and function

members. The definition has a private section, and members declared in that section

can be accessed only through the member functions. The definition also has a pub L i c

section, and members declared there can be accessed by an outside program. Typically,

data members go into the pri vate section and member functions go into the public
section, so a typical class definition has this form:

class c Lassname
i

private:
data member declarations
pub lie:

member function prototypes
>;
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Putting the data in the private section protects the integrity of the data and is called

data hiding. Bundling the data together with the member functions describing how the

data can be used is called encapsulation. Thus the class is the C++ way of making it easy

to implement the OOP goals of data hiding and encapsulation.

The second step in specifying the class design is to implement the class member
functions. You can use a complete function definition instead of a function prototype in

the class definition, but the usual practice, except, possibly, for very brief functions, is to

provide the function definitions separately. In that case, you need to use the scope op-

erator to indicate to which class a member function belongs. For instance, suppose the

bozo class has a member function called retort () that returns a pointer to a char.

Then the function heading would look like this:

char * bozo: :retort();

In other words, retortO is not just a type char * function; it is a type char * function

that belongs to the bozo class.

To create an object, which is a particular instance, or example, of a class, use the

class name as if it were a type name:

bozo bozetta;

This works because a class is a user-defined type.

A class member function, or method, can be invoked only by a class object. You

can do so by using the dot membership operator:

cout << bozet ta . retort () ;

This invokes the retortO member function, and whenever the code for that function

refers to a particular data member, the function will use the value that member has in

the bozetta object.

CLASS CONSTRUCTORS AND DESTRUCTORS

Meanwhile, there’s more to be done with the softball class. There are certain standard

functions, called constructors and destructors
,
you usually should provide for a class. Let’s

see why they are needed and how to write them.

One of C++’s aims is to make using class objects similar to using standard types.

However, you can’t yet initialize a softball object the way you can an ordinary int or

struct:

int year =2001; //okay
struct thing

{

char * pn;
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i n t m ;

>;

thing amabob = {"widget", -23>; //okay
softball babe = {"Babe", "Whoosh", 200, 10, 2>; // NO!

The reason you can’t initialize a softball object this way is because the data parts

have private visibility, which means a program cannot access the data members di-

rectly. As you’ve seen, the only way a program can access the data members is through a

member function. Therefore, we need to devise an appropriate member function if

we’re to succeed in initializing an object. (You could initialize a class object as shown
above //you made the data members public instead of private, but making the data
public goes against one of the main justifications for classes, that is, data hiding.)

C++ provides a special member function, called a class constructor, especially

for constructing a new object and assigning values to its data members. More precisely,

C++ provides a name for this member function and a syntax for using it, and you pro-

vide the method definition. The name is the same as the class name. For instance, the

constructor for the softball class is a member function called softbalK). The construc-

tor prototype and heading have an interesting property—although the constructor has
no return value, it’s not declared type void. In fact, a constructor has no declared type.

Let’s build a softball constructor. Because a softball object has five values to be provided
from the outside world, we 11 give the constructor five arguments. (The sixth value, the
ave member, is calculated from atbats and hits

, so we don’t have to provide it to the

constructor.) Possibly, we’ll just want to set the two name members and set the other
values to zero, so we’ll provide default arguments (see Chapter 8). Thus the prototype
would look like this:

// constructor prototype with some default arguments
sof tba 1 1 ( char * fn, char * In, unsigned ab = 0,

unsigned h = 0, unsigned rbi = 0);

The two arguments are pointers to the two strings that will be used to initialize the

firstname and lastname character array class members. The ab
, h, and rbi variables will

provide values for the atbats
, hits, and rbi members. Note that there is no return type.

The prototype goes in the public section of the class definition.

Next, here s one possible definition for the constructor:
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// constructor definition
softball:: sof tba l l ( cha r * fn, char * In, unsigned ab,

unsigned h, unsigned rbi ) // class constructor

strcpyCfirstname, fn);

st rcpy ( lastname. In);

atbats = ab;

hits = h

;

r b i s = rbi;

a v e = cal c_a v e ( ) ;

>

The string arguments to this function are copied to the corresponding character

arrays in the object using the standard C library function strcpyC ). Note that you’ll

have to include the string, h file to provide prototypes for the strcpyO function.

Next, the function copies the other arguments to the corresponding object members,

then uses the private member function to calculate a value for the ave member. You

should place the code for the constructor along with the code for the other member

functions.

Incidentally, the definition doesn’t check to see if the initialization string fits into

the target array. If this bothers you, you can use the strncpyO function instead. The

call st rncpy ( s2, si, n) copies si to s2 or else up to n characters from si to s2,

whichever comes first. If si contains fewer characters than n , the strncpyO function

pads s2 with null characters. That is, strncpy(firstname,"Tim", 6) would copy the

characters T, /, and m to firstname,
then add 3 null characters to bring the total to 6

characters. But if si is longer than n , no null characters are appended. That is,

strncpyCf i rstname, "Pri sci l la", 4) just copies the characters P, r, z, and s to

firstname, making it a character array, but, since it lacks a terminating null character,

not a string. So to make sure the constructor creates a true string, you could use code

like this:

// constructor definition
softball:: sof tba l l ( cha r * fn, char * In, unsigned ab,

unsigned h, unsigned rbi) // class constructor

strncpyCfirstname, fn, 14); // use first 14 elements
f i rstnameC 1 43 = ' \ 0 1

; // set 15th element to 1

\ 0 1

m m

}

We’ll continue, however, to assume benign input that doesn’t require such special

treatment.
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0 j lit

C++ provides two ways to initialize an object using the constructor. The first is to call

the constructor explicitly:

softball third = sof tba l l
(
" James", “Kirk”, 20, 9, 5);

This sets the firstname member of the third object to the string “James”, the lastname

member to “Kirk”, and so on.

The second way is to call the constructor implicitly:

softball rover ( “Perry", “Mason", 18, 4, 1);

This more compact form is equivalent to the following explicit call:

softball rover = sof tba l l
( “Perry", “Mason", 18, 4, 1);

If you provide a class constructor, C++ uses it whenever you create an object of

that class, even when you use new for dynamic memory allocation. Here’s how to use

the constructor with new.

softball *psoft = new sof tba l l
( “Wi nni e", “Pooh", 23, 2, 0);

This statement creates a softball object, initializes it to the values provided by the argu-

ments, and assigns the address of the object to the psoft pointer. In this case, the object

doesn’t have a name, but you can use the pointer to manage the object. We’ll put off

further discussion of pointers to objects until Chapter 10.

A class constructor, if defined, is called whenever a program creates an

object of that class.

When you use a constructor to create an object, the program undertakes the responsibil-

ity of tracking that object until it expires. At that time, the program automatically calls

a special member function bearing the formidable title of destructor. The destructor

should clean up any debris, so it actually serves a constructive purpose. For instance, if

your constructor uses new to allocate memory, the destructor should use de l e t e to free

that memory. Our constructor doesn’t do anything fancy like using new, so it doesn’t

really need a destructor. But it’s a good idea to provide one anyway in case a future class

revision needs one.
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Like a constructor, the destructor has a special name: the class name preceded by a

tilde (-). Thus the destructor for the softball class would be called - softball(). Also, like

a constructor, a destructor can have no return value and has no declared type. Unlike

the constructor, the destructor can have no arguments. Thus the prototype for a softball

destructor must be this:

~ sof t ba 1 1 ( vo i d )

;

Because a softball destructor has no vital duties, we can code it as a do-nothing

function:

softball: : ~softball(void)

>

In fact, ifyou fail to provide a destructor explicitly, the compiler provides the equivalent

of this do-nothing destructor implicitly.

However, just so that we can see when the destructor is called, we’ll code it this

way:

sof t ba l l :
: ~ sof t ba 1 1 ( vo i d ) // class destructor

cout << "Bye, " << firstname << "!\n";

>

The next step is to incorporate the constructor and the destructor into the class and

method definitions. This time we’ll follow the usual C++ practice and organize the

program into separate files. We ll place the class definition in a header file called

softball . h. (As the name suggests, we have future revisions in mind.) The class meth-

ods go into a file called softball .cpp. In general, the header file containing the class

definition and the source code file containing the methods definitions should have the

same base name so that you can keep track of which files belong together. Using sepa-

rate files for the class definition and the member functions separates the abstract defini-

tion of the interface (the class definition) from the details of implementation (the

member functions). You could, for example, distribute the class definition as a text

header file but distribute the function definitions as compiled code. Finally, we’ll place

the program using these resources in a third file, which we ’ll call c onstrct . cpp.

Listing 9-4 shows the header file. It adds prototypes for the constructor and de-

structor functions to the original class definition.
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LISTING 9 4 softball.

h

// softball. h — header file for softball class
class sof tba 1

1

private:
char firstnameC15];
char lastnameC15D;
unsigned atbats;
unsigned hits;

unsigned rbis;

float ave;

float ca l c_a ve ( voi d ) ;

pub l i c :

sof t ba 1 1 ( cha r * fn, char * In, unsigned ab = 0,
unsigned h = 0, unsigned rbi = 0); // class constructor

-softbal l(void); // class destructor
void setall(void);
void update(void);
void show_s t a t s ( voi d ) ;

>;

Listing 9-5 provides the method definitions. It includes the softball. h file in

order to provide the class definition. Also, it includes the system iostream.h and
string. h files because the methods use cin, cout, and strcmpO. This file adds the

constructor and destructor method definitions to the prior methods.

LISTING 9-5 softball. cpp
// softball. cpp - - methods for softball class
#include <iostream.h>
# include <string.h>
#i nc lude “sof tba 11 .

h“

softball:: sof tba l l ( cha r * fn, char * In, unsigned ab,
unsigned h, unsigned rbi) // class constructor

{

strcpy (f i rstname, fn);

strcpyClastname, In);

atbats = ab;

hits = h

;

rbis = rbi;

ave = calc_ave();
>
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so f t ba L L : : ~ s o f t ba L L ( vo i d ) // class destructor

cout << “Bye, “ << firstname << “!\n";
>

float sof t ba l l : : ca l c_a ve ( vo i d

)

{

if ( a tba t s == 0

)

return 0;

else

>

return float(hits) / atbats;

void sof tba 1 1 : : seta 1 1 ( voi d )

cout << “Enter player's first name: “;

cin >> firstname;
cout << “Enter player's last name: “;

cin >> lastname;
cout << “Enter number of at bats: “;

cin >> atbats;
cout << “Enter number of hits: “;

cin >> hits;

cout << “Enter number of RBIs: ";

cin >> rb i s

;

a ve = cal c_ave( ) ;

cout << “\n";

>

void so f t ba 1 1 : : upda t e ( vo i d )

cout << “Enter stats for “ << firstname << “ “;

cout << lastname << “:\n“;
cout << “Enter additional number of at bats: ";

int temp;

c i n >> temp;

atbats = atbats + temp;
cout << “Enter additional number of hits: “;

c i n >> temp;

hits = hits + temp;
cout << “Enter additional number of RBIs: “;

c i n >> temp;

rbis = rbis + temp;

a ve = cal c_a ve ( ) ;

cout << "\n";

>
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void sof t ba L L : : show_s t a t s ( voi d

)

{

cout << “Player: " << firstname << “ " << lastname << "\n";
cout << “At bats: “ « atbats « “ Hits: “ « hits;
cout << “ RBIS: “ « rbis « “ BA: “ << ave << “\n\n“;

>

Listing 9-6 provides a short program for testing the new methods. Like

softball. cpp, it includes the softball .h file to provide the class definition. The
program creates two objects, one representing the first baseman and one representing

the shortstop. (For the uninitiated, these terms describe where on the field a softball

player plays when his or her team is on the defensive.) The players are literary detectives

of various degrees of fame. To compile the complete program, use the techniques for

multifile programs described in Chapters 1 and 8.

LISTING 9-6 consirct.cpp

// constrct.cpp — class constructor and destructor
// compile with softball. cpp
//include <iostream.h>
//include “softball. h“

int main(void)

// You can use constructors to initialize new objects
softball first = sof tba l l

( “Jane”, “Marples",
200, 60, 32); // syntax 1

softball short stopC “Nero", “Wolfe"); // syntax 2

first. sho w_s t a t s ( )

;

shortstop. sho w_s t a t s ( ) ;

// You can use constructors to reset object values
shortstop = soft ba ll(" Freddie", “ThePig", 322, 103, 43);
shortstop. sho w_s t a t s ( )

;

cout << “bye\n";
return 0;

Here is the program output:

Player: Jane Marples
At bats: 200 Hits: 60 RBIS: 32 BA: 0.3

Player: Nero Wolfe
At bats: 0 Hits: 0 RBIS: 0 BA: 0
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Player: Freddie ThePig
At bats: 322 Hits: 103 RBIS: 43 BA: 0.319876

bye

Bye, F redd i e !

Bye, Freddie!
Bye, Jane!

Program Pies

The statement

softball first = sof tba l l
(
" Jane”, "Marples”,

200, 60, 32);

creates a softball object called first and initializes its data members to the indicated val-

ues. The statement

softball shortstopC “Nero", "Wolfe");

uses the second variety of syntax to create an object called shortstop and to initialize its

name members to YVmCand “Wolfe”. Because the program doesn’t provide further

arguments, the constructor uses the default values for the remaining arguments. As the

output shows, the defaults are all 0.

You can use the constructor for more than initializing a new object. For instance,

the program has this statement in mainO:

shortstop = sof t ba l l
(
" F reddi e” , "ThePig”, 322, 103, 43);

The shortstop object already exists. Thus instead of initializing shortstop
, this statement

assigns new values to the object.

Next, note the destructor at work.

Bye, F reddi e !

Bye, F reddi e

!

Bye, Jane!

The first and shortstop objects are local variables, so they expire when the containing

block expires. In this case, the containing block is the main() function, so when
main( ) terminates, the objects die, and the destructor function goes into action. Be-

cause these objects are automatic variables, they’re represented by a stack; that means

the last object created is the first deleted and the first object created is the last deleted. As

you can see, first (fane) got deleted last, and shortstop (now Freddie) got deleted just prior

to that. Curiously, although we only declared two objects, we get three calls to the

destructor function! The reason is that when we used the constructor to reassign

Freddie’s values to the shortstop object, the program first created a temporary, nameless
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object having the provided values. Then those values were copied to the shortstop object.

Finally, when the temporary object expired, the program called the destructor function

for it. So, the first Freddie deleted is the temporary object, and the second Freddie de-

leted is the shortstop object. Incidentally, C++ doesn’t really specify when a temporary

object is disposed. This implementation (Turbo C++ 2.0) treats one like an automatic

variable and deleted the temporary object when the function terminated, but you can’t

count on a program waiting that long.

J

Once you define a constructor, a program must use it when creating an object. Because

the sof tba l L ( ) constructor requires at least two arguments (the first and last names of

the player), you now always have to explicitly initialize a softball object when creating

one. That is, you no longer can create uninitialized objects as in Listing 9-3:

softball left, center; // not possible with current constructor

Yet this is something you might want to do. For example, the setallO method lets

you use keyboard input to provide values to an uninitialized object.

The key to creating uninitialized objects when you have a constructor is to define

a default constructor. This is a constructor that takes no arguments. You can define a

default constructor two ways. One is to provide default values for all the arguments to

the existing constructor:

sof tba L l ( cha r * fn = char * In = unsigned ab = 0,
unsigned h = 0, unsigned rbi = 0 )

;

The second is to use function overloading to define a second constructor that has no

arguments:

softball(void);

(Prior to version 2.0 of C++, you could use only the second method for creating a

default constructor.)

When you create constructors for a class, provide a default constructor if you
wish to create uninitialized objects.

Once you’ve used either method to create the default constructor, then you can

declare object variables without initializing them explicitly:

softball first; // calls default constructor implicitly
softball first = softballO; // calls it explicitly
softball *prelief = new softball; // calls it implicitly
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However, don t be misled by the implicit form of the nondefault constructor:

softball f i rs t
(
" Han" , "Solo"); // calls constructor

softball second ( ) ; // declares a function
softball catcher; // calls default constructor

The first declaration calls the nondefault constructor, that is, the one that takes argu-

ments. The second declaration states that secondO is a function that returns a softball

object. So when calling the default constructor implicitly, don’t use parentheses.

Listing 9-7 is the header file for a new class definition incorporating the default

constructor. To avoid confusion with the previous header file, we’ll call this one
sof tba 12 . h.

LISTING 9 7 sofIlial2.il

// softbal2.h — header file for softball class
class sof tba 1

1

private:
char firstnameC15D;
char lastnameC15H;
unsigned atbats;
unsigned hits;

unsigned rbis;

float a v e ;

float ca l c_a ve ( voi d ) ;

public:

softballCchar * fn, char * In, unsigned ab = 0,
unsigned h = 0, unsigned rbi = 0); // constructor

so f t ba 1 1 ( vo i d ) ; // default constructor
~softball(void); // class destructor
void setall(void);
void update(void);
void show_s t a t s ( vo i d )

;

>;

Listing 9-8 adds the default constructor to the methods file. It defines a construc-

tor that does nothing. The constructor’s sole purpose is to exist so that you can declare

objects without explicitly initializing them. Note that a default constructor still can

initialize an object implicitly. This one doesn’t, but you can define the function so that

it sets the names to empty strings and the other values to zero.
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LISTING 9-8 sof Ibal2.cpp

// softbal2.cpp — methods for softball class
//include <iostream.h>
//include <string.h>
//include “softbal2.h"

sof t ba 1 1 : : sof t ba 1 1 ( vo i d ) // default constructor

>

softball:: sof tba l l ( cha r * fn, char * In, unsigned ab,
unsigned h, unsigned rbi)

s t rcpy ( f i rstname, fn);
st rcpy ( lastname. In);

atbats = ab;

hits = h

;

r b i s = r b i ;

a v e = cal c_a v e ( ) ;

>

softball: :~softball(void) // class destructor redefined

cout << "Bye, " << fi rstname << "!\n";
>

float sof t ba 1 1 : : ca l c_a ve ( voi d

)

if (atbats == 0)

return 0;

else

return float(hits) / atbats;
>

void sof tba l l :: seta l l (void)

cout << "Enter player's first name: ";

c i n >> f i rstname

;

cout << "Enter player's last name: ";

cin >> lastname;
cout << "Enter number of at bats: ";

cin >> atbats;
cout << "Enter number of hits: ";

cin >> h i t s

;

cout << "Enter number of RBIs: ";

cin >> rbis;

(Jh
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a v e = cal c_a v e ( ) ;

cout << “\n“;

>

void sof t ba L L : : upda t e ( voi d

)

cout << “Enter stats for " << firstname << " “;

cout << lastname << “:\n";
cout << “Enter additional number of at bats: “;

i n t t e m p ;

c i n >> temp

;

atbats = atbats + temp;

cout << “Enter additional number of hits: “;

c i n >> temp

;

hits = hits + temp;

cout << “Enter additional number of RBIs: “;

c i n >> temp;

rbis = rbis + temp;

a v e = cal c_a v e ( ) ;

cout << “\n“;

>

void sof tba l l : : show_stats( void)

cout << “Player: “ << firstname << “ “ << lastname << “\n“;

cout << “At bats: “ << atbats << “ Hits: “ << hits;

cout << “ RBIS: “ << rbis << “ BA: “ << ave << "\n\n";

>

Finally, Listing 9-9 puts the new constructor to use. Don’t forget that you must

compile it together with Listing 9-8.

LISTING 9-9 dlltcnst.cpp

// dfltcnst.cpp -- use default class constructor
// compile with softbal2.cpp
//include <iostream.h>
//include “softbal2.h“

int main(void)
{

softball first = sof tba 1 1
( “Jane", “Marples",

200 , 60 , 32 );

softball short stop( “Nero", “Wolfe");
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softball tops; // uses default constructor

cout « “Playing first base is\n";
first . show_stats( );
cout << “Playing shortstop is \n";
shortstop. show_stats ( )

;

tops-first; // classassignment
cout « “The top batter is\n“;
t o p s . s h o w_s t a t s ( )

;

cout << “bye\n";
return 0;

Here is the program’s output:

Playing f i rst base is

Player: Jane Marples
At bats: 200 Hits: 60 RBIS: 32

Playing shortstop i s

Player: Nero Wolfe
Atbats:0 Hits:0 RBIS:0

The top batter is

Player: Jane Marples
At bats: 200 Hits: 60 RBIS: 32

bye

Bye, Jane!
Bye, Nero!
Bye, Jane!

BA: 0.3

BA: 0

BA: 0.3

Program notes

The program uses the original constructor to initialize thefirst and shortstop objects, and
it uses the default constructor to create the empty tops object. After displaying the con-
tents of the first two objects, the program uses the assignment operator to copy the
contents of the first object to the tops object:

tops = first; // class assignment
C++ allows you to assign one object to another of the same class, just as it allows struc-
ture assignment.
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When you assign one object to another of the same class, C++, by default, copies

the contents of each data member of the source object to the corresponding data

member of the target object.

Using s h o w_s t a t s ( ) with the tops object demonstrates that the copying was success-

ful. And when mai n( ) ends, the program calls the destructor function for each of the

three objects.

is i isiKiin
Now that we’ve gone through a few examples of constructors and destructors, you may
wish to pause and assimilate what has passed. To help you, here is a summary of these methods.

A constructor is a special class member function that’s called whenever an object

of that class is created. A class constructor has the same name as its class, but, through

the miracle of function overloading, you can have more than one constructor with the

same name, providing each has its own signature, or argument list. Also, a constructor

has no declared type. Usually, the constructor is used to initialize members of a class

object. Your initialization should match the constructor’s argument list. For instance,

suppose the bozo class has the following prototype for a class constructor:

bozoCchar * fname, char * Iname); // constructor prototype

Then you would use it to initialize new objects as follows:

bozo bozetta = bozo( "Bozet ta", "Biggens"); // primary form

bozo f uf u( " Fuf u", "O'Dweeb"); // short form

bozo *pc = new bozo(“Popo", "Le Peu"); // dynamic object

If a constructor has just one argument, that constructor is invoked ifyou initialize

an object to a value having the same type as the constructor argument. For instance,

suppose you have this constructor prototype:

bozo(int age);

Then you can use any of the following forms to initialize an object:

bozo dribble = bozo(44); // primary form

bozo roon(66); // secondary form

bozo tubby = 32; // special form for one-argument constructors
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(Actually, this a new point, not a review point, but it seemed like a nice time to tell you

about it.)

Once a constructor has been defined, you cannot create an object of that class

without using a constructor. Therefore, ifyou want to create an object without initializ-

ing it, you must also define a default constructor, which is one with no arguments:

bozo(); // default constructor prototype

The program uses the default constructor for uninitialized objects:

bozo bubi; // use default
bozo *pb = new bozo; // use default

Just as a program invokes a constructor when an object is created, it invokes a

destructor when an object is destroyed. You can have only one destructor per class. It

has no return type, not even void, it has no arguments, and its name is the class name
preceded with a tilde. The bozo class destructor, for example, has the following

prototype:

~bozo(); // class destructor

Class destructors become necessary when class constructors use new.

NG YOUR OBJECTS’ THE THIS POINTER

There s still more to be done with the softball class. So far each class member function

has dealt with but a single object, which has been the object that invokes it. Sometimes,

however, a method may need to deal with two objects, and doing so may involve a

curious C++ pointer called this. Let’s see how this need may unfold.

In Listing 9-9, the program assigns the object representing the higher batting aver-

age to the tops object. But the program didn’t determine for itselfwhich was the higher

average; it merely accepted the choice provided by the assignment statement. The prob-

lem is that the program has no way of knowing what the batting averages are, for those

are p r i va t e data. Ifyou want the program to determine the higher average, you have to

provide a member function to do the job. This raises some interesting questions, and
we’ll look into them now.

First, how do you provide the member function with two objects to compare?
Suppose, for example, you decide to name the method topbatO. Then the message
first. topbatO accesses the data of the first object, while the message
shortstop. topbatO accesses the data of the shortstop object. Ifyou want the method
to compare two objects, you have to pass the second object as an argument. For effi-

ciency, pass the argument by reference. That is, have the topbat ( ) method use a type

softball & argument.
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softbaLL& sof tba 1 1 : : topbat ( sof tba 1 1& player)

accessed accessed

implicitly explicitly

Figure 9-3 Accessing two objects with a memberfunction

Second, how do you communicate the method’s answer back to the calling pro-

gram? The most direct way is to have the method return a reference to the object

having the larger batting average. Thus the comparison method should have the fol-

lowing prototype:

softball & topbat(softball & player);

This function accesses one object implicitly, one object explicitly, and it returns a refer-

ence to one of those two objects.

Suppose, then, that you want to compare softball objects left and shortstop and

assign the one with the greater batting average to the object top. You can use either of

the following statements:

top = left.topbat(shortstop);
top = shortstop. topbat( left);

The first form accesses left implicitly and shortstop explicitly, while the second

accesses /^explicitly and shortstop implicitly. See Figure 9-3. Either way, the method

compares the two objects and returns a reference to the winner.

Actually, this notation is a bit confusing. It would be clearer ifwe could somehow

use the relational operator > to compare the two objects. And you can do so with opera-

tor overloading, which we’ll discuss in Chapter 10.

Meanwhile, there’s still the implementation of topbatQ to attend to. And that

raises a slight problem. Here’s a partial implementation that highlights the problem:

softballS sof tba 1 l :: topbat ( sof tba l l& player)
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if (player. ave > ave)

return player;
else

return ????;

Here player. ave is the average for the object passed as an argument, and ave is the

average for the object to which the message is sent. If player. ave is greater than ave,

the function returns player. Otherwise, it returns the object used to evoke the method.

(In OOP talk, that would be the object to which the topbat message is sent.) The prob-

softball kate, joe;

creates

two

objects

kate

A softballS sof tba l l :: topbat (sof tba l l& player)

if (player. ave > ave)

return player;

else
till

return is;

V: ' A n
i

iiiitil
s i-'

joe

A

topbat member function

invoke topbat with

the kate object:

kate.topbat(joe);

then this points to kate

invoke topbat with

the^W object:

joe. topbat(kate);

then this points to joe

Figure 9-4 this points to the invoking object
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lem is, what do you call that object? Ifyou make the call f i rst . topbat (shortstop), then

player is a reference for shortstop (i.e., an alias for shortstop), but there is no alias for first.

The C++ solution to this problem is a special pointer called this. The this

pointer points to the object used to invoke a member function. Thus the function call

first. topbat(shortstop) sets t h i s to the address of the first object and makes that

pointer available to the topbat ( ) method. Similarly, the function call

shortstop. topbat(first) sets t h i s to the address of the shortstop object. In general,

all class methods have a t h i s pointer set to the address of the object invoking the

method. Indeed, ave in topbat () is just shorthand notation for this->ave. (Recall

from Chapter 4 that you use the -> operator to access structure members via a pointer.

The same is true for class members.) See Figure 9-4.

What we want to return, however, is not this, for it is the address of the object.

We want to return the object itself, and that is symbolized by * t h i s. (Recall that apply-

ing the dereferencing operator * to a pointer yields the value to which the pointer

points.) Now we can complete the method definition by using * t h i s as an alias for the

invoking object.

softball& sof t ba 1 1 : : t opba t ( sof t ba 1 1& player)

if (player. ave > ave)

return player;

else

return * t h i s ;

>

// argument object

/ / i nvoki ng object

Listing 9-10 shows the new header file.

LISTING 9-10 soflbal5.li

// softbal3.h — header file for softball class

class sof tba 1

1

i

private:
char firstnameC153;
char lastnameC15];
unsigned atbats;
unsigned hits;

unsigned rbis;

float ave;

float ca l c_ave ( voi d )

;

public:
sof tba 1 1 ( char * fn, char * In, unsigned ab = 0,

unsigned h = 0, unsigned rbi = 0); // constructor

Chapter Nine * Objects and Classes



sof tba L l ( voi d) ; // default constructor
~softball(void); //class destructor
void set a l l (voi d )

;

void update(void);
void show_stats(void);
softball & topbat (sof tba 1 1 & player); //new method

Listing 9-11 presents the revised class methods file. It includes the new topba t (

)

method. Also, now that we’ve seen how the destructor method works, we’ll replace it

with a do-nothing version.

LISTING 9 11 soflbalS.cpp

// softbal3.cpp — methods for softball class
//include <iostream.h>
//include <string.h>
//include "softbal3.h"

softball:: sof tba 1 1 (voi d)

>

softball:: sof t ba 1 1 ( cha r * fn, char * In, unsigned ab,

unsigned h, unsigned rbi)

st rcpy ( f i rs tname, fn);

s t rcpy( last name. In);

atbats = ab;

hits = h

;

rbis = rbi;

a ve = cal c_ave ( ) ;

>

sof tba 1 1 : : ~sof tba 1 1 ( voi d) // redefine destructor

>

float sof tba l l : : ca l c_ave ( voi d

)

i f (atbats == 0)

return 0;

else
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>

return float(hits) / atbats;

void sof tba L L : : seta L L ( voi d)

cout << "Enter player's first name:

cin >> firstname;
cout << "Enter player's last name:

cin >> lastname;

cout << "Enter number of at bats: ";

cin >> atbats;

cout << "Enter number of hits:

cin >> hits;

cout << "Enter number of RBIs:

cin >> rbi s;

a ve = cal c_a ve ( ) ;

cout << "\n";

>

void so f t ba l l : : upda t e ( vo i d

)

cout << "Enter stats for " << firstname << " ";

cout << lastname << ":\n";

cout << "Enter additional number of at bats:

i n t t e m p ;

ci n >> temp;

atbats = atbats + temp;

cout << "Enter additional number of hits: ";

c i n >> temp;

hits = hits + temp;

cout << "Enter additional number of RBIs: ";

cin >> temp;

rbi s = rbi s + temp;

a ve = cal c_ave( ) ;

cout << "\n";

>

void sof tba 1 1 : : show_stats( voi d)

{

cout « "Player: " << firstname << " " << lastname « "\n";

cout « "At bats: " << atbats « " Hits: " « hits;

cout « " RBIS: " « rbi s « " BA: " « ave « "\n\n";

>

softballS softball: : topba t ( sof tba l l& player)

if (player. ave > ave)
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else
return player;

>

return * t h i s ;

Of course, we want to see if the this pointer works, and Listing 9-12 provides a

short program for checking it out. (Don’t forget to compile Listings 9-11 and 9-12

together.)

LISTING 9-12 uselhls.cpp

// usethis.cpp -- the this pointer and reference variables
// compile with softbal3.ccp
//include <iostream.h>
//include "sof tba 13 . h"

i nt ma i n ( voi d )

softball catcher = sof tba l l
( "Andrew", "Dalziel",

420, 160, 86);
softball pi tcherO'Adam", "Da lg l i esh", 218, 78, 38);
softball tops;

catcher. sho w_s t a t s ( )

;

pitcher. sho w_s t a t s ( ) ;

tops = catcher. topbat(pitcher); // reference argument
cout << "Here is the high batting average: \n";
t o p s . s h o w_s t a t s ( )

;

cout << "bye\n";
return 0;

>

Here is the program output:

Player: Andrew Dalziel
At bats: 420 Hits: 160 RBIS: 86 BA: 0.380952

Player: Adam Dalgliesh
At bats: 218 Hits: 78 RBIS: 38 BA: 0.357798

Here is the high batting average:
Player: Andrew Dalziel
At bats: 420 Hits: 160 RBIS: 86 BA: 0.380952

bye
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Well, the this pointer worked! Here, this pointed to the catcher object, and

topbat ( ) returned a reference to that object.

Each member function, including constructors and destructors, can use its own

this pointer. The only special property of the this pointer is that it initially points to

the invoking object. Because it is not a const pointer, you can make it point to some

other object. But that doesn’t mean you should use it that way. Most often, ifyou do use

this, particularly in constructors and destructors, you should not change its value.

HNHRRHVOF DRJECTS

Often, as with the softball examples so far, you’ll want to create several objects of the

same class. You can create separate object variables, as we have done so far, but it may

make more sense to create an array of objects. That may sound like a major leap into the

unknown, but, in fact, you declare an array of objects the same way you would an array

of any of the standard types:

softball outf i eldC4D; // creates an array of 4 softball objects

Recall that a program always calls a class constructor, if one exists, when creating class

objects. So this declaration requires either that we have no constructor defined or, as in

our case, that we have a default constructor defined. Each element

—

outfield[0], out-

fteld[1], and so on—is a softball object and thus can be used with the softball methods:

outfieldCOD.setallO; // apply setallO to 1st element

outf i e L d C 3 . show_sta ts ( ) ; // apply show_stats() to 4th element

softball tops = outfieldC2].topbat(outfieldC1]);
// compare 3rd and 2nd elements

You can use a constructor to initialize the array elements. In that case, you have to

call the constructor for each individual element:

softball out f i e l d C 4 =

sof tba l l
( "Agatha", "Christie", 240, 82, 34),

sof t ba l l
(
" J a c k" , "Vance", 202, 77, 36),

sof tba l l
( "Martha", "Grimes", 234, 75, 28),

sof t ba l l
(
" Robe r

t
" , "Heinlein", 222, 80, 49)

>;

Here we’ve used the standard form for initializing an array: a comma-separated list of

values enclosed in braces. In this case, each value is represented by a call to the construc-

tor method.
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Listing 9-13 applies these principles to a short program that initializes four array

elements, displays their contents, and tests the elements to find the one with the highest

batting average. Because topbat C ) examines just two objects at a time, we use a for

loop to examine the whole array. We’ve made no further changes in the class definition,

so you can use the header file and methods file shown in Listings 9-10 and 9-11.

LISTING 9-13 objarray.cpp

// objarray.cpp — using an array of objects
// compile with softbal3.ccp
//include <i os t ream . h>

//include " sof t ba 1 3 . h
"

const int Num = 4;

i nt mai n( voi d)

{

// NOTE: some implementations may require using the keyword
// static when declaring the outfield array

softball outf i e IdCNum] =

softball ("Agatha", "Christie", 240, 82, 34),
sof tba ll( "Jack", "Vance", 202, 77, 36),
softball ("Martha", "Grimes", 234, 75, 28),
softba l l ("Robert", "Heinlein", 222, 80, 49)

>;

softball tops

;

for (int i =0; i < Num; i++)

outfieldCiH. show_s t a t s ( )

;

tops = outfieldCOIl;
for (i = 1; i < Num; i++)

tops = tops.topbat(outfieldCi!]);
cout << "Tops : \n";
t o p s . s h o w s t a t s ( ) ;

cout << "bye\n";
return 0;

Here is the output:

Player: Agatha Christie
At bats: 240 Hits: 82 RBIS: 34 BA: 0.341667
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Player : Jack Vance

At bats: 202 Hits: 77 RBIS: 36 BA: 0.381188

Player: Martha Grimes
At bats : 234 Hits: 75 RBIS: 28 BA: 0.320513

Player: Robert Heinlein
At bats : 222 Hits: 80 RBIS: 49 BA: 0.36036

Tops :

Player: Jack Vance
At bats: 202 Hits: 77 RBIS: 36 BA: 0.381188

bye

Class Scope

Chapter 8 discussed file scope and block scope. A variable with file scope, recall, can be

used anywhere in the file containing its definition, while a variable with block scope is

local to the block containing its definition. Function names, too, can have file scope,

but they never have block scope. C++ classes introduce a new kind of scope: class scope.

Class scope applies to names defined in a class, such as the names of class data members

and of class member functions. Items having class scope are known within the class but

not outside the class. Thus you can use the same class member names in different classes

without conflict: the ave member of the softball class would be a distinct variable

from the ave member of a bowling class. Also, class scope means you can’t access mem-

bers of a class directly from the outside world. This is true even for public members.

For example, to invoke a public member function, you have to use an object:

softball catcher; // create object

cat cher . seta 1 1 ( ) ; // use object to invoke a member function

setallO; // invalid — can't call method directly

Similarly, we had to use the scope resolution operator when defining member functions:

void sof tba l l : : seta l l ( voi d)

{

>

In short, within a class definition or within a member function definition you can

use an unadorned member name, as when setallO calls the calc_ave() member

function. Otherwise, you must use the direct membership operator (.) or the indirect

membership operator (->) or the scope resolution operator depending on the con-

text, when using a class member name.
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Object-oriented programming emphasizes how a program represents data. The first

step to solving a programming problem using the OOP approach is to describe the data

in terms of its interface with the program, specifying how the data is used. Next, design

a class that implements the interface. Typically, private data members store the infor-

mation, while public member functions, also called methods, provide the only access to

the data. The class encapsulates data and methods into one unit, and the private aspect

accomplishes data hiding.

Usually, you separate the class definition into two parts, typically kept in separate

files. The class definition proper goes into a header file, with the methods being repre-

sented by function prototypes. The source code that defines the member functions goes

into a methods file. This approach separates the description of the interface from the

details of the implementation. In principle, you need know only the public class inter-

face to use the class. Of course, you can look at the implementation (unless it’s been

supplied to you in compiled form only), but your program shouldn’t rely upon details

of the implementation, such as knowing a particular value is stored as an i n t. As long as

a program and a class communicate only through methods defining the interface, you

are free to improve either part separately without worrying about unforeseen interactions.

A class is a user-defined type, and an object is an instance of a class. That means an

object is a variable of that type or the equivalent of a variable, such as memory allocated

by new according to the class specification. C++ tries to make user-defined types as

similar as possible to standard types, so you can declare objects, pointers to objects, and

arrays of objects. You can pass objects as arguments, return them as function return

values, and assign one object to another of the same type. If you provide a constructor

method, you can initialize objects when they are created. If you provide a destructor

method, the program will execute that method when the object expires.

Each object holds its own copies of the data portion of a class definition, but they

share the class methods. If mr_object is the name of a particular object and t ry_me ( ) is

a member function, you invoke the member function by using the dot membership

operator: mr_ob j ec t . t ry_me ( ). OOP terminology describes this function call as

sending a t ry_me message to the mr_object object. Any reference to class data members
in the t ry_me ( ) method will then apply to the data members of the mr_object object.

Similarly, the function call i_ob j ec t . t ry_me ( ) would access the data members of the

i_object object.

If you want a member function to act upon more than one object, you can pass

additional objects to the method as arguments. If a method needs to refer explicitly to

the object that evoked it, it can use the this pointer. The this pointer is set to the

address of the evoking object, so *thi s is an alias for the object itself.
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eview Quest

1 . What is a class?

2. How does a class accomplish encapsulation and data hiding?

3. What is the relationship between an object and a class?

4. In what way, aside from being functions, are class function members different

from class data members?

3. Define a class to represent a bank account. Data members should include the

depositor’s name, the account number (use a string), and the balance. Member

functions should allow the following:

i Assigning starting values to the data members

i Displaying the depositor’s name, account number, and balance

i Depositing an amount of money given by an argument

i Withdrawing an amount of money given by an argument

Write a short program that uses the class.

6. When are class constructors called? When are class destructors called?

7. Provide a constructor for the bank account class of question 5.

8. What is a default constructor and what’s the advantage of having one?

9. A slugging average is calculated by dividing the total bases by the times at bat.

To calculate total bases, count a single as one base, a double as two bases, a triple

as three bases, and a home run as four bases. Modify softbal3.h and

sof tba 13 . cpp so the class accepts input of, calculates, and displays the new

statistics described here.

10.

What are this and *t hi s?
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„ d«.„ feature-rich, courpiec, „d puwerfui. Chaprer , hegau a jour-

ney toward becoming an OOPerator by learning to define and use a simple class.

You saw how a class encapsulates a data type by defining the type of data to be used

to represent an object and by also defining, through member functions, the operations

that can be performed with that data. And you learned about two special member func-

tions, the constructor and the destructor, that manage creating and discarding objects

made to a class specification. This chapter will take you a few steps further in the explo-

ration of class properties. You’ll probably find some of these features straightforward,

some a bit more subtle. To best understand these new features, you should try the

examples and experiment with them. What happens if I use a regular argument instead

of a reference argument for this function? What happens if I leave something out of a

destructor? Don’t be afraid to make mistakes, for usually you can learn more from

unraveling an error than by doing something correctly, but by rote. (On the other

hand, don’t assume that a maelstrom of mistakes inevitably leads to incredible insight.)

In the end, you’ll be rewarded with a fuller understanding of how C++ works and of

what C++ can do for you.

This chapter starts with friends, the C++ mechanism for letting nonmember func-

tions access private data. Then it examines operator overloading, which lets you use

standard C++ operators such as = and + with class objects. Next, it looks at how you can

instruct C++ to perform automatic type conversions with classes. Finally, the chapter

looks at how to use new and delete with classes and how to deal with some of the subtle

problems using dynamic memory can cause. This may sound like a short list of topics,

but these topics have several ramifications. In particular, as you go through this chapter,

you’ll gain a greater appreciation for the roles class constructors and class destructors

play. Also, you’ll see some of the stages you may go through as you develop and improve

a class design.
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One difficulty with learning C++, at least by the time you’ve gotten this far into

the subject, is that there is an awful lot to remember. And it’s unreasonable to expect to

remember it all until you’ve logged enough experience on which to hang your memo-
ries. Learning C++, in this respect, is like learning a feature-laden word processor or

spreadsheet program. No one feature is that daunting, but, in practice, most people

really know well only those features they use regularly, such as searching for text or

italicizing . You may recall having read somewhere how to generate alternative charac-

ters or create a table of contents, but those skills probably won’t be part of your daily

repertoire until you find yourself in a situation in which you need them frequently.

Probably the best approach to absorbing the wealth of material in this chapter is to

begin incorporating just some of these new features into your own C++ programming.

As your experiences enhance your understanding and appreciation of these features,

begin adding other C++ features. As Bjarne Stroustrop, the creator ofC++, suggested at

a C++ conference for professional programmers: “Ease yourself into the language.

Don’t feel you have to use all of the features, and don’t try to use them all on the first

day.” 1

Let’s look at a specific example of how C++ can add to your memory load. Sup-

pose you want to create a class with a member representing someone’s last name. The
simplest way is to use a character array member to hold the name. But this has some
drawbacks. You might use a 1 4-character array, then run into Hugh Smeadsbury-

Crafthovingham. Or, to be safer, you may use a 40-character array. But, if you then

create an array of 2000 such objects, you’ll be wasting a lot of memory with character

arrays that are only partly filled. (At this point we’re adding to the computer s memory
load.) There is an alternative. OOP-thought holds that it is much better to decide

many matters, such as how much storage to use, when a program runs than when it’s

compiled. The usual C++ approach to storing a name in an object is to use the new

operator in a class constructor to allocate the correct amount of memory while the

program is running. But introducing new to a class constructor raises several new prob-

lems unless you remember to take a series of additional steps, such as expanding the

class destructor, bringing all constructors into harmony with the new destructor, and
writing additional class methods to facilitate correct initialization and assignment!

(This chapter, of course, will explain all these steps.) If you’re just learning C++, you
may be better off sticking initially to the simple, if inferior, character array approach.

Then, when a class design works well, you can return to your OOP workbench and
enhance the class definition by using new. In short, grow gradually into C++.

'Dr. Dobb’sJournal,
December 1990, Volume 15, Issue 12, page 6.
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One of the main features of C++ classes is that they support the great OOP goal of data

hiding. A class, recall, encapsulates data and methods into a single unit and allows you

to change private data only by working through member functions. This controlled

access makes it impossible to abuse, misuse, or lose the data, providing you design the

member functions properly. It’s a bit like a library at which professional librarians man-

age the checking out, returning, and reshelving of books. Such a library tends to be

better organized than one in which users reshelve books upon returning them, perhaps

filing Gone with the Wind under meteorology or An American Life under nonfiction.

However, C++ is pragmatic enough to allow some room for finagling, and that is what

C++ friends are for. Afriendfunction is a nonmember function that’s granted access to a

class’s private members, much as you might allow a trusted and properly briefed friend

access to your Jerry Lewis recordings or to lunch with you at your private club. Simi-

larly, a friend class is a class whose member functions can access another class’s private

members.

One of the most common reasons for using a friend function is when you need a

function to access two separate classes. Logically, such a function should be a member of

both classes. That isn’t possible, but you can make the function a friend to both classes,

belonging to neither, and able to access both.

To see how this works, let’s begin with a possibly somewhat artificial example.

Suppose you’ve developed a specialty concern that handles business affairs for marriages

in which the wife sings opera and the husband dives undersea. (Both live by their lungs,

so the match is a natural one.) You might then establish a class for each type. Listing 10-

1 shows two such class definitions.

LISTING 10-1 jobs.h

// jobs.h — class definitions for diva and diver

// forward declaration tells compiler of subsequent definition

class diver;

// diva class definition
class diva

private:
char f i r s t name C 1

5

1 ;

char lastnameC153;
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char rangeC20D;
double annual_take;

public:

di va ( voi d ) ;

divaCchar * fn, char * In, char * rng =

double inc = 0);
~d i va ( vo i d )

;

void show_diva();
friend double tota l__i ncome ( const diva & di, const diver & d2);

>;

// diver class definition
class diver

private:

char firstnameC15!3;
char lastnameC15D;
double max_depth;
double annual_take;

pub l i c :

di ver ( voi d)

;

diverCchar * fn, char * In, double md = 0.0,
double inc = 0);

~di ver (void);
void show_di ver ( ) ;

friend double tota l_i ncome ( cons t diva & di, const diver & d2);
>;

The file defines two classes: diva and diver. As usual, each has a private section

holding data and a pub l i c section holding prototypes for the class member functions.

Additionally, the last statement in each class definition declares the friend function:

friend double to ta l_i ncome ( cons t diva & di, const diver S d2);

The keyword friend identifies tot a l_i ncome ( ) as a friend function, meaning that

it is not a class member function but that it can access private class members. See
Figure 10-1. Because tota l_i ncome ( ) is a friend to both the diva and the diver classes,

it can access data from both.

Notice the short declaration near the beginning of the header file:

class diver;

This forward declaration prepares the way for the friend declaration in the diva class

definition. In the diva definition, the argument list for tota l_i ncome ( ) uses the diva
and diver types. At that point in the file, the diva name has already been used to identify

one class definition, but the diver definition still lies ahead. If we were to omit the

forward definition, then the compiler would not have heard of the diver type when it
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reaches the first friend declaration, hence the compiler would generate an error message.

And if we move the entire diver definition ahead of the diva definition, the compiler

wouldn’t know what the diva type was when reaching the friend declaration in the diver

definition. The forward declaration solves this problem by announcing that diver is a

class name. That’s enough to alert the compiler to withhold complaining about un-

known types until it’s seen the rest of the story. See Figure 10-2.

You have to design a friend function differently from a member function. First, a friend

function uses a different method of determining which object to use. Then, because of

that, the friend function uses a different way to refer to members of that object. Let’s

look at these two points.

diva alto;

1 pri va te

:

1

.

char f i rstnameCI 51; 1

i char lastnameCIS!
i

; ,

char rangeC20]; f
i

double annual_take; 1

t-\
* public

:

i

di va( );

i di va( . . . )

;

i

i

i

1 i

1 ~di va (

)

void show_diva(); i

i

double total_income( . . .

)

fr
i ' " " " " " m " MM. ny V '

5. friend function

accesses private members

3. member function

accesses private data

friend

function

2. message activates

member function

1. send message

to alto object

4. call friend

function

a 1 1 o . s h o w_d i v a ( ) ;

double total = tota l_income(alto, sky);

Figure 10-1 Memberfunction andfriendfunction
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First, let’s compare how a member function establishes which object to use with

how a friend function does it. A member function, remember, is invoked by a specific

object. For instance, if maria is a diva object, then maria. show_di va ( ) invokes the

show_diva() member function. Then that member function automatically accesses

the maria object that invoked it. A friend function, however, can’t use an object to

invoke the function, because the friend function is not a class member. Instead, you

must pass the object to the friend function as an argument. For that reason,

tot a l_i ncome ( ) has two arguments; one is a reference to a diva class object (type diva

&), and the other is a reference to a diver class object (type diverge). So if maria is a diva

object and marty is a diver object, then tot a l_i ncome (ma r i a, ma rty ) can access both

the maria object and the marty object. The function signature uses const to preven t the

tot a L_i ncome ( ) function from accidentally changing the original values. Incidentally,

forward

declaration

r

1

i

class diver;

forward declaration helps compiler

understand what diver is

// diva class definition

{

private:

pub lie:

v V
friend double tota l__i ncomeC const diva & dl, const diver & d2);

>;

// diver class definition
class diver

private:

defined at

this point

T
not defined at

this point

pub l i c

:

friend double tota l__i ncome ( cons t diva & dl, const diver & d2);

>;

Figure 1 0-2 A forward declaration
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you can pass the objects by value (types diva and diver) to tota l_i ncomeC ) instead of

by reference, but the usual practice is to pass objects by reference to save time and

conserve memory. (Passing by reference, recall, allows a function to work with the origi-

nal variables instead of making copies and working with them.)

A member function operates upon the object used to invoke it, while a friend

function operates upon the object or objects passed to it as arguments.

The second difference between member functions and friend functions is how
they refer to class members within the function definition. With a member function, a

class member is understood to refer to the invoking object. So the maria. show_di va (

)

call results in annual_take being interpreted as maria. annual_take. But a friend func-

tion like tota l_i ncomeO can’t use a member name like annual_take by itself. Instead,

the friend function must explicitly use an object name and a membership operator with

each member name. For instance, the tota L_i n come ( ) friend function will use

dl.annual_take and d2.annual_take to identify the proper data members for the diva

class object and the diver class object passed as arguments.

Now that we have the class definitions, let’s take the usual second step in specify-

ing classes and implement the methods and the friend function. Listing 10-2 does that.

LISTING 10 2 jobs.cpp

// jobs.cpp — diva and diver methods
//include <iostream.h>
//include <string.h>
//include "jobs.h"

// diva methods
diva::diva() // default constructor

>

di va : : di va ( cha r * fn, char * In, char * rng,

double inc) // initializing constructor

st rcpy ( f i rstname, fn);

st rcpy ( lastname. In);

strcpy (range, rng);

annual__take = inc;

>
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di va : : ~di va ( voi d) // destructor
{

>

void di va : : show_di va (

)

cout << "The fabulous " << range << " “ << firstname;
cout << " " << lastname << " makes S" << annual_take;
cout << " per annum. \n";

>

// diver methods
diver: :diver()

>

di ver : : di ver ( cha r * fn, char * In, double md,

doub l e i nc

)

{

st rcpy ( f i rstname, fn);

st rcpy( lastname. In);

max_depth = md;

annual_take = inc;

>

diver: : ~diver(void)

>

void di ver : : show_di ver (

)

cout << “The reliable " << firstname << “ " << lastname;
cout << " makes $" << annual_take << " per annum\nand can";
cout << " dive to a depth of " << max_depth << " feet.Xn";

>

// friend function to diva and diver

double tota l_i n come ( cons t diva & di, const diver & d2)

{

return di . annua l_take + d2 . annua l_ta ke;

>

You should note two things about the friend function definition. First, the defini-

tion for tota l_i ncome( ) doesn’t use the keyword f ri end. That word is used only for

the prototype appearing in a class using the function. Second, because this friend func-
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tion belongs to no class, the function declaration doesn’t use the scope operator

The member functions have class scope (discussed in Chapter 9), meaning you can use

the same function names in other class definitions, but the friend function has file scope

(see Chapter 8), meaning you can have only one friend function with a particular name

and signature per file.

When creating a friend function, use the keyword friend in the prototype

found in the class definition, but don’t use the keyword friend in the actual

function definition, which should be placed outside the class definition.

Now let’s try these definitions in a short program. Listing 10-3 creates and initializes a

diva object and a diver object, uses member functions to display the information, then uses

the tot a l_i ncome ( ) friend function to calculate the family income. Note that

total_income() takes both wife and husband as arguments and uses data from both

objects to find the total income. The program follows the usual C++ pattern for organi-

zation: a header file containing the class definition (Listing 10-1), a methods file con-

taining the member and friend function definitions (Listing 10-2), and a program that

uses the class (Listing 10-3). You should use whatever technique your implementation

requires for a multiple-file program. Chapters 1 and 8 provided some general guidelines.

LISTING 10 3 friends.cpp

// friends. cpp -- two classes using a friend function

// compile this along with jobs. cpp
#include <iostream.h>
tt i nc l ude "

j obs .

h"

int main(void)

diva w i f e
(
" God i va " , “Jones", “soprano", 48500.0);

diver husbandC “Sea ly“, “Leadbelly", 150, 24250.0);

wi f e . show_di va ( ) ; // member function

husband . show_di ver () ; // member function

cout << “The family income is $“;

// use friend function to access two classes

cout << tota l_i ncomeCwi f e, husband) << “.\n“;

return 0;

>
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Here is the program’s output:

The fabulous soprano Godiva Jones makes $48500 per annum.
The reliable Sealy Leadbelly makes $24250 per annum
and can dive to a depth of 150 feet.

The family income is $72750.

By the way, a function doesn’t have to be a member function or a friend function

in order to use an object as an argument. For instance, this is a valid function definition:

void reportCdiva & dl, diver & d2)

dl . show_di va ( ) ;

d 2 . s h o w_d i v e r ( ) ;

>

Only if the function has to access private members directly does it have to be a mem-
ber function or a friend. The report ( ) function only accesses public member func-

tions directly, so it needs no special privileges. The tota l_i ncome ( ) function,

however, accessed private data members, so it had to be a friend.

In some cases, such as the diva-diver example, you can avoid using friend func-

tions by designing classes differently and by using inheritance (see Chapter 11). But

friends are very handy for operator overloading, so you’ll be encountering more friends

as we explore that topic later in this chapter.

OTHER FRIENDS

In addition to regular friend functions, you can have friend functions that are members
ofother classes. You can declare such friends individually, or, by declaring an entire class

as a friend, you make all the member functions of that class friend functions. We won’t

be using these friend varieties in this primer, but the following partial listing shows how
to declare a friend class and friend member function from another class:

class l ead_gui ta r ; // lead_guitar class forward declaration
class rhythm_gui tar; // rhy t hm_gui ta r class forward declaration

class drumme

r

private:
char f u 1 1 namell 50D ;

public:

drummerC )

;

“drummer ( )

;
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// friend function from lead_guitar class -- use scope operator

friend char * l ead_gu i t a r : : r i f f s ( d r umme r & dr);

// friend class

friend class rhyth m_g u i t a r

;

>

As the listing shows, to declare as friend a function from another class, you use the

class name and the scope resolution operator to identify the function. Because r i f f s (

)

is a member of the lead_guitar class, it doesn’t need a lead_guitar argument, for it will

be invoked by a lead_ guitar object. For instance, if george is a lead_guitar object and if

dan is a drummer object, you could use code like the following:

cout << george. riffs(dan);

Prefixing a class declaration with friend makes all the member functions of that

class into friend functions. Thus any member function from the rhythm_guitar class can

access private members of the drummer class.

PERHTDR HVERLOnDINB

Now let’s look at a technique for giving object operations a prettier look. Operator

overloading is another example of C++ polymorphism. In Chapter 8 you saw how C++

enables you to define several functions having the same name as long as they have differ-

ent signatures (argument lists). That was function overloading, or functional polymor-

phism. Its purpose is to let you use the same function name for the same basic operation

even though you are applying the operation to different data types. (Imagine how awk-

ward English would be ifyou had to use a different verb form for each different type of

object—lift lft your left foot, but lift_sp your spoon.) Operator overloading extends the

overloading concept to operators, letting you assign multiple meanings to C++ opera-

tors. Actually, many C++ (and C) operators already are overloaded. For instance, the
*

operator, when applied to an address, yields the value stored at that address. But apply-

ing
*
to two numbers yields the product of the values. C++ uses the number and type of

operands to decide which action to take.

C++ lets you extend operator overloading to user-defined types, permitting you,

say, to use the + symbol to add two objects. Again, the compiler will use the number and

type of operands to determine which definition of addition to use. Overloaded opera-

tors often can make code look more natural. For instance, a common computing task is

adding two arrays. Usually this winds up looking like the following for loop:

for (int i =0; i <20; i++)

eveningCi] = samCiD + janetCiH; // add element by element
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But in C++ you can define a class that represents arrays and that overloads the + opera-

tor so that you can do this:

evening = sam + janet; // add two arrayobjects

We’ll do just that in Chapter 1 1. (Why not now? Because you also have to overload the

[3 operator, and that’s a bit more involved than overloading the + operator.) This

simple addition notation conceals the mechanics and emphasizes what is essential, and

that is another OOP goal.

To overload an operator, you use a special function form called an operatorfunc-

tion. An operator function has the form:

operator op (. a rg um ent-L i st)

where op is the symbol for the operator being overloaded. The op has to be a valid C++
operator; you can’t just make up a new symbol. For instance, you can’t have an opera-

tor a ( ) function because C++ has no a operator. But the operator +O function would

overload the + operator. Suppose, for example, that you have a salesperson class for which

you define an operator+O member function to overload the + operator so that it adds

sales figures of one salesperson object to another. Then, if district2, sid, and chuck are

objects of the salesperson class, you would be able to write this equation:

district2 = sid + chuck;

The compiler, recognizing the operands as belonging to the salesperson class, will replace

the operator with the corresponding operator function:

district2 = sid.operator+Cchuck);

The function will then use the iA/object implicitly (because it invoked the method) and

the chuck object explicitly (because it’s passed as an argument) to calculate the sum,

which it then returns. Of course, the nice part is that you can use the nifty + operator

notation instead of the clunky function notation.

C++ imposes some restrictions on operator overloading, but they’re easier to un-

derstand after you’ve seen how overloading works. So let’s develop a few examples first

to clarify the process, then discuss the limitations.

H VECTOR C1HSS WITH OPERHTDR 0VER10HDING

To show how overloading is useful in real applications, we’ll develop an example based

on vectors. Not only will the example present operator overloading, it will also illustrate

further aspects of class design, such as incorporating two different ways ofdescribing the

same thing into an object. Even ifyou don’t care for vectors, you’ll be able to use many
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of the new techniques in other contexts. A vector, as the term is used in engineering and

physics, is a quantity having both a magnitude (size) and a direction. For instance, ifyou

push something, the effect depends on how hard you push (the magnitude) and in what

direction you push. A push in one direction could save a tottering vase, while a push in

the opposite direction could hasten its rush to doom. To fully describe the motion of

your car, you should give both the speed (the magnitude) and the direction; arguing

with the highway patrol that you were driving under the speed limit carries little weight

if you were traveling in the wrong direction. (Immunologists and computer scientists

may use the term vector differently; ignore them.) The discussion on Vectors will tell

you more about vectors, but understanding them completely isn’t necessary for follow-

ing the C++ aspects of the examples.

VECTORS

You’re a worker bee that’s discovered a marvelous nectar cache. You rush back

to the hive and announce you’ve found nectar 120 yards away. “Not enough

information,” buzz the other bees. “You have to tell us the direction, too!” You

answer, “It’s 30 degrees north of the sun direction.” Knowing both the distance

(magnitude) and the direction, the other bees rush to the sweet site. Bees know

vectors.

Many quantities involve both a magnitude and a direction. The effect of a

push, for instance, depends on both its strength and direction. Moving an ob-

ject on a computer screen involves a distance and a direction. You can describe

such things using vectors. For instance, you can describe moving (displacing) an

object on the screen with a vector, which you can visualize as an arrow drawn

from the starting position to the final position. The length of the vector is its

magnitude, and that describes how far the point has been displaced. The orien-

tation of the arrow describes the direction. See Figure 10-3. A vector represent-

ing such a change in position is called a displacement vector.

Now you’re Lhanappa, the great mammoth hunter. Scouts report a mam-

moth herd 14.1 kilometers to the northwest. But, because of a southeast wind,

you don’t want to approach from the southeast. So you go 10 kilometers west,

then 10 kilometers north, approaching the herd from the south. You know these

two displacement vectors bring you to the same location as the single 14.1-

kilometer vector pointing northwest. Lhanappa, the great mammoth hunter,

also knows how to add vectors.

Adding two vectors has a simple geometric interpretation. First, draw one

vector. Then draw the second vector starting from the arrow-end of the first

vector. Finally, draw a vector from the starting point of the first vector to the
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end point of the second vector. This third vector represents the sum of the first

two. See Figure 10-4. Note that the length of the sum can be less than the sum
of the individual lengths.

Vectors make a natural choice for operator overloading. First, you can’t represent

a vector with a single number, so it makes sense to create a class to represent vectors.

Second, vectors have analogs to ordinary arithmetic operations such as addition and

subtraction. This parallel suggests overloading the corresponding operators so you can

use them with vectors.

To keep things simple, we’ll implement a two-dimensional vector, such as a screen

displacement, instead of a three-dimensional vector, such as might represent movement
of a helicopter or a gymnast. You need just two numbers to describe a two-dimensionai

vector, but you have a choice of what set of two numbers:

i You can describe a vector by its magnitude (length) and direction (an angle).

i You can represent the vector by its x and y components.

The components are a horizontal vector (the x component) and a vertical vector

(the y component) which add up to the final vector. For instance, you can describe a

Figure 10-3 Describing a displacement with a vector
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Sum ofVector A and Vector B:

Figure 10-4 Adding two vectors

motion as moving a point 30 units to the right and 40 units up. See Figure 10-3. That

motion puts the point at the same spot as moving 50 units at an angle of 53.1°

from the horizontal. Therefore a vector with a magnitude of 50 and an angle of 53.1° is

equivalent to a vector having a horizontal component of 30 and a vertical component of

Two ways of describing the same vector:

Vector: 50 units at 53.1 degrees

or

Vector: * = 30, y = 40

Figure 10-5 x andy components ofa vector
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40. What counts with displacement vectors is where you start and where you end up,

not the exact route taken to get there. This choice of representation is basically the same
thing we covered with the Chapter 7 program that converted between rectangular and
polar coordinates.

Sometimes one form is more convenient, sometimes the other, so we’ll incorpo-

rate both representations into the class description. See the discussion on multiple rep-

resentations. Also, we’ll design the class so that if you alter one representation of a

vector, the object automatically updates the other representation. The ability to build

such intelligence into an object is another C++ class virtue. Listing 10-4 presents a

preliminary class definition that doesn’t yet include operator overloading.

LISTING 10-4 vectorO.li

// vectorO.h — vector class before operator overloading
class vector

private:

double x;

double y ;

double mag;

double ang;

void se t_mag ( voi d )

;

void set_ang( voi d);
public:

vector(void);
vectorCdouble h, double v);

~vector(void);
void set_by_po la r( double m,

void show_po l a r ( voi d ) ;

void show_vector(void);
>;

// hori zonta l value
// vertical value
// length of vector
// direction of vector

// set x, y va lues

double a);

// show polar values
// show rectangular values

MULTIPLE REPRESENTATIONS AND CLASSES

Quantities having different, but equivalent, representations are common. For
exampie

,
you can measure gasoline consumption in miles per gallon, as they do

in the U.S., or in liters per 100 kilometers, as they do in Europe. You can repre-

sent a number in string form or numeric form, and you can represent intelli-

gence as an IQ or in kiloturkeys. Classes lend themselves nicely to encompassing
different aspects and representations of an entity in a single object. First, you
can store multiple representations in one object. Second, you can write the class

functions so that assigning values for one representation automatically assigns
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values for the other representation(s). For instance, the set_by_po la r (

)

method for the vector class sets the magnitude and angle members to the func-

tion arguments, but it also sets the * and y members. By handling conversions

internally, a class can help you think of a quantity in terms of its essential nature

rather than in terms of its representation.

This particular class definition emphasizes the rectangular coordinate approach,

with a class constructor that takes arguments representing the horizontal and vertical

values. The constructor implementation will call the private functions set_mag ( ) and

s e t_a ng ( ) to set the corresponding magnitude and angle values. However, ifyou want

to specify a vector by its polar coordinates (magnitude and angle), you can use the

s e t_by_po l a r ( ) method, magnitude and angle as well as x and y horizontal and vertical

values and the definition provides methods for displaying both vector representations.

You may have wondered why we didn’t provide a third constructor, one that

initializes a vector using the magnitude and angle values. The problem is that magni-

tude and angle require the same function signature (double, double) as x and y, but

C++ requires distinct function signatures for overloading. So we have a choice of pro-

viding a constructor for one or the other representation, but not both. Later, we’ll refine

this example and show a way around that problem.

Overloading the + Operator

Meanwhile, let’s add operator overloading. Adding two vectors is simple in rectangular

coordinates. Just add the two x components together to get the new x component and

add the two y components together to get the new y component. Here is a sample

prototype for a class operator overloading method (it goes into the class definition) and

its implementation (it goes into the class member function file):

vector operator+Cconst vector & b); // prototype

vector v e c t o r : : ope r a t o r + ( c on s t vector & b) // definition

{

double sx, sy;

sx = x + b.x;

sy = y + b.y;

vector sum = vector(sx,
return sum;

>

The prototype defines a function named operator+(). The function returns a vector

and it takes a vector argument. To save time and memory, we pass the vector by refer-

ence (type vector 6), making b an alias for the vector passed to the function. Because the

// x component of sum

// y component of sum
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function should not alter the value ofthe vectors it is adding, we declare the argument as

a const type. Because operator + () is a class method, it uses the invoking object im-

plicitly. For instance, suppose movel and move2 are two vectors and that we use the

operator+() function to add them:

vector q = movel. operator+(move2);

The operator + () function definition contains the following statement:

sx = x + b.x; // x component of sum

In this statement, the term b . x refers to the object passed as an argument (move 2, in this

case), and x refers to the object invoking the member function (movel, in this case),

making the statement equivalent to the following:

sx = movel. x + move2.x; // x component of sum

After calculating the x and y components of the sum, the method uses the

vector ( sx,sy) constructor to initialize the vector sum to the proper values:

vector sum = vectorCsx, sy);

As you’ll see soon, this constructor also sets the mag and ang members. Thus sum is a

vector object having both its rectangular representation and its polar representation set

to the correct values. Then the operator+() function returns the sum vector to the

calling program.

So far, operator + () looks like a regular class member function with a funny

name. Flere’s where C++ gets cute. As we indicated earlier, C++ offers an alternative

syntax for the function call that makes it look as if you were using an operator. The
alternative syntax for

vector q = movel .operator+(move2); // function call syntax

is this:

vector q = movel + move2; // alternative syntax

Both mean the same thing, but the second form is easier on the eyes and on the mind,

and it is the one we’ll use.

Let’s take one more look at the planning steps in overloading the + operator for

the vector class:

i Create a member function named operator + ().

i Addition requires two operands. Invoking the function with an object provides

one operand, so use an argument to provide the second operand. This operand

can be type vector
,
or, in the interests of efficiency, type const vector &.
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i The sum of two vector objects is also a vector object, so give the function a vector

return type.

i Put the following prototype in the class definition:

vector operator+Cconst vector & b); // prototype

i Use the following function heading in the methods definition file:

vector vector :: opera tor+( const vector & b)// definition

i Write code to handle the intended operation.

At this point, if you’re programming a Bobo the Space Barbarian game, you can

write code like the following:

#include <iostream.h>
#include "vector .

h"

int main (void)

vector movebobol ( 20, 30 )

;

vector movebobo2 ( 50, 10);

vector bobo = movebobol + movebobo2;
bobo.showpolarC);

>

But, having gone this far, it’s worth the extra effort to add a few more features to the

class definition. In particular, we’ll investigate how to overload an overloaded operator

and when friends are useful for overloading.

MORE REFINEMENT 1 OVERLORDING ON OVERLORDED OPERATOR

Let’s start by overloading the - operator. In ordinary C++, this operator already has two

meanings. First, when used with two operands, it’s the subtraction operator. The sub-

traction operator is termed a binary operator because it has exactly two operands. Sec-

ond, when used with one operand, as in -x, it’s a minus sign. This form is termed a

unary operator, meaning it has exactly one operand. Both operations—subtraction and

sign reversal—make sense for vectors, too, so we’ll extend them to the vector class, be-

ginning with subtraction. To subtract vector B from vector A, you just subtract compo-

nents, so the definition for overloading subtraction is quite similar to the one for

addition:

vector operator-Cconst vector & b); // prototype

vector ve c t o r : : ope r a t o r- ( c on s t vector & b) // definition

// class definition

/ / add 2 vectors
// display resu It
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double dx, dy;

dx = x - b.x;

dy = y - b.y;

vector diff = vector(dx, dy);
return diff;

>

Next, let’s overload the unary minus operator, which takes just one operand. Ap-

plying this operator to a regular number, as in -x, changes the sign of the value. We’ll

want to define it so that applying it to a vector reverses the sign of each component. (In

polar terms, negation leaves the magnitude unchanged, but reverses the direction.

Many politicians with little or no mathematical training nonetheless have an intuitive

mastery of this operation.) Here are the prototype and definition for overloading negation:

vector operator-();
vector vector :: opera tor-(

)

{

double nx, ny;

nx = -x

;

ny = -y;

vector neg = vectorCnx, ny);
return neg;

>

Note that now there are two separate definitions for operator-( ). That’s fine,

for the two definitions have different signatures. You can define both binary and unary

versions of the - operator because C++ provides both binary and unary versions of that

operator to begin with. An operator having only a binary form, such as division (/ ), can

only be overloaded as a binary operator.

Because operator overloading is implemented with functions, you can overload

the same operator many times as long as each operator function has a distinct

signature and as long as each operator function has the same number of oper-

ands as the corresponding built-in C++ operator.

As with overloading functions, you should use sensible restraint in overloading

operators. For instance, don’t overload the * operator so that it swaps the components
of a vector object. Nothing in the notation would suggest what the operator did, so it

would be better to define a class method with an explanatory name like swapO.
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OPERATOR OVERLOADING AND FRIENDS

Sometimes you need to use friend functions when overloading operators. Multiplying a

vector by a real number provides just such a situation. In visual terms, multiplying a

vector makes the vector longer or shorter by that factor. So multiplying a vector by 3

produces a vector with three times the length, but still pointed in the same direction. It’s

easy to translate that image into how the class represents a vector. In polar terms, multi-

ply the magnitude and leave the angle alone. In rectangular terms, you multiply a vector

by a number by multiplying its x and y components separately by the number. That is,

if a vector has components of 3 and 12, multiplying by 3 makes the components 1 5 and

36. Here are the prototype (goes in the class definition) and the implementation (goes

in the methods file) for multiplication:

vector operator*(double n); // prototype

vector vector: :operator*(double n) // definition
{

double mx, my;

mx = n * x;

my = n * y;

vector mult = vectorCmx, my);

return mult;

>

This code works fine for multiplying a vector times a number, but it fails for

multiplying a number times a vector! To see this, first consider multiplying a vector

times a number:

vector borge = piano * 2.0; // validcode

This translates to the following function call:

vector borge = piano. operator*(2.0);

That statement requires that operator*() be a member function of the vector class, for

it is invoked by a vector object. It also requires that the function take a type double

argument. These two requirements match the function just defined, so the program

automatically uses that definition.

But suppose you reverse the order of the operands while writing a program:

vector borge = 2.0 * piano; // not supported

That would correspond to a meaningless function call:

vector borge = 2 . 0 . ope r a t o r * ( p i a no ) ; // nonsense
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That is, this demands a function that is a member of the double class (which

doesn’t even exist) and that takes a type vector argument. But our definition of multipli-

cation requires that a vector object (piano, in this case) be the first operand and the

double value (2.0) be the second operand.

One way around this difficulty is to tell everyone (and to remember yourself) that

you can only write piano * 2.0 but never write 2.0 * piano. This is a programmer-
friendly, user-beware solution, and that’s not what OOP is about.

Can you write a second member function to handle this reverse-order problem?
No, you can’t, because the invoking object is always the first operand; the piano object

must come before the 2 . 0 if you use a member function. But, recall, you don’t use an
object to invoke a friend function; instead, you pass the object as an argument. Thus
you can use a friend function with the number as the first operand and the vector as the

second argument:

friend vector operator*(double n, vector & a);

The simplest way to implement this friend function is to have it reverse the order

of its arguments and then call the original function:

vector operator*(double n, vector & a)

{

return a * n; // calls original operator function
>

Thus the friend function translates

vector borge = 2.0 * piano; // now supported

to the following:

vector borge = piano * 2.0;

Using a friend function to reverse the operand order is a common and useful technique
for overloading an operator that takes two different types of operands. Oh, yes, keep in

mind that you use the keyword friend with the prototype in the class definition but
not when actually defining the function.

Ifyou want to overload an operator for a class and you want to use the operator
with a nonclass term as the first operand, you have to use a friend function to

reverse the operand order.

By the way, we didn’t have this kind of problem when defining the operator + ()

member function because, in that case, both arguments were type vector
, so either could

come first.
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FRIENDS VERSUS CERSS MEMBER FUNCTIONS

Incidentally, you can define all the operator functions as friend functions. In that case,

each binary operator function would require two vector arguments, and the unary op-

era tor-() function would take a single vector argument. (A friend function always

requires one more argument than the equivalent member function; the extra argument

explicitly represents the object that a member function uses implicitly.) For instance,

you can define subtraction this way:

// prototype
friend vector operator-Cconst vector & a, const vector & b);

// definition
vector operator-Cconst vector & a, const vector & b)

{

double dx, d y ;

dx = a.x - b.x;

dy = a . y - b.y;

vector diff = vectorCdx, dy);

return diff;

>

Calling this version would look different from calling the first version if you used

function notation:

a = b.operator-(c); // - defined as class method

a = operator-Cb, c); // - defined as friend function

But either definition would let you use the same operator notation:

a=b-c; //permittedbyeitherdefinition

DEFINING THE VECTOR CERSS
;
NEARLY THE FINAL VERSION

Now that we have the operator functions ready, we can put together the full vector class

definition. Listing 10-5 presents the complete definition for the vector class.

LISTING 10-5 vectoN.li

// vectorl.h — vector class, introduce operator overloading

class vector

private:
hor i zonta l value
vertical value
length of vector
direction of vector

void set_mag ( voi d )

;

doub l

e

x; //

doub l

e

y; //

double mag; //

doub l

e

ana : //

Chapter Ten * Working with Classes



void se t_a ng ( vo i d ) ;

public:

vector(void);
vector(double h, double v);

~vector(void);
void set_by_po la r( double m, double a);

void s how_po l a r ( vo i d ) ; // show polar values
void show_vector ( voi d) ; // show rectilinear values

// operator overloading
vector operator+Cconst vector & b);

vector operator-Cconst vector & b);

vector operator-();
vector operator*(double n);

// friend function
friend vector operator*(double n, vector & a);

>;

Listing 10-6 defines the class member functions declared in Listing 10-5. Note

how the constructor functions and the se t_by_po l a r ( ) function each set both the

rectangular and the polar representations of the vector. Thus either set of values is avail-

able immediately without further calculation should you need them. Also, as mentioned

in Chapters 4 and 7, C++’s built-in math functions use angles in radians, so we’ve built

conversion to and from degrees into the methods. The implementation hides such

things as converting from polar coordinates to rectangular coordinates or converting

radians to degrees from the user. Ail the user needs to know is that the class uses angles

in degrees and that it makes a vector available in two equivalent representations.

These design decisions follow the OOP tradition of having the class interface con-

centrate on the essentials while hiding the details. Thus when you use the vector class,

you can think about a vector’s general features, such as that they can represent displace-

ments and that you can add two vectors. Whether you express a vector in component
notation or in magnitude, direction notation becomes secondary, for you can set a

vector’s values and display them in whichever format is most convenient at the time.

By the way, these definitions use math functions, and some C++ systems don’t

automatically search the math library. For instance, some UNIX systems require that

you do the following:

$ CC source_f i L e ( s ) -Im

The -Im option instructs the linker to search the math library. So, when you even-

tually compile programs using the vector class, if you get a message about undefined

externals, try the -Im option or check to see if your system requires something similar.
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LISTING 10-6 VECtflPl.cpp

// vectorl.cpp — methods for vector class
//include <i os t ream . h>

tt i nc lude <math . h>

//include "vector 1 . h"

const double Rad_to_deg = 57 . 2957795 1 30823;

// private methods
void ve c t o r : : se t_ma g ( vo i d

)

{

mag = sqrt(x * x + y * y )

;

>

void vector :: set_ang ( voi d

)

{

ang = a t a n 2 ( y , x);

>

// pub lie methods
vector: :vector(void)

x = y = mag = ang = 0.0;
>

vector: : vectorCdouble h, double v)

{

x = h;

y = v;

set_mag ();

set_ang ( )

;

>

vector: : ~vector(void)
{

>

void vec t o r : : se t_by_po l a r ( doub l e m, double a)

{

mag = m;

ang = a / Rad_to_deg;
x = m * cos (a);

y = m * sin (a);

>

void ve c t o r : : s how_po l a r ( voi d

)
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cout << " ( " << mag << ",

cout << ang * Rad_to_deg << ")\n";
>

void vector :: show_vec tor ( voi d

)

cout << " ( " << x << ", " << y << ")\n";
>

// operator overloading
vector vector :: opera tor+( const vector & b)

double sx, sy;

sx = x + b.x;

sy = y + b.y;

vector sum = vectorCsx, sy);

return sum;

>

vector vector :: operator-( const vector & b)

double dx, dy;

dx = x - b.x;

dy = y - b.y;

vector diff = vectorCdx, dy);
return diff;

>

vector vector: :operator-(

)

doub l e nx, ny

;

nx = -x ;

ny = -y;

vector neg = vectorCnx, ny);
return neg;

>

vector vector :: ope ra t or* ( doub l e n)

double mx, my;

mx = n * x;

my = n * y;

vector mult = vectorCmx, my);
return mult;

>

// f ri end method
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vector operator*(double n, vector & a)

{

return a * n;

>

The next step, of course, is to use these definitions in a program. Listing 10-7 does

that using vectors representing movements. It demonstrates using both the rectangular

and polar representations, and it shows addition and multiplication. Remember to

compile Listing 10-6 along with Listing 10-7.

LISTING 10-7 use_ vecl.cpp

// use_vect . cpp -- use the vector class

// compile with vectorl.cpp
^include <iostream.h>
^include "vector 1 .

h”

int main(void)

vector f i r s t_move ( 1 20, 50);

vector second_move C 50, 120);

vector result;

result = first_move
cout << "First move: ";

f i rst_move . show_vector ( )

;

cout << "Magnitude, angle =

firs t_move . s how_po l a r ( ) ;

cout << "Second move: ";

second_move . show_vector ( )

;

cout << "Magnitude, angle =

se cond_move . s how_po l a r ( ) ;

cout << "Resu It: ";

result, sho w_vectorO;
cout << "Magnitude, angle =

result. sho w_polarO;

+ second_move; // adding objects!

// display first_move

H .

/

vector twotimes = result * 2.0; // member function

cout << "Doubled result: ";

twotimes. show_vec tor ( )

;

result =0.5 * result; // friend function

cout << "Halved result: ";

result. sho w_vectorO;

return 0;

>
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Here is the program’s output:

First move: (120, 50)

Magnitude, angle = (130, 22.619865)
Second move: (50, 120)

Magnitude, angle = (130, 67.380135)
Result: (170, 170)

Magnitude, angle = (240.416306, 45)

Doubled result: (340, 340)
Halved result: (85, 85)

Program notes

The first_move vector represents moving 120 units to the right and 50 units up. The
net result is the same as moving 130 units in a direction 22.62 degrees counterclockwise

from the x-axis. The first two output lines display these two descriptions of the

first_moveYzctor. Similarly, the second move of 50 units to the right and 120 units up

is the same as a move of 130 units in a direction 67.38 degrees from the x-axis. The
combined effect of the two moves is moving 170 units to the right (120 + 50) and 170

units up, just as the output for the resultsctor shows. And that is equivalent to moving
240.42 units at an angle of45 degrees from the x-axis, as the sixth line of output shows.

Note that you can’t simply add the magnitudes of two vectors to get the magnitude of

the sum. That’s why we used rectangular coordinates rather than polar coordinates to

calculate the sum. Finally, the program illustrates that both overloadings of the *
func-

tion work.

oieilohiiiiig iestmctiiii:

C++ does impose some limits on user-defined operator overloading as follows:

1 . The overloaded operator must have at least one operand that is a user-defined

type. This prevents you from overloading operators for the standard types. Thus you
can’t redefine the minus operator (-) so that it yields the sum of two double values

instead of their difference. This restriction preserves program sanity, although it may
hinder creative accounting.

2. You can’t use an operator in a manner that violates the syntax rules for the

original operator. For instance, you can’t overload the modulus operator ( %) so that it

can be used with a single operand:

int x

;

diva shiva;

% x; // invalid for modulus operator
% shiva; // invalid for overloaded operator
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Similarly, you can’t alter operator precedence. So ifyou overload the addition operator

to let you add two classes, the new operator has the same precedence as ordinary addition.

3. You can’t create new operator symbols. For instance, you can’t use the combi-

nation ** to denote exponentiation.

4. You cannot overload the following five operators:

sizeof the sizeof operator

membership operator

.* pointer-to-member operator

:: scope resolution operator

?: conditional operator

This still leaves all the operators in Table 10-1 available for overloading.

3. Most of the operators in Table 10-1 can be overloaded by using either member

or nonmember functions. However, you can use only member functions to overload the

the following operators:

= assignment operator

() function call operator

[] subscripting operator

-> class member access by pointer operator

Note: We have not covered, nor will we cover, every operator mentioned in the

list of restrictions or in Table 10-1. However, Appendix E does summarize those opera-

tors not covered in the main body of this text.

OVEKLORDING THE « OPEIHIIR

One of the more useful features of classes is that you can overload the << operator so

that you can use it with c o u t to display an object’s contents. In some ways, this overloading

is a bit trickier than the earlier examples, so we’ll develop it in two steps instead of in one.

TABLE 10-1 Operators that can be overloaded
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Suppose hector is a vector object. To display vector values, we’ve been using

show_vector( ) and show_polar( ). Wouldn’t it be nice, however, ifyou could do the

following?

cout << hector; // make cout recognize vector class?

You can, because << is one of the C++ operators that can be overloaded. In fact, it

already is heavily overloaded. In its most basic incarnation, the << operator is one of C
and C++’s bit manipulation operators; it shifts bits left in a value (see Appendix E). But

the ostream class overloads the operator, converting it into an output tool. Recall that

cout is an ostream object and that it is smart enough to recognize all the basic C++
types. That’s because the ostream class definition includes an overloaded operator«()
definition for each of the basic types. That is, one definition uses an int argument, one

uses a double argument, and so on. So one way to teach cout to recognize a vector

object is to add a new function operator definition to the ostream class definition. But

it’s not a good idea to alter the iostream.h file and mess around with a standard inter-

face. It’s better to use the vector class definition to teach the vector class how to use cout.

First version of overloading <<
To teach the vector class to use cout, you’ll have to use a friend function. Why? Because

a statement like

cout << hector;

uses two objects, with the ostream class object (cout) first. If you use a vector member
function to overload <<, the vector object would come first, as it did when we over-

loaded the * operator with a member function. That means you would have to use the

< < operator this way:

hector << cout; // if operator«() were a member function

That would be confusing. But by using a friend function, you can overload the operator

this way:

void operator«(ost ream & os, const vector & v)

os << "(x,y) = (" << v . x << << v.y «")";
>

This lets you use

cout << hector;

to print data in the following format:

( x , y ) = (120,50)
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Note that the new operator << () definition uses an ostream reference os as its

first argment. Normally, os will refer to the cout object, as it does in the expression

cout << hector. But you could use the operator with other ostream objects, in which

case os would refer to those objects. (What? You don’t know of any other ostream ob-

jects? In Chapter 12, you’ll learn how to create new objects to manage output to files,

and these objects will be able to use ostream methods. You then will be able to use our

operator«( ) definition to write to files as well as to the screen.) Furthermore, the call

cout << hector should use the cout object, not a copy, so the function passes the

object as a reference instead ofby value. Thus the expression cout << hector causes os

to be an alias for cout. The vector object can be passed by value or by reference, since

either form makes the object values available to the function. Again, passing by refer-

ence uses less memory and time than passing by value.

Second version of Overlording «
The implementation we just presented has a problem. Statements such as

cout << hector;

work fine, but the implementation doesn’t allow you to combine the redefined << op-

erator with the ones cout normally uses:

cout << "hector value: " << hector << "\n"; // can't do

To understand why this doesn’t work and what must be done to make it work,

you first need to know a bit more about how cout operates. Consider the following

statements:

i n t x = 5 ;

int y = 8;

cout << x << y;

C++ reads the output statement from left to right, meaning it is equivalent to the fol-

(cout << x) << y;

The << operator, as defined in iostream.h, takes an ostream object to its left.

Clearly, the expression cout << x satisfies that requirement because cout is an ostream

object. But the output statement also requires that the whole expression (cout << x) be

a type ostream object, because that expression is to the left of << y. Therefore, the

ostream class implements the operator«() function so that it returns an ostream ob-

ject. In particular, it returns the invoking object, cout in this case. Thus the expression

cout << x is itself an ostream object, and it can be used to the left of the << operator.
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You can take the same approach with the friend function. Just revise the opera-

tor«(

)

function so that it returns a reference to an ostream object:

ostream & ope ra t o r<< ( os t r earn & os, const vector & v)

os << "(x,y) = (", << v.x << << v.y <<")";

return os;

>

Note that the return type is ostream &. That means, recall, that the function returns a

reference to an ostream object. Because a program passes an object reference to the func-

tion to begin with, the net effect is that the function’s return value is just the object

passed to it. That is, the statement

cout << hector;

becomes the following function call:

operator<<(cout, hector);

And that call returns the cout object. So now the following statement does work:

cout << "hector value: " << hector << "\n"; // can do

Let’s break this into separate steps to see how it works. First,

cout << "hector value: "

invokes the particular ostream definition of << that displays a string and returns the cout

object, so the expression cout << "hector value: " displays the string, then is re-

placed by its return value, cout. This reduces the original statement to the following one:

cout << hector << "\n";

Next, the program uses the vector definition of << to display the hector values and to

return the cout object again. This reduces the statement to the following:

cout << "\n”;

The program now finishes up by using the ostream definition of << for strings to display

the final string.

In general, to overload the << operator to display an object of class c_name, use

a friend function with a definition of this form:

ostream & ope r a t o r« ( os t ream S os, const c_name & obj)
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os << ... ; // display object contents
return os;

IMPROVING THE CLASS BY ADDING fl STRTE MEMBER

Once you start playing with class definitions, it can be hard to stop, so let’s add one

more improvement! Our definition of the << operator displays just the rectangular rep-

resentation of a vector. Can you overload the definition so that the operator can also

display the polar representation? No. Separate definitions require separate function sig-

natures. The operator takes two operands, so the friend operator function takes two

arguments, and they have to be an ostream object and a vector object. So you have no

freedom to select another function signature.

But you can change the class definition. The idea is to add a state member. This is

a variable that affects how the object behaves, sort of like a switch on a printer that lets

you set which printer emulation to use. For instance, you can add a type char member

that can be set to ' p ' or ' r '
. The object will display in polar mode if the state member

is ' p ' and in rectangular mode if the state member is ' r '

.
(The ostream class, inciden-

tally, uses the same state member technique to control the various formatting options

discussed in Chapter 12.) Suppose that you call this state member mode. Then you can

rewrite opera tor<<( ) this way:

ostream & operator<<(ostream & os, const vector & v)

if ( v . mode == ' r
1

)

os << “(x,y) = ( " << v.x << ", " << v.y <<

else if (v.mode == 'p')

{

os << "(m,a) = (" << v.mag << ", "

<< v.ang * Rad_to_deg << ")";

>

else

os << "Vector object mode is invalid";

return os;

>

The program labels its output with (x,y) or (m,a) so that you can readily see if

the output is in x- and y- coordinates or in magnitude and angle values. That way, you

don’t have to check the program code in order to interpret the program output. (Keep

that output user friendly!)

To use this approach, you need to alter the vector class definitions and rewrite

several member functions. First, of course, you have to add the mode member to private
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class members. Then you have to add methods to set the mode to the desired value.

Also, you should make it impossible to set an invalid mode. True, the operator«()
definition prints an error message if the mode isn’t a ' p ' or an ' r '

, but that’s more a

debugging tool. If a program generates that error message, you know you should work

more on the class design. The most direct way to prevent invalid modes is to modify the

constructors so that they always initialize a new object to a correct mode. For instance,

you can define the default constructor this way:

vec t or : : ve c tor ( voi d ) // default constructor

x = y = mag = ang = 0.0;
mode = 'r'; // default mode

>

VET HNDTHER TRICK

Remember how the other constructor is biased towards the x-y view of vectors? The
prohibition on duplicate signatures prevented us from making a constructor using the

magnitude-angle view. But now, you can use the new mode member to rewrite the

other constructor so that it can initialize a vector either to x-y values or to magnitude-

angle values. The trick is to add the mode as the third argument to the constructor:

vector :: vector (doub le nl, double n2, char form)
{

mode = form; // set mode member to form argument
if (form == 1

r
1

)

{

x = n 1 ;

y = n2;

se t_mag ();

set_ang ( )

;

>

else if (form == * p ' )

{

mag = n 1 ;

ang = n2 / Rad_to_deg;
set_x(); // add to class definition
set_y(); // add to class definition

>

else

{

cout << "Incorrect 3rd argument to vectorO — ";

cout << "vector set to 0\n";
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x = y = mag = ang = 0.0;

mode = 1

r ' ;

>

>

Further, you can use ' r ' as the default value for the third argument. This lets you

continue to use the two-argument form to initialize vectors in the x-y mode.

Listing 10-8 shows the revised class definition. It adds a mode member and private

functions for setting the x and y values from the polar values. It provides a new proto-

type for one of the constructors. Note that the prototype provides a default value of ' r
'

for mode. Because the new constructor can set either polar or rectangular values, we

drop the old set_to_polar( ) function. Next, the operator <<() method replaces the

old show_vector() and show_polar() methods.

LISTING 10 8 veciop2.h

// vector2.h -- vector class with «, mode state

class vector

{

// horizontal value

II vertical value

// length of vector
// direction of vector

// 'r' = rectangular, 'p' = polar

private:
double x ;

double y;

double mag;

double ang;

char mode;

void set_mag ( voi d)

;

void set_ang ( voi d)

;

voi d se t_x (void);

void set_y(void);
public:

vector(void);
vectorCdouble n 1 , double n2, char form = 1

r
1

) ;

~vector(void);
void po l a r_mode ( )

;

void rect_mode();
// operator overloading

vector operator+(const vector & b);

vector operator-Cconst vector & b);

vector operator-();
vector operator*(double n);

II friends
friend vector operator*(double n, vector & a);

friend ostream & operator<<(ostream & os, const vector & v);

>;
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FRIEND OB NO FRIEND?

The new vector class definition makes the operator«() function a friend

function to the vector class. But this function, although not inimical to the

ostream class, is not a friend to it. The operator«() function takes an ostream

argument and a vectorargument, so it might seem this function has to be friends

to both classes. If you look at the code for the function, however, you’ll notice

that the function accesses individual members of the vector object but only uses

the ostream object as a whole. Because operator <<() accesses private vector

object members directly, it has to be a friend to the private vector class. But

because it does not directly access private ostream object members, the func-

tion does not have to be a friend to the ostream class. That’s nice, for it means

you don’t have to tinker with the ostream definition.

Listing 10-9 lists the revised methods for the vector class. We’ve already discussed

most of these changes individually. Keep in mind that default values appear just in the

prototypes in Listing 10-8, not in the methods file.

LISTING 10-9 vector2.cpp

// vector2.cpp — methods for vector class
//include <iostream.h>
#i nc lude <mat h . h>

//include “vector2.h"
const double Rad_to_deg = 57.2957795130823;

// pri vate methods
void vector :: set_mag (voi d)

mag = sqrt(x * x + y * y ) ;

>

void vec t or : : se t_ang ( vo i d

)

ang = atan2(y, x);

>

void vector :: set_x(voi d)

x = mag * cos(ang);
>

void vector :: set_y( voi d)
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{

y = mag * sin(ang);
>

/ / pub Lie methods
vector: : vector(void) // default constructor

x = y = mag = ang = 0.0;

mode = 1

r
1

;

>

vector: : vectorCdouble nl, double n2, char form)

mode = form;

if (form = = ' r
1

)

{

x = n 1 ;

y = n2;

set_mag ( )

;

set_ang ( )

;

>

else if (form == ' p ' )

mag = n 1

;

ang = n2 / Rad_to_deg;
set_x ( ) ;

se t_y ( )

;

>

else

cout << "Incorrect 3rd argument to vectorC )
— ";

cout << "vector set to 0\n";

x = y = mag = ang = 0.0;

mode = ' r
1

;

>

>

vector: : ~vector(void)

>

void vector: :polar_mode()

mode = 1

p ' ;

>

void vector: :rect model)
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mode = 1

r ' ;

>

// operator overloading
vector vector :: operator+( const vector & b)

double sx, sy;

sx = x + b.x;

sy = y + b.y;

vector sum = vectorCsx, sy);

return sum;

>

vector vector :: operator-( const vector & b)

double dx, dy;

dx = x - b.x;

dy = y - b.y;

vector diff = vector(dx, dy);

return diff;

>

vector vector: :operator-()

double nx, ny;

nx = -x

;

ny = -y;

vector neg = vector(nx, ny);

return neg;

>

vector vec t o r : : ope r a t or* ( doub l e n)

double mx, my;

mx = n * x

;

my = n * y;

vector mult = vectorCmx, my);
return mult;

>

II f r i end methods
vector operator*(double n, vector & a)

return a * n;

>
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ostream & operator«(ost ream & os, const vector & v)

if ( v . mode == ' r
1

)

os << “ ( x , y ) = (" << v . x << " << v.y <<

else if (v.mode == 1 p ' )

{

os << "(m,a) = (" << v.mag << ", "

<< v.ang * Rad_to_deg << ")";

>

else

os << "Vector object mode is invalid";

return os;

>

Listing 10-10 provides a short program testing the revised class. (All the work that

goes into the class design makes the actual program short and easy to write. Well, that’s

part of the OOP intent.) Remember to compile Listing 10-9 along with Listing 10-10.

LISTING 10-10 use cout.cpp

// use_cout.cpp — use the revised vector class

// compile with the vector2.cpp file

^include <iostream.h>
#include "vector2.h"
int main(void)

double x, y, mag, ang;

cout << "Enter x and y components of first move: ";

c i n >> x >> y

;

vector f i rst_move ( x, y);

cout << "Enter magnitude and angle of second move: ";

c i n >> mag >> ang;

vector second_move(mag, ang, 'p');

cout << "First move: ";

cout << first_move;
f i rst_move

.
po la r_mode ( ) ;

cout << ", " << first_move << "\n";

cout << "Second move: " << se cond__move << "\n";

cout << "Result: " << (first_move + second_move) << "\n";

return 0;

>
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Here is a sample run:

Enter x and y components of first move: 10 10
Enter magnitude and angle of second move: 20 90
First move: (x,y) = (10, 10), (m,a) = (14.142136, 45)

Second move: (m,a) = (20, 90)

Result: (x,y) = (10,30) +“ Default constructor sets V mode

PROGRAM NOTES

The declaration

vector f i r s t_move

(

x , y);

omits the third argument, so the program uses the default mode of ' r '
, that is, x and y

components. Note that you can use variables to initialize a object. Of course, you

should assign values to those variables prior to using them this way. Listing 1 0-9 uses

c i n to provide the values.

The declaration

vector second_move (mag, ang, 1

p
1

) ;

explicitly instructs the constructor to use the polar mode. Again, the program uses val-

ues obtained from c i n to initialize the vector.

The statements

cout << first_move;
f i rst_move

.
po l a r_mode ( ) ;

cout << ", " << first__move << "\n";

use cout << to display the f i rst_move vector. Because the constructor earlier set the

f i rst_move mode to V, the program displays the x-y values. Then the program uses

the po l a r__mod e ( ) function to change the mode. Thus the next time it displays

f i rst_move with the << operator, the program shows the polar representation.

Notice the final cout statement:

cout << "Result: " << (f i rst_move + second_move) << "\n";

Our definition of << requires a vector object operand, but this statement provides the

sum of two vector objects. This works because vector addition uses an operator function

that returns a vector object, so the sum is replaced by a single object. Furthermore, our

implementation ofoperator + () uses a constructor to create the vector that is returned,

and the constructor automatically sets the mode to ' r '
. Thus the program displays the

sum in rectangular coordinates.

We’ve used the vector class to illustrate operator overloading with member func-

tions and with friend functions. We’ve used it to illustrate overloading the << operator

to display vector values, and we’ve used it to illustrate how a state variable can add
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flexibility to a design. This entire sequence of examples shows how a class definition can

grow in flexibility and power as you work with it. When developing a new class, it’s

usually a good idea to proceed as these examples did, starting with a basic implementa-

tion, getting it to work, then expanding the class. By now, however, the vector class is

getting too involved to add new features without risking the new ideas being buried in

the clutter. So we’ll retire the vector class and return to simpler classes as we explore still

more class concepts and techniques. Before proceeding to new material, you may wish

to pause to take a deep, relaxing breath and reward yourself with a treat, perhaps a

cookie, perhaps a good movie, perhaps a short trip to Tahiti.

UTOMHTic Conversions hnd type casts for classes

The next topic on the class menu is the conversion of another type to a class type.

When, in C++, you make a statement assigning a value ofone standard type to a variable

of another standard type, C++ automatically will convert the value to the same type as

the receiving variable, providing the two types are compatible. For instance, the follow-

ing statements all generate numeric type conversions:

Long count = 8; // int value 8 converted to type long

double time = 11; // int value 11 converted to type double

int side = 3.33; // double value 3.33 converted to type int 3

These assignments work because C++ recognizes that the diverse numeric types all rep-

resent the same basic thing, a number, and because C++ incorporates built-in rules for

making the conversions. Recall, however (from your reading ofChapter 3), that you can

lose some precision in these conversions. For instance, assigning 3.33 to the i nt vari-

able side results in side getting the value 3, losing the 0.33 part.

The C++ language does not automatically convert types that are not compatible.

For instance, the statement

int * p = 10; // type clash

fails because the left-hand side is a pointer-type, while the right-hand side is a number.

And even though a computer may represent an address internally with an integer, inte-

gers and pointers conceptually are quite different. For instance, you wouldn’t square a

pointer. However, when automatic conversions fail, you may be able to use a type cast:

int * p = (int * ) 10; // ok, p and (int * ) 10 both pointers

This sets a pointer to the address 1 0 by type casting 1 0 to type pointer-to-i nt (that is,

type int *).

You may define a class sufficiently related to a basic type or to another class that it

makes sense to convert from one form to another. In that case, you can instruct C++
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how to make such conversions automatically or, perhaps, via a type cast. To show how
that works, let’s recast the pounds-to-stone program from Chapter 3 into class form.

First, design an appropriate type. Fundamentally, we’re representing two ways (pounds

and stone) to represent one thing (a weight). A class provides an excellent way to in-

corporate two representations ofone concept into a single entity. Therefore, it makes sense to

place both representations ofweight into the same class and then to provide class methods for

expressing the weight in different forms. Listing 10-11 provides the class header.

LISTING 10-11 stonewt.li

// stonewt.h — definition for stonewt class
const int Lbs_per_stn = 14; // pounds per stone
class stonewt

private:
int stone;

double pds_left;
double pounds;

public:

stonewtCint lbs);

stonewt (double lbs);

stonewtCint stn, double lbs);

stonewtC);
-stonewtO;
voi d show_lbs ( )

;

void show_stn();

>;

// whole stones
// fractional pounds
// entire weight in pounds

// constructor for int pounds
// constructor for double pounds
// constructor for stone, lbs

// default constructor

// show weight in pounds format
// show weight in stone format

Note that the class has four constructors. This allows you to initialize a stonewt

object to an integer number of pounds, to a floating-point number of pounds, or to a

stone and pound combination. Or you can create a stonewt object without initializing it.

Also, the class provides two display functions. One displays the weight in pounds,

and the other displays the weight in stone and pounds. Listing 10-12 shows the class

methods implementation. Note that each constructor assigns values to all three private

members. Thus creating a stonewt object automatically sets both representations of

weight.

LISTING 10 12 stonewt. cpp
// stonewt. cpp — stonewt class methods
//include <iostream.h>
//include "stonewt.h"
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stonewt : : stonewt ( i nt Lbs)

{

stone = Lbs / Lbs_per_stn; // integer division
pds_Left = Lbs % Lbs_per_stn;
pounds = Lbs;

>

stonewt :: stonewt (doubLe Lbs)

stone = int (Lbs) / Lbs_per_stn; // integer division
pds_Left = int (Lbs) % Lbs_per_stn + Lbs - int(Lbs);
pounds = Lbs;

>

stonewt :: stonewt ( i nt stn, doubLe Lbs)

{

stone = stn;

pds_Left = Lbs;

pounds = stn * Lbs_per_stn + Lbs;

>

stonewt: :stonewt()

stone = pounds = pds_Left = 0;

>

stonewt: : ~stonewt()
{

>

void stonewt :: show_stn (

)

cout << stone << " stone, " << pds_Left << " pounds\n";

>

void stonewt :: show_Lbs (

)

cout << pounds << " pounds\n";

>

Because a stonewt object represents a single weight, it makes sense to provide ways

to convert an integer or a floating-point value to a stonewt object. And we have already

done so! In C++, any constructor taking a single argument acts as a blueprint for con-

verting a value of that argument type to the class type. Thus the constructors
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stonewtCint Lbs); // template for int-to-stonewt conversion
stonewt (double lbs); // template for double-to-stonewt conversion

serve as instructions for converting type int values and type double values to a type

stonewt value. However, the constructor

stonewt(int stn, double lbs);

has two arguments, so it cannot be used to convert types.

Listing 10-13 uses the class constructors for initializing three stonewt objects, then

it uses two of them to handle type conversions. Remember to compile Listing 10-12

along with Listing 10-13.

LISTING 10-13 Slone. cpp
// stone. cpp — user-defined conversions
// compile with stonewt. cpp
//include <iostream.h>
//include "stonewt. h"

int main(void)

stonewt pavarotti = 260; // uses constructor to initialize
stonewt wolfe(285 .7); // same as stonewt wolfe = 285.7;
stonewt taft(21, 8);

cout << “The tenor weighed “;

pavarotti . show_s tn ( ) ;

cout << "The detective weighed ";

wolfe. sho w_s t n ( )

;

cout << "The President weighed ";

t a f t . show_lbs ( )

;

pavarotti = 265.8; // uses constructor for conversion
taft = 325; // same as taft = stonewt(325);
cout << "After dinner, the tenor weighed ";

pavarotti .sho w_s t n ( ) ;

cout << "After dinner, the President weighed ";

taft. show_l bs ( ) ;

cout << "No stone left unearnedXn";
return 0;

Here is the output:

The tenor weighed 18 stone, 8 pounds
The detective weighed 20 stone, 5.7 pounds
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The President weighed 302 pounds
After dinner, the tenor weighed 18 stone, 13.8 pounds
After dinner, the President weighed 325 pounds
No stone left unearned

PROGRAM NOTES

First, note that when a constructor has a single argument, you can use the following

form when initializing a class object:

// a syntax for initializing a class object when
// using a constructor with one argument
stonewt pavarotti = 260;

This is equivalent to the other two forms we’ve used:

// standard syntax forms for initializing class objects
stonewt pa va rot t i ( 260 )

;

stonewt pavarotti = stonewt(260);

However, the last two forms can also be used with constructors having multiple argu-

ments.

Next, note the following two assignments from Listing 10-13:

pavarotti = 265.8;
taft = 325;

The first assignment uses the constructor with a type double argument to convert

26 5.8 to a type stonewt value. This sets the pounds member of pavarotti to 265.8.

Because it uses the constructor, this assignment also sets the stone and pds_lef t mem-
bers of the class. Similarly, the second assignment converts a type i nt value to a type

stonewt value, setting all three member values in the process.

Listing 10-13 converts a number to a stonewt object. Can you do the reverse? That is,

can you convert a stonewt object to a double value, as in the following?

stonewt wolfe(285.7);
double host = wolfe; // ?? possible ??

The answer is that you can do this, but not by using constructors. Constructors only

provide for converting another type to the class type. To do the reverse, you have to use

a special form of C++ operator function called a conversion function.

Conversion functions resemble user-defined type casts, and you can use them the

way you would use a type cast. For instance, if you define a stonewt-to-doub l e conver-

sion function, you can use the following conversions:
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stonewt wolfe(285.7);
double host = double (wolfe); // syntax #1

double thinker = (double) wolfe; // syntax #2

Or you can let the compiler figure out what to do:

stonewt wells(20, 3 )

;

double star = wells; // implicit use of conversion function

The computer, noting that the right-hand side is type stonewt and that the left-hand

side is type double, looks to see if you’ve defined a conversion function matching that

description.

So how do you create a conversion function? To convert to type typename
, use a

conversion function of this form:

operator typename ();

Note the following points:

i The conversion function must be a class method,

i The conversion function must not specify a return type.

The conversion function must have no arguments.

For instance, a function to convert to type double would have this prototype:

operator doublet )

;

The typename part tells the conversion the type to which to convert, so no return type is

needed. The fact that the function is a class method means it has to be invoked by a

particular class object, and that tells the function which value to convert. Thus the

function doesn’t need arguments.

To add functions converting stone_wt objects to type int and to type double,

then, requires adding the following prototypes to the class definition:

operator i nt ( ) ;

operator doublet);

Listing 10-14 shows the modified class definition.

LISTING 10-14 stonewtl.li

// stonewtl.h — revised definition for stonewt class
const int Lbs_per_stn = 14; // pounds per stone
class stonewt

private:
int stone; // whole stones
double pds_left; // fractional pounds
double pounds; // entire weight in pounds
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public:

stonewtCint lbs);

s t onew t ( doub l e lbs);

stonewtCint stn, double
stonewtO;
~stonewt();
void show_lbs();
void show_stn( )

;

// conversion functions
operator int();
operator doubleC);

>;

// construct from int pounds
// construct from double pounds
lbs); // construct from stone, lbs

// default constructor

// show weight in pounds format
// show weight in stone format

Next, Listing 10-15 shows the definitions for these two conversion functions;

these definitions should be added to the class member function file. Note that each

function does return the desired value even though there is no declared return type. Also

note the i n t conversion definition rounds to the nearest integer rather than truncating.

LISTING 10-15 stonewll.cpp

// stonewtl.cpp -- stonewt class methods + conversion functions
//include <iostream.h>
//include "stonewtl.h"

// previous definitions go here

// conversion functions
stonewt :: operator int()

if (pounds - (int) pounds < 0.5)

return pounds;
else

return pounds + 1 ;

>

stonewt :: operator doubleO
{

return pounds

;

>

Listing 10-16 tests the new conversion functions. The assignment statement in

the program uses an implicit conversion, while the final cout statement uses an explicit

type cast. Remember to compile Listing 10-15 along with Listing 10-16.
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LISTING 10-16 stonel.cpp

// stonel.cpp — user-defined conversion functions
// compile with stonewtl.cpp
^include <iostream.h>
^include “s tonewt 1 . h

"

i n t ma i n ( voi d

)

stonewt poppi ns ( 9,2 . 8 ) ; // 9 stone, 2.8 pounds
double p_wt =poppins; // implicit conversion
cout << "Convert to double =>

cout << "Poppins: " << p_wt << " pounds. \n";

cout << "Convert to int => ";

cout << "Poppins: " << int (poppins) << " pounds. \n";

return 0;

>

Here’s the program output; it shows the result of converting the type stonewt ob-

ject to type double and to type i nt:

Convert to double => Poppins: 128.8 pounds.
Convert to int => Poppins: 129 pounds.

APPLYING TYPE CONVERSIONS flOTOMHTICHLLY

The last example used int (poppins) with cout. Suppose, instead, it omitted the

explicit type cast:

cout << "Poppins: " << poppins << " pounds. \n";

Would the program use an implicit conversion, as it did in the following statement?

double p_w t = poppins;

The answer is no. In the p_wt example, the context indicates that poppins should be

converted to type double. But in the cout example, nothing indicates whether the

conversion should be to i n t or to d o u b l e . Facing this lack of information, the compiler

would complain that you were using an ambiguous conversion. Nothing in the state-

ment indicates what type to use.

Interestingly, if the class had defined only the double conversion function, the

compiler would accept our errant statement. That’s because with only one conversion

possible, there is no ambiguity.

You can have a similar situation with assignment. With the current class defini-

tions, the compiler rejects the statement
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Long gone = poppins; // ambiguous

as ambiguous. In C++ you can assign both i nt and double values to a Long variable, so

the compiler legitimately could use either conversion function. The compiler doesn’t

want the responsibility of choosing which. But if you eliminate one of the two conver-

sion functions, the compiler accepts the statement. For example, suppose you omit the

double definition. Then the compiler will use the int conversion to convert poppins

to a type i nt value. Then it converts the i nt value to type Long when assigning it to

gone.

When the class defines two or more conversions, you can still use an explicit type

cast to indicate which conversion function to use. You can use either type cast notation:

Long gone = (double) poppins; // use double conversion
Long gone = int (poppins); // use int conversion

The first statement converts poppins weight to a double value, then assignment con-

verts the double value to type long. Similarly, the second statement converts poppins

first to type int, then to long.

In summary, then, C++ provides the following type conversions for classes:

i A class constructor that has but a single argument serves as an instruction for

converting a value of the argument type to the class type. For example, the

stonewt class constructor with a type i n t argument is invoked automatically

when you assign a type i nt value to a stonewt object.

i A special class member operator function called a conversion function serves as

an instruction for converting a class object to some other type. The conversion

function is a class member, has no declared return type, has no arguments, and

is called operator typename(), where typename is the type to which the object is

to be converted. This conversion function is invoked automatically when you

assign a class object to a variable of that type or use the type cast operator to

that type.

ynhhic iemomd Classes

What would you like for breakfast, lunch, and dinner for the next month? How many

ounces of milk for dinner on the third day? How many raisins in your cereal for break-

fast on the fifteenth day? Ifyou’re like most people, you’d rather postpone some of those

decisions until the actual mealtimes. Part of OOP strategy is to take the same attitude

towards memory allocation, letting the program decide about memory during run time

rather than during compile time. That way, memory use can depend on the needs of a

program instead of upon a rigid set of storage-class rules. To gain dynamic control of
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memory, you remember, C++ utilizes the new and delete operators. Unhappily, using

these operators with classes can pose some new programming problems. As you’ll see,

destructors can become necessary instead of merely ornamental. And sometimes you

have to overload the assignment operator to get programs to behave properly. We ll

look into these matters now.

REVIEW EXHMP1E HHD STATIC ClfiSS MEMBERS

We haven’t used new and delete for a while, so let’s review them with a short program.

While we’re at it, we’ll introduce a new storage class: the static class member. The
vehicle will be a string class. The class will hold a pointer to a string and a value repre-

senting the string length. We’ll use the string class primarily to give an inside look at

how new, delete, and static class members operate. For that reason, the constructors

and destructors will display messages when called so that you can follow the action.

Also, we’ll omit several useful member and friend functions, such as an overloaded <<

operator and a conversion function, in order to simplify the class interface. (But rejoice!

The review questions for this chapter give you the opportunity to add those useful

support functions.) Listing 10-17 shows the class definition. We’ve called the file

strngs.h instead of string, h to avoid conflicting with the standard library file

s t r i ng . h.

LISTING 10 17 strngs.h

// strngs.h -- string class de

c lass string

private:
char * str;

i n t l e n ;

static int num_st rings;
public:

void saysO;
string(char * s);

stringO;
~string();

>;

i n i t i on

// poi nter to st ri ng
// length of string
// number of objects

/ / const ructor
// default constructor
// destructor

You should note two points about this definition. First, it uses a pointer-to-cha r

instead of a char array to represent a name. This means that the class definition does

not allocate storage space for the string itself. Instead, it will use new in the constructors

C++ Primer Plus



449

to allocate space for the string. This arrangement avoids straitjacketing the class defini-

tion with a predefined limit to the string size.

Second, the definition declares the num_st rings member as belonging to the

static storage class. A static class member has a special property—a program creates only

one copy of a static class variable regardless of the number of objects created. That is, a

class string
{

private:
char * str;
i n t ten;

static int num_st rings;
public:

>;

string dora, jim, chris;

str:

l en :—
dora

str:

len:

jim

chris

Figure 10-6 The static class member

num_strings:

''

Only one copy

of the static member

is created.

Each object gets

its own str and

len members.

Chapter Ten • Working with Classes



static member is sharedamong all objects of that class, much as a phone number might

be shared among all members of a family. If, say, you create ten string objects, there

would be ten r/r members and ten len members, but just one shared num_strings mem-
ber. See Figure 10-6. This is convenient for data that should be private to a class but that

should have the same value for all class objects. The num_strings member, for example,

is intended to keep track of the number of objects created.

Let’s look at the implementation of the class methods in Listing 10-18. There

you’ll see how these two points (using a pointer and using a static member) are handled.

LISTING 10-18 strngs.cpp

// strngs.cpp — string class methods
//include <i os t r earn . h>

//include <string.h>
//include “strngs.h"

// initializing static class member
int s t r i ng : : num_s t r i ngs = 0;

II class methods
void st ri ng : : saysC ) // display method

cout << str << "\n";

>

string: :string(char * s)

str = new charCstrlen(s) + ID; // allot storage
strcpyCstr, s); //initialize pointer
len = strlenCstr);
num_s t r i ngs++; // set object count
cout << num_strings << V" << str

<< "\" object created\n"; // For Your Information
>

string: : s t r i ng (

)

{

str = new charC4D;
strcpyCstr, "C++"); // default string
len = strlenCstr);
num_st r i ngs++;
cout << num_strings << ": V" << str

<< "\" object created\n"; // FYI

>
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s t r i ng : :
~

cout << << str << "\" object deleted,

cout << — num_strings << “ left\n";

delete str;

// FYI

// FYI

// required

First, notice the following statement from Listing 10 - 18 :

int string: :num_strings = 0;

This statement initializes the static num_strings member to zero. Note that you cannot

initialize a static member variable inside the class definition. That’s because the defini-

tion is a template and doesn’t allocate memory. Usually, you allocate and initialize

memory by creating an object using that template. In the case of a static class member,

you initialize the static member independently with a separate statement outside the

class definition. That’s because the static class member is stored separately rather than as

part ofan object. Note that the initialization statement gives the type and uses the scope

operator.

int string: :num_strings =0;

This initialization goes in the methods file, not in the class definition file. That’s be-

cause the class definition is in a header file, and a program may include a header file in

several other files. That would result in multiple copies of the initialization statement,

which is an error.

Next, notice that each constructor contains the expression num_str i ngs++. This

ensures that each time a program creates a new object, the shared variable num_strings

increases by one, keeping track of the total number ofstring objects. Also, the destructor

contains the expression — num_st rings. Thus the string class also keeps track of de-

leted objects, keeping the value of the num_strings member current.

Now look at the first constructor, which initializes a string object to a string:

s t r i ng : : s t r i ng ( c ha r * s)

str = new charCstrlen(s) + ID; // all*at storage

s t r c py(str, s); // ini tialize pointer

len =: strlen(str);
num_strings++; // set object count

cout << num_strings << “
:
\"" << str

<< "\" object created\n"; // For Your Information

>
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The class str member, recall, is just a pointer, so the constructor has to provide the

memory for holding a string. You can pass a string pointer to the constructor when you
initialize an object:

string bos ton ( "Bos ton" ) ;

The constructor uses the str Lent ) function to compute the length of the string, uses

new to allocate sufficient space to hold the string, then assigns the address of the new
memory to the str member. (Recall that strlenO returns the length of a string not

counting the terminating null character, so the constructor adds 1 to the strlenO
return value to allow space for the string including the null character.)

Next, the constructor uses strcpyO to copy the passed string into the new
memory. Then it initializes the len member and updates the object count. Finally, to

help us monitor what’s going on, the constructor displays the current number of objects

and the string stored in the object.

The default constructor behaves similarly, except that it provides a default string

of C + +.

The destructor contains the example’s most important addition to our handling

of classes:

stri ng : : ~st ri ng(

)

cout << "\"" << str << "\" object deleted, ";

cout << — num_strings << " left\n";
delete str;

>

The destructor begins by announcing when the destructor gets called. This part is infor-

mative, but not essential. The delete statement, however, is vital. Recall that the str

member points to memory allocated with new. When a string object expires, the str

pointer expires. But the memory str pointed to remains allocated unless we use de l ete
to free it. Freeing memory used by an object’s members does not automatically free

memory pointed to by an object’s members. By placing the delete statement in the

destructor, we ensure that the memory allocated with n e w is freed when the object expires.

// FYI

// FYI

II required

Whenever you use new in a constructor to allocate memory, you should use

delete in the corresponding destructor to free that memory.

Listing 10-19, taken from a program under development at The Daily Vegetable
,

illustrates when and how the string constructors and destructor work. Remember to

compile Listing 10-18 along with Listing 10-19.
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LISTING 10-19 vegnews.cpp
// vegnews.cpp — using new and delete with classes
// compile with strngs.cpp
//include <iostream.h>
//include "strngs.h"

string sports ( “Spi nach Leaves Bowl for Dollars");
// sports an external object

void ca l Imel ( voi d) ; // creates local object
string * callme2(void); // creates dynamic object

int main(void)

cout << "Top of main()\n";
string headlinesC2] = // local object array
{

stri ng("Celery Stalks at Midnight"),
s t r i ng (

" Le 1 1 u ce Prey")

>;

headlinesCOD.saysO;
headlinesCIT.saysO;
callmeIC);
cout << "Middle of main()\n";
string *pr = callme2(); // set pointer to object
s ports. says();
pr->says(); //invoke class method
delete pr; //deleteobject
cout << "End of main()\n";
return 0;

>

void callmeIC void)

{

cout << "Top of ca l Imel ( ) \n"

;

string grub; //localobject
grub.saysC);
cout << "End of ca l Imel ( ) \n";

>

string * ca l l me2 ( vo i d )

cout << "Top of ca l lme2 ( ) \n";

string *pveg = new st r i ng
( "Cabbage Heads Home");

// dynamic object uses constructor

pveg->says();
cout << "End of ca 1 1 me2 ( ) \

n
" ;

return pveg; // pveg expires, object lives

>
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Here is the output:

1: "Spinach Leaves Bowl for Dollars" object created
Top of ma i n ( )

2: "Celery Stalks at Midnight" object created
3: "Lettuce Prey" object created
Celery Stalks at Midnight
Lettuce Prey
Top of callmelO
4: "C++" object created
C + +

End of ca l Imel ( )

"C++" object deleted, 3 left

Middle of main()
Top of callme2()
4: "Cabbage Heads Home" object created
Cabbage Heads Home
End of callme2()
Spinach Leaves Bowl for Dollars
Cabbage Heads Home
"Cabbage Heads Home" object deleted, 3 left
End of ma i n (

)

"Celery Stalks at Midnight" object deleted, 2 left
"Lettuce Prey" object deleted, 1 left
"Spinach Leaves Bowl for Dollars" object deleted, 0 left

Program Notes

You should make sure you understand the sequence of events in this example program,

so let’s run through them now. The sports object is an external variable, so it’s created

before mainO begins execution. The next objects created are the two elements of the

headlines array. The program calls the constructor twice, once to initialize each array

element. Each element is a class object, so the calls

headlinesCOH.saysO;
headlinesCID.saysO;

evoke the class method saysO for the two objects headlines[0] and headlmesfl].

Next, the program calls the ca l Imel ( ) function. This function uses the default

constructor to create a local object called grub. The default constructor initializes the str

member to 'C + + ”. This object expires when the ca l Imel ( ) function finishes execu-

tion, as is shown by the following output lines:

Top of callmelO
4: "C++" object created
C + +
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End of ca l Lmel (

)

"C++" object deleted, 3 left

In addition to printing its farewell message, the destructor also frees the memory that

held the string “C+ +

Now we come to the thorniest part of the example. The program calls callme2(),

and this function uses new to create and initialize a stringob)tcv.

string *pveg = new s t r i ng (
" C a bba g e Heads Home");

The function assigns the address of this new object to the pveg pointer. Because we
provide string with a string argument, the program calls the corresponding constructor

to initialize the object. Figure 10-7 summarizes the statement.

Just as with structures, you can use the -> operator to access class members. In this

case, vegnews.cpp uses the operator to invoke a class method:

pveg->says();

This causes the program to display the "Cabbage Heads Home" string. Then the func-

tion terminates, freeing the memory used by its variables. This means the memory used

to hold the pointer pvegis freed. But because callme2() doesn’t use delete pveg, the

memory holding the object to which ywgpointed is still allocated. Note that there is no

destructor message when callme2() terminates; that shows the object still is present

—

the string "Cabbage Heads Home" lives on! But because pvegbas expired, the program

no longer can access that object with pveg. However, the program passes the value of

pveg back to the calling program and assigns it to the pointer pr. In short, at first pveg

pointed to the string. Then pveg expired, but meanwhile the program set pr to point to

the string. Thus the program now can use pr to access the dynamic object. And it does

so after first displaying the sports object:

Top of cal lme2 (

)

4: "Cabbage Heads Home" object created
Cabbage Heads Home <

—

uses pointer in callme2()

End of callme2()
Spinach Leaves Bowl for Dollars
Cabbage Heads Home

—

uses pr pointer in main()

Now the program moves to the sad tasks of deleting the remaining objects. Be-

cause it created the cabbage object with new, it can remove it with delete:

delete pr;

Recall that this frees the memory pr points to and not pr itself. Deleting the pointed-to

object activates the destructor:

"Cabbage Heads Home" object deleted, 3 left

Chapter Ten - Working with Classes



string *pyh new stringC" Misty Dynamic");
1.

Allocate memory for object

2.

Call class constructor, which

• allocates space for 'Misty Dynamic''

• copy "Misty Dynamic" to allocated space

Add r es s : 2400

Misty Dynami c \0
|

Address : 2000

• assigns address of "Misty Dynamic" string to s t r —

• assigns value of 13 to len

• updates num_st ring s(not shown)

str :

Add res s

2000

11

2400

3.

Create the pyh variable

pyh - Address: 2800

4.

Assign address of new object

to the pyh variable —

pyh - Address : 2800

Figure 10-7 new and the class constructor

Scoping rules control the existence of the remaining objects. The two array elements are

automatic variables, so they expire when execution leaves the block in which they are

defined. In this case, the block is the body of the ma i n ( ) function, so these two objects

are freed when ma i n ( ) terminates. Last of all, the external object expires when the pro-

gram terminates:
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End of ma i n (

)

"Celery Stalks at Midnight" object deleted, 2 left

"Lettuce Prey" object deleted, 1 left

"Spinach Leaves Bowl for Dollars" object deleted, 0 left

Note the program uses new and de lete on two levels. First, it uses new to allocate

storage space for the name strings for each object that is created. This happens in the

constructor functions, so the destructor function uses delete to free that memory.

Second, the program uses new to allocate an entire object. This allocates space not for

the name string but for the object, which includes the str pointer that holds the address

of the string. The new operator also allocates space for the len member. It does not

allocate space for the num_strings member because that is a static member stored sepa-

rately from the objects. The program then used de l et e to delete this object when it was

finished with it. Again, this frees only the space used to hold the str pointer and the len

member. It doesn’t free the memory used to hold the string str points to, but the de-

structor takes care of that final task.

Once you’ve tucked this example under your belt, you’re ready for further adven-

tures in memory management. Meanwhile, it’s time for another deep, relaxing breath

and for another treat to reward yourself. Not only do you deserve it, but you’ll need the

break, because the next item on our OOP menu is a substantial serving ofseveral related

matters.

BUCK ID lillflGIIll IMPROVED MEMORY MANAGEMENT

You’ve learned enough now to improve the softball class definition (see Chapter 9). (If

you’re tired of softball, you can modify the program to represent, say, baseball, soccer,

or bowling.) For instance, you can now replace the show_stats() function with an

overloaded << operator so that you can use cou t to print object contents. And, as we did

with the string class, you can use new instead of a fixed array to allocate space for names.

Making these changes is more than practicing new skills. (And don’t forget, you do have

to practice and experiment with these new skills to really understand them.) It also leads

you to a new and subtle problem—just what you must have been hoping for! But you

have to make the changes first before you can uncover that problem. Listing 10-20

provides the new class definition. The new elements here are the redefinition of

firstname and lastname as pointers instead of arrays, the new friend function for over-

loading the << operator, and the disappearance of the now unneeded show_stats()

prototype.
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LISTING 10 20 sofmaH.h
// softbal4.h — revised header file for softball class
class sof tba 1

1

{

private:

char * firstname; // replaces char array
char * lastname; // replaces char array
unsi gned a tba ts;

unsigned hits;

unsigned rbis;
float a v e ;

float calc_ave();
public:

sof t ba 1 1 ( c ha r * fn, char * In, unsigned ab = 0,
unsigned h = 0, unsigned rbi = 0);

soft ba 1 1 ( void) ;

~softball();
void setallO;
voi d updateC ) ;

softball& topba t ( sof tba l 18 player);
// f r i end function

friend ostream 8 operator«(ostream 8 os, softball 8 player);
>;

Next, Listing 10-21 provides the methods. The revised constructor follows the

lead of the string class, using new and st rcpy( ) to create and initialize string storage,

just as we did with the string class. The setallO method uses the same technique.

Because the constructor uses new, the destructor must use delete. Having a hunch
about the kind of problem that’s going to appear, we’ve put an output statement in the

destructor so you can watch it at work. Finally, the opera tor«

(

) function for display-

ing an object follows the same form we used for the vector class, returning a reference to

an ostream object.

LISTING 10 21 sof tbal4.cpp

// softbal4.cpp — revised methods for softball class
//include <iostream.h>
//include <string.h>
//include "softbal4.h"

softball:: sof t ba 1 1 ( vo i d

)

>

C++ Primer Plus



459

// revised constructor allocates string space
softball:: sof tba l l ( char * fn, char * In, unsigned ab,

unsigned h, unsigned rbi )

firstname = new c ha r C s t r l en ( f n ) + ID;

strcpyCfirstname, fn);

lastname = new charCstrlen(ln) + ID;

strcpyClastname, In);

atbats = ab;

hits = h

;

rbi s = rbi

;

a ve = cal c_a ve ( )

;

>

softball : : ~softball()

cout << "Bye, " << firstname << "\n";

delete firstname;
delete lastname;

}

float sof tba 1 1 : : ca l c_ave (

)

if (atbats == 0)

return 0;

else

return float(hits) / atbats;

>

void sof tba 1 1 :: seta 1 1 ( )

char tempC80D;
cout << "Enter player's first name: ";

cin >> temp;

firstname = new cha r C s t r l en ( t emp ) + ID;

strcpyCfirstname, temp);

cout << "Enter player's last name: ";

cin >> temp;

lastname = new charCstrlen(temp) + ID;

strcpyClastname, temp);

cout << "Enter number of at bats: ";

cin >> atbats;

cout << "Enter number of hits: ";

cin >> hits;

cout << "Enter number of RBIs: ";

cin >> rbis;
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a ve = cal c_a ve ( )

;

cout << “\n“;
>

void sof tba 1 1 : : updateC

)

cout << “Enter stats for “ << firstname << “

cout << Lastname << “:\n“;
cout << “Enter additional number of at bats: “;

int temp;

cin >> temp;

atbats = atbats + temp;
cout << “Enter additional number of hits: “;

cin >> temp;

hits = hits + temp;
cout << “Enter additional number of RBIs: “;

cin >> temp;

rbis = rbis + temp;
a ve = cal c_a ve ( )

;

cout << “\n“;

>

// replace show_stats() with overloaded << operator
ostream& operator«(ost ream & os, softball S player)
{

os << “Player: “ << player . f i rstname << “ “

<< player . lastname << “\n“ << “At bats: “

<< player . atbats << “ Hits: “ << player. hits
<< “ RBIS: “ << player. rbis << “ BA: “

<< player. ave << “\n\n";
return os;

>

softball& softball: :topbat( softballS player)
{

if (player. ave > ave)

return player;
else

return * t h i s ;

>

Listing 10-22 presents a program that exercises the new class definition. It uses the

standard library exi t ( ) function, which has a prototype in the std l i b . h header file.

This function, when called, terminates the program and returns an integer value to the

operating system, much like return does when used in mainO. One difference be-
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tween return 0 and e x i t ( 0 ) is that return is a keyword, while e x i t ( ) is a function

call. A second difference is that exit() terminates a program even if called from a

function other than ma i n ( ) . What the operating system does with the return value is a

UNIX topic or a DOS topic. In general terms, you can use a UNIX script or a DOS
batch file to run a C++ program, and certain script commands and batch file commands

can examine a program’s return value and use it to decide what to do next. The usual

convention is that a zero return value means all went well, while a nonzero return value

indicates some sort of problem. Listing 10-22, for example, uses exitO to return a

value of 1 if the user fails to enter enough players. The program also illustrates how you

can use new to create dynamic arrays of objects and how to delete a dynamic array.

Finally, the program uncovers a problem. Remember to compile Listing 10-21 with

Listing 10-22.

LISTING 10 22 dynamlcl.cpp

// dynamicl.cpp -- using new two different ways

// compile with softbal4.cpp
//include <iostream.h>
//include <stdlib.h> // prototype for exitO
//include "softbal4.h"
int main(void)

int players;

cout << "Enter number of players:

cin >> players;
i f (players < 1 )

{

cout << "You need at least one to play! Bye.Xn";

exit(l); // terminate program

>

softball * team = new softballCplayersD; // dynamic array

for (int i = 0; i < players; i++)

teamCiD.setallO;

for (i = 0; i < players; i++)

cout << teamCiD; // overloaded <<

softball tops = teamCOD; // initialize tops to teamHOU

for (i = 1; i < players; i++)

tops = tops.topbat(teamCi!]);

cout << "Tops : \n";

cout << tops;
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delete CplayersJ team;
cout << "bye\n";
return 0;

// delete all members of array
// delete syntax explained later

>

Here is the program output:

Enter number of players: ||j

Enter player's first name: J a n

e

Enter player's last name: Aust i

n

Enter number of at bats: 6

Enter number of hits: 4

Enter number of RBI s : Ilf

Enter player's first name: War
Enter player's last name: $|ielliry

Enter number of at bats: §f§

Enter number of hits: 2

Enter number of RBIs: jj§

Enter player's first name: fMi %y
Enter player's last name: Bronte
Enter number of at bats: 5

Enter number of hits: j|§

Enter number of RBIs: 2

Player: Jane Austin
At bats: 6 Hits: 4 RBIS: 3 BA: 0.666667

Player: Mary Shelley
At bats: 5 Hits: 2 RBIS: 1 BA: 0.4

Player: Emily Bronte
At bats: 5 Hits: 3 RBIS: 2 BA: 0.6

Tops :

Player: Jane Austin
At bats: 6 Hits: 4 RBIS: 3 BA: 0.666667

Bye, Jane
Bye, Wary
Bye, Emi ly

bye

Bye, &!!&!!
Null pointer assignment
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Note the troubled lines at the end. They’re a sign of new problems. But before

tackling them, let’s analyze the problem-free part of the program.

PROGRAM NOTES

By using new to create objects, the program avoids being committed to a particular

number of players. Instead, you can enter the number of players, then create a dynamic

array of that size:

softball * team = new softballCplayers];

Creating a dynamic array of objects follows the same form as creating a dynamic

array of a standard type—follow the keyword new with the type name, then with brack-

ets containing the number of elements desired. The pointer team then points to the first

object in the array. Recall that if team points to an element of array, you can use the

notation teamCO] to indicate the first element, teamM] to indicate the second ele-

ment, and so on. Because each element is an object, each element can invoke a class

method:

for (int i = 0; i < players; i + +

)

teamCiD.setalK);

Similarly, you can use the << operator to display the contents of each object:

for (i = 0; i < players; i++)

cout << teamCiU;

As the program output shows, this part of the program worked just as it should.

Next, the program creates a new softball object and initializes it to teamCOD:

softball tops = teamCOD;

This copies the contents of the teamHO] object into the tops object.

Then the program uses a loop and the topba t ( ) method to find the object with

the highest batting average. The topba t ( ) method, recall, compares two objects. One

is the object that invokes the method, and the second is the object provided as an argu-

ment.

for (i = 1; i < players; i + +

)

tops = tops.topbat(teamCill);

Thus the expression tops.topbatCteamCi]) compares the tops object with the

t earnC i 3 object. Then the one with the higher batting average is assigned to tops. Again,

the program output demonstrates the superb design of the program.

Finally, the program deletes those objects no longer needed. Note this line:

delete [players] team;
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In creating the team array, new called the default softball constructor three times, once

for each object in the array. Therefore, to free that memory, the program also has to call

the softball destructor three times. In general, if the array has players elements, then the

program should call the destructor players times. That’s what the expression delete

[players!! team accomplishes. The value in the brackets indicates how many times to

call the destructor. The team pointer points to the first element, and the first destructor

call frees the memory used for that element. The program then uses pointer arithmetic

to figure out the address of the next element, then frees that block of memory, and so

on. If we were to omit the [players] part, the program would delete only the first

element of the array. As the Byes in the program show, the program successfully frees

the memory for each of the three objects in the array.

If you use the form

softball * team = new so f t ba 1 1 [ p l a y e r s ] ;

to create a dynamic array of objects whose constructors use new, then you need

to use the form

delete [players] team;

in order to summon the class destructor for each array element.

After the program prints Bye, it frees the variable tops. That’s because tops is a local

automatic variable, and automatic variables expire when the program finishes executing

the block containing them (see Chapter 8). And here something goes awry. First, there’s

some peculiar output:

Bye, &!!&!!

Then, after the program terminates, there’s this cryptic and unsettling message:

Null pointer assignment

The blame for these unpleasantries lies with what happens when you copy one object

containing pointers to another.

Copying objects containing pointers can be troublesome. The dynamicl .cpp program
potentially copies such objects in two places. First, it initializes one object to another:

softball tops = t e a m [ 0 ]

;
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This copies the contents of the team HO] object to the newly created tops object. Sec-

ond, depending on how the batting average comparison goes, the program assigns one

object to another:

for (i = 1; i < players; i++)

tops = tops.topbat(teamCiH);

Although initialization and assignment both assign values to an object, they differ con-

ceptually. Initialization takes place only when an object is created, while assignment

takes place with previously created objects. We’ll look at the problem that arises when

you initialize an object, but that same situation occurs in assignment.

Consider what happens when you initialize one softball object to another. Listing

10-22 uses the following statement:

softball tops = teamCO];

By default, C++ uses memberwise initialization. That means each data member of tops is

a copy of the corresponding data member in teamCO]. For instance, teamCO]. hits

has the value 4, so tops . h i t s is assigned the value 4. So far, so good. But now consider

firstname. The value of teamCO]. firstname is not the string Jane. It is the address of

the string Jane. That means that initialization copies the address of the string to tops-

>f i rstname. In short, we now have two members holding the same address, and we

have only one string. Initialization copied only the address, not the string. See Figure

10 -8 .

Having two pointers to the same string causes a problem when the program

reaches the deletion stage. The statement

delete [players] team;

frees the memory used to hold the teamCO] object, along with the memory holding the

remaining team objects. At this time, the pointer teamCO]. firstname passes from the

realm of the known. That would have left the pointed-to string of “Jane ’’still in memory

except that deleting the teamCO] object invokes the class destructor function. And that

function, recall, deletes the string to which the firstname pointer pointed. The lastname

pointer is handled similarly. Thus between delete and the destructor function, the

program frees the memory used by the object and by the strings pointed to by the

object members. It’s a clean sweep.

But then the program automatically deletes the tops object when ma i n ( ) termi-

nates. This frees the memory used to hold the object members, including the

tops, firstname pointer. But in doing so, the program calls the destructor function

one more time, and the destructor function attempts to free the memory to which

tops . f i rstname pointed. This is the same memory to which team. CO] . f i rstname

pointed, and that memory already has been freed. Apparently, the program already has
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used that memory for something else, which is why the destructor prints the string as

something other than “Jane”. And the attempt to free memory that’s already been freed

can lead to the Nullpointer assignment message. In other words, we wound up with two

pointers to the same memory location and wound up trying to free that memory twice.

Programs don’t like that, and that’s good reason for you not to like it.

1.
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Default initialization duplicates member values but does not duplicate pointed-to data.

Figure 10-8 Memberwise initialization
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By default, C + + assignment works the same way as initialization, using

memberwise copying. So assignment, too, can lead to two pointers pointing to the same

memory, raising the specter of double deletion.

THE OBJECT INITIBlIZfITIDN PROBLEM

You’ve now seen that initializing one object to another causes problems if the class

includes members pointing to memory allocated by new. The way to fix the problem is

to change the way initialization works. Default initialization, as you’ve seen, copies one

pointer member to the other, leaving both pointers pointing to the same thing. But you

can change that so that initialization instead copies the item to which the pointer points.

That way, you wind up with two pointers pointing to two different data items. One
data item is an exact copy of the other, but at a different location. That makes the values

of the two pointers different. The program gets two pointers and two strings. Thus when

it deletes the two objects, the program doesn’t wind up trying to delete the same block

of memory twice.

C++ provides a mechanism for changing how object initialization works. It con-

sists of defining a special constructor, called a copy constructor
,
with this general form:

c L a s sname (const cLassname &)

Here the ampersand means the argument is a reference argument. If defined, this con-

structor is used in three situations:

i When you initialize one class object to another, the constructor sets values for

the initialized object.

i When you pass a object by value as an argument, the constructor initializes the

corresponding formal argument in the called function.

i When you have a function return an object, the constructor initializes a tempo-

rary object used to convey the object’s values to the calling program.

Ifyou don’t define this special constructor, C++ uses memberwise initialization in these

three cases. This is a nice break—by writing a copy constructor you can head off three

separate problem areas!

Let’s apply this constructor to the softball class. It should create copies of the

pointed-to strings in addition to copying built-in data. So you can do the following:

sof t ba L L : : sof t ba L L ( cons t softball & player)

// allocate space to hold the name

firstname = new cha r C s t r l en ( p l aye r . f i r s t name ) + ID;

// copy name from player to new object
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strcpy ( fi rstname, player . fi rstname)

;

lastname = new charHstrlen(player. lastname) + 13;

strcpyClastname, player. lastname);
atbats = p l aye r . a t ba t s

;

hits = player. hits;

rbis = player. rbis;

a ve = cal c_a ve ( ) ;

>

This new constructor determines the length of the string that player, firstname

points to, uses new to allocate enough space to hold a copy, and assigns the address of

that space to firstname, which is a pointer member in the new object. Then it copies the

original string to that location. Note that the two firstname members
(
firstname and

player. firstname) have different values because they point to different locations.

The lastnamemember gets the same treatment. In short, memberwise initialization cop-

ies the pointer, while this definition copies the string. See Figure 10-9 and compare it to

Figure 10-8.

Assigning one object to another poses the same problem as initialization, at least if the

class has members pointing to memory allocated by new. The problem has a similar

solution: redefine how assignment works. You can do this by overloading the assign-

ment operator. The assignment operator is one of the few that can be overloaded only

with a member function, not a friend function, so that’s the route we’ll take.

Redefining assignment has two more twists to it beyond what you had to do for

initialization. First, because you assign an object to another object that’s been defined

previously, the receiving object’s member pointers may already point to other data. If

you reassign the object’s member pointers to point to new data, you should first free the

memory used for the old data.

Second, the operator function should return a reference to an object. That way,

you can chain overloaded assignment the same as you do regular assignment:

int x, y, z;

x=y=z=3; //chainingassignment
softball tops, worst;
softball ca t c he r

(
" Pi c k l e

s
" , "Malarky", 8, 3, 1);

tops = worst = catcher; // chaining assignment

In function notation, the last statement becomes the following:

tops.operator=(worst.operator=(catcher));
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The softball(softball &player) constructor was defined so that

it copies the pointed-to strings and sets the member pointers accordingly,

giving two objects and two separate sets of data.

Figure 10-9 Using redefined initialization

Chapter Ten - Working with Classes



470

In other words, the return value of the worst call becomes the argument of the tops call.

This works if the return value is of type softball &.

The following definition follows these guidelines:

softball & softball: :operator = (softball & player)

i f ( thi s == &player)
return * t h i s ; // no change if assigned to self

delete firstname;
firstname = new cha rCs t r l en ( p l aye r . f i r s t name ) + ID;

strcpy (firstname, player. firstname)

;

delete lastname;
lastname = new cha r Cs t r l en ( p l aye r . las t name ) + ID;

strcpyC lastname, player. lastname);
atbats = player . atbats;
hits = player. hits;
rbis = player. rbis;
a v e = cal c__a v e ( ) ;

return * t h i s ;

>

As Chapter 9 revealed, t h i s is a pointer to the invoking object, so * t h i s is the invoking

object. Thus the function returns the invoking object after it has been set to the new
values.

There’s one more precaution to take. This assignment function assumes that

firstname and lastname were initialized previously. That assumption is not true for ob-

jects created with the old default constructor, for it does nothing:

softball: :softball(void)

>

Therefore you have to redefine the default constructor so that it does initialize the two
pointer members. The simplest route is to initialize the two pointers to the null pointer

(the pointer having the value zero and represented by NULL in i os t ream

.

h), for it does

no harm to apply the delete operator to the null pointer:

softball: :softball(void)

firstname = NULL;
lastname = NULL;

>

Listing 1 0-23 presents the new class definition; it now declares the new methods
for initialization and assignment.
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LISTING 10-23 softbal5.h

// softbal5.h — revised header file for softball class
class sof tba 1

1

private:
char * firstname;
char * lastname;
unsigned atbats;
unsigned hits;

unsigned rbis;

float ave;

float cal c_a ve ( ) ;

public:

softballCconst softball Splayer); // new initializer
softballCchar * fn, char * In, unsigned ab = 0 ,

unsigned h = 0, unsigned rbi = 0);

softball(void);
~softball();
void setallO;
void updateC);
softball& topbat(softball& player);

// overloaded operators
softball & operator=(softball & player); // new =

// f ri end function
friend ostream & operator«(ostream & os, softball & player);

>;

Listing 1 0-24 provides the two new class methods and the revised default constructor.

LISTING 10-24 softl)al5.cpp

// softbal5.cpp — revised methods for softball class
^include <iostream.h>
//include <string.h>
//include "sof tba 15 . h"

softball:: sof t ba 1 1 ( vo i d

)

f i rstname = NULL;
lastname = NULL;

>

Chapter Ten * Worhing with Classes



// special constructor initializes object to an object
softball:: sof tba l l ( cons t softball & player)

firstname = new c ha r C s t r l en ( p l aye r . f i r s t name ) + ID;
strcpyCfirstname, player. firstname)

;

lastname = new cha r C s t r l en ( p l aye r . I a s t name ) + ID;
st rcpy ( lastname, player. lastname);
atbats = player. atbats;
hits = player. hits;
rbis = player. rbis;
a ve = cal c_a ve ( )

;

>

// revised constructor allocates string space
softball:: sof tba l l ( cha r * fn, char * In, unsigned ab,

unsigned h, unsigned rbi )

{

firstname = new c ha r C s t r l en ( f n ) + ID;
st rcpy( f i rstname, fn);

lastname = new c ha r C s t r l en ( l n ) + ID;
st rcpy ( lastname. In);

atbats = ab;

hits = h

;

rbis = rbi;

a ve = cal c_ave ( ) ;

softball: : ~softball()

cout << "Bye, " << firstname << "\n";
delete firstname;
delete lastname;

>

float sof tba l l : : ca l c_ave(

)

i f (atbats == 0)

return 0;

else

return float(hits) / atbats;
>

void sof tba 1 1 :: seta 1 1 (

)

char tempC80D;
cout << "Enter player's first name: ";

cin >> temp;
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firstname = new c ha r C s t r L en ( t emp ) + ID;
st rcpy ( f i rstname, temp);
cout << "Enter player's last name: “;

c i n >> t emp

;

lastname = new c ha r C s t r l en ( t emp ) + ID;
st rcpy ( lastname, temp);

cout << "Enter number of at bats: ";

ci n >> atbats;
cout << "Enter number of hits: ";

cin >> hits;

cout << "Enter number of RBIs: ";

cin >> rbis;

a ve = cal c_a ve ( ) ;

cout << "\n";
>

void sof tba 1 1 : : updateC

)

cout << "Enter stats for " << firstname << " ";

cout << lastname << ":\n";
cout << "Enter additional number of at bats: ";

int temp;

cin >> t emp;

atbats = atbats + temp;

cout << "Enter additional number of hits: ";

c i n >> temp;
hits = hits + t emp;
cout << "Enter additional number of RBIs: ";

c i n >> t emp;
rbis = rbis + temp;
a ve = cal c_a ve ( ) ;

cout << "\n";
>

// replace show_stats() with overloaded << operator
ostream& ope r a t o r« ( os t ream & os, softball & player)

os << "Player: " << p l ay e r . f i rs t name << " "

<< player . lastname << "\n" << "At bats: "

<< p l aye r . a t ba t s << " Hits: " << player. hits
« " RBIS: " « player. rbis « " BA: "

<< player. ave << "\n\n";
return os;

>

softball & sof tba 1 1 : : topbat ( sof tba 1 1& player)
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>

if (player. ave > ave)

return p layer

;

else

return * t h i s ;

// overload assignment
softball & softball: :operator=(softball & player)
{

if (this == Splayer

)

return * t h i s ; // no change if assigned to self
delete firstname;
firstname = new c ha r C s t r l en ( p l aye r . f i r s t name ) + ID;

strcpy(firstname, player. firstname);
delete lastname;
lastname = new char£strlen(player. lastname) + ID;

strcpy( lastname, player, lastname);
atbats = player . atbats;
hits = player. hits;
rbi s = p layer . rbi s

;

ave = cal c_a ve ( ) ;

return * t h i s ;

>

You can recompile the program in Listing 10-22 using the new definitions and

run the result. The only change needed in the listing is to replace

#include "softbal4.h"

with

^include " so f t ba l 5 . h
"

And, of course, you should compile Listing 10-22 along with Listing 10-24 instead of

with Listing 1 0-2 1 . As you can see in the following sample run, the program now works

correctly.

Enter number of players: 3

Enter player's first name: Linda
Enter player's last name: Ronstadt
Enter number of at bats: 9

Enter number of hits: 5

Enter number of RBIs: 1

Enter player's first name: Elvis
Enter player's last name: Presley
Enter number of at bats: 6
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Enter number of hits: 0

Enter number of RBIs: 0

Enter player's first name: Bruce
Enter player's last name: Springsteen
Enter number of at bats: TO

Enter number of hits: 6

Enter number of RBIs: 2

Player: Linda Ronstadt
At bats: 9 Hits: 5 RBIS: 1

Player: Elvis Presley
At bats: 6 Hits: 0 RBIS: 0

Player: Bruce Springsteen
At bats: 10 Hits: 6 RBIS: 2

Tops :

Player: Bruce Springsteen
Atbats:10 Hits: 6 RBIS:2

Bye, Linda

By e , Elvis

Bye, Bruce

bye

Bye, Bruce

BA: 0.555556

BA: 0

BA: 0.6

BA: 0.6

By now you’ve encountered several programming techniques for dealing with various

class-related problems, and you may be having trouble keeping track of all of them. So

let’s summarize several techniques and when they are used.

OVERLOADING THE « OPERATOR

To redefine the << operator so that you use it with cout to display an object’s contents,

define a friend operator function of the following form:

ostream & ope r a t o r<< ( os t r earn & os, const c_name & obj )

{

os << ... ; // display object contents

return os;

>

Here c_name represents the name of the class.
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CONVERSION fONCTIONS

To convert a single value to class type, create a class constructor of the following form of

prototype:

c__name(. type_name vaLue);

Here c_name represents the class name, and type_name represents the name of the type

to which you wish to convert.

To convert a class type to some other type, create a class member function having

the following prototype:

operator typename ();

Although the function has no declared return type, it should return a value of the de-

sired type.

CLASSES WHOSE CONSTRUCTORS USE HEW

Classes that use the new operator to allocate memory pointed to by a class member
require several precautions in the design.

1. Any class member pointing to memory allocated by new should have the de-

lete operator applied to it in the class destructor. This frees the allocated

memory.

2. If a destructor frees memory by applying delete to a pointer that is a class

member, then every constructor for that class should initialize that pointer ei-

ther by using new or by setting the pointer to the NULL pointer.

3. You should define a copy constructor that allocates new memory rather than

copying a pointer to existing memory. This enables a program to initialize one

class object to another. The constructor should have the following form of

prototype:

c Lassname (const c Lassname&)

4. You should define a class member function overloading the assignment opera-

tor and having the following form of function definition (here c_pointer is a

member of the c_name class and has the type pointer-to-type_name):

c_name & c_name: : operator = ( c_name & cn)

delete c_poi nter

;

c_poi nter = new type_namel s i zeJ ;

// then copy data pointed to by cn.c_pointer to
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// Location pointed to by c_pointer

return *this;

USING POINTERS TO OBJECTS

Now that we’ve fixed initialization and assignment, let’s look further at how to use

pointers to objects. When you create an object using new, new returns a pointer to an

object. The last two examples used new to create an array of objects, and you could use

the pointer as if it were an array name. That simplified the notation, but you should be

comfortable using pointer notation, too. As we mentioned earlier, you can use the ->

operator with object pointer variables just as you use it with structure pointer variables.

For instance, suppose Left is a pointer to a softball class object. Then you can invoke

the update (

)

class method this way:

Left->update(); // Left must point to a softbaLL object

As with structures, you use the dot membership operator with the name of an object,

and you use the arrow membership operator with the address of an object.

Also, if Left is a pointer to a softball object, then *Lef t is a softball object. For

example, to display the contents of the object to which Left points, use the following

statement:

cout << * L e f t ; // uses overloaded << for softbaLL objects

Listing 10-25 illustrates these points along with how to initialize objects when you

use new to create them. It uses the same sof tba L5 . h header file as the preceding ex-

ample and should be compiled with the same softbaL5.cpp methods file.

LISTING 10-25 dynainic3.cpp

// dynami c3 . cpp -- using the redefined cLass
// compiLe with softbaL5.cpp
#incLude <iostream.h>
#incLude <stdLib.h>
//incLude "sof tba L 5 .

h"

int main(void)
i

II use defauLt constructor
softbaLL * right = new softbaLL;

// use initiaLizing constructor
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softball * left = new softba 1 1 ( "Anton", "Bruckner", 9,5,3)

;

// assign anonymous object to *right
*right = sof t ba 1 1 ( " J oha nnes "

, "B ra hms " , 4, 4, 2 )

;

// use object-initializing constructor
softball * tops = new softball(*left);

cout << * l ef t

;

operator << (cout, *right);
cout << "Most Hits " << *tops;

// accessing class methods with pointer to object
lef t->update( ) ;

*tops = right ->topbat(*left);

cout << "Top BA " << *tops;

/ / f a rewe 1 1 , team
delete right;
delete left;

delete tops;

cout << "Well played and f arewe l l ! \n";

return 0;

Here is a sample run:

Player: Anton Bruckner
At bats: 9 Hits: 5 RBIS: 3 BA: 0.555556

Player: Johannes Brahms
At bats: 4 Hits: 4 RBIS: 2 BA: 1

Most Hits Player: Anton Bruckner
At bats: 9 Hits: 5 RBIS: 3 BA: 0.555556

Enter stats for Anton Bruckner:
Enter additional number of at bats: 1

Enter additional number of hits: 0

Enter additional number of RBIs: 0

Top BA Player: Johannes Brahms
At bats: 4 Hits: 4 RBIS: 2 BA: 1

Bye, Johannes
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Bye, Anton
Bye, Johannes
Well played and farewell!
Bye, Johannes

PROGRAM NOTES

This program brings many pointer-related properties into play, so let’s analyze it a step

at a time. The program begins by allocating space for a softball object and assigning its

address to the pointer right

softball * right = new softball;

Because this doesn’t explicitly initialize the new object, the program uses the default

constructor, which, remember, now initializes the firstname and lastname members of

the new structure to the null pointer.

The next statement shows how to initialize an object when you use new instead of

a variable definition to create it:

softball * left = new so f t ba l l ( " An t on "
,
" B r u c kne r

" , 9, 5 , 3 )

;

The argument list on the right-hand side matches the signature for one of the sofiball

class constructors, so the program uses that constructor to create and initialize the object

to which lefi points.

The next program statement is more involved than the first two:

*right = so f t ba l l
(
" J o h a nne s

"
,
" B r a hms " , 4 , 4 , 2 ) ;

The expression *right represents the object to which right points. Note that because

the *ri ght object already exists, the statement is an assignment statement, not an ini-

tialization statement. This causes the statement to execute in two steps. First, the func-

tion call on the right-hand side evokes the corresponding constructor function, which

constructs an object and initializes it using the argument values. This object is a tempo-

rary, anonymous object. Second, the program uses the sofiball class overloaded assign-

ment operator to copy the anonymous object to the object pointed to by right. That

assignment definition, remember, copies the strings themselves rather than just copying

pointers.

The next statement in the program is initialization, not assignment, because it

creates a new object:

softball * tops = new softball(*left);

Therefore, this statement invokes the class constructor defined with a softball class argu-

ment. Note that *lef t is an object, not a pointer.

Chapter Ten • Worhing with Classes



The next few statements remind you how the overloaded softball friend version of

<< works:

cout << * l e f t

;

operator <<( cout,*right);
cout << “Most Hits " << *tops;

First, *left is a softball object, so it forms a correct operand for the overloaded <<

operator. The second statement shows the function call equivalent of using the over-

loaded operator; this illustrates that the operator notation is a lot nicer looking. The
third statement shows how you can use the ostream and the softball friend versions of <<

in the same statement.

The next two statements illustrate accessing class methods with pointers:

Lef t->update ( )

;

*tops = right->topbat(*lef t);

The first call updates the object to which left points. The second call invokes the topbatO
method. The object to which rightpoints is the invoking object, and the object to which

left points is the argument. The return value is assigned to the object to which tops

points.

Ifpo is a pointer to a class object, use *po in contexts that require an object, and
use po-> to invoke class member functions.

Next, the statement

cout << "Top BA " << *tops;

displays the contents of the object *tops.

Finally, the program deletes the objects it created with new. Notice the final output:

Bye, Johannes
Bye, Anton
Bye, Johannes
Well played and farewell!
Bye, Johannes

The first three Byes come from applying delete to the right
, left,

and tops pointers.

When mainO terminates, the program sheds the temporary variable originally pro-

duced when the program assigned values to * right. As we mentioned in Chapter 8,

implementations have some latitude about when they “forget” such temporary vari-

ables, and our implementation apparently treats them like automatic variables, deleting

them at the end of the block containing them.
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This chapter covers many important aspects of defining and using classes. Several of

these aspects are subtle, even difficult concepts. Ifsome ofthem seem obscure or unusu-

ally complex to you, don’t feel bad—they affect most newcomers to C++ that way.

Often, the way you come to really appreciate concepts like, say, copy constructors, is

through getting into trouble by ignoring them. So some of the material in this chapter

may seem vague to you until your own experiences enrich your understanding. Mean-
while, let’s summarize the chapter.

Normally, the only way you can access private class members is by using a class

method. C++ alleviates that restriction with friend functions. To make a function a

friend function, declare the function in the class definition and preface the declaration

with the keyword friend. A friend function can be an independent function or a

member function of another class. By declaring an entire class to be a friend class, you

grant friend status to all the member functions of that class.

C++ extends overloading to operators by letting you define special operator func-

tions that describe how particular operators relate to a particular class. An operator

function can be a class member function or a friend function. C++ lets you invoke an

operator function either by calling the function or by using the overloaded operator

with its usual syntax. An operator function for the operator op has this form:

operator op(. a rgument- i i s t

)

The argument list represents operands for the operator. If the operator function is a class

member function, then the first operand is the invoking object and isn’t part of the -

argument list. For instance, we overloaded addition by defining an operator + () mem-
ber function for the vector class. If up

,
right

,
and result are three vectors, you can use

either of the following statements to invoke vector addition:

result = up.operator+Cright);
result = up + right;

For the second version, the fact that the operands up and rightist type vector tell C++ to

use the vector definition of addition.

When an operator function is a member function, the first operand is the object

invoking the function. In the example above, for example, the up object is the invoking

object. Ifyou want to define an operator function so that the first operand is not a class

object, you must use a friend function. Then you can pass the operands to the function

definition in whichever order you want.

One of the most common tasks for operator overloading is defining the << opera-

tor so that it can be used in conjunction with the cout object to display an object’s

contents. To allow an ostream object to be the first operand, define the operator func-
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tion as a friend. To allow the redefined operator to be concatenated with itself, make the

return type ostream &. Here’s a general form satisfying those requirements:

ostream & operator«(ost ream & os, const c_name & obj)

os << ... ; // display object contents
return os;

>

C++ lets you establish conversions to and from class types. First, any class con-

structor taking a single argument acts as a conversion function, converting values of the

argument type to the class type. C++ invokes the constructor automatically ifyou assign

a value of the argument type to an object. For instance, suppose you have a string class

with a constructor that takes char * value as its sole argument. Then, if bean is a string

object, you can use the following statement:

bean = "pinto"; // converts type char * to type string

To convert from a class to another type, you must define a conversion function

providing instruction about how to make the conversion. A conversion function must

be a member function. If it is to convert to type typename, it should have the following

prototype:

operator typenameO ;

Note that it must have no declared return type, must have no arguments, and must

(despite having no declared return type) return the converted value. For instance, a

function to convert type vector to type double would have this function form:

vector :: opera tor doubleC)

return a_doub L e__va L ue ;

>

You can use new and delete to create and delete class objects. The new operator

returns a pointer to an object, and you can use the pointer membership operator (->)

with the pointer to access the class methods. If pc lass is a pointer to an object, then

*pc l a ss is an object which can be treated like any other object of the same class.

You can also use new in a class constructor to allocate memory for data and then

assign the address of the memory to a class member. This enables a class, for example, to

handle strings ofvarious sizes without committing the class design in advance to a fixed

array size. Using new in class constructors also raises potential problems when an object

expires. If an object has member pointers pointing to memory allocated by new, freeing

the memory used to hold the object does not automatically free the memory pointed to

by the object member pointers. Therefore, if you use new in a class constructor to allo-
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cate memory, you should use d e l e t e in the class constructor to free that memory. That

way, the demise of an object automatically triggers the deletion of pointed-to memory.

Objects having members pointing to memory allocated by new also have problems

with initializing one object to another or assigning one object to another. By default,

C++ uses memberwise initialization and assignment, which means that the initialized or

the assigned-to object winds up with exact copies of the original object’s members. Ifan

original member points to a block of data, the copy member points to the same block.

When the program eventually deletes the two objects, the class destructor will attempt

to delete the same block of memory twice, which is an error. The solution is to define a

special copy constructor that redefines initialization and to overload the assignment

operator. In each case, the new definition should create duplicates of any pointed-to

data and have the new object point to the copies. That way, both the old and the new
object refer to separate, but identical, data with no overlap.

As you may have noticed, classes require much more care and attention to detail

than do simple C-style structures. In return, they do much more for you.

EVIEWillEST

1 . What are the differences between a friend function and a member function?

2. Does a nonmember function have to be a friend to access a class’s members?

3. Use a member function to overload the multiplication operator for the diva

class; have the operator multiply the annual_take member by a type double

value.

4. Use a friend function to overload the multiplication operator for the diva class;

have the operator multiply a type double value by the annual_take member.

3. Which operators cannot be overloaded?

6. What restriction applies to overloading the following operators?

= () CD ->

7. Overload the << operator so that it can replace the show_di ver ( ) function in

the diver class.

8. Rewrite the stonewt class so that it has a state member governing whether the

object is interpreted in stone form, integer pounds form, or floating-point

pounds form. Overload the << operator to replace the show_stn() and

show lbs () methods.
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9.

Define a conversion function for the vector class that converts a vector to a type

double value representing the vector’s magnitude.

10. Revise the softball class definition so that it includes a static class member that

keeps track of the number of softball objects.

11. Name three problems that may arise if you define a class in which a pointer

member is initialized using new and indicate how they can be remedied.

12. Enhance the string class definition by removing the cout statements from the

constructors and the destructor and by doing the following:

a. Provide a length ( ) member function that returns the size of a string.

b. Replace the says ( ) function with a redefined << operator.

c. Provide a copy constructor.

d. Overload the assignment operator so that it copies data instead of addresses.

e. Provide a conversion function to convert a string object to a regular C++
string.
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O
ne of the main goals of object-oriented programming is providing reusable code.

When you develop a new project, particularly if the project is large, it’s nice to be

able to reuse proven code rather than to reinvent it. Employing old code saves time

and, because it has already been used and tested, can help suppress the introduction of

bugs into a program. Also, the less you have to concern yourself with details, the better

you can concentrate upon overall program strategy.

Traditional C function libraries provide reusability through predefined,

precompiled functions, such as strlenO, that you can use in your programs. Many
vendors furnish specialized C libraries providing functions beyond those of the standard

C library. For example, you can purchase libraries of database management functions

and of screen control functions. However, function libraries have a limitation. Unless

the vendor supplies the source code for its library functions (and often it doesn’t), you

can’t extend or modify the functions to meet your particular needs. Instead, you have to

shape your program to meet the workings of the library. Even if the vendor does supply

the source code, you run the risk of unintentionally modifying how part of a function

works as you add your changes.

C++ classes bring you a higher level of reusability. Many vendors now offer class

libraries, which consist of class definitions and implementations. Because a class encap-

sulates data representation with class methods, it provides a more integrated package

than does a function library. A single class, for example, may provide all the resources

for managing a dialog box. Often, class libraries are available in source code, meaning

that you can modify them to meet your needs. But C++ has a better method than code

modification for extending and modifying classes. This method, called class inheri-

tance, lets you derive new classes from old ones, with the derived class inheriting the

properties, including the methods, of the old class, called a base class. Just as inheriting

a fortune usually is easier than earning one from scratch, deriving a class through inher-
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itance usually is easier than designing a new one. You can add new properties to the

derived class, and you even can redefine how an inherited class member function should

work. You can do all this even if you don’t have the source code for the original class’s

member functions; you just need the class definition. Finally, the classes you derive

today can become parent classes to the classes you derive tomorrow.

Inheritance is a splendid concept, and its basic implementation is quite simple.

But managing inheritance so that it works properly in all situations requires some tricky

adjustments. This chapter looks at both the simple and the subtle aspects of inheritance.

It also looks at classes having members that themselves are classes and at multiple inher-

itance, in which a class can inherit properties of more than one ancestor class. Both

techniques let you use existing classes as building blocks for new classes.

Hrrhy Base Class

When one class inherits from another, the original class is called a base class (that’s base

as in foundation, and not as in lowly, vile, or depraved) and the inheriting class is called

a derived class. So, to illustrate inheritance, we need to begin with a base class. We’ll use

an array class for that purpose. Perhaps you’re wondering what the point is to creating

an array class when C++ already has arrays. By defining an array class, you can add

features missing from standard C++ arrays. For example, you can make it possible to

assign the contents of one array to another with a single assignment statement instead

of using a loop to assign each element individually. You can make it impossible to use an

array index that’s outside the array’s bounds. (Nothing in C or C++ prevents you from

accidentally using an out-of-range subscript, and that can lead to problems!) Also, you

can allow an array’s indexing to begin at some value other than zero. You can define

operators for adding arrays, subtracting arrays, and so on. You can define class member
functions for common operations, such as summing the elements of an array. In short,

the array has great upscale potential for the judicious C++ investor.

Once you get into the spirit of array improvement, you probably will come up

with more ideas. But don’t overreact. It’s a poor idea to define some humongous class

that implements every conceivable array enhancement. Such a definition would be

weighed down with features that were rarely, if ever, used. Not being part of a com-
mittee or of a government agency, we can use a better strategy. And that is to define a

simple base class, then use class inheritance to add features as needed.
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C1I1SS DEFINITION

Let s begin with a base class modeled after a type double array. The first point to de-

cide is how to represent the data. The obvious choice of using a standard type double
array as a class member works poorly because C++ requires that the number of elements

in an array be a compile-time constant. That is, the class would have to use an array with

a predetermined number of elements, as in the following:

class dumba r ray

private:

double arrC20II; // array element has fixed size

>

To represent arrays of two different sizes, you’d need two different classes, making this

a poor design choice. A better idea is to incorporate a dynamic array allocated with new.

Recall that you can use the new operator to return the address of the first element of a

dynamic array. One class member can store that address, while a second class member
stores the number of elements. That way a single class can represent any valid size of

array:

class smartarray
{

private:
double * arr;

unsigned int size;

// address of first element
// variable number of array elements

Listing 11-1 shows a class definition based on this approach. The class name darray is

short for double array.

LISTING 11 1 darray.h

// darray.h -- define array class
class darray

protected: // new keyword
double * arr; // address of first element
unsigned int size; // number of array elements

public:
darrayO; // default constructor
darrayCunsigned int n, double val = 0.0);
darrayCconst double *pn, unsigned int n);

darrayCconst darray & a); // copy constructor
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-darrayO; // destructor
unsigned int arsizeO; // returns array size

// overloaded operators
double & operator!!] ( i nt i); // array indexing
darray opera tor* ( const darray & a);

darray & operator=(const darray & a);

friend ostream & operator«(ostream & os, const darray & a);

>;

As usual, the class definition encapsulates data and methods into a single package.

The public section of the class definition provides prototypes for the various class

member functions, including operator functions, and for a friend function overloading

the < < operator. And the protected section provides the data members—an arr mem-

ber to hold the address of the array of data and asize member to indicate the number

of elements. See Figure 11-1.

PROTECTED AND PRIVATE

Wait a moment—where did that protected come from? Up to now the examples have

used private to hide data. But classes intended to serve as base classes often use

protected instead of private. The protected keyword is like private in that a

program can access class members in a protected section only by using class members.

The difference between private and protected comes into play only with classes

derived from the base class. Members of a derived class can access protected members

of a base class, but they cannot access private members of the base class. Let’s see what

that means. Suppose you derive a class from darray. Then the new class will inherit the

arr and size members along with class member functions like arsizeO. Because arr

and size are protected, any member functions added to the derived class will be able

to use them. If, on the other hand, arr and size had been private, new member

functions could not use them. But the old member functions inherited from darray
,

such as arsizeO, could use arr and size.

Most often, you’ll want the new member functions added to a derived class to be

able to access the inherited members. Thus you most often will use protected instead

of private. Using protected instead of private is one of the two common adjust-

ments for making a class suitable to be a base class. The other adjustment is using virtual

functions, and we’ll get to that later in this chapter.

A class intended to be a base class usually should use protected instead of

private members.
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an array:

Values: 12.20 18.43 16.32 33.33

Addresses: 0xA7B2 0xA7BA 0xA7C2 0xA7CA

representing the array with a darray object:

arr member: Ox A7B2 :

.

-

--

size member: 4

Figure 11-1 The darray class data representation

The Class methods

The class definition follows the protected data elements with several constructors, a

destructor, a method that returns the array size, and some overloaded operators. Note

that the first operator function overloads C D , the index operator. Remember, the data is

protected, so you can access it only through class member functions, not by using regu-

lar array notation. But overloading the C U operator makes using that operator function

to access elements inside a darray object look just like using the usual array notation.

We’ll discuss this point more fully in a moment or two. Listing 11-2 shows the code for

these methods.

LISTING 11-2 darray.cpp

// darray.cpp — darray class methods
//include <iostream.h>
//include <stdlib.h> // exit() prototype
//include "darray. h"

// default constructor — no arguments
darray : : darrayC

)

{

arr = NULL;

Chapter Eleven * Class Inheritance



492

size = 0

;

>

// constructs array of n elements, each set to va l

da r ray : : da r ray ( uns i gned int n, double val)

>

arr = new doubleCn];
size = n ;

for (int i =0; i < size; i++)
arrCiD = val;

// initialize darray object to a nonclass array
darray :: darrayC const double *pn, unsigned int n)

{

arr = new doubleCnJ;
size = n;

for (int i =0; i < size; i++)
arrCiD = pnCiD;

>

// initialize darray object to another darray object
da r ray : : da r ray ( cons t darray & a)

{

size = a. size;
arr = new doub l ell s i ze3

;

for (int i =0; i < size; i++)
arrCiH = a.arrCiD;

>

darray: : ~darray(

)

delete arr;
>

// return array size
unsigned int da r ray : : a r s i ze (

)

return size;
>

// let user access elements by index
double & da r ray : : ope ra tor C 3 ( i n t i)

return a r r C

i

1 ;

>

// multiply two darry objects element by element
darray da r ray : : ope ra t or * ( cons t darray & a)
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i f (si ze ! = a . si ze)

{

cout << “Array multiplication error: arrays must "

“be of same size. Bye.\n“;
e x i t ( 1 ) ;

>

darray product(size);
for (int i =0; i < size; i++)

productCi] = arrCi] * a . a r r C i ] ;

return product;
>

// define class assignment
darray & da r ray : : ope ra t o r= ( cons t darray & a)

if (this == &a) // if object assigned to self,
return * this; // don't change anything

delete arr;

size = a. size;
arr = new doubleCsize];
for (int i =0; i <size; i++)

arrCi] = a . arrCi];
return * t h i s ;

>

// quick output, 5 values to a line

ostream & operator«(ostream & os, const darray & a)

{

for (int i = 0; i < a. size; i++)

{

os << a. arrCi] << “ “;

if (i % 5 == 4)

os « “\n“;
>

if (i % 5 != 0)

os « “\n“;
return os;

>

THE CLASS METHODS

Let’s take a quick look at the class methods to see what they do. Not only will this

acquaint you with the class, it will review some of the class properties you’ve been study-

ing in the preceding two chapters.

First, notice that the class constructors (except for the default constructor) use

new to allocate memory for the array. That, after all, is the basic idea that gives this class
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the ability to accommodate different array sizes. But, as Chapter 9 illustrated, when you
use new in a class constructor, you have to support that use with several other design

features. It’s the old story of how power brings with it the responsibility to use it cor-

rectly. In this case, using new requires the following features:

1. The class destructor should free memory allocated by new in the constructors.

2. If any one constructor uses new to assign an address to a class member, all con-

structors should assign a valid address to that member, either by using new or by

assigning the NULL pointer. These are the only kinds of addresses that can be

used correctly with delete; it’s okay to apply delete to NULL, but not to an

uninitialized pointer.

3. There should be a special constructor for initializing an object to an object of

the same class, and there should also be an operator function for assigning one

object to another. Both functions should copy data instead of merely copying

addresses.

Fortunately, Chapter 9 showed how to do these very tasks. Now let’s look at the meth-

ods individually.

Constructors and Destructor

The default constructor initializes the arr pointer to NULL so that the destructor will

work correctly:

darray : :darray(

)

arr = NULL;
size = 0 ;

>

This, recall, is the constructor used if you declare a darray object without explicitly ini-

tializing it.

The second constructor lets you initialize a darray object to a particular number
of elements and initialize each element to a particular value:

// constructs array of n elements, each set to va l

da r ray : : da r ray ( uns i gned int n, double val)
{

arr = new doubleCnU;
size = n ;

for (int i = 0; i < size; i++)
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For instance, the declaration

darray ofsun(365, 1.0);

creates a darray object called ofsun having 365 elements, and sets each element to 1.0.

The class prototype provides a default value of 0 . 0 for the second argument, so you can

call the constructor using a single argument:

darray nged(40); // 40 elements, each set to 0.0

Don’t forget that you can use a pointer as if it were an array name. Of course, you can

ignore that fact and use *(arr + i ) instead of a r r C i ]

.

The third constructor lets you initialize a darray object to a regular array:

// initialize to a nonclass array
da r ray : : da r ray ( cons t double *pn, unsigned int n)

>

arr = new doubleCnD;
size = n

;

for (int i = 0; i < size; i++)

a r r [ i 3 = pnCiD;

This is useful, for if other parts of a program use a regular C++ array, you can use this

constructor to create a darray object equivalent. To use this constructor, pass it the

name of an array (more generally, the address of an array) and the number of elements.

The constructor creates a darray object with the same number of elements, then copies

the original array into the object. Here’s a sample use:

double gas_costsC4: = <11.84, 12.43, 18.39, 22.74);
darray ga s_b i 1 1 s ( ga s_cos t s , 4);

The first declaration creates an ordinary array of four elements and initializes them to

the values in the brackets. The second declaration creates a darray object containing a

copy of this array. Incidentally, this example shows a second important use for this

constructor. The darray class does not have a mechanism for initializing a darray object

to a set of values enclosed in braces. That is, you can’t do the following:

darray beads(4) = { 1.2, 2.3, 3.4, 4.5); // won't work

But you can initialize a darray object to a set of numbers in two steps, as the ga s_bi 1

1

example shows: create and initialize a regular array, then create a darray object and ini-

tialize it to the array.

The final constructor is the special copy constructor used to initialize one darray

object to another:
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// initialize to a class array
da r ray : : da r ray ( cons t darray & a)

>

size = a. size;

arr = new doubleCsizeU;
for (int i = 0; i < size; i++)

arrCi] = a.arrCiD;

As you may recall, a program calls a copy constructor in three circumstances:

i when you initialize one darray object to another

i when you pass a darray object by value to a function

i when a function returns a darray object

Ifyou omit a copy constructor, C++ uses memberwise copying in these three situations.

If the object contains a pointer, this default method copies the pointer, not the data, and

that leads to the memory-management problems detailed in Chapter 10. But this won-

derful copy constructor overrides the default initialization, provides a copy of the data,

and thus sidesteps those troublesome memory problems.

The last three constructors allocate memory with new, so the destructor must free

that memory by using delete:

darray: :~darray()
i

delete arr;

>

OTHER METHODS OF THE DHRRHY CLRSS

The class member functions do more than let you create and destroy arrays, enjoyable

though that may be in itself. The other methods, which include operator functions and

a friend function, return the array size, provide a means to access individual elements of

a darray object, let you multiply one array by another, define object assignment, and

provide an output function. Let’s look at each now.

The arsizeO member returns the number of elements in the array:

// return array size
unsigned int darray: :arsize()
C

return size;

>

This brings us to the overloaded operators. The first lets you access darray ele-

ments using array notation:
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// Let user access elements by index
double & da r ray : : ope ra torCD ( i n t i)

return arrCiD;
>

Let s investigate why this function is necessary and how it works. First, why is it neces-

sary? Suppose funds is a darray object. Then funds, arr is the member pointer to the array

storage, and funds. arrCiD is the element with index i . But a rr is a protected mem-
ber, so a client program cannot access the data directly with this notation. Making the

data completely inaccessible takes data hiding a bit too far. Of course, member func-

tions and friend functions can access the data, so to access an individual element, you

must define a member function that does that job. The most direct way is to have the

member function take an array element index as an argument and to return the corre-

sponding element value:

// let user access elements by index
//

double da r ray : : va l ue C i nt i)

{

return arrliH;
>

Then, say, funds. value(3) would represent the value of the fourth element of the

array represented by the funds object. (Element numbering starts at 0, remember.) But

this approach lacks style; for one thing, funds. value(3) doesn’t look like an array

element. Wouldn’t you rather write fundsC3D than funds. value(3>?

There’s an elegant way to satisfy this wish. First, note that the CH in funds[3D

really constitute an operator. This operator takes two operands, funds and 3, and re-

turns the value stored at the address f unds + 3. Since EH is an operator, you can overload

it with an operator function that returns the element value. That’s what the opera-

tor C D ( ) definition does. Suppose, then, you use the funds object in the following state-

ment:

double abscond = fundsC3H;

The compiler will replace this with the corresponding operator function:

double abscond = funds. operatorCD(3);

Because the funds object invokes the method with an argument of 3, the method’s re-

turn statement

return arrCiD;

is interpreted as follows:

return funds. a r r C 3 ] ;

— the direct way, but

not good enough for us
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In short, operator overloading makes the expression fundsC3D represent an element in

the funds object.

Note that the operator function is of type double &, that is, it’s a reference. This

is vital because you can assign a value to a function that returns a reference. The effect,

as you may recall from Chapter 8, is assigning to the referred-to variable. This feature

lets you use statements like the following:

fundsC2: = 3432.23;

This looks reasonable in form, but remember that this statement really means the fol-

lowing:

f unds . operator!!] (2) = 3432.23;

And that syntax is possible only when a function returns a reference.

One more point: the operatorCDO function only defines element access through

array notation. Redefining the L ] operator does not redefine pointer addition and the

dereferencing operator (*):

double whammy[5D;
// whammy[2D is the same as *(whammy + 2)

darray grammyC5];
// *(grammy + 2) is not even defined

So if you are the sort of programmer that enjoys replacing expressions like

whi ff let 1 0D with *( whiffle + 1 0), you can’t do so with a darray object.

The next operator defines a form of array multiplication:

// multiply two arrays element by element
darray da r ray : : ope ra to r* ( cons t darray & a)

ifCsize != a. size)

cout << "Array multiplication error: arrays must "

"be of same size. Bye.\n”;
exit(1);

>

darray product ( si ze) ;

for (int i = 0; i < size; i++)

productCill = arrCi] * a.arrCiD;
return product;

>

What does this function do, and how does it work? Many situations require you (or

your program) to multiply each element in one array by the corresponding elements of

another. For instance, you could have one array representing the numbers ofvarious hat

styles sold and a second array representing the price of each style. To get the dollar sales
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figures for each item, you have to multiply each sales element by the corresponding

price element to produce a new array of dollar sales for each style. In other words, a

program has to do something like this:

double i t ems_so l dC 1 0 3 , pricesCIOD, salesCIOD;

for (int i = 0; i < size; i++)
salesCi] = i tem_so IdC i D * pricesCil;

>

The operator^) function makes writing this operation simpler and clearer, while

hiding the details. For instance, suppose you represent two arrays with the darray ob-

jects items_sold and prices. Then the operator*() function lets you do the following

to create a sales array:

darray sales = items_sold * prices;

What could be simpler?

The process makes sense only for arrays of the same size, so the function aborts the

program by calling the e x i t ( ) function ifyou try to multiply two arrays of different sizes.

This method is a good example of how defining a class lets you augment the power of an

array.

Now we have just two more functions to go. The first overloads the assignment

operator so that it copies the pointed-to data rather than the pointers themselves:

// define class assignment
darray & darray : :operator=(const darray & a)

delete arr;

size = a. size;
arr = new doubleCsizeH;
for (int i = 0; i < size; i++)

arrCiD = a.arrCiH;
return * t h i s ;

>

The definition follows the pattern developed in Chapter 10 for overloading assignment

for classes containing pointers:

i The function argument is an object passed by reference (type darray &).

i The function returns a reference to a new object, which is a copy of the one

passed as an argument.

The function uses delete to free the memory to which arr points. This clears

the old data, preparing arr to point to new data.

i The function allocates space for the data being copied, assigns the address to

arr, then copies the data from the old array to the new.
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In case you’ve forgotten why the assignment operator returns a value, it’s to make it

resemble ordinary assignment. Recall that an assignment expression such as

x = y

has the value of the left-hand side if x is a standard type such as i n t . But if x and y are

darray objects, then that expression becomes the following function call:

x . operator = (y

)

The definition above causes the operator function to return a reference to x, so this

expression, too, has the value of the left-hand side of the original expression x = y.

The final method displays the array contents:

// quick display, 5 values to a line

ostream & ope ra to r<< ( os t r earn & os, const darray & a)

for (int i =0; i < a. size; i++)

os << a.arrCiD << 11

if (i % 5 == 4)

os « " \n" ;

>

if (i % 5 ! = 0)

os « “ \n"

;

return os;

>

The method uses the modulus operator to display five values per line. The i f state-

ment at the end adds a newline if there are fewer than five items on the final line. Ifyou

want to organize the information differently, you can use the index operator function to

access the elements individually. But ifyou just want to see what’s in the array, use this

method.

USING THE C1HSS

Let’s be prudent and test this class in a program before trying to derive other classes

from it. Listing 11-3 provides a short program for that purpose. The program follows

the usual C++ pattern for organization: a header file containing the class definition

(Listing 11-1), a methods file containing the member and friend function definitions

(Listing 11-2), and a program that uses the class (Listing 11-3). Therefore you should

use whatever technique your implementation requires for a multiple-file program.

Chapters 1 and 8 provided some general guidelines.
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LISTING 11-3 app cls.cpp

// arr_cls.cpp — use the darray class
// compile with darray. cpp
//include <iostream.h>
//include “darray. h"

int main(void)

cout << “Enter number of regions: ";

unsigned int regions; // read number of regions
cin >> regions;

darray tons ( reg i ons ) ; // create an “array" of that size
cout << “Enter the regional tinsel sales in tons:\n“;
for (int i = 0; i < regions; i++)
{

cout << “Region “ << i+ 1 << “
: “;

cin >> tonsCiD; // use array notation
>

darray toncosts(regions);
cout << “Enter the regional tinsel costs per ton “

“in dollars:\n";
for (i = 0; i < regions; i++)

cout << “Region “ << i + 1 << ";

cin >> toncostsCiD;
>

darray costs = tons * toncosts; // array *, assignment
cout << “Total expendi tures : \n“;
cout << costs << “(all in dollars)\n“;

return 0;

>

Enter number of regions: 3

Enter the regional tinsel sales in tons:
Region 1 :

Region 2 :

Region 3

:

Enter the regional tinsel costs per ton in dollars:
Region 1

Region 2

Region 3

Total expenditures:
31992.867 29769.519 31105.778
(all in dollars)

149.99
119.99
139.99

213.3
248.1

222.2
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MOTES ON USING THE DflRRflY CLASS

Let’s look at some of the main points about using the darray class. Because it’s possible

to establish the number of elements in a darray object at run time, you can enter the

number of elements from the keyboard and then create a darray-style array of that size:

cin >> regions;

darray tons(regions);

Thus you get the flexibility of dynamic memory combined with the ease of use of an

ordinary array; the details about using new are hidden from the user.

The next nice touch is that the ope ra t o r 1

1

( ) function lets you use array notation

to access individual elements:

cin >> tonsCiD;
cin >> toncostsCiH;

This makes using the darray object as simple as using an ordinary array.

The most complex operation that the program undertakes is multiplying each

element of the tons array by the corresponding element of the toncosts array, but the

code makes the process look simple:

darray costs = tons * toncosts;

Behind this simple facade, however, there is much activity! The right side uses the over-

loaded multiplication operator to multiply each element in the tons object by the cor-

responding element in the toncosts array, assigning the results to the local product

object in the operator function. The operator*() function then returns this object to

mai n( ), which initializes the costs array to the returned object. That means the pro-

gram calls the special constructor that initializes one object to another.

Finally, the statement

cout << costs << “(all in do L La rs ) \n";

displays the contents of the new array.

ebivihg h Class

Now that darray has joined the ranks of the working class, let’s derive a new class from

it. Suppose you find you’re working on a project that does a lot of arithmetic with

arrays—adding two arrays (combining inventories), subtracting an array from another

(subtracting commissions), dividing the elements of one array by the elements of an-

other (getting advertising costs per capita), multiplying every value in an array by the
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same number (across the board price increase), and so on. You’d like to use the darray

class, but it doesn t support all these operations. What you can do is define a new class

that inherits all the properties of the darray class and that additionally has all the new
arithmetic methods you need. By basing the new class on darray instead ofstarting from

scratch, you take advantage of all the work that already has gone into developing darray,

and you take advantage of the fact that darray has already been tested. In other words,

you reuse proven code. The net result is less work and, perhaps, a better product.

DEFINING H DEDIVED GlflSS

A derived class has to identify the class from which it is derived. The C++ way is to

include the base class name in the derived class definition. Suppose, for example, you

call the derived class arithdar (arithmetic double army). Then you can begin the class

definition like this:

class arithdar : public darray

The colon indicates the arithdar class is based upon the darray class. This particular

heading indicates that darray is a public base class; this is termed public derivation.

That, in turn, means that the derived class can access the public and protected, but

not the private, members of the base class. The public members of the base class

become public members of the derived class, and the protected members of the base

class become protected members of the derived class. For instance, the darray opera-

torCK ) function becomes a public function of the arithdar class, too, while the arr

member of the darray class becomes a protected member of the arithdar class. In short,

the arithdar class inherits public and protected members from the base class. You

don’t have to redefine them for the new class. A derived class does not inherit the private

members of a base class. Table 11-1 summarizes how member visibility carries over to a

derived class with public derivation.

Table II I Visibility of inherited class members

Base Class Member
Visibility

Derived Class Member
Visibility, public

Inheritance

Derived Class Member
Visibility, Private

Inheritance
i- 5

public public private
iHisl /A'/'c % HI If m sf 1 1 b* wl

protected
-

protected private

private not inherited SSillliliillll
not inherited
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You can also use private instead of pub l i c when deriving a class:

class gradeschool : private school

{

This is termed private derivation. In that case, public and protected members of the

base class become private members of the derived class, meaning they can be accessed

only through member functions of the derived class. Also, being private, these mem-

bers cannot be inherited by classes based upon the derived class. Table 11-1 summarizes

how member visibility carries over to a derived class with private derivation. We won’t

be using this form of derivation.

Once you derive a class, you can add new members to it. In fact, you must provide

new constructors. That’s because the name of a constructor matches the name of the class:

darray wewere; // needs darrayC) constructor
arithdar redford; // needs arithdarO constructor

When you create an object of a derived class, the program first calls the constructor for

the base class, then the constructor for the derived class. This makes sense because the

constructor for the derived class may build upon data members from the base class;

hence the base class object has to be constructed first. It’s a bit like building the first

floor of a building before adding the second story. Thus when you define the new

constructors, they shouldn’t duplicate the work of the base constructors. Instead, they

should handle just the additional details that the derived class requires. For example, the

constructor could initialize new data members.

A base class constructor is paired with the derived class constructor having the

same signature, that is, the same argument list. For instance, evoking the default con-

structor for an arithdar object also evokes the default constructor for a darray object.

And evoking the arithdar constructor with a darray argument also evokes the darray

constructor with a darray argument.

You don’t have to add a new destructor unless the new class requires clean-up

work beyond that performed by the base destructor. When an object expires, the pro-

gram first calls the derived destructor, if any, then the base destructor. The new class

doesn’t need a destructor, but we’ll provide one anyway so that we can examine how
derived classes handle destructors.

When creating an object of a derived class, a program first calls the base class

constructor, then the derived class constructor. When an object of a derived

class expires, the program first calls the derived class destructor, if any, then the

base class destructor.

C++ Primer Plus



Okay, now you know how to start the definition of a derived class:

class arithdar : public darray
i

Now let s add some new class methods. Since our main goal is demonstrating how class

derivation operates and not on developing the most complete possible class definition,

we’ll implement just a couple new methods to show how the process works. Listing 11-

4 shows the class definition. It only adds public member functions and no new data

members. However, in general, you can add both methods and data members, and each

can be public, protected, or private. Note that you don’t have to do a thing to the

base class to derive a class. All the derivation takes place in defining the new class and its

methods. Thus you can derive a class even ifyou don’t have access to the source code for

the base class.

LISTING 11-4 arlthdar.li

// arithdar. h — derived array class with more arithmetic
//include "darray. h"

class arithdar : public darray // derived from darray class

public:
// must define constructors having the name of the new class

arithdarC);
a r i t hda r ( uns i gned int n, double val = 0.0);
arithdarCconst double * p n , unsigned int n);

arithdarCconst arithdar & a);

arithdarCconst darray & a);

// destructor is inherited, but you can define a new one

~a r i t hda r ( ) ;

// new methods
doub le sum( )

;

doub l e averageC );

// we leave the definition of overloaded operators, such

// as addition, subtraction, sign reversal, multiplication

// by a single value, etc., as an exercise for the reader

// in the review questions at the end of the chapter

>;
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MPLEMERIING THE DERIVED CLHSS

Next, let’s examine how to implement the derived class and look at the rationale for

some of the methods, beginning with the constructors. Their design has an additional

goal beyond implementing the class correctly: they demonstrate how a program handles

constructors for derived classes. To help you see when each constructor is in use, each

constructor displays a short message announcing when it has been called.

The default constructor for arithdar needn’t do a thing. The arithdar class has the

same data members as the darrayclass (the arr pointer and the size member), and that

means you need a constructor to allocate the memory to which arr points and to set the

value of size. But, because a program always calls the base constructor before calling

the derived class constructor, the darrayO default constructor takes care of initializing

those members. All the arithdar default constructor has to do is exist:

arithdar: :arithdar()
{

>

Since it does nothing, does it have to exist? Yes, because ifyou omit it, the darray default

constructor doesn’t get called either.

Although the default arithdar constructor need do nothing, we’ll define the con-

structor this way:

arithdar: :arithdar()

cout << "default arithdar const rue tor \n"

;

>

That way, when you run a program, you can see when this constructor goes into action.

The next constructor has this prototype:

ari thdarCunsi gned int n, double val = 0.0);

This constructor creates a dynamic array with n elements and initializes each element to

val. That is, the statement

arithdar lear(3, 2.0);

creates an arithdar object with three array elements, each set to the value 2 . 0, just like

the equivalent darray constructor did for darray objects. But there is a problem here, and

it’s not an obvious one. Recall that invoking the arithdarO constructor first invokes

the corresponding darray constructor, that is, the darray constructor with the same sig-

nature. The darrayO constructor is the one that initializes arr and si ze, so it is the

constructor that should receive the argument list (3 and 2.0). But they are passed to the

arithdarO constructor instead! The problem is getting the arguments to the
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derived-class constructor base-class constructor

n
i i

a r i t hda r : : a r i t hda r ( uns i gned int n, double val) : darrayCn, val)

{
'

I
' '

T
'

A

passing arguments from the derived-class constructor to the base-class constructor

Figure 11-2 Passing arguments through to a base class constructor

da r ray ( ) constructor so that it can do its job. The C++ solution is a special argument-

passing mechanism you can use with class methods. Here’s how it looks:

a r i t hda r : : a r i t hda r ( uns i gned int n, double val) : darrayCn, val)
{

cout << “unsigned, double arithdar const ructor\n";
>

The colon in the function heading means pass the a r i t hda r ( ) arguments n and val to

the darrayO function. The program will pass the arguments and execute the

darrayO function before executing any statements in the body of the arithdarO

function. Thus the derived constructor can assume that the base constructor has com-

pleted its work before the derived constructor begins. This is a special case of a more

general initialization process for class methods. We’ll look at the general case later in this

chapter. Meanwhile, we’ll use this procedure to pass arguments to base constructors. See

Figure 1 1-2. Again, the constructor reports when it was called.

A constructor for a derived class must use a special argument-passing mecha-

nism to pass those arguments required by the corresponding base class con-

structor.

de r i ved : : de r i ved ( type 1 x, type2 y) : base(x,y)
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Here derived is the derived class, base is the base class, and x and y are variables

used by the base class constructor. If, say, the derived constructor is passed the

arguments 10 and 12, this mechanism then passes 10 and 12 on to the base

constructor. This form appears in the function definition, but not in the proto-

type.

You can use the same technique for the remaining constructors. Just pass the con-

structor arguments to the corresponding base class constructor. Also, we’ll have each

type report when it’s been used. Listing 11-5 shows the rest of the definitions.

INITIALIZING OBJECTS TO OBJECTS

Two of the constructors let you initialize one object to another, and they merit further

attention. First, consider the following prototype:

arithdarCconst darray & a);

It lets you initialize an arithdar object to a darray object. Because both classes have the

same data representation, this makes sense. It is also useful. First, by initializing an

arithdar object to a darray object, you make it possible to apply the arithdar methods to

data previously placed in a darray object. Second, recall that any constructor with ex-

actly one argument defines a type conversion from the argument type to the class type.

Thus the arithdarCconst darray & a) function defines darray to arithdar conver-

sion. This means that you can do the following:

darray motels(IO);
arithdar inns;

inns = motels; // converting darray to arithdar

The last line uses the constructor to create a temporary and anonymous arithdar object

initialized to the motels value. Then the contents of that temporary object are copied

into inns.

The last example may make you wonder ifyou have to redefine assignment for the

arithdar class. No, you don’t have to. The arithdar class uses the same data representa-

tion as the darray class, so it can use the darray assignment operator. Recall that the

darray class specification redefined assignment for the darray class so that it made a copy

of the original array. The expression inns = hotels will use that assignment function

even if inns and hotels are type arithdar—another bonus from inheritance. However, if

the arithdar\i2i(\ additional data members, then you would\\zvz to redefine assignment.

In that case, the new definition would override the base class definition.
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A derived class uses the base class methods unless the derived class provides a

replacement method of the same name.

What about the constructor that initializes one arithdar object to another?

arithdarCconst arithdar & a);

You probably recall that invoking a derived constructor first invokes the corresponding

base class constructor. What’s the corresponding base class constructor here? After all,

no darray constructor had an arithdar & argument. The answer lies in the fact that a

derived class object automatically is converted to a base class object when used as an

argument to a base member function. So the type arithdar & argument becomes a darray

& argument for a darray constructor, meaning the darray(const darray & a) con-

structor is called.

A derived class object is converted to a base class object when used as an argu-

ment to a base class member function.

Next, you don’t have to define an arithdar destructor because the base destructor

already frees the memory to which arr points. But let’s define it so that you can

monitor when it’s used:

arithdar: :~arithdar()
{

cout << "arithdar dest ructor\n";
>

Defining the sum() and averageO methods for the derived class raises no new
issues. Listing 11-5 shows the definitions for all the new methods. Note that aside from

the default constructor, all the constructors use the argument-passing mechanism to

pass arguments to the corresponding darray constructors.

LISTING 11-5 arittidar.cpp

// arithdar. cpp — arithdar class methods
//include <iostream.h>
//include <stdlib.h> // exit() prototype
//include "arithdar.h"

arithdar: :arithdar()
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cout << "default arithdar const ructor\n";
>

a r i t hda r : : a r i t hda r ( uns i gned int n, double val) : darray(n, val)

cout << "unsigned, double arithdar const ructor\n";
>

a r i t hda r : : a r i t hda r ( cons t double *pn, unsigned int n)

: darrayCpn, n)

cout << "double *, unsigned arithdar const ructor\n";
>

a r i t hda r : : a r i t hda r ( cons t arithdar & a) : darray(a)

cout << "arithdar & arithdar cons t rue tor \ n"

;

>

a r i t hda r : : a r i t hda r ( cons t darray & a) : darray(a)

cout << "darray & arithdar const ructor\n";
>

arithdar: :~arithdar()

cout << "arithdar dest rue tor\n"

;

>

// new methods
double a r i t hda r : : sum (

)

doub le total = 0.0;
for (int i = 0; i < size; i++)

total += arrCi ];
return tota l

;

>

double arithdar: :average()

if (size < 1)

cout << "Computing an average requires at least "

"one array element — bye.Xn";
exi t ( 1 ) ;

>

return sum() / size;
>
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SI I

USING THE DERIVED ClflSS

Listing 11-6 modifies Listing 11-3 to use and test the derived class. When compiling

the program, you need to compile three files: derived. cpp, arithdar.cpp, and
darray.cpp. The arithdar.cpp file provides the new methods, and the darray.cpp
file provides the inherited methods. Actually, to allow tracing the constructor and de-

structor calls, we replaced darray.cpp with da r ray_v . cpp, a verbose version that uses

the same sort of announcement messages that are incorporated into arithdar.cpp.

That is, the new function definitions replace

da r ray (

)

arr = NULL;

size = 0 ;

>

with

darrayC)
{

arr = NULL;
size = 0 ;

cout << “default darray const ructor\n";
}

and so on.

LISTING 11-6 derived. cpp
// derived. cpp -- use a derived class
// compile with arithdar.cpp and darray_v.cpp
//include <iostream.h>
//include <stdlib.h> //exit() prototype
//include “a r i t hda r . h

"

int main(void)

cout << “Enter number of regions: “;

unsigned int regions;
c i n >> regions;
if (regions < 1)

cout << “That's no fun — bye\n“;

exit(O);
>

cout << “ \nExecuting arithdar tons(regions); now:\n";

arithdar tons(regions);
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cout << "Enter the regional tinsel sales in tons:\n";
for (int i = 0; i < regions; i++)

cout << "Region " << i+ 1 << ": ";

ci n >> tonsCi 1 ;

>

cout << "Total tons: " << tons . sum( ) << "\n";

cout << " \nExecuting arithdar toncosts ( regi ons ) ; now:\n";
arithdar toncosts(regions);
cout << "Enter the regional tinsel costs per ton "

"in dollars:\n";
for (i = 0; i < regions; i++)

cout « "Region " << i + 1 « "
: ";

cin >> toncostsCiD;
>

cout << "Average cost per ton = "

<< toncosts . average ( ) << "\n";

cout << " XnExecuting "

"arithdar costs = tons * toncosts; now:\n";
arithdar costs = tons * toncosts;
cout << "Regional expendi tures : \n";

cout << costs << "(all in dollars)\n";
cout << "Total expenditure = $" << costs. sum() << "\n";

return 0;

>

With both derived class and base class constructors being called in several different

contexts, there’s a lot going on. When you examine the output, you’ll see that more

than half the output is devoted to tracking what’s happening behind the scenes. Pay

particular attention to which constructors are called and when they are called:

Enter number of regions: 3

Executing arithdar tons ( regi ons ) ; now:

unsigned, double darray constructor «- first call base constructor for tons

unsigned, double arithdar constructor <-then call derived constructor

Enter the regional tinsel sales in tons:

Region 1

:

Regi on 2

:

Region 3

:

Total tons: 800 <- calculated by arithdar method

Executing arithdar toncosts ( regi ons ) ; now:

220

320

260
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unsigned, double darray constructor «- first call base constructor for toncosts

unsigned, double arithdar constructor *- then call derived constructor

Enter the regional tinsel costs per ton in dollars:
Region 1 :

Region 2

:

Region 3

:

Average cost per ton = 26 «- calculated by arithdar method

24

28

26

Executing arithdar costs = tons *

unsigned, double darray construcl
darray & darray constructor
darray destructor
darray & darray constructor
darray & arithdar constructor
Regional expenditures:
5280 8960 6760
(all in dollars)
Total expenditure = S21000
arithdar destructor
darray destructor
da r ray destructor
arithdar destructor
darray destructor
arithdar destructor
darray destructor

toncosts; now:

or *- create product in darray: :operator*()

«- return object to main()

«- free temporary product object

«- first call base constructor for costs

“ then call derived constructor

calculated by darray method

<- calculated by arithdar method

first call derived destructor for costs

“ then call base destructor

*- call base destructor for return object

«- first call derived destructor for toncosts

then call base destructor

first call derived destructor for tons

- then call base destructor

PROGRAM NOTES

Let’s examine parts of the program more closely. First, the statement

arithdar tons ( r eg i ons ) ;

creates a type arithdar object with regions elements. The sample run sets regions to

3. As discussed, and as the output shows, the program first calls the darray base class

constructor, then the arithdar derived class constructor. The signature of the declaration

matches arithdarCunsigned int n, double val),so that is the constructor used.

(Recall that the class prototype provides a default value of 0 for the second argument.)

The same sequence of events marks the creation of the toncosts object.

The program uses the arithdar class methods sum() and averageO to compute

the sum of the tons elements and the average of the toncosts elements, thereby much

simplifying the user’s labor.

The most elaborate sequence of function calls accompanies the following innocu-

ous-appearing statement:

arithdar costs = tons * toncosts;
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The compiler looks at the right-hand side and sees that it multiplies two arithdar ob-

jects. Therefore, it looks for an operator function for multiplication of two arithdar

quantities. There isn’t any, so next the compiler looks for the equivalent definition in

the darray class. It finds one, and that’s what’s used to perform the multiplication:

// multiply two arrays element by element
darray da r r ay : : ope ra t o r* ( cons t darray & a)

ifCsize != a. size)

cout << "Array multiplication error: arrays must "

"be of same size. Bye.\n";
exi t ( 1 ) ;

>

darray product(size);
for (int i = 0; i < size; i++)

productCi] = arrCiD * a.arrCill;
return product;

>

Note that this function creates a darray object called product. Therefore the func-

tion calls a darray constructor when creating product. When the function terminates, so

does the product object, so the program calls the darray destructor. But before that

happens, the operator function returns the object to mainO. The return mechanism

creates a new, temporary object which is initialized to product. Both objects are type

darray, so the darrayO constructor that initializes one darray object to another is called.

This sequence of events accounts for the following program output:

unsigned, double darray constructor «- create product in darray: operator* ()

darray & darray constructor - return object to main()

darray destructor - free product object

Next, the program creates the costs array and initializes it to the temporary array.

Because costs is type arithdar
,
the program first calls the base class constructor, then

the derived class constructor. That explains the following output lines:

darray & darray constructor - first call base constructor for costs

darray & arithdar constructor <- then call derived constructor

After displaying the results of multiplying the two objects, the program sums the

expenditures, then deletes the various objects when the mainO function terminates.

The program deletes the objects in the reverse order of creation, as is typical of auto-

matic variables. Thus the deletion order is costs, then the temporary object used to

hold the return value, then toncosts, then tons. Note that the program calls the de-

rived class destructor first, then the base class destructor for each object. The temporary

object was type darray
, so only the -darrayC ) constructor is called for it.
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As noted earlier, a lot goes on behind the scenes. Perhaps the main point to this

exercise is to foster the realizations that C++ programs with classes use constructors

frequently and that class design often requires a variety of constructors to handle differ-

ent situations, including initialization, argument passing, function returns, and type

conversions.

MRNRGING YQyR INC1UDE FltlS

Let’s take a break from OOP concepts and look at program management. The examples

have been using the usual C++ approach to organizing the source code:

i Place the class definition in a header file having an h extension, as in

a r i t hda r . h.

i Place the class member functions definition in a methods file program having

the same base name as the corresponding class definition file, but having the

usual source code extension, as in arithdar.cpp.

i Place the program using these resources in a third file, as in derived. cpp.

i Use the //include facility to include the header file in the other two files.

Adding a derived class adds to these requirements, for a derived class also needs

access to the base class definition file and the base class method files. In the last example,

that would be darray.h and darray.cpp (or, if you want the construct-and-tell ver-

sion, darray_v .cpp). To provide access to the methods files, just compile them along

with the main program file:

CC derived. cpp arithdar.cpp darray.cpp

(In Turbo C++, simply place these files in the project list.)

Note, however, that the main program (derived, cpp) includes just one of the

class header files:

//include " a r i t h da r . h
"

That’s because the arithdar.h file itself included the darray.h file, so including

arithdar.h includes both files. This approach simplifies remembering what files to

include, but it has a potential problem: you may wind up including da r ray .h twice.

For instance, the program might be using darray objects already and thus already in-

clude the darray.h file. Then, when you decide to add arithdar objects, you include

the arithdar.h file, which in turn includes darray.h. Including a header file like

darray.h twice is an error because that results in duplicate class definitions. That is,

each inclusion inserts a copy of the class definition into the source code, so the source

code winds up repeating itself about what the darray class is.
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The C++ preprocessor #i f ndef directive (it stands for ifnot defmod) provides a

way to avoid that problem. If the symbolic name following this directive has not been

defined previously with a //define statement, the preprocessor processes the lines be-

tween the Z/ifndef directive and a subsequent # end if directive. Otherwise, the pre-

processor ignores those lines, and they never reach the compiler. For instance, consider

the following code:

//define F 0 0 3

#i f ndef F00

//define F00 20

//end

i

f

Here TOO has been defined, so the preprocessor will skip the //define F0020 line, and

F00 retains the value 3. But if F00 had not been previously defined, the preprocessor

would set F00 to 20. In general, you don’t have to set a particular value to define a

symbolic name. For instance, the following defines IBM even though it doesn’t assign it

a value:

#def i ne IBM

To solve the multiple include problem, modify the da r ray

.

h file so that it looks

like this:

// darray.h
//i f ndef _ __DARRAY

//define DARRAY
class darray

>

//end

i

f

Let’s see how this works. First, suppose the preprocessor encounters an # i nc l ude

"darray.h" directive and the file has not been included previously. In this case, the

symbol darray should be undefined at that point. (We preceded and followed

the class name with two underscore characters to make accidental duplication of the

name unlikely.) Then the lines between //i f ndef and Z/endi f are included in the pro-

gram. These lines not only provide the class definition, they also define the DARRAY

symbol. (Remember, it’s not necessary to assign a value to a symbolic name to define it.)

Next, suppose the program encounters a second /(include "darray.h" directive. This

time, DARRAY_ _ has already been defined when the first //include directive was

processed, so the preprocessor skips to the //endi f and doesn’t pass along the class defi-

nition. In brief, the first occurrence of // i nc l ude "darray.h" causes the preprocessor

to define _ _DARRAY_ _ and include the definition. Subsequent occurrences of #i n-

clude "darray.h" cause the preprocessor to skip the ft i f n d e f section, thus including

C++ Primer Plus



517

an empty file. This is a standard technique for setting up header files, and we ll use it

from here on out. You should retrofit d a r r a y . h and arithdar.h in this manner.

DERIVED CLASS WITH BOUNDS CHICKING

Class derivation lets you modify a base class to meet specific needs. The arithdar class,

for instance, met a need for more arithmetic support. But, if you develop different

programming needs, you can go back and derive another new class from the same base.

Let’s look at another example now and enhance the darray class by adding bounds

checking for arrays.

First, let’s consider what bounds checking is and why you might want it. C++
arrays, like C arrays, have a little weakness: nothing but your vigilance and the

programmer’s code of honor prevents you from doing the following:

double peanutsCIO];
peanutsC80] = 258.44; // bad mistake, but permitted

The peanuts array has only ten elements, but this code assigns a value to the eighty-first

element. The computer will locate the beginning of the peanuts array, then go to a lo-

cation 80 units ( 80 * sizeof (double) by t es ) later in memory, then place the value

2 5 8.44 there. In other words, it may very likely overwrite other data, producing an

unpleasant surprise later. The compiler won’t catch this mistake because it does not

check to see whether the subscript falls in the legitimate range of 0-9. The act of check-

ing ifan array subscript is a valid one is called bounds checking. Some languages do it, but

C++ doesn’t. This lack of bounds checking lets the compiler work faster and produce

more compact code, but it also increases the chances of making hard-to-catch errors.

To make the world safe from unsuitable array indices, let’s create a new array class

(the bound_dar class) to make that sort of blunder impossible. Not only will this give

you more practice deriving classes, it eventually will lead to a new topic—deriving a

class from a derived class.

Installing bounds checking requires only minor modifications to the darray class.

Let’s start by reviewing how a darray object handles subscripts. \{jinx\s a darray object,

you access individual elements by using subscript notation, as in j inxLi D. This nota-

tion, in turn, invokes the darray: :operatorCD() function. So all you have to do is

create aboun d_d ar: :operatorCII() function that rejects bad subscripts. Then, if you

create a bound_dar object, it will use the bound_dar subscripting function instead of the

darray subscripting function. Here’s one approach:

// redefined operator
double & bound_da r : : opera tor

C

1 ( i nt i)

{
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ok(i); // check index before continuing
return a r r C i D

;

>

This modifies the original operatorCHO function by adding the ok( ) function call.

The role of this function will be to determine if the subscript i is out of bounds; if it is,

the function will terminate the program. You could encode the checking directly into

the operator definition, but bounds checking conceptually is a separate process from

accessing an element. Also, if some future member function also needs to do bounds

checking, it can use the ok( ) function.

Here’s one possibility for defining ok(

)

:

void bound__da r : : ok ( i n t i) // quit if index is out of bounds

if (i < 0)

cout« "Error in array limits:\n"
<< "index " << i << " Less than 0\n";

exit(2);
>

else if (i >= size)

cout << "Error in array limits:\n"
<< "index " << i << " greater than "

<< size - 1 << "\n";

exit(3);
>

>

Here size, recall, is the class member that’s set to the number of elements in the array.

If the subscript is too large (equal to or larger than s i z e) or too small (less than 0), o k (

)

calls the standard C library function exi t ( ) to terminate the program. The exi t ( )

return value goes to the operating system, and the convention is that a nonzero exit

value indicates a problem. If, for example, a UNIX shell script runs a program using this

class and detects an exit value of 3, it can conclude that the program quit because of a

too-large subscript. Note that the new class will catch subscript errors during run-time,

not compile time.

The next step is to add these definitions to a derived class, which we’ll call

bound_dar
,
for bounds double ^rray. Listing 11-7 shows the class definition. It adds

the new ok() function. There’s no reason to make ok() public, so we’ve made it

protected. Then, as all good derived classes require, the definition declares construc-

tors for the class. Finally, it provides a prototype for redefining the E 3 operator.
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LISTING 11-7 Dnfldap.li

// bnddar.h define array class that checks index values
//ifndef BNDDAR__
//define BNDDAR

#i nc lude "darray. h"

class bound_dar : public darray

protected

:

voidok(inti); // index checker
public:
/ / const ructors

bound_da r ( )

;

bound_da r ( uns i gned int n, double val = 0.0);
bound_da r ( cons t double *pn, unsigned int n);
b o u n d_d arCconst boun d_d a r & a);
bound_da r ( const darray & a);

// operators
double & operatorCKint i); // redefined

>;

//end i f

Listing 11-8 presents the class method definitions. Because the bound_dar class

doesn’t add any data members to the darray class, all that the bound_dar constructors

have to do is pass their arguments, if any, to the corresponding darray constructors.

LISTING 11-8 Dnddar.cpp

// bnddar.cpp -- methods for bound_dar class
//include <iostream.h>
//include <stdlib.h>
//include "bnddar.h"

// protected method
void bound_da r : : ok ( i nt i) // quit if index is out of bounds
{

if (i < 0)

{

cout << "Error in array limits:\n"
<< "index " << i << " less than 0\n";

exit(2);
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>

else if (i >= size)

cout << "Error in array limits:\n"
<< "index " << i << " greater than "

<< size - 1 << "\n";

ex i t ( 3 )

;

>

>

/ / constructors
bound_da r : : bounded a r (

)

>

bound_da r : : bound_da r ( uns i gned int n, double val) : darrayCn, val)

>

bound_da r : : bound_da r ( cons t double *pn, unsigned int n)

: darrayCpn, n)

>

bound_da r : : bound_da r ( cons t bound_dar & a) : darray(a)

>

bound_da r : : bound_da r ( cons t darray & a) : darray(a)

>

// redefined operator
double & bound_da r :: opera tor C3 ( i nt i)

{

ok(i); // check index before continuing
return arrCill;

>

The final step is exercising the new class. Listing 11-9 does that with a for loop

that uses the wrong test for terminating the loop, causing the program to try to access an

element beyond the final one. Let’s see how the bound_dar class handles that affront.

Remember to compile this program with the base class methods provided by

darray. cpp and bnddar.cpp.
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LISTING 11-9 use bdar.cpp

// use_bdar.cpp — use the bounded array
// compile with darray.cpp and bnddar.cpp
//include <iostream.h>
//include “bnddar.h"

i nt ma i n ( voi d )

bound_dar prices(5, 19.99); // create, initialize object

for (int i = 0; i <= 5; i + + ) // one step too far

cout << "$" << pricesCiH << "\n";
cout << "Bye ! \n";

return 0;

>

Here is the output:

$19.99
$19.99
$19.99
$19.99
$19.99
Error in array limits:

index 5 greater than 4

The program correctly processes the first five elements, then terminates the pro-

gram when the index exceeds the maximum value of 4. Note that the program never

reaches the final output statement, showing that ok(

)

did, indeed, terminate the pro-

gram when the subscript went out of bounds. Thus this modest extension of the class

definition provides a major increase in program security.

fXTENIING NHERITHNCE

In C++ you can derive a class from a derived class. In that case, the final class inherits the

properties of all its ancestors. This is useful. For instance, you may have started out with

a base class designed for a particular programming project. Then you may have moved

to a second project and found that you could adapt this class, through class derivation,

to meet somewhat different needs. Later, you might find the derived class to be a suit-

able base class for yet some other project. It’s all part of the C++ plan to let you reuse

code, adapting it to your current needs. We’ll illustrate this process by extending the
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bound_dar class, which was derived from the darray class, to allow array indexing to

begin at values other than zero. For example, if an array represents your tax returns for

the years 1985 through 1990, you’ll be able to index the array from 1985 to 1990

instead of from 0 to 5 . Little touches like that can make programming clearer and more

enjoyable.

The new class—let’s call it lim_dar—derives from the bound_dar class and thus

inherits the protected and public parts of that class. In particular, it inherits the

bound_dar object

arr member:

size member:

inherited from

darray class

class lim__dar : public bound_dar
{

protected :

unsigned int low_bnd;

>;

lim_dar object

arr member:
:

inherited from

bound__dar class

size member:

—

i

added by

low_bndmember: lim_dar class

definition

Figure 11-3 Adding a new member
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bounds-checking feature. Because bound_dar derives from the darray class, lim_dar in-

herits, via bound_dar
, the protected and public parts of darray

, too. Thus the

lim_dar class contains an arr member to point to the beginning of the array and a si ze

member indicating the number of elements. The class automatically inherits the darray

and bound_dar class member functions as well.

What new class members will lim_dar need to provide its new indexing service?

The arr member already states where the array is stored, and the size member already

states the number of elements. What’s missing is an element stating the value of the first

index. That can be remedied by adding a new data element, low_bnd, to indicate the

subscript value corresponding to the first element. So if subscripting is to start with

1985, then low_bnd will be set to that value. The new subscript limit, in turn, requires

new versions of the operatorCK) function and the o k ( ) function, for the prior ver-

sions assumed subscripting began with zero. Also, let’s add three methods to support the

new subscript feature. One method reports the lower bound, one reports the upper

bound, and one lets you reset the lower bound. Listing 11-10 shows the class definition.

Note that all it takes to add a new data member to a derived class is to declare it in the

definition for the derived class. See Figure 1 1-3.

LISTING 11-10 lim dar.h

// lim_dar.h -- lim_dar class -- definable lower bound
//ifndef LIM_DAR
//define LIM_DAR

//include "bnddar.h"

class lim_dar : public bound_dar

protected:
unsigned int low_bnd; // new data member
voidok(inti); // redefine ok()

public:
// constructors

l i m_d a r ( )

;

l i m_d ar(unsigned int n, double val = 0.0);
l i m_d arCunsigned int n, int lb, double val = 0.0);
l i m_d ar(const double *pn, unsigned int n);

l i m_d arCconst li m_d a r & a ) ;

l i m_d arCconst boun d_d a r & a ) ;

l i m_d arCconst darray & a);

// new methods
void new_lbCint lb); // reset lower bound

int IboundC); // return lower bound
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int uboundO; // return upper bound

// redefined operators
double & operatorCK i nt i);

l i m_d ar & operator = (const li m_d a r & a ) ;

>;

//endi f

Listing 11-11 presents the class method definitions. Once again, class constructors

aren’t inherited, so the class definition requires new constructors. This time they have

something to do—initialize low_bnd, the new class data member, to the chosen initial

subscript value. As mentioned, the new class redefines ok() and operatorCK) to

handle the new subscript bounds. Also, the class redefines the assignment operator.

That’s because the class now has three data members (arr, size, and l ow_bnd) instead

oftwo, but the assignment operator inherited from the darray class handles only the first

two members. The new version handles all three. By the way, the bound_dar class, be-

cause it had the same two data members as the darray class, could use the darray defi-

nition of assignment, which is why the bound_dar class did not have to redefine the

assignment operator.

Note that providing a new assignment operator is not analogous to providing a

new constructor. A new constructor adds to what the ancestral constructors do, but a

new assignment operator entirely supersedes the old one. This is not inconsistent, for

the assignment operators for the base and derived class share the same name, and only

one version can be invoked at a time. That is, the various assignment operators are

overloaded functions, and the program uses the signature, or argument list, to deter-

mine which version to use. But constructors for the base and derived class have different

names, hence invoking one doesn’t rule out calling the other.

LISTING 11-11 lim_dar.cpp

// lim_dar.cpp — methods for lim_dar class
//include <i os t r earn . h>

//include <stdlib.h>
//include " l i m dar.h"

// protected method
// lower bound for array index is now low_bnd, and
// upper bound is now low_bnd + size - 1

void l i m_da r : : ok ( i n t i) // variable lower bound

if (i < low_bnd)
{
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cout << "Error in array limits:\n"
<< “index " << i << *' Less than "

<< Low_bnd << “\n";
e x i t ( 2 ) ;

else if (i >= size + low_bnd)

cout << “Error in array limits:\n“
<< “index “ << i << " greater than "

<< size + low_bnd - 1 << “\n";
e x i t ( 3 ) ;

>

>

// constructors — initialize the new data member
L i m_da r : : L i m_da r ( ) : bound_dar()
{

low__bnd = 0; // default sets starting subscript to 0

>

l i m_da r : : l i m_da r ( uns i gned int n, double val) : bound_dar(n, val)

low_bnd = 0; // default value
>

l i m_d a r : : l i m_d arCunsigned int n, int lb, double val)
: bound_dar(n, val)

low_bnd = lb; // set starting subscript explicitly
>

l i m_da r : : l i m_da r ( cons t double *pn, unsigned int n)

: bound_da r ( pn, n)

{

low_bnd = 0;

>

l i m_da r : : l i m_da r ( cons t lim_dar & a) : bound_dar(a)

l o w_b n d = a . I o w_b n d ;

>

l i m_da r : : l i m_da r ( const bound_dar & a) : bound_dar(a)

low_bnd =0;
>

l i m_da r : : l i m_da r ( const darray&a) : bound_dar(a)
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low_bnd = 0;

>

// more methods
void Lim_dar : :new_Lb(int Lb) // reset starting subscript to Lb

Low_bnd = Lb;

>

int Lim_dar : : LboundC ) // return starting subscript

{

return Low_bnd;

>

int L i m_da r : : ubound ( ) // return subscript of Last eLement

return size + Low_bnd - 1;

>

// redefined operators
doubLe & Li m_d ar::operator[](int i)

o k ( i ) ;

return arrCi - Low_bndU;

>

L i m_d a r & Li m_d ar : :operator = (const Li m__d a r & a )

if (this == &a

)

return * this;
deLete arr;

size = a. size;
Low_bnd = a.Low_bnd;
arr = new doubLeCsizeD;
for (int i =0; i < size;

arrCiH = a.arrCiH;
return *thi s;

// if object assigned to seLf

// don't change anything

// copy new member

i ++

)

>

Let’s look at the code for a few selected class methods. First, consider these two

prototypes:

L i m_d ar(unsigned int n, doubLe vaL = 0.0);

L i m_d ar(unsigned int n, int Lb, doubLe vaL = 0.0);

The first takes two arguments, with n being the number of elements and va L being the

value to which each element is set. The second takes one more argument, with L b rep-
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resenting the value of the first subscript. As the function definitions show, the first

constructor sets the first subscript to zero, while the second sets it explicitly:

l i m_da r : : l i m_da r ( uns i gned int n, double val) : bound_dar(n, val)

low_bnd = 0; // default value
>

l i m_da r : : l i m_da r ( uns i gned int n, int lb, double val)

: bound_dar(n, val)

{

l o w__b nd = lb; // set starting subscript explicitly
>

The definitions show that each function passes the n and val values to the

bound_dar( ) constructor, which, in turn, passes them on to the darray constructor to

initialize the errand size members. But, because it’s the lim_dar class that provides the

Low_bnd member, the lim_dar constructors are responsible for initializing that mem-
ber.

The derived class constructors are responsible for initializing any data members

added to those inherited from the base class. The base class constructors are

responsibile for initializing the inherited data members.

As the prototypes show, each function supplies a default value of 0 for the array

values. Thus the declaration

l i m_d ar bolts(IO);

creates an array of 10 elements each set to 0 and with the array subscripting starting at 0.

And the declaration

l i m_d ar months(12,1);

creates an array of 1 2 elements each set to 0 and with the array subscripting starting at 1

.

The class provides two constructors for initializing a lim_dar object to a ancestral

objects:

l i m_da r : : l i m_da r ( cons t bound_dar & a) : bound_dar(a)

low_bnd = 0;

>

l i m_da r : : l i m_da r ( const darray & a) : bound_dar(a)
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<

low_bnd = 0;

>

Recall that a constructor with a single argument serves to define conversion from the

argument type to the class type. So these two constructors, in addition to letting you

initialize a lim_dar object to a bound_dar or darray object, also let you assign objects of

either ancestrial type to a lim_dar object and to pass objects of either type to a function

having an argument that's a reference to a lim_dar object

You can easily add to this list of constructors. For instance, consider this:

l i m_da r ( con s t bound_dar & a, int Lb); // possible prototype

It would let you initialize a lim_dar object to a bound_dar object, resetting the lower

bound. However, you get the same result by using the current constructor, then using

the new_lb() method to reset the lower bound.

Finally, look at the redefined subscript operator:

// redefined operators
double & li m_d ar::operatorC!3(int i)

o k ( i ) ;

return arrCi - lo w_b n d ]

;

>

In its heart of hearts, C++ does insist on using 0 as the first subscript ofan array, and this

function translates the exterior view of array subscripts to the interior view. For ex-

ample, consider the following declaration:

l i m_d ar vintages(5, 1977);

It creates an array with five elements, with the subscripts beginning with 1977. Suppose

you make the following statement:

vintagesM979] = 12.20;

The operatorCHC) function then translates 1979 to 1979 minus 1977, or 2, so the

function returns a reference to the vintages. arrC2] element.

Listing 11-12 presents a typical use for the lim_dar class—using years as sub-

scripts. Remember to compile it with bnddar.cpp and darray. cpp in order to bring in the

inherited methods, as well as with lim_dar.cpp.

LISTING 11-12 useJlm.cpp
// use_lim.cpp -- use the lim_dar class
// Compile with lim_dar.cpp, bnddar.cpp and darray. cpp
^include <iostream.h>
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//include "lim_dar.h"

const int Year = 1977;
const int Years = 5 ;

int main(void)
i

l i m_d ar vintagesCYears, Year);
cout << "Enter bids for the following vintages of "

"Chateau Spiff:\n";
for (int year = Year; year < Year + Years; year + +)

cout << "Year " << year << ": $";

cin >> vintagesCyearD;
>

cout << "Recapitulating, here are the bids in dollars:\n";
cout << vintages;

return 0;

>

The declaration

lim_dar vintagesCYears, Year);

creates a lim_dar object with 5 elements (because Years is 5), and it causes the first

subscript to be 1977 (the value of Year) instead of the usual 0. Here’s a sample run

(1979 was the year Uncle Jacques got his big chance to run the operation):

Enter bids for the following vintages of Chateau Spiff:
Year 1977: $38.58
Year 1978: $34.85
Year 1979: $0.62
Year 1980: $22.24
Year 1981 : $18.65
Recapitulating, here are the bids in dollars:
38.58 34.85 0.62 22.24 18.65

As the final line of output demonstrates, the lim_dar class has inherited, via the

bound_dar class, the overloaded << operator as defined in the darray class.

The last few examples covered several new concepts, so it’s a good time to review one of

the most important matters in inheritance—which methods get called and when. Sup-

pose, for example, you have the following three declarations:
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darray desiree(6);
bound_dar oliver(IO); // based on darray

lim_dar babar(12, 1958); // based on bound_dar

As the examples have shown, creating an object invokes the constructor for a class plus

all the constructors for ancestor classes, with the most ancestral class constructor called

first. So creating desiree invokes the darray constructor, creating oliver invokes the darray

constructor, then the bound_dar constructor, and creating babar invokes the darray

constructor, then the bound_dar constructor, then the lim_dar constructor. This order

makes sense, for you have to start with the base before adding to it.

Similarly, when an object expires, the program calls the class destructors in reverse

order, with the most ancestral destructor called last. This, too, makes sense, for it pro-

cesses the added-on features and members before getting to the base object.

Only the constructors and destructors automatically produce these cascading se-

quences of calls. If you have multiply-defined versions of a regular class method, the

program invokes just the most recently defined (in terms of ancestry) method:

desireeC23 = 2.56;
oliverH4H = 65.5;
babarCI 9603 = 12.12;
bound_dar jordan;

jordan = Oliver;
lim_dar toby;

toby = babar;

// uses darray :: opera torCII (

)

// uses bound_da r :: opera tor C ](

)

II uses l i m_d ar: :operator[]()

// used dar ray : : operator = (

)

II uses l i m_d ar: :operator = ()

The jordan assignment uses the darray operator for assigning one bound_dar object to

another because the bound_dar class doesn’t override the darray definition. But assign-

ing one lim_dar object to another uses the lim_darversion of assignment, because that’s

the most recent version of assignment. Multiplying two lim_dar objects together uses

the darray definition of multiplication because neither the bound_dar nor the lim_dar

redefines that operator.

This is not the complete story on which method is invoked when you use an

object. When you use an object reference or a pointer to an object, the situation be-

comes more complex. We’ll return to that story after discussing a related topic, class

conversions.

CUSS CONVERSIONS

C++ provides automatic class conversion when you assign an object to an ancestral class.

For instance, you can do the following:

bound_dar imickey(20, 88.8); // object of derived class

C++ Primer Plus



darray donald;
donald = mickey;

// object of base class
// convert to an ancestor type

l i m_d ar goofy;
mickey = goofy; // convert to parent type
donald = goofy; // convert to grandparent type

Converting goofy to, say, a darray type by assigning it to donalddoesn’t mean the goof y

object itself is altered. Instead, it means donald is created in the darray format using

values taken from the goofy object. There are some points to note about this process:

1.

C++ uses memberwise assignment (each member ofone object is an exact copy

of each member of the other object) unless you’ve redefined the assignment

operator.

2. If you have redefined the assignment operator and if the object being assigned

to is of a different class than the object being assigned, C++ uses the assignment

definition associated with the object being assigned to rather than the function

defined for the assigned object. For instance, assigning the lim_dar object goofy

to the darray object donald uses the darray definition of assignment, not the

lim_dar definition.

3. Any data members defined for the assigned object but not for the assignee are

dropped in the conversion. For instance, assigning the lim_dar object goofy to

the darray object donald copies goofy s array contents and array size to dona Id,

but the low_bnd information is lost.

4. An object can be converted to any of its ancestral types.

Let’s take a closer look at the second point. Consider the example above that

assigns the lim_dar object goofy to the bound_dar object mickey. The lim_dar class de-

fines assignment, but the statement assigning goofy to mickey doesn’t use

l i m_da r : : opera tor = ( ) because that function requires the left-hand side to be a

lim_dar object, and mickey isn’t one. Instead, the program looks for a bound_dar defi-

nition for assignment. Since there isn’t one, the program moves up the ancestral tree

and uses the darray definition of assignment.

So you can convert a derived type to an ancestral type automatically by assigning

a derived type to an ancestral type. Similarly, you can initialize a base type to a derived

type. What about the reverse direction? Can you convert a base type to a derived type?

Yes, you can, but only ifyou provide instructions. Remember that any class constructor

with a single argument acts as a type conversion specification for converting the argu-

ment type to the class being constructed. Thus to convert type darray to type

bound_dar
,
you need a constructor of the following prototype:
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bound_da r ( cons t darray &);

That’s one reason we included just such a constructor in the bound_dar class definition.

The other, related, reason was to make it possible to initialize a bound_dar object to a

darray object.

When a class derives from a chain of classes, you should provide constructors to

convert to each ancestral type. For instance, the lim_dar class defines conversion for

both its ancestor:

L i m_da r ( cons t bound__dar &);

L i m_d arCconst darray &);

Suppose, then, you try the following:

darray desiree(6, 30);

l i m_d ar eclair;
eclair = desiree;

C++ will use the lim_dar(const darray &) constructor to manage conversion when as-

signing desiree to a lim_dar object.

The program in Listing 11-13 illustrates conversions from derived types to base

types and from base types to derived types. Once again, we’ve substituted the verbose

versions of the various constructors so that you can see which function was called when.

LISTING 11-13 testJlm.cpp
// t es t__l i m . cpp -- examine type conversions
// uses verbose versions of darray. cpp, bnddar.cpp
/ / and l i m_d a r . c p p

//include <iostream.h>
//include " l i m da r . h

"

int main(void)

lim_dar desiree(5, 36.0);
cout << "lim_dar object: " << desiree;
darray didi;
cout << "Assigning a descendant to an ancestor : \n";

didi = desiree;
cout << "darray object: " << didi;

cout << "Assigning an ancestor to a descendant \n";
desiree = didi;
cout << "lim_dar object: " << desiree;
return 0;

>
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Here is the annotated output:

darray (unsigned, double) constructor
bound_dar (unsigned, double) constructor
lim_dar (unsigned, double) constructor
lim_dar object: 36 36 36 36 36
default darray constructor
Assigning a descendant to an ancestor:
darray object: 36 36 36 36 36
Assigning an ancestor to a descendant
darray (darray &) constructor
bound_dar (darray &) constructor
l i m_d ar (darray & ) constructor
lim_dar object: 36 36 36 36 36

darray destructor
darray destructor

<- create desiree

create desiree

<- create desiree

create didi

«- automatic conversion

convert darray to lim_dar

convert darray to lim_dar

*- convert darray to lim_dar

- delete didi

<- delete desiree

Creating the lim_dar object desiree takes three constructors, because lim_dar is

derived from a chain of two classes. See Figure 11-4. Creating the darray object didi

takes one constructor, because darray is a base class. Assigning desiree to didi in-

vokes no class constructors, because C++ handles conversion to an ancestor type auto-

matically. Next, assigning didi to desiree requires several constructors. The program

uses the lim_dar(const darray & a) constructor, but evoking a lim_dar constructor au-

tomatically evokes the correspondint constructors for its ancestor classes. See Figure 11-

5. Finally, the program deletes didi and desiree objects, (note: the initial Turbo C++
release implemented assignment somewhat differently and reported an initial call to the

destructor, presumbably because it used an additional temporary object.) No lines an-

nounce bound_dar and lim_dar destructors because these classes didn't define a de-

structors. The darray class, recall, needed a destructor because its constructors used new.

The constructors for the derived classes didn't use new and so didn't need specially de-

fined destructors.

POINTERS RID REFERENCES TB OBJECTS

Suppose you write a function that uses a pointer to an object of a base class, such as

darray
,
as an argument. For example, suppose you wrote this:

void dumda r ( da r ray * pd)

{

cout << "The object in question represents an array with "
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<< pd->a r s i z e ( ) << " elements\n";
}

Can you then use dumdar() with an argument that is a pointer to an object of a derived

class, such as arithdar or bound_dar or lim_dad Yes, you can, for C++ allows you to

assign the address of a derived class to a pointer to the base class. For example, consider

these statements:

darray Chicago;
bound_dar atlanta;
lim_dar topeka;
darray * p_d ar; // pointer to darray class

p_d ar = Schicago;// valid
p_dar = Satlanta;// valid
p__d ar = &topeka; // valid

The pointer type darray * is compatible with the address of any object of a class de-

rived from darray or its descendents.

Similarly, a reference to a base type is compatible with any object of a derived

class. For example, if you define a function with a darray & type argument, you can

pass a bound_dar or lim__dar object to that function.

the lim_dar class derives from the bound_dar class, and the bound_dar class

derives from the darray class

L i m_d a r desiree(5,36.0);

Declaration invokes three constructors:

1. Signature matches the lim_dar(int, double) constructor

2. Program determines that darray begat bound_dar and

that bound_dar begat lim_dar

3. darray(inty double) invoked

4. bound_dar(inty double) invoked

3. lim_dar(inty double) invoked

constructors invoked in order

of inheritance, with the base

constructor being called first

Figure 11-4 Constructor chains
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This accommodating nature of object pointers and references is a convenience. It

also can create a problem, but a resolvable one, as you will see in the next

section.

rtuhl Functions

As you’ve seen, when you create a series of derived classes with each class having its own
version of a member function, an object uses its own class version of that member func-

tion. For example, a darray object uses the operatorHIlO function defined for the base

darray class, while a lim_dar object uses the operatorCHO function defined for the

derived lim_dar class. This simple relationship doesn’t always guarantee that the correct

method is used, however. The problems arise when you invoke a class member function

by using a pointer or a reference instead of by using a regular object variable. For ex-

ample, you can get into trouble by defining a function that takes a reference to a class

darray object as an argument:

void show_i t (darray & ah, int Lim)

{

>

for (i = 0; i < Lim; i++)

cout << ah.arrCiD << "\n";

lim_dar object darray object

desiree = didi;

Find the lim_dar(const darray &)
constructor and call it using didi as an

argument:

Invokes the following sequence of calls:

darrayCdidi )

;

b o u n d_d ar(didi);

Figure 11-5 Assigning a base object to a derived object
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This function prints L i m array elements, one array element per line. It uses only the

public darray method and operatorCIK),so sho w_i t ( ) doesn’t have to be a member

function or a friend function. Now consider the following program fragment:

darray james(4, 3.0);

bound_dar jarvis(5, 2.2);

show_i t(james,3);
show_i t ( j a rvi s, 10);

// a darray object

// a bound__da r object

// works

// valid, but doesn't check bounds

The bound_dar class checks array subscripts to see if they are in bounds, but the last

function call fails to invoke bounds-checking, even though it has a bound_dar object as

an argument. To see why, consider the process step-by-step:

1. The show_i t ( ) function’s formal argument is a reference to a type darray ob-

ject.

2. Passing the argument jarvi s to show_i t( ) causes the formal argument ah, a

reference to darray, to refer to jarvis, a bound_dar object.

3. This association of ah with jarvis means the program has a type darray ref-

erence acting as an alias for a type bound_dar object.

4. By default, C++ uses the reference type, not the type of the referred-to object,

to determine which methods are used.

3. Thus the show_it() function treats ah as a darray object and uses the

darray: :operator[]() function instead of the bound_dar: : o p e r -

atorCK) function for subscripting.

Hence show_i t ( ) fails to check the array limits, possibly much to the programmer’s

embarrassment.

When a C++ reference to a base type refers to an object of a derived class, C++,

by default, uses the reference type as a guide to which member functions to use.

Pointers behave similarly. Consider the following statements:

l i m_d ar france;
l i m_d a r italy(12, 2000, 2.0);
darray * p_d ar;

p_d ar = &f ranee;

* p_d ar = italy;

II l i m_d ar object
II l i m_d ar object

// darray pointer to

II l i m_d ar object
// uses darray: :operator=(

)
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Because p_dar is type da r ray*, the program will use the darray definition of assign-

ment, not the lim_dar definition, to assign i taly to *p_dar. So the low_bnd member
isn t copied. Again, the program fails to use the correct operator definition.

Let s look at a simple set of classes to illuminate this problem and its eventual

solution. Listing 11-14 defines a base class called £z/that provides a simple description of

a compact disk. The listing also defines a derived class called classic that stores additional

information for classical compact disks. The base class allocates memory with new, and
so it requires the usual supporting cast of functions needed to handle that approach:

i A destructor to free allocated memory

i A special constructor for initializing one object to another by copying data

instead of addresses

i An assignment operator for assigning one object to another by copying data

instead of addresses

The derived class also uses new to add a new member, and its definition provides the

same set of facilities to the derived class. Note that cdl . h uses the #i f ndef technique

discussed earlier for protecting against multiple inclusions of a header file.

LISTING 11 14 cdl.il

// cdl.h -- classes for describing CDs

# i f ndef CD

#def i ne CD

// base class
class cd C

protected

:

char * performers;
char * label;
int selections;
double playtime;

public:
cdCchar * si, char *

cdCconst cd & d);
cd();
~ c d ( ) ;

void reportO;
cd & operator=( const

>;

// deri ved c lass

class classic : public cd -C

// number of selections

s 2 , int n, double x);

c d & d ) ;
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protected

:

char * works; // add names of works performed
pub Lie:

classicO;
classicCchar * w , char * si, char * s2, int n, double x);

c Lassi c ( const classic & d);

"classicO;
void reportC);
classic & operator=(const classic & d);

>;

//endi

f

Listing 11-15 provides the method definitions for the two classes. It takes up

several lines of code, but the main point to note is that each class has its own reportC)

method. This will let you easily see which method is called. The constructors follow the

forms of earlier string examples, with new allocating space for a string and strcpyO

copying a passed string into the allocated space.

LISTING 11-15 cdl.cpp

// cdl.cpp — methods for cd classes
//include <iostream.h>
//include <string.h>
//include “cdl .h

M

// cd methods

cd::cd (char * si, char * s2, int n, double x)

<

performers = new char Cstrlen(sl) + 13;

st rcpyCperf ormers, si);

label = new char Cstrlen(s2) + 13;

strcpyClabel, s 2 )

;

selections = n;

playtime = x;

>

cd : : cd (

)

{

performers = new char [83;
st rcpyC performers, "Unknown" )

;

label = performers;
selections = 0;

playtime = 0.0;
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>

cd : : cd ( const cd & d)

{

performers = new char CstrlenCd. performers) + ID;
strcpyCperformers, d. performers);
Label = new char CstrlenCd. Label) + ID;
strcpyClabel, d . Label);
selections = d. selections;
playtime = d. playtime;

>

cd :
: ~ cd (

)

delete performers;
delete label;

>

void cd : : report (

)

cout << "Performance by " << performers;
cout << Label = " << label << "\n";
cout << selections << " selections, playing time = ";

cout << playtime << "\n\n";
>

cd & cd :: operator=( const cd & d)

ifCthis == &d) // if object is assigned to itself,
return *this; // delete nothing, and return it

delete performers;
performers = new char CstrlenCd. performers) + ID;

strcpyCperformers, d. performers);
delete label;
label = new char CstrlenCd. label) + ID;

strcpyClabel, d. label);
selections = d. selections;
playtime = d. playtime;
return *this;

>

// classic methods
c lassi c : : c lassi c C cha r * w, char * si, char * s2, int n, double x)

: cdCsl, s2, n, x)

works = new char CstrlenCw) + ID;

st rcpyC works, w);

>
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classic: :classic()
{

works = new char C53;

st rcpy( works, "None");
>

c lassi c : : c lassi c (const classic & d)

works = new char C s t r l en ( d . wo r ks ) + ID;

st rcpy( works, d. works);
>

classic: :~classic()

delete works

;

>

void c lassi c :: report (

)

t

cout << "Works: " << works << "\n";
cd : : report ( )

;

>

classic & c l a ss i c : : ope ra t or = ( cons t classic & d)

ifCthis == &d) // if object is assigned to itself,
return *this: // delete nothing, and return it

delete performers;
performers = new char CstrlenCd. performers) + 13;
strcpyCperformers, d. performers)

;

delete label;
label = new char Cstrlen(d. label) + 13;
strcpyClabel, d. label);
selections = d . se lect i ons;
playtime = d. playtime;
delete works;
works = new char C s t r l en ( d . wor ks ) + 13;

strcpy(works, d. works);
return *thi s;

>

Now let’s see what happens when you use a pointer or a reference to identify an

object. Listing 11-16 declares two objects, one of type cdand one of type classic. First, it

uses the objects directly to invoke the report (

)

method. Then it uses a pointer of type

cd * to invoke report() for each object. This experiment illustrates how C++ handles

class member functions invoked via pointers. Finally, it uses two functions (hubba (

)
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and bravoC)) to invoke reportC) for each object. The hubbaO function passes an

object by value, and bravoC) passes it by reference. This experiment illustrates how
C++ handles objects represented by references. Remember to compile Listing 11-16

together with Listing 11-15.

LISTING 11-16 usecdl.cpp

// usecdl.cpp — calling cd methods in VARIOUS WAYS
// compile with cdl.cpp
^include <iostream.h>
#i nc lude "cdl . h"

void hubbaCcd disk);
void bravoCcd & disk);
i nt ma i n ( voi d

)

{

cd cl ("Beatles", "Capitol", 14, 35.5);
classic c2 = c lassi c

( "Pi ano Sonata in B flat. Fantasia in C",
"Alfred Brendel", "Philips", 2, 57.17);

cd * p c d = & c 1 ;

cout << "Using object di rect ly : \n";
cl. reportC); // use cd method
c2. reportC); // use classic method

cout << "Using type cd * pointer to objects:\n";
pcd->repor t ( ) ; // use cd method for cd object
pcd = &c2;
pcd->repor t ( ) ; // use cd method for classic object

hubbaCcI );

hubba(c2);
bravoC cl )

;

bravo(c2);

return 0;

>

void hubbaCcd disk)

cout << "Hubba hubba! (object passed by value)\n";
disk. reportC);

>

void bravoCcd & disk)

cout << "Bravo! (object passed by ref erence) \n";

disk. reportC) ;

>
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Here is the program output—note which report (

)

version is called each time

data for the classic object are displayed:

Using object directly:

Performance by Beatles: Label = Capitol «- cd object, method

14 selections, playing time = 35.5

Works: Piano Sonata in B flat. Fantasia in C «- classic object, method

Performance by Alfred Brendel: Label = Philips
2 selections, playing time = 57.17

Using type cd * pointer to objects:
Performance by Beatles: Label = Capitol «- cdobject, method

14 selections, playing time = 35.5

Performance by Alfred Brendel: Label = Philips <- classic object, cd method

2 selections, playing time = 57.17

Hubba hubba! (object passed by value)
Performance by Beatles: Label = Capitol «- cdobject, method

14 selections, playing time = 35.5

Hubba hubba! (object passed by value)
Performance by Alfred Brendel: Label = Philips <- classic object, cd method

2 selections, playing time = 57.17

Bravo! (object passed by reference)
Performance by Beatles: Label = Capitol - cdobject, method

14 selections, playing time = 35.5

Bravo! (object passed by reference)
Performance by Alfred Brendel: Label = Philips «- classic object, cd method

2 selections, playing time = 57.17

When pcd points to the classic object c2, the expression pcd->report() invokes the

Aversion ofreportO because pcd is declared as a pointer to cd Similarly, in the bravo(

)

function, although disk refers to the classic object c 2, the expression disk.reportO in-

vokes the rz/version of report because di sk is declared as a reference to cd

The situation for the hubba ( ) function is slightly different. Because this function

passes by value, its d i s k parameter is a new variable of type cd Passing a classic object to

the function then initializes the new rz/ object using the values of c2. Because disk is a

type cd object, it naturally uses cd: : report.
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The problem, then, is that using a reference or a pointer to identify an object can cause

the program to use the wrong member function. This happens when the pointer or

reference associated with a base type identifies an object of a derived type. In that situa-

tion, the program uses the class member function defined for the base type instead of

the equivalent function defined for the derived type. Ideally, the program would use the

method associated with the object type instead of the one associated with the pointer or

reference type. So why doesn’t it? The reason is that this goal does make life more
difficult for the compiler. To see why, suppose a program relies upon user input via a

menu to control which type of object is associated with a reference or a pointer. This

makes the type of object associated with the pointer a run-time decision. That means

the compiler cannot tell in advance what type of object will be assigned to a base-class

pointer. Normally, the version of an overloaded function used in a C++ program is

determined at compile time. That’s called static linking. But now we’re asking a program

to decide which function to use during run time. A function like bravo ( ) might use

cd::report() one time and classic: :report() another time. This process of

choosing which version of a function to use while the program is running is termed

dynamic linking.

So far, this discussion hasn’t brought us closer to our goal, but it has given a name
to it—dynamic linking. (Some may consider giving a name to a goal work enough for

one day, but we students ofC++ are made of sterner stuff, so let’s continue.) We want a

program to be able to dynamically link a function name to a particular function defini-

tion as the program runs. The program statement

pcd->report();

thus would invoke the cd: :report() method if pcd points to a cd object and invoke

the classic: :report() method if pcd points to a classic object. As the program ran, it

would check to see to which type of object pcd pointed, then use the corresponding

function definition.

Although dynamic linking complicates life for the compiler, C++ makes imple-

menting it simple for the user. When declaring member functions in a base class defini-

tion, use the C++ keyword virtual for functions that are to be linked dynamically.

This makes the method a virtualfunction , meaning that the program will use dynamic

linking instead of static linking for the function. You have to declare a function virtual

only in the base class. If you subsequently redefine a virtual function in a derived class,

it’s automatically virtual, too. Only class member functions can be virtual functions;

regular functions and friend functions don’t qualify.
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Destructors for a base class should be virtual functions. That way, ifyou delete

an object identified by a pointer or reference, the program will first call the

object destructor instead of the destructor associated with the pointer or refer-

ence type.

The term ‘Virtual function” is meant to suggest that a virtual function acts like a

place holder in a program, one that’s replaced by a real function when the program runs.

Normally, when the compiler (actually, the compiler-linker combination) sees a func-

tion call, it replaces it with code telling the program which code address to jump to in

order to find that function (static linking). But with a virtual function, the compiler tells

the program yes, there will be a function call here, but just relax. When the time comes,

you’ll be told which function to use (dynamic linking). Listing 11-17 modifies the cd

class definition to use virtual functions. All it does is preface the cd prototypes for

r e p o r t ( ) and ~ c d ( ) with the keyword virtual

LISTING 11-17 Cd2.ll

// cd2.h -- use a virtual function

#i f ndef CD

#def i ne CD

// base class
class cd C

protected

:

char * performers;
char * label;
int selections;
double playtime;

public:
cdCchar * si, char * s2, int n,

cd(const cd & d);

c d ( ) ;

vi rtua l ~cd( ) ;

virtual void reportC);
cd & operator=(const cd & d);

>;

double x);

// virtual destructor
// virtual method

// derived class
class classic : public cd C

protected

:

char * works

;

public:
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classic();
class icCchar * w, char * si, char * s2, int n , double x ) ;

classicCconst classic & d ) ;

~classic();
void reportO; // now virtual also
classic & operator=(const classic & d);

>;

#end i

f

The only other change you have to make is to include cd2 . h instead of cdl . h in

the methods file (Listing 11-15) and in the program file (Listing 11-16). After making

those changes and running the program in the modified Listing 11-16, you should get

this output:

Using object directly:
Performance by Beatles: Label = Capitol «- cd::report()

14 selections, playing time = 35.5

Works: Piano Sonata in B flat. Fantasia in C

Performance by Alfred Brendel: Label = Philips «- classic: :report()

2 selections, playing time = 57.17

Using type cd * pointer to objects:

Performance by Beatles: Label = Capitol
14 selections, playing time = 35.5

Works: Piano Sonata in B flat. Fantasia in C

Performance by Alfred Brendel: Label = Philips
2 selections, playing time = 57.17

Hubba hubba! (object passed by value)

Performance by Beatles: Label = Capitol
14 selections, playing time = 35.5

Hubba hubba! (object passed by value)

Performance by Alfred Brendel: Label = Philips

2 selections, playing time = 57.17

Bravo! (object passed by reference)

Performance by Beatles: Label = Capitol

14 selections, playing time = 35.5

Bravo! (object passed by reference)

Works: Piano Sonata in B flat. Fantasia in C

Performance by Alfred Brendel: Label = Philips

2 selections, playing time = 57.17

<- cd::report()

«- classic::report()

«- cd::report()

<- cd::report()

«- cd::report()

<- classic: :report()
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Now the pointer invokes the method associated with the pointed-to object rather

than the method associated with the pointer type. See Figure 1 1-6. Similarly, the refer-

ence in bravo ( ) invokes the method associated with the referred-to object instead of

the method associated with the reference variable type. This is dynamic linking at work.

Note, however, that the hubba ( ) function still uses the base class method for a

derived class argument. That’s because passing an argument by value generates a new

object. So disk in hubba ( ) is really a cd object. The hubba ( ) function has no way of

accessing the original classic object, so it can’t use the classic method. Because passing an

object by value can lose information about the type of argument passed, it’s usually a

poor idea.

When passing an object as an argument to a function, you usually should use a

reference argument or a pointer argument rather than passing the object by

value. That enables method calls within the function to use virtual member

functions.

Dynamic linking extends C++’s function polymorphism by letting a program

choose the most appropriate function definition during run time. Function overloading

takes you part of the way. Indeed, it’s all you need if your programs always have an

object invoke its own methods directly. But if you have a base class and one or more

derived classes, and ifyou wish or need to use pointers or references to handle both base

and derived classes, then you need dynamic linking and virtual functions.

Now that you’ve seen how inheritance and virtual functions work, you can appre-

ciate the following simple rules:

Ifyou want class members to be available to derived classes, make them pro-

tectedmembers instead of private members.

If you expect to redefine a function in derived classes, declare it as a virtual

function in the base class; this allows objects accessed via a base class pointer

or reference to use the class methods appropriate to the object type instead of

those of the pointer or reference type.

Declare the destructor of a base class as a virtual function.

This concludes the section of the chapter on simple inheritance. Next, you’ll learn

about ways to combine two or more classes into a new class. As you might suspect, that’s
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a major new topic, so if you’ve been waiting for a chance to grab a sandwich, to take a

nap, or read a few articles in Golfand Dog,
do it now before going on.

Classes with member Cusses

You may find you need a data type having the properties oftwo other classes. C++ offers

two ways to combine class properties. One is to incorporate one or more classes as

members of another class. We’ll take that up in this section. The other, more powerful,

method is using multiple inheritance, in which a derived class has more than one base

class. We’ll take that up upon finishing with member classes.

Illustrating either approach of combining two classes requires having two classes

to combine. The darray class can serve as one, and we can develop a new class for the

second. The person class holds and displays the first and last name of a person. Listing

11-18 shows the class definition.

c d * p c d ; H pointer to base class

classic c 2 ; H object of derived class

pcd = & c

2

; H base class pointer to

derived class object

pcd->report();

case 1: cd:

:

report (

)

is a

regular member function

case 2: cd: : report () is a

virtual member function

function linkage determined

by pointer type, so program

uses cd: : reportC

)

function linkage determined by type

of object pointed to, so program uses

classic: :report()

Figure 11-6 Regular memberfunction versus virtual memberfunction
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LISTING 1118 person.

h

// person. h — a class for a person's name
#i f ndef ___PERSON
#def i ne PERSON

//include <iostream.h>

class person

protected

:

char * f name

;

char * l name

;

public:
pe r son ( ) ;

personCconst char * sf, const char * si);
personCconst person & p);
virtual -personC);
char*first(); // return first name
char * last(); // return last name
void LastfirstO; // display last, first

// overloaded operators
virtual person & operator=( const person & p);
friend ostream & operator«(ost ream & os,

const person & p)

;

>;

#endi

f

The constructors use new, so once again the class definition must supply the usual

supporting cast of destructor, initializing-to-an-object constructor, and assignment op-

erator methods. Also, it supplies a few methods for accessing the names in different

ways. Because a later example will use person as a base class, the class destructor is de-

clared virtual. Similarly, the new opera tor=() function is a virtual function because

it will later be redefined in a derived class. Listing 11-19 shows the person class methods.

LISTING 11-19 person. cpp
// person. cpp — person class methods

//include <iostream.h>
//include <string.h>
//include "person. h"

person : : personC

)
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{

fname = NULL;
Lname = NULL;

>

person :: personC const char * sf, const char * sL)

fname = new char CstrLenCsf) + 13;
strcpyCfname, sf);
Lname = new char CstrLenCsL) + 13;
strcpyC Lname, sL);

>

person :: personC const person & p)
{

fname = new char CstrLenCp. fname) + 13;
strcpyCfname, p. fname);
Lname = new char CstrLenCp. Lname) + 13;
strcpyC Lname, p. Lname);

>

person: :~personC)
{

deLete fname;
deLete Lname;

>

char * person :: f i rst C

)

return fname;
>

char * person :: Last C

)

return Lname;
>

void person :: Lastfi rst C

)

cout << Lname << ", " << fname;
>

person & person :: operator=C const person & p)

{

if Cthis == &p) // if object is assigned to itseLf,
return *this; // deLete nothing, and return it

deLete fname;
deLete Lname;
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fname = new char E s t r L en ( p . f name ) + ID;

st rcpy ( f name, p. fname);
Lname = new char C s t r L en ( p . L name ) + ID;

st rcpy ( Lname, p. Lname);
return * t h i s ;

>

ostream & operator«(ost ream & os, const person & p)

os << p. fname << " “ << p. Lname;
return os

;

>

MEMBER C1HSSES

Now we’re ready to create a class for which some members are themselves objects. The

salesrep class, defined in Listing 1 1-20, has three members. The first is an i nt identify-

ing a sales district. The second is a person object identifying a sales representative. The
third is a darray object representing sales figures. Note that you declare member classes

just as you declare any other type. After all, the person and darray classes are user-defined

types. The definition supplies three constructors. One is the default constructor, and

the second initializes a salesrep object to a region, individual names, and an array size and

an initialization value for the array elements. The third constructor allows you to use a

person object and a darray object in the initialization. You probably can dream up other

constructors that would make the class more flexible in use. However, they wouldn’t

make the example any clearer, so we’ll stick to the three.

LISTING 11-20 salesrep. Ii

// saLesrep.h -- cLass with two member cLasses

#i f ndef SALESREP
#de f i ne SALESREP
#incLude <iostream.h>
#incLude "person. h"

#incLude "darray. h"

cLass sa Lesrep

protected :

int region; // regionaL ID

person repname; // a person cLass member
darray saLes; // a darray cLass member
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public:
salesrepO;
salesrepCint reg, const char * strl, const char *str2,

unsigned size, double val = 0.0);
salesrepCint reg, const person & rep, const darray & sis);
-salesrepC);

/ / operator
friend ostream & ope r a t o r<< ( os t r earn & os,

const salesrep & sr);
>;

#endi

f

MEMBER ClflSS INIIIIil/flIIBN FOR CIHSSES WITH OBJECT MEMBERS

So far, creating member classes has been no different than creating members of built-in

types. Where member classes get a little tricky is handling the initialization process in

the constructor definitions. Creating a salesrep object requires a salesrep constructor. The

repname and the sales members also are objects and hence require their own con-

structors. C++ provides that the constructors for the member classes are called first. This

makes sense, for the program needs to create these objects before incorporating them

into a salesrep object. Here’s the tricky part: although the member constructors have to

be called first, it’s the salesrep constructor that has the arguments. So, as was the case

with inheritance, you need a mechanism to pass arguments from one constructor to

another. Again, you can do that in the member function definitions. For example, con-

sider the following constructor prototype:

salesrepCint reg, const char * strl, const char *str2,

unsigned size, double val = 0.0);

The constructor needs to pass the two string arguments to the person constructor and

the final two arguments to the darray constructor. It does so as follows:

sa lesrep : : sa lesrepC i nt reg, const char * strl, const char *str2,

unsigned size, double val) : repname ( st rl , str2),

salesCsize, val)

region = reg;

>

The part following the single colon is an initialization list. As you can see, you can ini-

tialize more than one member by using a comma-separated list of items. The expression

repname ( st rl , str2) means initialize the repname member with the values strl

and str2. Because the repname member is a person object, the compiler will use the
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corresponding person constructor for the initialization. Similarly, it uses a darray con-

structor to initialize the sales object.

You can use the initialization list for any member, not just user-defined members.

Just use the member name followed by the initialization value enclosed in parentheses.

For instance, here’s one way to implement the third constructor:

sa l es rep : : sa l es rep ( i n t reg, const person 8 rep,

const darray 8 sis)

: reg i on ( reg ) , repname ( r ep ) , sales(sls)

>

This initializes each of the three members (region, repname, and sales) to an ap-

propriate value, leaving the function body with nothing to do.

INmHUZflTIDN AND ASSIGNMENT IN CONSTRUCTORS

Let’s take a closer look at the initialization process for constructors. In general, a con-

structor has two parts: an initialization section and an assignment section. The initial-

ization section is located between a colon after the constructor name and before the

opening brace of the function definition. It consists of a comma-separated list. The as-

signment section consists of the statements between the opening and closing braces of the

function definition. See Figure 1 1-7. You can omit either section ifyou don’t need it.

The chief difference between the two parts is that actions in the initialization

section take place before the body, or assignment section, of the constructor is executed.

For some cases, this distinction is not important. For instance, one of our examples

initialized the region member in the assignment section, and one initialized it in the

initialization section. But some actions can be performed only in the initialization list:

i Any class member that is itself a class object whose constructor requires argu-

ments must be initialized in the initialization section.

i If a derived class passes arguments to a base class constructor, it should do so in

the initialization section. That’s because the base class constructor is called be-

fore the derived class constructor.

i Any class member that is either const or a reference can be initialized only in

the initialization section.

If a member class has a default constructor, a C++ program will call that construc-

tor automatically if you don’t provide a constructor in the initialization section. That’s

okay if you don’t need to provide initialization values. But don’t do the following:

sa lesrep : : sa lesrepC i nt reg, const person 8 rep,

const darray 8 sis)
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region = reg;

person repname(rep);
darray sales(sls);

II fine

// poor idea

II ditto

>

This code would cause the program to call the default constructors for the person and

darray objects during the initialization phase, then call the object-initialization con-

structors during the assignment phase. The original version calls the object-initializa-

tion constructors directly during the initialization phase, so it’s more efficient than this

version, which initializes repname and sales twice.

CQMPIETING THE CLHSS DEFINITION

Now we can complete the work of defining the salesrep class by defining the class

methods. Listing 11-21 shows the result. Notice that you don’t have to redefine assign-

ment. Recall how assignment works. Ifyou don’t define an assignment operator, a C++

program uses the default version of assignment, in which each member of the target

object is an exact copy of the source object. However, and this is new information, if a

particular member is itself an object, C++ checks to see if you’ve defined assignment for

that object’s class. If so, the program uses the class assignment method for that particular

Constructor heading

salesrep: : sa lesrepC i nt reg, const char * strl, const char *str2, unsigned size, double val)

region = reg;
L

: repnameCstrl , str2), salesCsize, val) ]"

^ Single colon marks

beginning of

initialization list

Assignment section: actions performed

while the constructor itself is executed

Initialization section:

actions performed before

the constructor itself

is executed

Figure 11-7 Initialization and assignment sections ofa constructor
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member. If not, the program uses the default assignment for that member. The salesrep

class didn’t define assignment, so the program simply copies one region member to the

other. But the darray and person classes do define assignment operators, so the program

uses those methods to handle the repname and sales members. See Figure 11-8.

LISTING ll 21 salesrep. cpp
// salesrep. cpp -- class methods
^include " sa l es rep .

h"

salesrep: :salesrep()

region = 0;

>

sa l es rep : : sa l es rep ( i n t reg, const char * strl, const char *str2,
unsigned size, double val) : r epname ( s t r 1 , str2),
salesCsize, val)

region = reg;

>

sa l es rep : : sa l es rep ( i n t reg, const person & rep,

const darray & sis)

: region(reg), repname ( rep ) , sales(sls)

>

salesrep: :~salesrep()
i

y

ostream & operator«(ost ream & os, const salesrep & sr)

os << "Region " << sr. region << ": "

<< sr. repname << "\n" << sr. sales;
return os;

>

Listing 11-22 provides a short test for the new class. It uses the two nondefault

initializers and the overloaded << operator. Because it uses the darray
, the person, and

the salesrep classes, you should compile the three files darray. cpp, person. cpp,

salesrep. cpp and t wo_i n_1 . cpp.
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salesrep shirly (5, "Shirty" "Fromage", 3, 22.2);

• _
r eg i on : 5

I I

repname:

sales:

shirly data

Shi r L y \

0

6000

Fromage\0

6480
m

1
!

22.2 22.2 22.2
-

7200

salesrep pinky;

pinky data

9000

shirly data

7200

Figure 11-8 Assignmentfor the salesrep class
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LISTING 11-22 two_in_l.cpp
// t wo_i n_1 . cpp -- using a class with class members
// uses darray.cpp, person. cpp, and salesrep.cpp
#include <iostream.h>
//include "salesrep.h"
int main(void)
{

person perki e( "Perki e", "Plonk");
darray coffee(5, 120.0);
salesrep plonk(4, perkie, coffee);
salesrep brock(2, "Boomer", "Brock", 4, 30.0);

cout << plonk;
cout << brock;
cout << "Assigning plonk to brock and displaying brock:\n";
brock = plonk;
cout << brock;

return 0;

>

Here is the program output:

Region 4: Perkie Plonk
120 120 120 120 120

Region 2: Boomer Brock
30 30 30 30

Assigning plonk to brock and displaying brock:
Region 4: Perkie Plonk
120 120 120 120 120

DISRDVRNTHGES OF MEMBEH CLASSES

As you’ve seen, you can use a member class much as you can use a member of a basic

type. However, sad to say, you can run into problems ifyou want to use the methods of

the member class. Suppose you want to access the first name member of the repname

object member of the plonk object. Can you use the f i rs t ( ) function from the person

class? No, you can’t. For instance, consider the following statement:

cout << plonk, repname. firstO;

Certainly, plonk, repname is a person object, hence entitled to use the person: : f i r s t (

)

method. But plonk. repname is a protected member of the salesrep class, hence you

can’t use it publicly. The only identifier you can use is plonk. You can use salesrep
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methods to access plonk members, and the plonk member functions can use person

methods to access person members. (The overloaded << operator does so, for example.)

But you can’t use the person methods directly unless you make the repname member
public rather than protected. However, making data members public is contrary to

the usual OOP philosophy. Thus if you want to keep the person member protected,

and you still want to use the person methods, you have to supply a salesrep method for

each person method you want available. For example, to access the f i rst(

)

method,

you could do this:

char * sa l e s

r

ep : : f

i

r

s

t ( )

{

return repname . f i rst () ;

>

Then using plonk. firstO (a salesrep method) invokes plonk, repna me. firstO (a

person method). However, multiple inheritance provides a better solution to this sort of

problem, so let’s look at it now.

TIPIE NHERITRNCE

Multiple inheritance means deriving a class from more than one base class. With mul-

tiple inheritance, the new class inherits all the data members and all the class methods of

all the base classes. Therefore an object of the new class can use the base class methods

directly, unlike the case of a class with object members. Multiple inheritance allows a

derived class to combine the strengths of other classes, much as the offspring of Rin Tin

Tin and C3PO might inherit the courage and sense of smell of the former and the

language skills of the latter. C++ added multiple inheritance to its feature list when

version 2.0 was released, so you’ll need that or a later version of C++. Let’s look at the

process. We’ll let the sales reps go and invest in education instead, developing a class to

track students and their courses. Listing 11-23 presents a student class definition that

inherits from both the person and the darray classes and also adds a new member to rep-

resent a course name.

LISTING: 11-23 sill ll I' III. Il

// student. h -- multiple inheritance

#i f ndef STUDENT
//define STUDENT
//include <iostream.h>
//include "person, h"
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//include "darray.h"

// inherit from both the person class and the darray class

class student : public person, public darray
{

protected

:

char * course;
public:

student ( )

;

st udent ( const char * cl, const char * strl, const char *str2,
unsigned size, double val = 0.0);

student ( const char * cl, const person & s,

const darray & qs);

studentCconst student & st);

~student();
/ / operators

student operator=( const student & st);

friend ©stream & operator«(ost ream & os,

const student & st);

>;

//end i f

To indicate which classes should be base classes, just list them after a colon follow-

ing the class name:

class student : public person, public darray

>

This provides the student class with fname and l name members from the person class

and arr and size members from the darray class. To them the definition adds a

course member to represent a course name.

With multiple inheritance, each member of the base classes becomes a member of

the derived class. This contrasts with using member classes. That method, as you saw,

resulted in each member of the base class becoming a member of a member of the

derived class. In short, the base class members were nested in a derived class member.

See Figure 1 1-9.

As usual with inheritance, you have to provide constructors. Also, as usual, you

have to provide functions to support the course member, which will use memory allo-

cated by new. Listing 1 1-24 shows the class methods.
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Multiple

Inheritance

class inher_class

>;

public person, public darray

new class inherits members of base classes

Member
Classes

class mem_c lass

i

protected:
person boss;
darray reps

;

>;

new class contains entire objects of other classes
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LISTING 11-24 student.cpp

// student.cpp — student class methods

#include <iostream.h>
#include <string.h>
^include "student. h"

student: :student()

course = NULL;
>

// pass arguments to person, darray constructors
student :: student ( const char * cl, const char * strl,

const char *str2, unsigned size, double val) :

personCstrl, str2), darrayCsize, val)

course = new charCstrlen(cl) + ID;

strcpyC course, cl);

>

// pass arguments to person, darray constructors
student :: st udent ( const char * cl, const person & s,

const darray & qs) : person(s), darray(qs)

course = new charHstrlen(cl) + ID;

st rcpy( course, cl);
>

student :: student ( const student & st)

course = new cha r C s t r l en ( s t . cou r se ) + ID;

s t rcpy( course, st. course);
>

student: :~student()

delete course;
>

student student :: opera tor=( const student & st)

if (this == &p) // if object is assigned to itself,
return *this; // delete nothing, and return it

delete course;
course = new cha rCst r len ( st . course ) + ID;

strcpyCcourse, st. course);
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delete fname;
fname = new charCstrlenCst. fname) + ID;
strcpyCfname, st. fname);

delete Iname;
Iname = new charCstrlenCst. Iname) + ID;
strcpyClname, st. Iname);

size = st.size;

delete am;
am = new doubleCsizeD;
for (int i =0; i <size; i++)

arrCiD = st.arrCiD;

return * t h i s ;

>

ostream & operator«(ost ream & os, const student & st)

os << "Class: " << st. course << "\n";
os << "Student: " << st. fname << " " << st. Iname << "\n";
os << "Qui zzes : \n";

os << darray(st); // use darray : : operator<<(

)

return os;

>

The process is much like single inheritance, except that now you have to pass

information to constructors for two base classes:

st udent :: student ( const char * cl, const person & s,

const darray & qs) : person(s), darray(qs)

course = new charCstrlen(cl) + ID;

strcpyC course, cl);

>

As with single inheritance, you use the initialization section instead of the assignment

section to pass arguments to the base constructors. Note that with multiple inheritance,

you use the constructor name in the initialization section, while for member objects, as in

Listing 11-21, you used the member object name in the initialization section.

Listing 11-25 provides a short program using the new class. Each of the three

classes (student,
person

, darray) has overloaded the < < operator, and the program shows

how to summon all three. This program uses darray

.

cpp, person, cpp,

student. cpp, and inherit. cpp, so compile all four files.

Chapter Eleven * Class Inheritance



LISTING 11-25 inhmt.cpp
// inherit. cpp — use multiple inheritance
// uses darray.cpp, person. cpp, and student. cpp
//include <iostream.h>
//include "student. h"

i nt mai n( voi d)

student dorpC'AI Programming", "Dweebie", "Dorp", 5);

// use operatorCH) from darray class
for (int i = 0; i < 5; i++)

dorpC i 3 = 15 + i % 3;

// use firstO from person class
cout <<"Let's see how " << dorp. firstO << " is doing. \n";

// use three versions of operator<<()
cout << "student version: \n" << dorp;

cout << "person version: " << person(dorp) << "\n";

cout << "darray version: "<< darray(dorp)

;

cout << "Have you hugged your AI today? Bye.\n";

return 0;

>

Here is the program output:

Let's see how Dweebie is doing,
student versi on

:

Class: AI Programming
Student: Dweebie Dorp

Quizzes:
15 16 17 15 16

person version: Dweebie Dorp
darray version: 15 16 17 15 16

Have you hugged your AI today? Bye.

PROGRAM NOTES

Because student inherits from two classes, it can use methods from both. For example,

the for loop uses the subscripting operator from the darray class to access elements in

the dorp object. And one of the output statements uses firstO from the person class.

(Jh
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The situation grows more complicated when you have multiple versions of a

method. For instance, all three classes overload the << operator to handle output. As
usual, C++ uses the function signature to resolve ambiguities. A type student argu-

ment invokes the friend function defined with the student methods:

Class: AI Programming
Student: Dweebie Dorp
Qui zzes :

15 16 17 15 16

By using type casts, you can convert the object type, thus invoking other versions of the

<< operator. The following two lines illustrate this point:

cout << "person version: " << person(dorp) << "\n";
cout << "darray version: " << darray(dorp) << "\n";

1 he first of these lines converts dorp to a person object, thus causing the program to use

the person version of output. Similarly, the second line converts dorp to a darray object

and uses the darray display method. (Recall that you can always convert a derived type

to a base type, although the process may entail losing access to some data.)

Here’s a question: What happens if each base class has a member function by the

same name? Suppose, for instance, the darray class had a f i rst ( ) member function

that returns the first element of an array. The person class, of course, already has a

f i r s t ( ) function. What would happen then if you tried to invoke f i r s t ( ) ?

cout << dorp.firstC);

Would this print the first element of the array or the student’s first name? The answer is

neither. Instead, the compiler would complain of ambiguity. In that case, you can use

the scope operator to indicate which inherited method you wish to use:

cout << dorp
.
person :: f i rst () ; // print first name

cout << dorp. darray :: fi rst( ); // print first element

ITIPIE NHERITHNCE WITH fl

The student class was based on two classes—darray and person—that were unrelated to

each other. You can concoct more involved inheritance schemes, such as using base

classes that themselves have a common ancestor. As often seems to be the case with

classes, introducing a new complexity also introduces new problems. In this case, the

default multiple inheritance mechanism doesn’t necessarily work well when both base

classes themselves share a common ancestor. For instance, suppose you wanted a class

that combined the subscripting features of the lim_dar class with the arithmetic meth-

ods of the arithdarclass. Then you could use multiple inheritance as follows:
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class limarith: public lim_dar, public arithdar

The limarith class would then inherit the arithdar arithmetic methods and the lim_dar

subscript checking and lower-bound setting. That’s good. The problem is that both

base classes descend from the darray class, inheriting via two separate paths. This means

a limarith object would inherit two complete sets of darray members. It would have two

arr members and two size members. See Figure 11-10. Furthermore, because creating

an object invokes constructors for all the ancestor classes, creating a single limarith ob-

ject would invoke the corresponding darray constructor twice.

VIRTUHL IHSE CLI8SES

C++ offers a way to avoid the confusion created by multiple inheritance from the same

class, and that is to use a virtual base class. Making a class a virtual base class causes a C++

program to incorporate only one copy of that class into a descendent class, even if that

class descends by more than one line from the virtual class. See Figure 11-11.

If, through multiple inheritance, a derived class has a base class as a multiple

ancestor, an object of the derived class normally incorporates multiple instances

of an object of the base class. But if the base class is a virtual ancestor, the de-

rived class incorporates just one object of the base class.

To make a base class virtual, just include the keyword virtual when listing the

base class in a class definition. For instance, to make darray a virtual base class for the

arithdar class, change the class header file to look as shown in Listing 1 1-26. Nothing

else in the class definition nor in the methods definitions need be changed.

LISTING 1! 26 v ar flar.h

// v_a r_dar . h -- derived array class with more arithmetic
// modify arithdar. h to make darray a virtual base class

#i f ndef ARITHDAR.
#def i ne ARITHDAR.

^include “darray. h"
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dar ray c Lass

a r r :

size:

rr?m
.

'

'

—

"v"" ^ r

class bound_da r : pub L i c darray class a r i t hda r : pub L i c darray

bound_dar class
w ari t hda r class

a r r :

a r r :

size:
size:

1

low bnd: ;

, »• -

class l i m_da r
: pub l i c bound_dar

l i m_dar class

a r r :

size:

low bnd:

class limarith : public li m_d ar, public arithdar

i inherited from

i
— darray \ia bound_dar

1 and lim_dar

i_ _ inherited from

darray via arithdar

limarith class

a r r :

— -

size:

low bnd:
— •

arr:

size:
— •

Figure 11-10 Multiple inheritancefrom the same ancestor class
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class arithdar : virtual public darray // darray a virtual base

public:
// constructors not inherited, so must be defined

arithdarC);
a r i t hda r ( uns i gned int n, double val = 0.0);
arithdarCconst double * p n , unsigned int n);

a ri t hda r ( const arithdar & a);

arithdarCconst darray & a);

// destructor is inherited, but you can define a new one

-arithdarC);

// new methods
doub l e sumC )

;

double averageC);

// we leave the definition of overloaded operators, such

// as addition, subtraction, sign reversal, multiplication
// by a single value, etc., as an exercise for the reader

>;

#endi

f

Similarly, you can make darray a virtual base class for the bound_dar class. Because

the lim_dar class descends from the bound_dar class, this makes darray a virtual ancestor

to lim_dar
, too. Listing 1 1-27 shows the modified header file. Note that the keywords

public and virtual can be used in either order.

LISTING 11-27 vDnddar.li

// vbnddar.h — virtual version of bnddar.h
#i f ndef BNDDAR
^define BNDDAR

^include "darray. h"

class bound_dar : public virtual darray // virtual base class

protected

:

void okCint i); // index checker
pub l i c

:

// constructors
bound_da r C);
bound_da r C uns i gned int n, double val = 0.0);
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class bound_dar: vi rtual public darray class ari thdar: vi rtual public darray

bound_dar class

a r r :

size: __

low bnd:

class l im_dar
: publi c bound_dar

lim_dar class

arr:

size:

low bnd:

ari thdar c lass

arr:
'

size:

class limarith : public lim_dar, public arithdar

Limarith c lass

arr: i

size:
L

_ 1

low bnd:

m

inherited from darray

via both branches

Figure 11-11 Multiple inheritancefrom a virtual base class
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bound_da r ( cons t double *pn, unsigned int n);

bound_dar ( const bound_dar S a);

bound_da r ( cons t darray & a);

// operators
double & opera tor Z

1

( i nt i); // redefined

>;

//end i f

USING VIRTUBl BASE CIHSSES

You use virtual base classes much as you use regular base classes. The only difference is

in designing constructors. To see how that works, let’s first define a new class that

inherits from the darray class via two different routes. Listing 11-28 defines a limarith

class derived from the arithdar and the lim_dar classes. Using the new v_ar_dar . h

and vbnddar.h header files (the ones that use the virtual modifier for darray) makes

darray a virtual base class. The v l i m_da r . h header file is just the l i m_dar . h file with

//include "bnddar.h"

replaced by the following:

//include “vbnddar.h"

Similarly, you should modify bnddar.cppto include vbnddar.h instead of bnddar.h

and modify arithdar.cpp to include v_a r_d a r . h instead of arithdar. h.

The lim_dar and arithdar classes don’t have to be virtual base classes, because

limarith inherits only one copy of each. Only classes inherited more than once, such as

darray, need be virtual. The new class doesn’t use any data or methods beyond those of

its ancestors, so the only methods it needs are constructors.

LISTING 11-28 limarith.h

// limarith.h — inherit from lim_dar and public arithdar

# i f ndef LIMARITH
//define LIMARITH
//include “ v_a r_da r . h

"

//include “vlim dar.h"

class limarith: public li m_d ar, public arithdar

pub l i c

:
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LimarithC);
limarithCunsigned int n , double val = 0.0);
limari th(unsigned int n, int lb, double val = 0.0);
limarithCconst double * p n , unsigned int n);
limarithCconst limarith & a);
limarithCconst li m_d a r & a);
limarithCconst arithdar & a);

>;

# e n d i f

Now we come to a tricky part, the part that distinguishes using a virtual base class

from using a normal base class. Consider the following constructor:

limarithCunsigned int n, double val = 0.0);

This initializes the size and arr members of the object. These members are inherited

from the darray class, so the arguments n and va l should ultimately be passed back to

the darray constructor. Recall how that worked for single inheritance. A typical lim_dar

class constructor, for example, used the initialization section to pass arguments back to

the bound_dar constructor, and that constructor passed arguments back to the darray

constructor:

l i m_da r : : l i m_da r C uns i gned int n, double val) : bound_darCn, val)
{

low_bnd = 0; // default value
>

Similarly, the arithdar constructor passed arguments back to the darray constructor. But

the present situation provides two distinct paths back to the darray constructor. Which
inheritance path—via lim_dar and bound_dar or via arithdar—is used to pass argu-

ments back? And won’t the darray constructor be called twice, once for each path? C++
bypasses these questions by letting a derived class pass arguments directly back to a

virtual base class, skipping intermediate classes. Normally, you can pass arguments back

only to an immediate ancestor, such as lim_darov arithdar
,
but that’s not true for virtual

base classes. Thus you can write the constructor this way:

l i ma r i t h : : l i ma r i t h ( uns i gned int n, double val)

: darrayCn, val) // pass values directly to darrayC)

>

This sends the constructor arguments directly to the darray constructor.

Sending arguments directly to a virtual ancestor class usurps any argument passing an

intermediate class may have done otherwise. For example, consider the following definition:
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l i ma r i t h : : L i ma r i t h ( uns i gned int n, int Lb, double val)

: darrayCn, val), lim_dar(n, lb, val)

>

The expression darrayCn, val) takes care of passing arguments to the darray class. The

l i m_d a r ( n , lb, val) expression passes the indicated arguments to the lim_dar con-

structor. It then can use these arguments, but the program will ignore the part ofthe lim_dar

constructor definition that says to pass the n and va l arguments to its darray ancestor.

Listing 1 1-29 lists all the methods for the limarith class.

LISTING 11 29 limarith. cpp
// limarith. cpp -- class methods
//include <iostream.h>
//include “limarith. h"

limarith: : limarithC)
{

}

l i ma r i t h : : l i ma r i t h ( uns i gned int n, double val)
: darrayCn, val)

>

l i ma r i t h : : l i ma r i t h C uns i gned int n, int lb, double val)
: darrayCn, val), li m_d arCn, lb, val)

>

l i ma r i t h : : l i ma r i t h C cons t double *pn, unsigned int n)

: darrayCpn, n)

>

l i ma r i t h : : l i ma r i t h C cons t limarith & a) : darray Ca), lim_darCa)

>

limarith: rlimarithCconst lim_dar & a) : darray Ca), lim_darCa)
{

>

l i ma r i t h : : l i ma r i t h C cons t arithdar & a) : darrayCa)
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low_bnd = 0;

>

Finally, Listing 1 1-30 gives us the opportunity to see how this approach works.

This program uses several source code Files: bi_inher.cpp, limarith.cpp,
v l i m_da r . cpp, vbnddar.cpp, v_ar_dar . cpp, and darray.cpp. Don’t forget to

modify bnddar.cpp and L i m_d a r . h to include vbnddar.h instead ofbnddar.h and to

modify arithdar.cpp to include v_ar_dar.h instead of arithdar.h. The new
header files, recall, identify darray as a virtual base class.

LISTING II 30 bijnlier.cpp

// bi_i nher . cpp — use Limarith.h
// program uses Limarith.cpp, v L i m_da r . cpp, v_a r_da r . cpp,
// v_bndda r . cpp, and darray.cpp
//include <iostream.h>
//include "limarith.h"
i nt ma i n (

)

{

limarith chow__masters(4, 1987, 1235.50);
cout << "Sales for Tricks of the Chowdown Masters: \n";
for (int year = 1987; year < 1991; year + +)

cout << year << "
:

" << chow_mastersCyearT << "\n";
cout << "Total sales: " << chow_masters . sum( ) << "\n";
cout << "Those sales again: " << chow_masters;
cout << "Year 1985: " << chow__mastersC1 985];
cout << "Bye !

"

;

return 0;

>

Fiere is the output:

Sales for Tricks of the Chowdown Masters:
1987: 1235.5
1988: 1235.5
1989: 1235.5
1990: 1235.5

Total sales: 4942
Those sales again: 1235.5 1235.5 1235.5 1235.5
Error in array limits:

index 1985 less than 1987

As you can see, the program used the array summing method inherited from

arithdar and the subscripting features inherited from lim_dar.
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If a class winds up inheriting from the same base class by two different paths of

derivation, you usually should make the base class a virtual ancestor. You do

that by using the keyword virtual in the base class list found in the definitions

of the classes immediately derived from the base class.

You may be wondering how the program knew to use the operatorC3() function

defined in lim_dar rather than the version used by arithdar. The answer is the same as

for single inheritance: C++ uses the most recently defined version. That’s recent in

terms of ancestry, not in terms of time. Thus ifwe had defined operatorCHO for the

limarith class, the program would have used that version. Failing to find such a version,

the program next looks at the immediate ancestors. The lim_dar class defines the op-

erator function, while the arithdar class uses the operator definition inherited from

darray. Thus the lim_dar class has the most recent operatorC3() definition, and that’s

the one used.

Suppose, however, that the arithdar class also defined operatorC3(). Then both

versions would be equally recent, and the compiler would have terminated compilation,

reporting an ambiguity. You can resolve that ambiguity by using the scope operator:

c h o w_m asters. li m_d ar: :operatorC3(year)

However, that solution loses the elegance of the original notation, and it drags a base

class explicitly into the programming. A better approach is to define the operator for the

limarith class:

double & l i ma r i t h : : ope ra t or C 3 ( i n t n)

{

return l i m_da r : : ope ra t or C 3 ( n ) ;

>

Then, the expression

c h o w_m asters[year3

is interpreted as the following:

c h o w_m asters. limarith: :operatorC3(year)

And that, in turn, invokes the desired l i m_d ar: :operatorC3() function.
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Inheritance enables you to adapt programming code to your particular needs by deriv-

ing new classes from existing classes. A derived class inherits the pub l i c and the pro-

tected data members and methods of the base class. You then can add new data

members and methods to the class, and you can use the derived class as a base class for

further development. Each derived class requires its own constructors. When a program

creates a derived class object it first calls the base class constructor, then the derived class

constructor. When a program deletes an object, it first calls the derived class destructor,

then the base class destructor.

If a class is meant to be a base class, you normally should use protected members
instead of private members so that derived classes can inherit those members. Also,

you normally should make the base class methods virtual functions by declaring them
with the keyword virtual. This enables objects accessed by pointers or references to be

handled on the basis of the object type rather than on the basis of the reference type or

pointer type.

You can include a class object as a member of another class. Creating an object of

the containing class invokes the constructor for the member class first, then the con-

structor for the containing class. The destructors are called in the opposite order.

As ofversion 2.0, C++ allows multiple inheritance, wherein a class can inherit the

data members and methods of two or more ancestor classes. If two ancestors share a

common ancestor, it’s usually best to declare the common ancestor as a virtual base

class. That causes the class with multiple lines of descent to get one copy of the shared

ancestor’s members instead of duplicate copies.

EVIEW iUEST

1. What does a derived class inherit from a base class?

2. Suppose the return type for the darray: :operatorC!K) function were de-

fined as darray instead of darray &. What effect, if any, would that have?

3. In what order are class constructors and class destructors called when a derived

class object is created and deleted?

4. If a derived class doesn’t add any data members to the base class, does the

derived class require constructors?
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5. Suppose a base class and a derived class both define a method of the same name

and a derived class object invokes the method. In what order are the methods

called?

6. Why doesn’t the bound_dar class define an assignment operator?

7. Can you assign an object of a derived class to an object of the base class? Can

you assign an object of a base class to an object of the derived class?

8. Suppose we define a function that takes a base class object as an argument.

Why can this function also use a derived class object as an argument?

9. Suppose we define a function that takes a reference to a base class object as

an argument. Why can this function also use a reference to a derived class

object as an argument?

10. Suppose corporation is a base class and department is a derived class. Also

suppose that each class defines a headC ) member function, that ph is a

pointer to the corporation type, and that ph is assigned the address of a de-

partment object. How is ph->head() interpreted if the base class defines

head() as a

a. regular function.

b. virtual function.

11. Why is passing an object by reference preferable to passing it by value?

12. If one class contains another class as a member, in what order are the two

class constructors called?

13. How does multiple inheritance differ from using member classes as a way of

incorporating two classes into a new class?

14. What problem does having a common ancestor in two different lines of

inheritance raise? How can you solve that problem?

13. Derive a class from the person class that also stores a person’s age. Define the

<< operator so that it prints the age as well as the name.
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D
iscussing C++ input and output (I/O, for short) poses a problem. On the one

hand, practically every program uses input and output, and learning how to use

them is one of the first tasks facing someone learning a computer language. On the

other hand, C++ uses many of its more advanced language features to implement input

and output, including classes, derived classes, function overloading, virtual functions,

and multiple inheritance. Thus, to really understand C++ I/O, you need to know a lot

of C+ + . To get you started, the early chapters outlined the basic ways for using the

istream class object cin and the ostream class object cout for input and output. Now we’ll

take a longer look at C++’s input and output classes, seeing how they are designed and

learning how to control the output format. (If you’ve skipped a few chapters just to

learn advanced formatting, you can skim the sections on that topic, noting the tech-

niques and ignoring the explanations.)

The C++ facilities for file input and output are based on the same basic class

definitions that cin and cout are, so this chapter uses the discussion of console I/O

(keyboard and screen) as a springboard to investigating file I/O.

VERVIEW OF ++ I I

Most computer languages build input and output into the language itself. For instance,

if you look through the lists of keywords for languages like BASIC or Pascal, you’ll see

that PRINT statements, wri teln statements, and the like are part of the language vo-

cabulary. But neither C nor C++ have built input and output into the language. If you

look through the keywords for these languages, you find for and i f, but nothing relat-

ing to I/O. C originally left I/O to compiler implementors. One reason for this was to
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give implementors the freedom to design I/O functions that best fit the hardware re-

quirements of the target computer. In practice, most implementors based I/O on a set

of library functions originally developed for the UNIX environment. ANSI C formal-

ized recognition of this I/O package, called the Standard Input/Output package, by

making it a mandatory component of the standard C library. C++ also recognizes this

package, so if you’re familiar with the family of C functions declared in the stdi o

.

h

file, you can use them in C++ programs.

C++, however, relies upon a C++ solution rather than a C solution to I/O, and

that solution is a set of classes defined in the iostream.h and fstream.h header files.

This class library is not part of the formal language definition (c i n and istream are not

keywords); after all, a computer language defines rules for how to do things, such as

create classes, and doesn’t define whatyou should create following those rules. But, just

as C implementations come with a standard library of functions, C++ comes with a

standard library of classes. At this time, that standard class library consists solely of the

classes defined in the iostream.h and fstream.h header files. (Many implementa-

tions provide additional, but nonstandard, class libraries.) This chapter discusses I/O as

implemented in C++ 2.0, and you’ll get to look at the features of these standard classes

soon. But first, let’s examine the conceptual framework for C++ I/O.

A C++ program views input or output as a stream of bytes. On input, a program extracts

bytes from an input stream, and on output, a program inserts bytes into the output

stream. For a text-oriented program, each byte can represent a character. More gener-

ally, the bytes can form a binary representation of character or numeric data. The bytes

in an input stream can come from the keyboard, but they also can come from a storage

device, such as a hard disk, or from another program. Similarly, the bytes in an output

stream can flow to the screen, to a printer, to a storage device, or to another program. A
stream acts as an intermediary between the program and the stream’s source or destina-

tion. This approach enables a C++ program to treat input from a keyboard in the same

manner it treats input from a file; the C++ program merely examines the stream of bytes

without needing to know from where the bytes come. Similarly, by using streams, a

C++ program can process output in a manner independent ofwhere the bytes are going.

Managing input, then, involves two stages:

i Associating a stream with an input to a program

i Connecting the stream to a file

In other words, an input stream needs two connections, one at each end. The file-

end connection provides a source for the stream, and the program-end connection
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dumps the stream outflow into the the program. (The file-end connection can be to a

file, but it also can be to a device, such as a keyboard.) Similarly, managing output

involves connecting an output stream to the program and associating some output des-

tination with the stream. It’s like plumbing with bytes instead ofwater. See Figure 12-1.

Usually, input and output can be handled more efficiently by using a buffer. A
buffer is a block of memory used as an intermediate, temporary storage facility for the

transfer information from a device to a program or from a program to a device. Typi-

cally, devices like disk drives transfer information in blocks of 5 1 2 bytes or more, while

programs often process information one byte at a time. The buffer helps match these

two disparate rates of information transfer. For instance, suppose a program is supposed

to count the number of dollar signs in a hard-disk file. The program could read one

character from the file, process it, read the next character from the file, and so on.

Reading a file a character at a time from a disk requires a lot of hardware activity and is

slow. The buffered approach is to read a large chunk from the disk, store the chunk in

the buffer, then read the buffer one character at a time. Because it is much quicker to

Figure 12-1 C+ + input and output
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Fill stream buffer with block of data

Stream outflow feeds program byte-by-byte

i —

,

Refill stream buffer with next block of data

Figure 12-2 A stream with a buffer

read individual bytes ofdata from memory than from a hard disk, this approach is much
faster as well as easier on the hardware. Of course, once the program reaches the end of

the buffer, the program then should read another chunk of data from the disk. The

principle is similar to that of a water reservoir that collects megagallons of runoff water

during a big storm, then feeds water to your home at a more civilized rate of flow. See

Figure 12-2. Similarly, on output, a program can first fill the buffer, then transfer the

entire block of data to a hard disk, clearing the buffer for the next batch of output. This
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is called flushing the buffer. Perhaps you can come up with your own plumbing-based

analogy for that process.

Keyboard input provides a character at a time, so in that case a program doesn’t

need a buffer to help match different data transfer rates. However, buffered keyboard

input allows the user to back up and correct input before transmitting it to a program.

A C++ program normally flushes the input buffer when you press the Return or Enter

key. That s why the examples in this book don’t begin processing input until you press

one of those keys. For output to the screen, a C++ program normally flushes the output

buffer when you transmit a newline character. Depending upon the implementation, a

program may flush input on other occasions, too, such as impending input. That is, when a

program reaches an input statement, it flushes any output currently in the output buffer.

C++ implementations that are consistent with ANSI C should behave in that manner.

8THEHMS. BUFFERS. DHD THE IflSTflEHHH FILE

The business of managing streams and buffers can get a bit complicated, but the

i ost r earn . h file defines several classes designed to implement and manage streams and

buffers for you. Here are some of those classes (also see Figure 12-3):

i The streambufd&ss provides memory for a buffer along with class methods for

filling the buffer, accessing buffer contents, flushing the buffer, and managing

the buffer memory.

i The ios class represents general properties of a stream, such as whether it’s open

for reading and whether it is a binary or a text stream, and it includes a pointer

member to a streambufobject.

i The ostream class derives from the ios class and provides output methods.

i The istream class also derives from the ios class and provides input methods.

i The iostream class is based on the istream and ostream class and thus inherits

both input and output methods.

To use these facilities, you use objects of the appropriate classes. For example, use

an ostream object such as cout to handle output. Creating such an object opens a

stream, automatically creates a buffer, and associates it with the stream. It also makes the

class member functions available to you.

The C++ iostream class library takes care of many details for you. For instance,

including the iostream. h file in a program creates four stream objects automatically:

i The cin object corresponds to the standard input stream. By default, this

stream is associated with the standard input device, typically a keyboard.

i The cout object corresponds to the standard output stream. By default, this

stream is associated with the standard output device, typically a monitor.
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Figure 12-3 Some classes defined in iostream.

h

i The cerr object corresponds to the standard error stream, which you can use for

displaying error messages. By default, this stream is associated with the stan-

dard output device, typically a monitor, and the stream is unbuffered. That

means information is sent directly to the screen without waiting for a buffer to

fill or for a newline character.

i The clog object also corresponds to the standard error stream. By default, this

stream is associated with the standard output device, typically a monitor, and

the stream is buffered.

What does it mean to say an object represents a stream? Well, for example, when

the iostream. h file creates a cout object for your program, that object will have data

members holding information relating to output, such as the field widths to be used in
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displaying data, the number of places after the decimal to use, what number base to use

for displaying integers, and the address of a streambufobject describing the buffer used
to handle the output flow. A statement such as

cout << "Bjarne free";

places the characters from the string "Bjarne free" into the buffer managed by cout
via the pointed-to streambufobject. The ostream class defines the operator <<() func-

tion used in this statement, and the ostream and ios classes also supporting the cout Aata
members with a variety of other class methods, such as the ones this chapter discusses

later. Furthermore, C++ sees to it that the output from the buffer is directed to the

standard output, usually a monitor, provided by the operating system. In short, one end
of a stream is connected to your program, the other end is connected to the standard

output, and the cout object, with the help of a type streambufobject, manages the flow

of bytes through the stream.

The standard input and output streams normally connect to the keyboard and the

screen. But many operating systems, including UNIX and MS DOS, support redirec-

tion, a facility that lets you change the associations for the standard input and the stan-

dard output. Suppose, for example, you have an executable DOS C++ program called

counter . exe that counts the number of characters in its input and reports the result. A
sample run might look like this:

C> counter
Hello
and goodbye

!

(ctrlMU «— simulated end of file

Input contained 19 characters.
C>

Here input came from the keyboard, and output went to the screen.

With input redirection (<) and output redirection (>), you can use the same

program to count the number of characters in the Oklahoma file and to place the results

in the cow_cnt file:

C> counter <oklahoma >cow_cnt
C>

The <oklahoma part of the command line associates the standard input with the

Oklahoma file, causing cin to read input from that file instead of the keyboard. In other

words, the operating system changes the connection at the inflow end of the input
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stream, while the outflow end remains connected to the program. The >cow_cnt part

ofthe command line associates the standard output with the cow_cnt file, causing cout

to send output to that file instead of to the screen. That is, the operating system changes

the outflow end connection of the output stream, leaving its inflow end still connected

to the program. Both DOS (2.0 and later) and UNIX automatically recognize this redi-

rection syntax. (UNIX and DOS 3.0 and later also permit optional space characters

between the redirection operators and the file names.)

The standard output stream, represented by cout, is the normal channel for pro-

gram output. The standard error streams (represented by cerr and clo<£) are intended for

a program’s error messages. By default, all three typically are sent to the monitor. But

redirecting the standard output doesn’t affect cerr or clog, thus if you use one of these

objects to print an error message, a program will display the error message on the screen

even if the regular coutowvput is redirected elsewhere. For instance, consider this code

fragment:

i f ( success

)

cout << "Here come the goodi es ! \n";

else

cerr << "Something horrible has happened . \n"

;

exit(1);
>

If redirection is not in effect, whichever message is selected is displayed on-screen.

If, however, the program output has been redirected to a file, the first message, if se-

lected, would go to the file but the second message, if selected, would go to the screen.

By the way, some operating systems permit redirecting the standard error, too. In

UNIX, for example, the 2> operator redirects the standard error.

Actually, the istream and ostream classes don’t necessarily provide for redirection.

The Turbo C++ implementation, for example, derives an istream_withassign class from

the istream class for handling redirection, and cin is an istream_withassign object. Simi-

larly, the cout, cer, and clog objects belong to the ostream_withassign class, which is de-

rived from ostream in a manner that allows output redirection. Otherwise, these

standard objects use the same methods as their respective base classes. For simplicity,

we’ll refer to cin as an istream object and cout as an ostream object.

i

C++, we’ve said, considers output to be a stream of bytes. But many kinds of data in a

program are organized into larger units than a single byte. An i n t type, for example,

may be represented by a two- or four-byte binary value. And a double value may be
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represented by eight bytes of binary data. But when you send a stream of bytes to a

screen, you want each byte to represent a character value. That is, to display the number
-2 . 34 on the screen, you should send the five characters -, 2, ., 3, and 4 to the screen,

and not the internal eight-byte floating-point representation of that value. Therefore,

one of the most important tasks facing the ostream class is converting numeric types,

such as i n t or f L oa t, into a stream of characters that represents the values in text form.

That is, the ostream class translates the internal representation of data as binary bit pat-

terns to an output stream of character bytes. (Some day we may have bionic implants to

enable us to interpret binary data directly. We leave that development as an exercise for

the reader.) To perform these translation tasks, the ostream class provides several class

methods. We’ll look at them now, summarizing methods used throughout the book
and describing additional methods that provide a finer control over the appearance of

the output.

THE OVERLDHDED « OPERATOR

Most often, this book has used cout with the <<operator, also called the insertion op-

erator:

int clients = 22;

cout << clients;

In C++, as in C, the default meaning for the << operator is the bitwise left-shift operator

(see Appendix E). An expression such as x<<3 means to take the binary representation

of x and shift all the bits three units to the left. Obviously, this doesn’t have a lot to do

with output. But the ostream class redefines the << operator through overloading to

output for the ostream class. In this guise, the << operator is called the insertion operator

instead of the left-shift operator. (The left-shift operator earned this role through its

visual aspect, which suggests a flow of information to the left.) The insertion operator is

overloaded to recognize all the basic C++ types:

i uns i gned char

i signed char

i short

i unsigned short

i int

i uns i gned int

i long

i unsigned long
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i float

i double

i long double

The list doesn’t include char because that type is synonymous with either unsigned

char or signed char, depending upon the implementation. The ostream class provides

a definition for the operator«( ) function for each of the above types. (Functions in-

corporating operator into the name are used to overload operators, as discussed in

Chapter 10.) Thus if you use a statement of the form

cout << value;

and if va lue is one of the preceding types, a C++ program can match it to an operator

function with the corresponding signature. For example, the expression cout << 88

matches the following method prototype:

ostream & operator«( i nt ) ;

This prototype, recall, indicates that the operator«() function takes one type int

argument. That’s the part that matches the 88 in the previous statement. The prototype

also indicates that the function returns a reference to an ostream object. That property,

as we’ll discuss soon, makes it possible to concatenate output, as in the following old

rock hit:

cout << "I'm feeling sedimental over " << boundary << "\n";

If you’re a C programmer who has suffered through C’s multitudinous % type specifiers

and the problems that arise when you mismatch a specifier type to a value, using cout is

almost sinfully easy. (And C++ input, of course, is c i nfully easy.)

The ostream class also defines insertion operator functions for the following

pointer types:

i const signed char *

i const unsigned char *

i void*

C++ represents a string, don’t forget, by using a pointer to the location of the string.

The pointer can take the form of the name of an array of char or of an explicit pointer-

to-char or of a quoted string. Any of these forms is a pointer to signed char or to

unsigned char, depending upon the implementation. Thus all of the following cout

statements display strings:

char nameC20D = "Dudly Diddlemore";
char * pn = "Violet D'Amore";
cout << "Hello!"

;
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cout << name;
cout << pn;

The methods use the terminating null character in the string to determine when to stop

displaying characters.

C++ 2.0 matches a pointer of any other type with type void * and prints a nu-
merical representation of the address. If you want the address of the string, you have to

type cast it to another type.

int eggs = 12;

char * amount = "dozen";
cout << &eggs; // prints address of eggs variable
cout << amount; // prints the string “dozen"
cout << (void *) amount; // prints the address of the amount

// variable

Note: Not all current C++ implementations have a prototype with the void *

argument. In that case, you have to type cast a pointer to unsigned or, perhaps, un-
signed long if you wish to print the value.

Output Cdnchtenhuon

All the incarnations of the insertion operator are defined to return type ostream &. That
is, the prototypes have this form:

ostream & operator«( typename) ;

(Here, typename is the type to be displayed.) The ostream & return type means using this

operator returns a reference to an ostream object. Which object? The function defini-

tions say that the reference is to the object used to evoke the operator. In other words, an

operator function’s return value is the same object that evokes the operator. For ex-

ample, cout << “pot luck" returns the cout object. That’s the feature that lets us

concatenate output using insertion. For instance, consider the following statement:

cout << “We have “ << count << “ unhatched chi ckens . \n";

The expression cout << “We have “displays the string and returns the cout object,

reducing the statement to the following:

cout << count << “ unhatched c h i c kens . \ n"

;

Then the expression cout << count displays the value of the count variable and re-

turns cout, which then can handle the final argument in the statement. Also see Figure

12-4. This design technique really is a nice feature, which is why our examples of over-

loading the << operator in Chapters 10 and 1 1 shamelessly imitate it.
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Ichar * name =

cout << "What

Sends What

ho! to output

buffer and

returns cout

"Bingo"
ho !

" << name <<
I —

—

cout << name << '

Sends Bingo to

output buffer

and returns cout

cout << "
! \ n " ;

Sends !\n to output

buffer and returns

cout (the return

value is unused)

Figure 12-4 Output concatenation

THE OTHER QSTREHH MEIHODS

Besides the various operator«() functions, the ostream class provides the p

method for displaying characters and the wri te( ) method for displaying strings.

The put ( ) method has the following prototype:

ostream & put(char);

You invoke it using the usual class method notation:

cout.putC 'W' ); // display the W character
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Here cout is the invoking object and put ( ) is the class member function. Like the «
operator functions, this function returns a reference to the invoking object, so you can

concatenate output with it:

cout . put
(

'
I

' ) . put
(

'

t
' ); / / displaying It with two put() calls

The function call cout.put('l') returns cout, which then acts as the invoking object

for the put (
' t ' ) call.

You can use put( ) with arguments of numeric types other than char, such as

int, and let function prototyping automatically convert the argument to the correct

type char value. For instance, you can do the following:

cout
.
put (65 ) ; // display the A character

c ou t . pu t ( 66 . 3 ) ; // display the B character

The first statement converts the int value 65 to a char value, then displays the

character having 65 as its ASCII code. Similarly, the second statement converts the type

double value 66 .

3

to a type cha r66 and displays the corresponding character.

This behavior came in handy prior to Version 2.0 C++, for then the language

represented character constants with type int values. Thus, a statement such as

cout << 1 W 1

;

would interpret ' W ' as an i n t value, hence display it as the integer 87, the ASCII value

for the character. But the statement

cout.putC ' W ' );

worked fine. Because version 2.0 represents char constants as type char, you now can

use either method.

The w r i t e ( ) method writes an entire string and has the following prototypes:

ostream & write(const signed char * , int);
ostream & write(const unsigned char *, int);

What about a prototype for ordinary char? Well, char is implemented either as

signed char or unsigned char, depending on the system, so one or the other of the

above prototypes will match it. The first argument to w r i t e (
)
provides the address of

the string to be displayed, and the second argument indicates how many characters to

display. Listing 12-1 shows how this works.

LISTING 12 1 write, cpp

// write. cpp -- use cout.writeC)
//include < i ostream. h>

//include <string.h>
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int mai n( voi d)

{

char * statel = "Ohio";

char * state2 = "Utah";

char * state3 = "Euphoria";

int len = st r len( state2)

;

for (int i = 1; i <= len; i++)

cout.write(state2,i );

cout << "\n";

>

// concatenate output

for (i = len; i > 0; i--)

cout . wri te(state2,i ) << "\n";

// exceed string length

cout . wri te( state2, len + 5) << "\n";

return 0;

>

Here is the output:

U

Ut

Uta

Utah

Utah

Uta

Ut

U

Utah Euph

Note the cout.writeO call returns the cout object. That’s because the wr i t e (

)

method returns a reference to the object that invokes it, and in this case, the cout object

invokes it. This makes it possible to concatenate output, for cout.writeO is replaced

by its return value, cout:

cou t . w r i t e ( s t a t e2 , i ) << "\n";

Also, note that the writeO method doesn’t stop printing characters automati-

cally when reaching the null character. It simply prints how many characters you tell it

to, even if that goes beyond the bounds of a particular string! In this case, we bracketed

the string Utah with two other strings so that adjacent memory locations would contain

C++ Primer Plus



data. We put strings on both sides because compilers differ in the order in which they

store data in memory.

The wri te(

)

method can also be used with numeric data. It doesn’t translate a

number to the correct characters; instead it transmits the bit representation as stored in

memory. For instance, a four-byte Long value such as 1982375632 would be transmit-

ted as four separate bytes. An output device such as a monitor would then try to inter-

pret each byte as if it were ASCII (or whatever) code. So 1982375632 would appear on
screen as some four-character combination, most likely gibberish. However, write 0

does provide a compact, accurate way to store data in a file. We’ll return to this possibil-

ity later this chapter.

FLUSHING TH1 OUTPUT BUFFER

Consider what happens as a program uses cout to send bytes on to the standard output.

Because the ostream class buffers output handled by the cout object, output isn’t sent to

its destination immediately. Instead, it accumulates in the buffer until the buffer is full.

Then the program flushes the buffer, sending the contents on and clearing the buffer for

new data. Typically, a buffer is 512 bytes or an integral multiple thereof. Buffering is a

great time saver when the standard output is connected to a file on a hard disk. After all,

you don’t want a program to access the hard disk 512 times to send 512 bytes. It’s much
more effective to collect 512 bytes in a buffer, then write them to a hard disk in a single

disk operation. For screen output, however, filling the buffer first is less critical. Indeed,

it would be inconvenient if you had to reword, say, the message Press any key to

continue so that it consumed the prerequisite 512 bytes to fill a buffer. Fortunately,

the program doesn’t necessarily wait until the buffer is full. Sending a newline character

to the buffer, for example, normally flushes the buffer. Also, as mentioned before, most

implementations flush the buffer when input is pending. That is, suppose you have the

following code:

cout << "Enter a number:
float num;

c i n >> num;

The fact that the program expects input causes it to display the cout message (that is,

flush the Enter a number; message) immediately, even though the output string lacks

a newline. Without this feature, you would have the program waiting for input without

having prompted the user with the cout message.

If your implementation doesn’t flush output when you want it to, you can force

flushing by using one of two manipulators. The flush manipulator flushes the buffer,

and the end l manipulator flushes the buffer and inserts a newline. You use these ma-

nipulators the way you would use a variable name:
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cout << "Hello, good-looking! " << flush;

cout << "Wait just a moment, please." << endl;

Manipulators are, in fact, functions. For instance, you can flush c out’s buffer by

calling the f l u s h ( ) function directly:

f lush ( cout )

;

However, the ostream class overloads the < < insertion operator in such a way that the

statement

cout << f lush

;

gets replaced with the flush(cout); function call. Thus you can use the more conve-

nient insertion notation to flush with success.

FORMHITING WITH COUT

The ostream insertion operators convert values to text form. By default, they format

values as follows:

A type char value, if it represents a printable character, is displayed as a charac-

ter in a field one character wide.

i Numerical integer types are displayed as decimal integers in a field just wide

enough to hold the number and, if present, a minus sign.

i Floating-point types are displayed with six places to the right of the decimal,

except that trailing zeros aren’t displayed. (Note that the number of digits dis-

playedhus no connection with the precision to which the number is stored) The

number is displayed in fixed-point notation or else in E notation (see Chapter

3), depending upon the value of the number. Again, the field is just wide

enough to hold the number and, if present, a minus sign.

i Strings are displayed in a field equal in width to the length of the string.

Because each value is displayed in a width equal to its size, you have to provide spaces

between values explicitly; otherwise, consecutive values would run together.

Listing 12-2 illustrates the output defaults. It displays a colon (:) after each value

so you can see the width field used in each case. The program uses the expression 1.0 / 9 .

0

to generate a nonterminating fraction so you can see how many places get printed.

LISTING 12-2 defaults. cpp
// defaults. cpp -- cout default formats

^include <iostream.h>

int main(void)
{
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cout « "12345678901 234567890\n"

;

char ch = 'K'; int t = 273;
cout << ch << "

: \n";
cout << t << “

: \n";

cout << -t <<" : \n";

doub L e f 1 = 1 . 200;
cout << f 1 << "

: \n";

cout << ( f 1 + 1.0 / 9.0) << "
: \ n"

;

double f 2 = 1 .67E7;
cout << f 2 << "

: \n”;

cout << ( f 2 + 1.0 / 9.0) << ":\n";
cout << ( f 2 + 2.0e5) << ":\n";

double f3 = 2 . 3 e - 4 ;

cout << f 3 << "
: \n";

cout << f3 / 10 << “:\n";

return 0;

>

Here is the output:

12345678901234567890
K:

273:
-273:

1.2:

1.311111:
16700000:
16700000.1 11111:
1 . 69e+07

:

0.00023:
2 . 3e-05

:

Each value fills its field. Note that the trailing zeros of 1 . 200 are not displayed but that

floating-point values without terminating zeros have six places to the right of the deci-

mal displayed. Also, in this particular implementation (Turbo C++), the switch from

fixed-point to E notation takes place if the value is bigger than about 1.68E7 or smaller

than 1.0E-05.

CHANGING THE NUMBER BHSE USED FOH DISPLAY

The ios class, from which ostream derives, stores information describing the format state.

For instance, certain bits in one class member determine the number base used, while
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another member determines the field width. By using manipulators, you can control the

number base used to display integers. By using ios member functions, you can control

the field width and the number of places displayed to the right of the decimal. Because

the ios class is a base class for istream
,
you can use its methods with istream objects (or

descendents), such as cin.

Let’s see how to set which number base is used in displaying integers. To control

whether integers are displayed in base ten, base sixteen, or base eight, you can use the

dec, hex, and oct manipulators. For instance, the function call

hex(cout);

sets the number base format state for the cout object to hexadecimal. Once you do this,

a program will print values in hexadecimal form until you set the format state to another

choice. Note that the manipulators are not member functions, hence they don’t have to

be invoked by an object.

Although the manipulators really are functions, you normally see them used this way:

cout << hex;

The ostream class overloads the << operator to make this usage equivalent to the func-

tion call hex (cout). Listing 12-3 illustrates using these manipulators. It shows the

value ofan integer and its square in three different number bases. Note that you can use

a manipulator separately or as part of a series of insertions.

LISTING 12 3 manip.cpp

// manip.cpp — using format manipulators
//include <iostream.h>

i nt mai n( voi d)

{

cout << "Enter an integer:

i n t n ;

cin >> n;

cout << "n n*n\n"

;

cout << n << " " << n * n << " (decima l ) \n";

// set to hex mode
cout << hex;

cout << n << " ";

cout << n * n << " ( hexadeci ma l ) \n";

// set to octal mode
cout << oct << n << " " << n * n << " Coctal)\n";

// alternative way to call a manipulator
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dec(cout);
cout << n << “ << n * n « “ (decima L ) \n";

return 0;

>

Here is some sample output:

Enter an integer: 13

n n*n

13 169 (decimal)
d a9 ( hexadec i mat)
15 251 (octal)
13 169 (deci ma l

)

Adjusting Reid Widths

You probably noticed that the columns in the preceding example don’t line up; that’s

because the numbers have different field widths. You can use the width member func-

tion to place differently sized numbers in fields having equal widths. The function has

these prototypes:

int widthC);
int widthCint i);

The first form returns the current setting for field width. The second sets the field width

to i spaces and returns the previous field width value. That allows you to save the previ-

ous value in case you wish to restore the width to that value later.

The w i d t h ( ) method affects only the next item displayed, and the field width

reverts to the default value afterwards. For example, consider the following statements:

cout << ' #
'

;

cout.width(12);
cout << 12 << << 24 « "#\n";

Because wi dth ( ) is a member function, you have to use an object (cout,
in this case) to

invoke it. The output statement produces the following display:

U 1 2#24#

The 1 2 is placed in a field 12 characters wide at the right end of the field. This is called

right-justification. After that, the field width reverts to the default, and the two tt char-

acters and the 2 4 are printed in fields equal to their own size.

C++ never truncates data, so if you attempt to print a seven-digit value in a field

width of 2, C++ expands the field to fit the data. (Some languages just fill the field with
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asterisks if the data doesn’t fit. C++ feels that showing all the data is more important

than keeping the columns neat; C++ puts substance before form.) Listing 12-4 shows

how the w i d t h ( ) member function works.

LISTING 12-4 width. cpp
// width. cpp — use the width method
^include <iostream.h>

int main(void)

int w = cout.width(30);
cout << “default field width = “ « w << "\n";

cout.width(5);
cout << "N";

cout.width(8);
cout << “N * N" << “\n";

for (long i = 1; i <= 100; i *= 10)

{

cout.width(5);
cout << i ;

cout.width(8);
cout << i * i << "\n";

>

return 0;

>

Here is the output:

default field width = 0

N N * N

1 1

10 100

100 10000

First, note that the program applies the field width of30 to the string displayed by

the first cout statement but not to the value of w. That’s because the wi dt h ( ) method
affects only the next single item displays. Also, note that w has the value 0. This is be-

cause cout . wi dt h (30) returns the previous field width, not the one to which it was
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just set. The fact that w is zero means that zero is the default field width. Because C++
always expands a field to fit the data, this one size fits all. Finally, the program uses

w i d t h ( ) to align column headings and data by using a width of Five characters for the

first column and a width of eight characters for the second column.

Fill Characters

By default, cout fills unused parts of a field with spaces. You can use the f i L l ( ) member
function to change that. For instance, the call

cou t . f i L L
( ' *

' )

;

changes the fill character to an asterisk. That can be handy for, say, printing checks so

that recipients can’t easily add a digit or two. Listing 12-5 illustrates using this member
function.

LISTING 12 5 fill.cpp

// fill.cpp -- change fill character for fields
//include <iostream.h>

int main(void)

cout.fillC'*');
char * staffC2H = { "Waldo Whipsnade", "Wilmarie Wooper"};
long bonusC2] = {900, 1350J;

for (int i =0; i <2; i++)

{

cout << staffCiD << "
: $";

cout.width(7);
cout << bonusCi] << "\n";

>

return 0;

>

Ffere’s the output:

Waldo Whipsnade: $****900

Wilmarie Wooper: $***1350

Note that, unlike the field width, the new fill character stays in effect until you change it.
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Setting f lohting -Point Display Precision

Precision means the maximum number of digits displayed to the right of the decimal

point. The default for C++, as you’ve seen, is six. (Recall, however, that trailing zeros are

dropped.) The precisionO member function lets you select other values. For in-

stance, the statement

cout .precision(2);

causes cout to display no more than two digits to the right of the decimal. Unlike the

case with w i d t h ( ) , but like the case for f i L L ( ) , a new precision setting stays in effect

until reset. Listing 12-6 demonstrates precisely this point.

LISTING 12 6 precise.cpp

// precise.cpp — set the precision
//include <iostream.h>

int main(void)

float pricel = 20.40;
float price2 = 19.0 + 8.0 / 9.0;

cout << "V'Furry FriendsV is $" << pricel << “.\n";
cout << “VFiery FiendsV is $" << price2 << “.\n";

cout.precision(2);
cout << “V’Furry FriendsV is $" << pricel << “.\n“;
cout << “VFiery FiendsV is $" << price2 << ”.\n";

return 0;

>

Here is the output:

“Furry Friends" is $20.4.
“Fiery Fiends" is $19.888889.
“Furry Friends" is $20.4.
“Fiery Fiends" is $19.89.

Note that setting the precision to two causes the program to round the value displayed

for pri ce2 to 19.89 (i.e., to the nearest cent) instead of merely truncating it to 19. 88.

Also note that the output still truncates trailing zeros.
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Certain forms of output, such as prices or numbers in columns, look better if trailing

zeros are retained. For instance, the output to Listing 12-6 would look better as $20 . 40

than as $20 . 4. The iostream family of classes doesn’t provide a function whose sole pur-

pose is accomplishing that. However, the ios class provides a s e t f ( ) (for jdt/lag) func-

tion that controls several formatting features, including trailing zeros. The class also

defines several constants that can be used as arguments to this function. For instance,

the function call

cout.setf(ios: :showpoint);

causes cout to display trailing zeros and a trailing decimal point. That is, instead of

displaying 2.00 as 2, cout will display it as 2.000000, if the default precision of 6 is in

effect. Listing 12-7 adds this statement to Listing 12-6.

In case you’re wondering about the notation ios::showpoint, showpoint is an

enumerated constant (see Appendix F) defined in the ios class definition. Such constants

have class scope, which means that you have to use the scope operator ( : : ) with the

constant name if you use the name outside a member function definition. So, in es-

sence, ios: :showpoint means a constant defined in the ios class.

LISTING 12-7 showzero.cpp

// showzero.cpp — set the precision, show traiLing zeros
#incLude <iostream.h>

i nt mai n( voi d)

{

fLoat pricel = 20.40;
fLoat price2 = 19.0 + 8.0 / 9.0;

cout.setfCios: rshowpoint);
cout << "V'Furry FriendsV is $" << pricel << ".\n";
cout << "V'Fiery FiendsV is $" << price2 << "„\n";

cout.precision(2);
cout << "V'Furry FriendsV is $" << pricel << ".\n";
cout « "V'Fiery FiendsV' is $" « price2 « ".\n";

return 0;

>

Now the program produces the following output; note the trailing zeros.
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"Furry Friends" is $20.400000.

"Fiery Fiends" is $19.888889.

"Furry Friends" is $20.40.

"Fiery Fiends" is $19.89.

MORE flBOUT SETF[]

The set f ( ) method controls several other formatting choices, so let’s take a closer look

at it. The ios class has a protected member called x_f Lags. It’s a type Long member in

which individual bits (called f Lags in this context) control different formatting aspects

such as the number base or whether trailing zeros are displayed. (Ifyou’ve ever had to set

DIP switches to configure computer hardware, bit flags are the programming equiva-

lent.) The hex, dec, and oct manipulators, for example, adjust the three flag bits in

x_f Lags that control the number base. The setf ( ) function provides another means

of adjusting flag bits.

The set f ( ) function has two prototypes. The first is this:

Long setf(Long);

It’s used for setting format information controlled by a single bit. The argument is a

Long value indicating which bit to set. The return value is a type Long number indicat-

ing the former value of that bit. You then can save that value ifyou later wish to restore

the original settings. What value do you pass to set f ( )? If you want to set bit number

eleven to 1 ,
then you pass a number having its number eleven bit set to 1 . The return

value would have its number eleven bit set to the prior setting for that bit. Keeping track

of bits sounds (and is) tedious. However, you don’t have to do that job, for the ios class

defines constants representing them. Table 12-1 shows some of these definitions:

TABLE 12-1 formatting constants

Because these constants are defined within the ios class, you must use the scope

resolution operator with them. That is, use ios: : uppercase, not just uppercase.

Changes remain in effect until overridden. Listing 12-8 illustrates using some of these

constants.
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LISTING 12-8 self.cpp

// setf.cpp — use setfO to control formatting
//include <i os t ream . h>

int main(void)

int temperature = 63;

cout << “Today's water temperature: ";

cout . set f ( i os : : showpos ) ; // show plus sign
cout << temperature << "\n";

cout << “For our programming friends, that's\n";
cout << hex << temperature << “\n"; // use hex
cout . setf ( i os :: uppercase) ; // use uppercase in hex
cout . set f ( i os : : showbase ) ; // use OX prefix for hex
cout << "or\n";
cout << temperature << “\n";

return 0;

>

Here is the output:

Today's water temperature: +63 «- show plus sign

For our programming friends, that's
3 f use hex format

o r

0X3 F <- use uppercase characters and use OX prefix

Note that the plus sign is used only with the base ten version. C++ treats hexadecimal

and octal values as unsigned, hence no sign is needed for them.

The second setfO prototype takes two arguments and returns the prior setting.

long setfClong, long);

This overloaded form ofthe function is used for format choices controlled by more than

one bit. The first argument, as before, is a long value containing the desired setting.

The second argument is a value that first clears the appropriate bits. For instance, sup-

pose setting bit 3 to 1 means base ten, setting bit 4 to 1 means base 8, and setting bit 3

to 1 means base 16. Suppose output is in base 10 and you want to set it to base 16. Not
only do you have to set bit 3 to 1

,
you also have to set bit 3 to 0—this is called clearing

the bit. The clever hex manipulator does both tasks automatically. The setfO requires

a bit more work, for you use the second argument to indicate which bits to clear, then

use the first argument to indicate which bit to set. This is not as complicated as it
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sounds, for the ios class defines constants (shown inTable 12-2) for this purpose. In

particular, you should use the constant ios: :basefield as the second argument and

ios: : hex as the first argument if you’re changing bases. That is, the function call

cout.setfCios: : hex, ios: :basefield);

has the same effect as using the hex manipulator.

The ios class defines three sets of formatting flags that can be handled this way.

Each set consists of one constant to be used as the second argument and two to three

constants to be used as a first argument. The second argument clears a batch of related

bits, then the first argument sets one of those bits to 1. Table 12-2 shows the names of

the constants used for the second setf ( ) argument, the associated choice of constants

for the first argument, and their meanings. For instance, to select left justification, use

ios::adjustfield for the second argument and ios:: left as the first argument.

Left justification means starting a value at the left end of the field, and right justification

means ending a value at the right end of the field. Internal justification means placing

any signs or base prefixes at the left of the field and the rest of the number at the right of

the field. (Unfortunately, C++ does not provide a self-justification mode. Fixed-point

notation means using the 123.4 style for floating-point values regardless of the size of

the number, and scientific notation means using the 1.23e04 style regardless of the size

of the number.

The set f ( ) function is a member function of the ios class. Because that’s a base

class for the ostream class, you can invoke the function using the cout object. For ex-

ample, to request left justification, use this call:

TABLE 12-2 Arguments for setmong, long)
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Long old = cout.setf(ios::left, ios::adjustfield);

To restore the previous setting, do this:

cout.setfCold, ios: :adjustfield);

Listing 12-9 illustrates further examples of using setf ( ) with two arguments.

LISTING 12 9 self2.cpp

// setf2.cpp — use setfO with 2 arguments to control formatting
//include <iostream.h>
//include <ma t h . h>

int main(void)

// use left justification, show the plus sign, show trailing
// zeros, with three digits to the right of the decimal
cout.setfCios: : left, ios: :adjustfield);
cout.setfCios: :showpos);
cout.setfCios: :showpoint);
cout.precision(3);
// use e-notation and save old format setting
long old = cout.setfCios: scientific, ios::floatfield);

cout << "Left J us t i f i ca t i on : \n"

;

for Clong n = 1; n <= 41; n + = 10)

cout.widthC4);
cout << n << "| "

;

cout.widthC12);
cout << sqrtCn) << "l\n";

>

// change to internal justification
cout.setfCios: .-internal, ios: .-adjustfield);

// restore default floating-point display style
cout.setfCold, ios: :floatfield);

cout << "Internal Just i fi cat ion : \n";

for Cn = 1; n <= 41; n + = 10)

cout.widthC4);
cout << n << "| " ;

cout.widthC12);
cout << sqrtCn) << "|\n";

>

return 0;

/
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Here is the output:

Left Justification:
+ 1 |

+1 . 0Q0e + 00 |

+ 11 1+3.31 7e + 0Q
|

+21 | +4 . 583e+00
|

+31 | +5 . 568e+00
|

+41 | +6 . 403e+00
|

Internal Justification:
+ 1 |+ 1 . 000

|

+11|+ 3.317|

+21|+ 4.583|
+31|+ 5.568|

+41|+ 6.403|

THE I0MHNIP.H HEADER FILE

Setting some format values, such as the field width, can be awkward using the

iostream.h tools. To make life easier, C++ supplies additional manipulators in the

iomanip.h header file. They provide the same services we’ve discussed, but in a

notationally more convenient manner. The two most commonly used are set-

preci sion(

)

for setting the precision and setwO for setting the field width. Unlike

the manipulators discussed previously, these take arguments. The setprecisionO

manipulator takes an integer argument specifying the precision, and the setwO ma-

nipulator takes an integer argument specifying the field width. Because they are ma-

nipulators, they can be concatenated in a cout statement. This is particularly

convenient when displaying several columns of values. Listing 12-10 illustrates this by

changing the field width several times for one output line.

By the way, this program uses a math function, and some C++ systems don’t

automatically search the math library. For instance, some UNIX systems require that

you do the following:

$ CC i omani p .

C

-Im

The -

1

m option instructs the linker to search the math library.

LISTING 12-10 iomanip.cpp

// iomanip.cpp -- use manipulators from iomanip.h
// some systems require explicitly linking the math library
//include <iostream.h>
//include <iomanip.h>
#i nc l ude <ma t h . h>
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int main(void)
{

cout.setfCios: :showpoint);

cout << setw(6) << "N" << setw(14) << "square root"
<< setw(15) << "fourth root\n";

double root;

for (int n = 10; n < = 100; n += 10)

root =sqrt(n);
cout << setw(6) << n

<< setw(12) << se t p r e c i s i on ( 3 ) << root
<< setw(14) << se t prec i s i on ( 4 ) << sqrt(root)
« "\n";

>

return 0;

>

Here is the output:

N square root fourth root

10 3.162 1 .7783

20 4.472 2.1147
30 5.477 2.3403
40 6.325 2.5149
50 7.071 2.6591

60 7.746 2.7832
70 8.367 2.8925
80 8.944 2.9907
90 9.487 3.0801

100 10.000 3.1623

Now you can produce neatly aligned columns.

iihtmti cm

Now it’s time to turn to input and getting data into a program. The cin object repre-

sents the standard input as a stream of bytes. Normally, you generate that stream of

characters at the keyboard. Ifyou type, say, the character sequence 1992 ,
the cin object

extracts those characters from the input stream. You may intend that input to be part of

a string, to be an int value, to be a f l oat value, or to be some other type. Thus ex-
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traction also involves type conversion. The cin object, guided by the type of variable

designated to receive the value, must use its methods to convert that character sequence

into the intended type of value.

Typically, you use cin as follows:

cin >> va l ue_ho l de r

;

Here va Lue_ho Lder identifies the memory location in which to store the input. It can

be the name of a variable, a reference, a dereferenced pointer, a member of a structure or

of a class, perhaps a pointer. How c i n interprets the input depends on the data type for

v a L u e_h older. The istream class, defined in the iostream.h header file, overloads the

>> extraction operator to recognize the following basic types:

i si gned char &

i unsigned char S

i short &

i unsigned short 8

i i n t &

i uns i gned i nt &

i long &

i unsigned long &

i floats

i double S

i long double S

A typical operator function has a prototype like the following:

istream S operator»( i nt 8);

Both the argument and the return value are references. A reference argument (see Chap-

ter 9) means that a statement such as

cin >> staff_size;

causes the operator»() function to work with the variable staff_size itself rather

than with a copy, as would be the case with a regular argument. Because the argument

type is a reference, c i n is able to modify directly the value of a variable used as an argu-

ment. The statement above, for example, directly modifies the value of the s t a f f_s i z e

variable. We’ll get to the significance of a reference return value in a moment. But first,

let’ s examine the type conversion aspect of the extraction operator. For arguments of

each type in the preceding list of types, the extraction operator converts the character

input to the indicated type of value. For instance, suppose staff_size is type int.
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Then the compiler matches the

cin >> staff_size;

to the following prototype:

istream & operator >>(int &);

The function corresponding to that prototype then reads the stream of characters being

sent to the program, say, the characters 2, 3, 1, 8, and 4. For a system using a two-byte

i nt, the function then converts these characters to the two-byte binary representation

of the integer 23184. If, on the other hand, staff_size had been type double, cout

would use the operator>>(double &) to convert the same input into the eight-byte

floating-point representation of the value 23184.0.

The istream class also overloads the >> extraction operator for two pointer types:

i signed char *

i unsi gned char *

For this type of argument, the extraction operator reads the next word from input and

places it at the indicated address, adding a null character to make a string. For instance,

suppose you have this code:

cout << "Enter your first name:\n";
char nameC203

;

cin >> name;

If you respond to the request by typing Hilary, then the extraction operator places the

characters Hi lary\0 in the name array. (As usual, \0 represents the terminating null

character.) The name identifier, being the name of a char array, acts as the address of

the array’s first element, making name type char * (pointer-to-cha r). So which proto-

type does that match? If your system implements char as a signed type, it will use

operator>>(signed char *), and if your system implements char as an unsigned

type, it will use ope ra tor» ( uns i gned char *).

The fact that each extraction operator returns a reference to the invoking object

lets you concatenate input, just as you can concatenate output:

char nameC20D

;

float fee;

int group;

cin >> name >> fee >> group;

Flere, for example, the cin object returned by c i n >> name becomes the object hand-

ling fee.
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HON CIN» IM INPUT

The various versions of the extraction operator share a common way of looking at the

input stream. They skip over white space (blanks, newlines, and tabs) until encounter-

ing a non-white space character. This is true even for the single-character modes (those

in which the argument is type char, unsigned char, or signed char), which is not

true of C’s input functions. See Figure 12-5. In the single character modes, the >>

operator reads that character and assigns it to the indicated location. In the other modes,

the operator reads in one unit of the indicated type. That is, it reads everything from the

initial non-white space character up to the first character that doesn’t match the destina-

tion type. For example, consider the following code:

int elevation

;

cin >> elevation;

Suppose you type the following characters:

-123Z

The operator will read the -, 1 , 2, and 3 characters, since they are all valid parts of an

integer. But the Z character isn’t valid, so the last character accepted for input is the 3.

char philosophyC20D;
int distance;
char initial;

cin >> philosophy >> distance >> initial;

skip over spaces, newlines, and tabs

stoic 100 Blaise
I I ! I I

philosophy distance initial

stoic 100 B

Figure 12-5 cin >> skips over white space

c++ Primer Plus



609

The Z remains in the input stream, and the next c i n statement will start reading at that

point. Meanwhile, the operator converts the character sequence -123 to an integer

value and assigns it to elevation.

It can happen that input fails to meet a program’s expectation. For example, sup-

pose you entered Zcar instead of -1 23 Z. In that case, the extraction operator leaves the

value of elevation unchanged and returns the value zero. The zero return value allows a

program to check whether input meets the program requirements, as Listing 12-11 shows.

“•to***.

LISTING 12-11 checK_.il. cpp
// check_it.cpp — validate input
^include <iostream.h>

i nt ma i n ( voi d

)

cout. precis i o n ( 2 ) ;

cout.setfCios: :showpoint);
cout << “Enter numbers:

double sum = 0.0;
double input;
while (cin >> i nput

)

sum += input;
>

cout << “Last value entered = “ << input << “\n”;
cout << “Sum = “ << sum << “\n“;
return 0;

>

Here’s the output when some inappropriate input (-123Z) sneaks into the input

stream:

Enter numbers

:

200 .0

1 . 0E 1 -50 -123Z 60
Last value entered = -123.00
Sum = 37.00

Because input is buffered, the second line of keyboard input values didn’t get sent

to the program until we pressed (return) at the end of the line. But the loop quit process-

Chapter Twelve * Input Output and Files



ing input at the Z character, since it didn’t match any of the floating-point formats. The

failure of input to match the expected format, in turn, caused the expression cin>>

input to evaluate to zero, or false, thus terminating the while loop.

OTHER ISTRERH CLASS METHODS

Chapters 3, 4, and 3 discuss the get ( ) and getlineC) methods. As you may recall,

they provide the following additional input capabilities:

i The get ( cha r & ) and g e t ( v o i d ) methods provide single-character input that

doesn’t skip over white space.

i The get (char *, int, cha

r

) and get l i ne ( cha r *, int, c h a

r

) functions

provide string input that reads entire lines by default rather than single words.

Let’s look at these two groups of istream class member functions.

Single-Character Input

When used with a char argument or no argument at all, the g e t ( ) methods fetch the

next input character, even if it is a space, tab, or newline character. The getCchar 8)

version assigns the input character to its argument, while the get (void) version uses

the input character as its return value.

Let’s tryget(char &) first. Suppose you have the following loop in a program:

int ct = 0;

char c h ;

cin.get(ch);
while (ch != '\n')

cout << ch;

c t + + ;

cin.get(ch);
>

cout << ct << ' \n 1

;

Next, suppose you type the following optimistic input:

Pressing the (return) key sends this input line to the program. The program fragment

will first read the I character, display it with cout, and increment ct to 1. Next, it will

read the space character following the I, display it, and increment ct to 2. This contin-
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ues until the program processes the (return) key as a newline character and terminates

the loop. The main point here is that, by using get ( ch ), the code reads, displays, and
counts the spaces as well as the printing characters. Suppose, instead, that the program
had tried to use >>:

i n t c t = 0 ;

char c h

;

c i n >> ch ;

while (ch != '\n') // FAILS
{

cout << ch;

c t++;

ci n >> ch;

>

cout << c t << 1

\ n ' ;

First, the code would skip the spaces, thus not counting them and compressing the

corresponding output to this:

IC++clearly.

Worse, the loop would never terminate! Because the extraction operator skips newlines,

the code would never assign the newline character to ch, so the while loop test would

never terminate the loop.

The get ( cha r & ) member function normally returns a reference to the istream

object used to invoke it. This means you can concatenate other extractions following

get ( char )

:

char cl, c2, c 3 ;

cin.get(c1).get(c2) >> c3;

First, cin.get(c7) assigns the first input character to c7 and returns the invoking

object, which is ci n. This reduces the code tocin.get(c2) >> c3, which assigns the

second input character to c2. The function call returns cin, reducing the code to c i n >>

c 3. This, in turn, assigns the next non-white space character to c3. Note that cl and c2

could wind up being assigned white space, but c3 can’t.

Ifcin.getCchar &

)

encounters the end of a file, either real or simulated from the

keyboard ((CTRL) -fz) for DOS, (CTRL) -fp) at the beginning of a line for UNIX), it does not

assign a value to its argument. This is quite right, for if the program has reached the end

of the file, there is no value to be assigned. Furthermore, instead of returning the invok-

ing object (cin), cin.getfchar ^returns zero upon detecting the end of a file. Hence

you can use the following loop to read characters up to the end of a file:

Chapter Twelve - Input Output, and Files



612

char c h

;

while (cin. get ( ch )

)

{

// process i nput

>

As long as there’s valid input, the return value for c i n . ge t ( ch ) is cin, which is non-

zero, so the loop continues. Upon reaching end-of-file, the return value becomes zero,

terminating the loop.

The get (void) member function also reads white space, but it uses its return

value to communicate input to a program. So you would use it this way:

i nt ct = 0;

char c h

;

ch = cin.getC); // use return value

while (ch != '\n')

cout << ch;

ct + + ;

ch = cin.getO;
>

cout << ct << 1 \n 1

;

Some C++ implementation functions don’t provide this member function.

The get (void) member function returns type int. This makes the following

invalid:

char cl, c2, c 3 ;

cin.get().get() >> c3; // not valid

Here cin.getO returns a type i n t value. Because that return value is not a class object,

you can’t apply the membership operator to it. Thus you get a syntax error. However,

you can use get ( ) at the end of an extraction sequence:

char cl

;

cin.get(c1).get(); // valid

The fact that get ( voi d) returns type i nt means you can’t follow it with an extraction

operator. But, because cin.get(cl) returns c i n, it makes it a suitable prefix to g e t ( )

.

This particular code would read the first input character, assign it to cl, then read the

second input character and discard it.

Upon reaching the end-of-file, real or simulated, cin.get(void) returns the

value EOF, which is a symbolic constant defined in the iostream.h header file. This

design feature allows the following construction for reading input:

int c h ;

while ((ch = cin.getO) != EOF)
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{

// process i nput
>

You should use type i n t for c h instead of type char here because the value EOF may not

be expressed as a char type.

Chapter 5 describes these functions in a bit more detail, and Table 12-3 summa-
rizes the features of the single-character input functions.

Table 12-3 cin.gettchl versus cin.geto

WHICH FORM OF SlNGLE-CHHRHCTER INPUT?

Given the choice of >>, g e t ( c h a r & ) , and get(void), which should you use? First,

decide whether you want input to skip over white space or not. If skipping white space

is more convenient, use the extraction operator >>. For instance, skipping white space is

convenient for offering menu choices:

cout << "a. annoy client b. bill client\n"
<< “c. calm client d. deceive client\n"
« "q . \n"

;

cout << "Enter a, b, c, d, or q:

char c h

;

c i n >> c h

;

while (ch != 'q')

{

swi tch(ch)

>

cout << "Enter a, b, c, d, or q: ";

c i n >> ch;

>
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To enter, say, a b response, you type ® (return), generating the two-character response

of b \ n. Ifyou used either form of g e t ( )
,
you would have to add code to process that \n

character each loop cycle, but the extraction operator conveniently skips it. (If you’ve

programmed in C, you’ve probably encountered the situation in which the newline

appears to the program as an invalid response. It’s an easy problem to fix, but it is a

nuisance.)

Ifyou want a program to examine every character, use one of the ge t ( ) methods.

For instance, a word-counting program could use white space to determine when a

word came to an end. Of the two get ( ) methods, the get (char &) method has the

classier interface. Also, it’s more widely supported. The main advantage of the

get (void) method is that it closely resembles the standard C getcharO function,

letting you convert a C to a C++ program by including iostream.h instead of

stdio.h, globally replacing getcharO with cin.getO, and globally replacing C’s

putchar(ch) with cout
. put ( ch ).

String |nput
:
getlineu, get[], and ignored

Next, let’s review the string input member functions, which Chapter 4 discusses more
fully. The getlineO member function and the third version of get() both read

strings, and both have the same function signature:

istream & getCchar * , int, char = ' \ n ' ) ;

istream & getline(char * , int, char = ' \ n 1

) ;

The first argument, recall, is the address of the location to place the input string. The
second argument is one greater than the maximum number of characters to be read.

(The plus one leaves space for the terminating null character used in storing the input as

a string.) If you omit the third argument, each function reads up to the maximum
characters or until a newline character, which ever comes first. For example, the code

char lineC50D;
c i n

.
ge t ( L i ne, 50)

;

reads character input into the character array Line. The cin.getO function quits

reading input into the array after encountering forty-nine characters or, by default, after

encountering a newline character, whichever comes first. The difference between g e t (

)

and getlineO is that ge t O leaves the newline character in the input stream, making
it the first character seen by the next input operation, while getlineO extracts and
discards the newline character from the input stream. Not all C++ implementations

include getlineO.

Chapter 4 illustrated using the default form for these two member functions. Now
let’s look at the final argument, which modifies the function’s default behavior. The
third argument, which has a default value of ' \ n

' , is the termination character. En-
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countering the termination character causes input to cease even if the maximum num-
ber of characters hasn t been reached. So, by default, both methods quit reading input if

they reach the end of a line before reading the allotted number of characters. The differ-

ence between get ( ) and getlineC) is that get ( ) leaves the termination character in

the input queue, while getlineO doesn’t. The first Turbo C++ implementaiton of
getlineC) included the termination character in the destination string, but most
implementations, include Borland C++ and newer releases of Turbo C++, simply read

and discard the termination character.

Listing 12-12 demonstrates how getlineC) and get() work. It also introduces

the i gnoreC ) member function. It takes two arguments: a number specifying a maxi-

mum number of characters to read and a character that acts as a terminating character

for input. For example, the function call

cin.ignore(80, ' \ n '
) ;

reads and discards the next 80 characters or up through the first newline character,

whichever comes first. The prototype provides defaults of 1 and EOF for the two argu-

ments, and the function return type is i s t ream &:

istream & ignoreCint = 1, int = EOF);

The function returns the invoking object. This lets you concatenate function calls as in

the following:

cin.ignore(80, '\n').ignore(80, 1

\ n '

) ;

Here the first i gnore ( ) method reads and discards one line, and the second call reads

and discards the second line. Together the two functions read through two lines.

Now check out Listing 12-12.

COMPATIBLY NOTE

Early releases of Turbo C++ implemented ignoreO so that it read up to, but

not through, the terminating character. Thus, with those versions, you have to

use cin.ignore(80, '\n').get(ch) to read and discard an entire line.

LISTING 12 12 gel Tun.cpp

// get_fun.cpp — using get() and getlineC)
// note: some C++ i np l emen t a t i ons don't support getline ()

//include <iostream.h>

const int Limit = 80;

int main(void)
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{

char inputCLimitD;

cout << "Enter a string for getlineO processi ng : \n";

c i n . ge t l i ne ( i npu t , Limit,
cout << "Here is your input:\n";
cout << input << "\nDone with phase 1\n";

char c h

;

cin.get(ch);
cout << "The next input character is " << ch << "\n";

iT (ch != '\n')

cin.ignoreCLimit, '\n'); // discard rest of Line

cout << "Enter a string for get() processi ng : \n";

cin.get(input. Limit,
cout << "Here is your input:\n";
cout << input << "\nDone with phase 2\n";

cin.get(ch);
cout << "The next input character is " << ch << "\n";

return 0;

>

Here is a sample program run:

Enter a string for getlineC) processing:
Please pass
me a #3 melon!
Here is your i nput

:

Please pass
me a

Done with phase 1

The next input character is 3

Enter a string for get() processing:
I still

want my #3 melon!
Here i s your i nput

:

I still

want my

Done with phase 2

The next input character is #

Note that the getlineO function discards the # termination character in the input,

while the get ( ) function doesn’t.
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OTHER ISTREHM METHODS

Other istream methods include readO, peekO, gcountO, and putbackO. The
read ( ) function reads a given number of bytes, storing them in the specified location.
For instance, the statements

char grossL144D;
cin. readCgross, 144);

reads 144 characters from the standard input and places them in the gross array. Un-
like getlineO and get(), readO does not append a null character to input, so it

doesn t convert input to string form. The readO method is not primarily intended for
keyboard input. Instead, it most often is used in conjunction with the ostream wri te(

)

function for file input and output. The method s return type is i stream &, so it can be
concatenated as follows:

char grossC144H;
char scoreC20D;
cin. readCgross, 144).read(score, 20);

The peek (

)

function returns the next character from input without extracting
from the input string. That is, it lets you peek at the next character. Suppose you wanted
to read input up to the first newline or period, whichever comes first. Then you can use
peekC

)

to peek at the next character in the input stream in order to judge whether to

continue or not:

char great_i nputC80U;
char ch;

i n t i = 0 ;

while ((ch = cin. peekO) != && ch != '\n')
c i n . ge t ( g rea t__i nput C i + + D ) ;

great_input C i = ' \ 0 ' ;

The call to cin.peekC) peeks at the next input character and assigns its value to ch.

Then the while loop test condition checks that ch is neither a period nor a newline. If

this is the case, the loop then reads the character into the array, then updates the array

index. When the loop terminates, the period or newline character remains in the input

stream, positioned to be the first character read by the next input operation.Then the

code appends a null character to the array, making it a string.

The gcountO method returns the number of characters read by the last

unformatted extraction method. That means characters read by a get(), getlineO,
or readO method but not by the extraction operator (>>), which formats input to fit

particular data types. For instance, suppose you’ve just used the cin.get(myarray,
80

)

to read a line into the myarray array and want to know how many character were
read. You could use the strlenO function to count the characters in the array, but it
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would be quicker to use cin.gcountC) to report how many characters were just read

from the input stream.

The pu t ba c k ( ) function inserts a character back in the input string. The inserted

character then becomes the first character read by the next input statement. The
putbackC) method takes one char argument, which is the character to be inserted, and

it returns type istream &, which allows the call to be concatenated with other istream

methods. Using p e e k ( ) is like using g e t ( ) to read a character, then using putbackC)

to place the character back in the input stream. However, putbackC) gives you the

option of putting back a character different from the one just read.

Listing 12-13 uses two approaches to read and echo input up to, but not includ-

ing, a # character. The first approach reads through the U character, then uses

putbackC) to insert the character back in the input. The second approach uses pee k C

)

to look ahead before reading input.

LISTING 12 13 istream. cpp
// istream. cpp — some istream methods
#include <iostream.h>
^include <stdlib.h> // for exitC)

int mainCvoid)

// read and echo input up to a # character
char c h

;

i nt f ound__i t = 0;

wh i L e C c i n
. ge t C c h ) ) // terminates on EOF

{

if Cch !
= '#' )

cout << ch;

else

{

cin.putbackCch); // reinsert character
f ound__i t = 1 ;

break;
>

>

i f C f ound_i t

)

cin.getCch);
cout << '\n' << ch << " is next input character.Xn";

>
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else
{

>

cout « “End of file reached. \n“-
exit(O);

while(cin.peekC) != '#')

cin.get(ch);
cout << ch;

>

c i n . g e t ( c h ) ;

cout « ' \n ' « ch « 11

is next

/ / look ahead

input character. \n“;

return 0;
>

Here is a sample run:

I used a #3 pencil when I should have used a #2
I used a

# is next input character.
3 pencil when I should have used a
# is next input character.

Program Notes

Let s look more closely at some of the code. The first approach uses a while loop toread input. The expression ( c i n . get ( ch) ) returns 0 on reaching the end-of-file con-
dition so simulating end-of-file from the keyboard terminates the loop. If the H char-
acter shows up first, the program puts the character back in the input stream, setsoun _i t to 1 to record its success, and uses a break statement to terminate the loop.

1.1 K T I ( /N 4 » J. / i \ \whi l e ( c i n
. get ( ch ) ) // terminates on EOF

if ( c h !
= ' # ' )

cout << ch;
else

c i n
. pu t ba c k ( c h ) ; // reinsert character

f ound_i t = 1 ;

break;
>

>
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The second approach is simpler in appearance:

whi Le(ci n
. peek( ) != '#') // took ahead

cin.get(ch);
cout << ch;

>

The program peeks at the next character. If it is not the # character, the program reads

the next character, echoes it, and peeks at the next character. This continues until the

terminating character shows up.

fllE flPUT HHD I1UIPUI

Most computer programs work with files. Word processors create document files. Data-

base programs create and search files of information. Compilers read source code files

and generate executable files. A file itself is a bunch of bytes stored on some device,

perhaps magnetic tape, perhaps an optical disk, floppy disk, or hard disk. Typically, the

operating system manages files, keeping track of their locations, their sizes, when they

were created, and so on. Unless you’re programming on the operating system level, you

normally don’t have to worry about those things. What you do need is a way to connect

a program to a file, a way to have a program read the contents of a file, a way to have a

program create and write to files. Redirection (as discussed beginning on page 583) can

provide some file support, but it is more limited than explicit file I/O from within a

program. Also, redirection comes from the operating system, not from C++, so it may
not be available on all systems. We’ll look now at how C++ deals with explicit file I/O

from within a program.

The C++ I/O class package handles file input and output much as it handles

standard input and output. To write to a file, you create a stream object and use the

ostream methods, such as the << insertion operator or writeO. To read a file, you

create a stream object and use the istream methods, such as the >> extraction operator or

get ( ). Files require more management than the standard input and output, however.

For instance, you have to associate a newly opened file with a stream. You can open a file

in read-only mode, write-only mode, or read-and-write mode. Ifyou write to a file, you

may wish to create a new file, replace an old file, or add to an old file. Or you may wish

to move back and forth through a file. To help handle these tasks, C++ defines several

new classes in the fstream.h file, including an ifstream class for file input, an ofstream

class for file output, and an fstream class for simultaneous file I/O. These classes are

derived from the classes in the iostream.h file, so objects of these new classes will be

able to use the methods you’ve already learned.
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SIMPLE EIEE I/O

Suppose you want a program to write to a file. You need to do the following:

i Create an ofstream object to manage the output stream.

i Associate that object with a particular file.

To accomplish this, begin by including the fstream.h header file. Including this file

automatically includes the iostream.h file, so you don’t have to include that file ex-

plicitly. Then declare an ofstream object and initialize it using the name of the file to be

opened. For example, to open the cookies file for output, do the following:

ofstream f out ( "cooki es" ) ; // create tout object

We named the object fout but you can use any valid C++ name, such as outf i le,

cgate, or di di. We chose the name fout for the ofstream object as a reminder that you

can use it much as you use cout. For instance, ifyou want to put the words "Dull Data"

into the file, you can do the following:

fout << "Dul l Data";

Indeed, because ostream is a base class for the ofstream class, you can use all the ostream

methods, including the various insertion operator definitions and the formatting meth-

ods and manipulators. The ofstream class uses buffered output, so the program allocates

space for an output buffer when it creates an ofstream object like fout. Ifyou create two

ofstream objects, the program creates two buffers, one for each object. An ofstream object

like fout collects output byte by byte from the program, then, when the buffer is filled,

transfers the buffer contents en masse to the destination file. Because disk drives are

designed to transfer data in larger chunks, not byte-by-byte, the buffered approach

greatly speeds up the transfer rate of data from a program to a file.

Opening a file for output this way creates a new file if there is no file of that name.

If a file by that name exists prior to opening it for output, the act ofopening it truncates

it so that output starts with a clean file. Later you’ll see how to open an existing file and

retain its contents.

The requirements for reading a file are much like those for writing to a file:

i Create an ifstream object to manage the input stream.

i Associate that object with a particular file.

The steps for doing so are similar to those for writing to a file. First, of course, include

the fstream.h header file. Then declare an ifstream object, initializing it with the file

name. For example, to read the cookies file, you can do the following:

ifstream f i n (" cooki es" ) ; // open cookies for reading
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We’ve used the namtfin for the ifstream object to remind you that you can use fin much

like cin. For instance, you can do the following:

char ch;

fin >> ch; // read a character from the file

char bufC80D;
fin >> buf; // read a word from the file

f in.get lineCbuf , 80); // read a line from the file

Input, like output, is buffered, so creating an ifistream object like f i n creates an input

buffer which thefin object manages. As with output, buffering moves data much faster

than byte-by-byte transfer.

The connections with a file are closed automatically when the input and output

stream objects expire, for example, when the program terminates. Also, you can close a

connection with a file explicitly by using the c l o s e ( ) method:

fout.closeO; // close output connection to file

fin.closeO; // close input connection to file

Closing such a connection does not eliminate the stream; it just disconnects it from the

file. However, the stream management apparatus remains in place. For instance, the

f i n object still exists along with the input buffer it manages. As you’ll see later, you can

reconnect the stream to the same file or to another file.

Meanwhile, let’s look at a short example. The program in Listing 12-14 asks you

for a file name. It creates a file having that name, writes some information to it, and

closes the file. Closing the file flushes the buffer, guaranteeing that the file is updated.

Then the program opens the same file for reading and displays its contents. Note that

the program uses fin and font in the same manner as cin and cout.

LISTING 12 14 file.cpp

// file.cpp — save to a file

^include <fstream.h>

int main(void)

char f i l enameC20-l;

cout << "Enter name for new file: ";

cin >> f i L ename;

// create output stream object for new file and call it fout

ofstream f ou t ( f i l ename )

;
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tout « “For your eyes only!\n"; // write to file
cout << “Enter your secret number: “; // write to screen
float secret;
cin >> secret;
fout << “Your secret number is “ << secret << “\n“;
f out . c lose( ) ; // close file

// create input stream object for new file and call it fin
ifstream fin(filename);
cout << “Here are the contents of “ << filename « “:\n“;
char c h

;

while (fin.get(ch)) // read character from file and
cout<<ch; // write it to screen

cout << “Done\n";

return 0;

>

Here is a sample run:

Enter name for new file: pythag
Enter your secret number: 3.14159
Here are the contents of pythag:
For your eyes only!
Your secret number is 3.14159
Done

You may require that a program open more than one file. The strategy for opening

multiple files depends upon how they will be used. If you need two files open simulta-

neously, then you need to create a separate stream for each file. For instance, a program
that collates two sorted files into a third file would create two ifstream objects for the two
input files and an ofstream object for the output file. The number of files you can open
simultaneously depends on the operating system, but it typically is of the order of

twenty.

However, you may plan to process a group of files sequentially. For instance, you
may wish to count how many times a name appears in a set of ten files. Then you can

open a single stream and associate it with each file in turn. This conserves computer

resources more effectively than opening a separate stream for each file. To use this ap-

proach, declare a stream object without initializing it, then use a second statement to

associate the stream with a file. For instance, this is how you could handle reading two

files in succession:
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ifstream fin;

fin.openC'fat.dat" );

fin.closeO;
fin.openC'rat.dat");

// create stream
// associate stream with fat.dat file

// do stuff

// terminate association with fat.dat

// associate stream with rat.dat file

fin.closeO;

We’ll look at an example shortly, but first, let’s examine a technique for feeding a list of

files to a program in a manner that allows the program to use a loop to process them.

COMMHND-llNE PROCESSING

File-processing programs often use command-line arguments to identify files. Com-
mand-line arguments are arguments that appear on the command line when you type a

command. For example, to count the number ofwords in some files on a UNIX system,

you would type this command at the UNIX prompt:

wc reportl report2 report3

Here wc is the program name, and reportl, report2, and reports are file names

passed to the program as command-line arguments.

C++ has a mechanism for letting a program access command-line arguments. Use

the following alternative function heading for ma i n ( )

:

int mainCint argc, char *argv[])

The argc argument represents the number of arguments on the command line. The

count includes the command name itself. The argv variable is a pointer to a pointer to a

char. This sounds a bit abstract, but you can treat argv as if it were an array of pointers

to the command-line arguments, with argvHOH being a pointer to the first character of

a string holding the command name, a rgvC 1 D being a pointer to the first character of a

string holding the first command-line argument, and so on. That is, a rgvCOD is the first

string from the command line, and so on. For instance, suppose you have the following

command line:

wc reportl report2 report3

Then argc would be 4, argvCOH would be “wc", argvCI 3 would be 'reportl ", and

so on. The following loop would print each command-line argument on a separate line:

for (int i = 1; i < argc; i++)

cout << argvCiD << "\n";

Starting with i =
1 just prints the command-line arguments; starting with i = 0 would

also print the command name.
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Listing 12-15 combines the command-line technique with file stream techniques
to count characters in those files listed on the command line.

LISTING 12 15 count. cpp
// count. cpp — count characters in a List of files
//include <fstream.h>
//include <stdlib.h> // for exitO

int mainCint argc, char *argvCD)
{

if (argc == 1) // quit if no arguments
{

c err << “Usage: “ << argvCOD << “ f i lenameCsDXn";
exit(1);

>

ifstream fin; // open stream
long count;
long total = 0;

char ch;

for (int file = 1; file < argc; f i l e ++

)

f in.open(argv[f i lell); // connect stream to argvCfilell
count = 0;

while ( f i n . get ( ch )

)

count++;
cout « count « “ characters in " « argvCfilell « “\n";
total += count;
f i n . c lose ( ) ; // di sconnect f i le

>

cout << total << " characters in all files'vn";

return 0;

>

On a DOS system, for example, you could compile Listing 12-15 to an executable

file called count.exe. Then a sample run could look like this:

C> count

Usage: c:\count.exe filenameCs]
C> count paris rome
3580 characters in paris
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4886 characters in rome

8466 characters in all files

C>

If you are using Turbo C++’s integrated environment, you can supply command-line

arguments via the Arguments selection in the Run menu.

Note that the program uses cerr for the error message. A minor point is that the

message uses a rgvCOD instead of count . exe:

cerr << “Usage: " << argvCOD << “ f i lenameCsDXn";

This way, ifyou change the name of the executable file, the program will automatically

use the new name.

Suppose you pass a bogus file name to the count program. Then the input state-

ment fin.get(ch) will fail, terminating the while loop immediately, and the program

will report 0 characters. But you can modify the program to test whether it succeeded in

linking the stream to a file. That’s one of the matters we’ll take up next.

STIMN CHECIIIG

The C++ file stream classes inherit a stream-state member from the ios class. This

member stores information reflecting the stream status: all is well, end-of-file has been

reached, I/O operation failed, and so on. If all is well, the stream state is zero (no news

is good news). The various other states are recorded by setting particular bits to 1. The

file stream classes also inherit methods that report about the stream state. Table 12-4

summarizes them.

Table 12 4 Stream slate Methods

Method Returns

eof (

)

nonzero on end-of-file

f a i l (

)

nonzero if last I/O operation failed or if invalid operation

attempted or if there’s been an unrecoverable error

badC

)

•

nonzero if invalid operation attempted or if there's been an

unrecoverable error

nonzero if all stream state bits are zerogoodC

)

rdstate(

)

the stream state

c tear ( i nt n = 0) returns nothing, but sets stream state to n; the default

value of n is 0
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When an input function detects the end-of-file, for example, it sets the end-of-file
bit to 1 . If you attempt an invalid operation, such as reading past the end of a file or
connecting a stream to a nonexistent file, the fail bit is set to 1. You can monitor these
conditions with the stream-state methods. For instance, you can modify the program in
Listing 12-15 so that it reports bogus file names, then skips to the next file. Just add a
call to fin.failO to the for loop as follows:

for (int file = 1; file < argc; file + +)
{

fin.openCargvCfi l e D ) ;

/ / Add this
if (f in.fai LO)
{

cerr << “Couldn't open file " << argvCfileH << “\n“;
continue;

>

// End of addi t i on

count = 0;

while (fin.get(ch))
count++;

cout << count « " characters in “ « argvCfileD « “\n";
total += count;
fin.closeO; //disconnectfile

>

The fin.failO call returns nonzero, or true, if the f i n . o p e n ( ) call fails. In that case,

the program warns you of its problem, and the continue statement causes the program
to skip the rest of the for loop cycle and to start with the next cycle.

Constructions such as

while (fin.get(ch))

work because the get ( ) family of member functions, as well as getlineO and the
extraction operators, return a value of 0 if f a i l ( ) is true. Thus a loop of this sort may
terminate for a variety of reasons, including reaching the end of a file, a hardware failure,

or attempting to use a stream that hasn t been associated with a file. You can use the
eof ( ) method after such a loop to verify that it terminated because of reaching end-of-
file rather than because of some abnormal condition.

FILMS
The file mode describes how a file is to be used: read it, write to it, append it, and so on.

When you associate a stream with a file, either by initializing a file stream object with a
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file name or by using the open ( ) method, you can provide a second argument specify-

ing the file mode:

ifstream f i n
( "ban j o" , model);

of st ream f out ( ) ;

f ou t . open (
" ha r p" , mode2);

The file mode is type i nt, and you can choose from several constants defined in the ios

class. Table 12-5 lists the constants and their meanings.

If the ifstream and ofstream constructors and the open( ) methods each take two

arguments, how have we gotten by using just one in the previous examples? As you

probably have guessed, the prototypes for these class member functions provide default

values for the second argument (the file mode argument). For instance, the ifstream

open ( ) method and constructor use i os : : i n (open for reading) as the default value for

the mode argument, while the ofstream o p e n ( ) method and constructor use ios: : o u t

(open for writing) as the default. The fitream class doesn’t provide a mode default, so

you have to provide a mode explicitly when creating an object of that class.

Opening a file in the ios: : o u t mode also opens it in the ios: :trunc mode by

default. That means an existing file is truncated when opened; that is, its previous

contents are discarded. While this behavior commendably minimizes the danger of run-

ning out of disk space, you probably can imagine situations in which you don’t want to

wipe out every file when you open it. C++, of course, provides other choices. If, for

instance, you wish to preserve the file contents and add (append) new material to the

end of the file, you can use the ios: : app mode:

ofstream f out ( "bage L s", ios::app);

Table 12-5 File Mode Constants

C++ Primer Plus



629

See Figure 12-6.

Note that both ios: :ate and ios: :app place you (or, more precisely, a file

pointer) at the end of the file just opened. The difference between the two is that the

ios: : a pp mode allows you to add data to the end of the file only, while the ios: : a t e

mode lets you write data anywhere in the file, even over old data. One of the later

examples demonstrates this technique.

“stuff’

Stuffing a turkey

in easy steps:

1. First, obtain
-

a turkey.

Opening the file for input

i f stream fin( "stuff");

file pointer

u
stuff’

Stuffing a turkey

in easy steps:

1. First, obtain

a turkey.

Opening the file for appending

of stream fout(" stuff", ios:

Opening the file for writing

of stream fout(" stuff");

stuff’

append);
Stuffing a turkey

in easy steps:

1. First, obtain

a turkey.

file pointer

file pointer

‘stuff’ truncated

Figure 12-6 Somefile-opening modes
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You can use the C++ bitwise OR operator, represented by the
|

symbol and

discussed in Appendix E, to combine modes. For instance, if you want a program to

open a file in the append mode and also want the file opening operation to fail if the file

does not exist, use the following statement:

ofstream f out ( “t rout ", ios::app
|
ios: :nocreate);

Clearly, there are many possible combinations of modes. We’ll look at a few representative

ones.

APPENDING TO fl FILE

Let’s begin with a program that appends data to the end of a file. We’ll have the pro-

gram maintain a file containing a guest list. When the program begins, it will display the

current contents of the file, if it exists. It can use the good ( ) method after attempting to

open the file to check if the file exists. Next, the program will open the file for output

using the ios: : app mode. Then it will solicit input from the keyboard to add to the

file. Finally, the program will display the revised file contents. Listing 12-16 illustrates

how to accomplish these goals. Note how the program uses the good ( ) and the f a i l (

)

methods to test if the file has been opened successfully.

LISTING 12-16 appendd.cpp

// appendd.cpp -— append information to a file

//include <fstream.h>
//include <stdlib.h> // for exit()

const char * file = "guests.dat";
const i nt Len =40;
int main(void)

char c h

;

// show initial contents
ifstream fin;

fin.openCfi le);

if (fin. good ( ) )

cout << “Here are the current contents of the "

<< file << “ f i le : \n";

while (fin.get(ch))
cout << ch;

>

fin.closeO;
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II add new names
ofstream foutCfile, i o s : : a p p ) ;

if ( f out . f a i l ( )

)

cerr << "Can't open " << file << " file for output:\n";
exit(1);

>

cout << "Enter guest names (enter a blank line to quit):\n";
char namelLenl;
cin.getCname, Len).get(ch);
while (nameCO!] != ' \ 0 * )

fout << name << "\n";
cin.getCname, Len).get(ch);

>

fout. closed;

/ / show revised file
fin.openCfi le);

if (fin. good ( )

)

cout << "Here are the new contents of the "

« f i le « " f i le: \n";

while (fin.get(ch))
cout << ch;

>

fin. closed;

return 0;

Here’s a sample first run. At this point the guests.dat file hasn’t been created

yet, so the program doesn’t preview the file.

Enter guest names (enter a blank line to quit):
Sylvester Ba l lone

Phil Kates
Bill Ghan

Here are the new contents of the guests.dat file:

Sylvester Ba l lone

Phil Kates
Bill Ghan
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Next time, however, the guests.dat file does exist, so the program does preview

the file. Also, note that the new data is appended to the old file contents rather than

replacing them.

Here are the current contents of the guests.dat file:

Sylvester Ba l lone

Phil Kates
Bill Ghan

Enter guest names (enter a blank line to quit):

Greta Greppo
LaOonna Mobi le

Betty Cracker

Here are the new contents of the guests.dat file:

Sylvester Ba l lone

Phi l Kates
Bill Ghan

Greta Greppo
LaDonna Mobi le

Betty Cracker

You’ve already read about the major features of the program, but there’s one more

point meriting review. The program uses this line to read in the guest’s name:

cin.getCname, Len).get(ch);

The get(name, Len) portion reads up to, but not including the newline character. The

get(ch) part reads the newline so that the next input begins at the beginning of the

next line. (The code assumes the name doesn’t exceed the Len limit.) Otherwise, the

next input statement would begin at the terminating newline character, read it as a

blank line, and thus terminate the loop. (Typically, one first runs into that sort of an-

noying behavior, then realizes the need to insert the get ( ch ) call.)

BlNHRY FILES

When you store data in a file, you can store the data in text form or in binary format.

Text form means you store everything as text, even numbers. For instance, storing the

value -2.3242 l6e+07 in text form means storing the thirteen characters used to write

this number. That requires converting the computer’s internal representation of a

floating-point number to character form, and that’s exactly what the << insertion op-

erator does. Binary format, however, means storing the computer’s internal representa-

tion of a value. That is, instead of storing characters, store the eight-byte double

representation of the value. For a character, the binary representation is the same as the

text representation—the binary representation of the character’s ASCII code. For
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numbers, however, the binary representation is much different from the text represen-

tation. See Figure 12-7.

Each format has its advantages. The text format is easy to read. You can use an
ordinary editor or word processor to read and edit a text file. You easily can transfer a

text file from one computer system to another. The binary format is more accurate for

numbers, for it stores the exact internal representation of a value. There are no conver-

sion errors or round-off errors. Saving data in binary format can be faster because there

is no conversion and because you may be able to save data in larger chunks. And the

binary format usually takes less space, depending upon the nature of the data. Transfer-

ring to another system can be a problem, however, if the new system uses a different

internal representation for values. In that case, you (or someone) may have to write a

program to translate one data format to another.

Let’s look at a more concrete example. Consider the following structure definition

and declaration:

st ruct planet

char nameC20]; // name of planet
double population; // its population
double g; // its acceleration of gravity

>;

planet pi;

Binary representation of 0.375

sign bit exponent binary fraction bits

bits

0 0111110 110000000000000000000000

Text representation of 0.375

0 0 1 1 0 0 0 0 0 0 10 1110 0 0 1 1 0 0 1 1 0 0 110 111 0 0 110 111

code for the 0 code for the . code for the 3 code for the 7 code for the 5

character character character character character

Figure 12-7 Binary and text representations ofafloating-point value
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To save the contents of the structure p L in text form, you can do this:

ofstream f out ( "planet . da t", ios::app);

fout << pi. name << " " << p l . popu l a t i on << 11 " << pl.g << "\n";

Note that you have to provide each structure member explicitly by using the member-

ship operator, and you have to separate adjacent data for legibility. If the structure con-

tained, say, 30 members, this could get tedious.

To save the same information in binary format, you can do this:

ofstream fout ( "planet . dat", ios::app
|

i os : : bi na ry )

;

fout.writeC (char * ) &pl, sizeof pi);

This code saves the entire structure as a single unit, using the computer’s internal repre-

sentation of data. You won’t be able to read the fde as text, but the information will be

stored more compactly and precisely than as text. And it certainly is easier to type the

code. The two changes are using a binary file mode and using the w r i t e ( ) member

function, so let’s examine them.

Some systems, such as DOS, support two file formats: text and binary. Ifyou want

to save data in binary form, you’d best use the binary file format. In C++ you do so by

using the i os : : bi na ry constant in the file mode. Ifyou want to know why you should

do this on a DOS system, check the discussion on Binary Files and Text Files.

BINARY FILES AND TEXT FILES

Using a binary file mode causes a program to transfer data from memory to a file

or vice versa without any hidden translation taking place. Such is not necessarily

the case for the default text mode. For instance, consider DOS text files. They

represent a newline with a two-character combination—carriage return,

linefeed. Macintosh text files represent a newline with a carriage return. UNIX
files represent a newline with a linefeed. C++, which grew up on UNIX, also

represents a newline with a linefeed. For portability, a DOS C++ program auto-

matically translates the C++ newline to a carriage return, linefeed when writing

to a text mode file, and a Macintosh C++ program translates the newline to a

carriage return when writing to a file. When reading a text file, these programs

convert the local newline back to the C++ form. The text format can cause

problems with binary data, for a byte in the middle ofadouble value could have

the same bit pattern as the ASCII code for the newline character. Also there are

differences in how end-of-file is detected. So you should use the binary file

mode when saving data in binary format. (UNIX systems have just one file

mode, so on them the binary mode is the same as the text mode.)
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To save data in binary form instead of text form, you can use the w r i t e ( ) mem-
ber function. This method, recall, copies a specified number of characters from memory
to a file. We used it earlier to copy text, but it will copy any type data byte by byte with

no conversion. For instance, ifyou pass it the address of a long variable and tell it to copy

eight characters, it will copy the eight bytes constituting the long value verbatim to a

file and not convert it to text. The only bit of awkwardness is that you have to type cast

the address to type pointer-to-cha r. You can use the same approach to copy an entire

planet structure. To get the number of bytes, use the si zeof operator:

fout.writeC (char *) &pl, sizeof pi);

This statement goes to the address of the p l structure and copies the thirty-six bytes (the

value of sizeofpi expression) beginning at this address to the file being managed by fout.

To recover the information from a file, use the corresponding readO method

with an ifitream object:

ifstream fin(“ planet.. dat", ios::binary);
fin.read((char * ) &pl, sizeof pi);

This copies sizeofpi bytes from the file to the pi structure. This same approach can be

used with classes. In that case, just the data members are saved, not the methods.

The readO and write() member functions complement each other. Use

readO to recover data that has been written to a file with w r i t e ( )

.

Listing 12-17 uses these methods to create and read a binary file. In form, the

program is similar to Listing 12-16, but it uses writeO and readO instead of the

insertion operator and the get ( ) method. It also uses manipulators to format the screen

output.

COMPATIBILITY NOTE

Although the binary file concept is part ofANSI C, many UNIX-based C and

C++ implementations do not provide support for the binary file mode. For in-

stance, a UNIX-based C++ compiler may not recognize the i os : : bi na ry con-

stant. The reason for this oversight is that UNIX systems only have one file type

in the first place, so you can use binary operations such as readO and writeO

with the standard file format. Therefore, ifyour UNIX implementation rejects

ios::binaryasa valid constant, just omit it from your program.
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LISTING 12-17 binary.cpp

// binary. cpp — append information to a binary file

//include <fstream.h>
//include <iomanip.h>
//include <stdlib.h> // for exitO

struct planet

char nameE20D

;

double population;
double g

;

>;

/ / name of planet
// i ts population
// its acceleration of gravity

const char * file = "planets.dat";

int main(void)

planet pi;

cout.setf(ios: :fixed, ios: :floatfield);

// show initial contents
ifstream fin;

fin.open(file, ios::binary); // binary file

//NOTE: some UNIX systems require just f i n . open ( f i l e )

;

if (fin. good ( )

)

cout << “Here are the current contents of the “

« file « " f i le : \n";

while ( f i n . read ( ( cha r *) &pl, sizeof pi))

cout << setw(20) << pi. name << "

<< setpreci si on(0) << setw(12) << p l . popu l a t i on

<< se t prec i s i on ( 2 ) << setw(6) << pl.g << "\n";
>

>

fin.closeC);

// add new data
ofstream foutCfile, ios::app

|
i os : : bi na ry ) ;

//NOTE: UNIX may require ofstream fout (file ios::app);
if ( f ou t . f a i l ( )

)

cerr << 'Can't open ' << file << " file for output:\n";
e x i t ( 1 ) ;

>
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char c h ;

cout << "Enter planet name (enter a blank line to quit):\n";
cin. get(pl. name, 20).get(ch);
while (pl.nameCO] != ' \ 0 *

)

{

cout << "Enter planetary population: ";

cin >> pi
.
population;

cout << "Enter planet's acceleration of gravity: ";

cin >> pl.g;

cin.ignore(80,'\n' )

;

fout.write((char * ) & p l , sizeof pi);

cout << "Enter planet name (enter a blank line "

"to quit) :\n";

cin. get(pl. name, 20).get(ch);
>

fout.closeO;

// show revised file

fin.open(file, ios::binary);
if (fin. good ( )

)

{

cout << "Here are the new contents of the "

<< file << " file:\n";

while ( f i n . read ( ( cha r *) &pl, sizeof pi))

{

cout << setw(20) << pi. name << "
:

"

<< setpreci si on(0) << setw(12) << p l .
popu l a t i on

<< se t p r ec i s i on ( 2 ) << setw(6) << pl.g << "\n";

>

>

fin.close();

return 0;

>

Here is a sample initial run:

Enter planet name (enter a blank line to quit):

Earth
Enter planetary population: 5333000000

Enter planet's acceleration of gravity: 9.81

Enter planet name (enter a blank line to quit):

Here are the new contents of the planets.dat file:

Earth: 5333000000 9.81
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And here is a sample follow-up run:

Here are the current contents of the planets.dat file:

Earth: 5333000000 9.81

Enter planet name (enter a blank line to quit):

Bill's Planet
Enter planetary population: 23020020
Enter planet's acceleration of gravity: 8.82
Enter planet name (enter a blank line to quit):

Here are the new contents of the planets.dat file:

Earth: 5333000000 9.81

Bi 1 1 ' s Planet : 23020020 8.82

We’ve already explained the major features of the program, but let’s reexamine an

old point. The program uses this line after reading the planet’s g value:

cin.ignore(80, ' \n ' );

The ignore(80,'\n' ) portion reads and discards input up through the newline char-

acter. The g e t ( c h ) part reads the newline so that the next input begins at the beginning

of the next line. The next input statement reads the planet name, which then is checked to

see if the first character is the null character. For this test to work correctly, it is essential

that input extraction begin at the start of the line and not at the end of the previous line.

If your system supports get l i ne ( ), you can use c i n . get l i ne ( p l . name, 20

)

instead ofcin.getCpl.name, 20).get(ch).

RANDOM ACCESS

For our last example, let’s look at random access. That means moving directly to any

location in the file instead of moving through it sequentially. The random access ap-

proach is often used with database files. A program will maintain a separate index file

giving the location of data in the main data file. Then it can jump directly to that

location, read the data there, and perhaps modify it. This approach is done most simply

if the file consists of a collection of equal-sized records. Each record would represent a

related collection of data. For instance, in the preceding example, each file record would

represent all the data about a particular planet. A file record corresponds rather naturally

to a program structure or class.

We’ll base our example on the binary file program in Listing 12 - 18 , for the

planet structure provides a template for a file record. To add to the creative tension of

programming, the example will open the file in a read-and-write mode so that it can

both read and modify a record. You can do thisby creating an fitream object. The fitream

class derives from the iostream class, which, in turn, is based on both istream and ostream

classes, so it inherits the methods of both. It also inherits two buffers, one for input and
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one for output, and synchronizes the handling of the two buffers. That is, as the pro-

gram reads the file or writes to it, it moves both an input pointer in the input buffer and

an output pointer in the output buffer in tandem.

The example will do the following:

i Display the current contents of the planets.dat file

i Ask which record you wish to modify

i Modify that record

i Show the revised file

A more ambitious program would use a menu and a loop to let you select from this list

of actions indefinitely, but our version will perform each action just once. This allows

you to examine several aspects of read/write files without getting bogged down in mat-

ters of program design.

The first question to answer is what file mode to use. In order to read the file, you

need the i o s : : i n mode. For binary 1/O, you need the i o s : : b i n a r y mode. (Again, on

UNIX systems you can omit, indeed, may have to omit, this mode.) In order to write to

the file, you need the i os : : out or the i os : : app mode. However, the append mode
allows a program to add data to the end of the file only. The rest of the file is read only;

that is, you can read the original data, but not modify it. So you have to use i os : : out.

However, by default, using that mode truncates a file, discarding the data. You can

negate that aspect by also using the i os : : a t e mode. This moves the file pointer to the

end of the file, preserving the file data. As mentioned earlier, you use the I operator to

combine modes. Thus you need the following statement to set up business:

finout.open(file,ios::in
|
ios::out

|
ios::ate

|
ios::binary);

Next, you need a way to move through a file. The /stream class inherits two meth-

ods for this: the seekgO moves the input pointer to a given file location, and the

seekpC ) moves the output pointer to a given file location. (Actually, since the /stream

class uses buffers for intermediate storage of data, the pointers point to locations in the

buffers, not in the actual file.) You also can use seekg (

)

with an i/stream object and

seekpC ) with an ostream object. Here are the see kg (
)
prototypes:

i stream & seekg ( s t reampos ) ;

istream & seekgCstreamoff, seek_dir);

The first prototype represents locating a file position measured in bytes from the begin-

ning of a file. The second prototype represents locating a file position measured, in

bytes, as an offset from a file location specified by the second argument.

Let s take a look at the arguments to seekg ( ). The st reampos and st reamof f

types are integer types defined by typedef statements in the iostream.h header file.
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The streampos argument represents the file position measured in bytes from the be-

ginning of the file. File byte numbering begins with zero. So the statement

fin.seekg(112);

locates the file pointer at byte 112, which would be the 113th byte in the file. The

streamoff argument represents the file position in bytes measured as an offset from

one of three locations. The seek_dir argument is another integer type defined in

iostream.h.It can be set to one of three constants defined in the ios class. The constant

ios: :beg means measure the offset from the beginning of the file. The constant

ios: :cur means measure the offset from the current position. The constant ios: : end

means measure the offset from the end of the file. Here are some sample calls, assuming

f i n is an ifstream object:

fin. see kg (30)

;

f i n . see kg ( 30, ios::be
f in. seekg(-1 , ios: :cu

fin.seekgCO, ios::end
fin.seekg(O);

// go to byt

g>; // same as t

r); // back up o

>; // go to the

// go to the

e number 30 in the file

he above
ne byte

end of the file

sta rt of the file

If you want to check the current position of a file pointer, you can use the

t e 1 1 g ( ) method for input streams and the t e 1 1 p ( ) methods for output streams. Each

returns a streampos value representing the current position, in bytes, measured from

the beginning of the file. When you create an /stream object, the input and output

pointers move in tandem, so tellgO and t e 1

1

p (

)

return the same value. But if you

use an istream object to manage the input stream and an ostream object to manage the

output stream to the same file, then the input and output pointers move independently

of one another, and t e 1 1 g ( ) and t e l L p ( ) can return different values.

Because our example uses the ios: : a t e mode, the program goes to the end of the

file when opening it. (Using ios: :ate, recall, prevents the program from truncating

the file.) But you can then use see kg ( ) to go to the file beginning. Here is a section of

code that opens the file, goes to the beginning, and displays the file contents:

fstream finout; // read and write streams
finout.open(file,ios::in

|
ios:: out

|
ios:: ate

|
ios::binary);

//NOTE: Some UNIX systems require omitting
|
ios::binary

if ( f i nou t . good ( ) )

finout. seekgCO, ios::beg); // go to beginning
cout << “Here are the current contents of the "

« f i le « " f i le:\n";
i n t c t = 0 ;

while ( f i nout . read ( ( cha r *) &pl, sizeof pl>)
{

cout << ct++ << "
:

" << setw(20) << pi. name << "
:

"

C++ Primer Plus



641

<< setpreci si on(0) << setw(12) << p l . popu l a t i on
<< setpreci sion(2) << setw(6) << pl.g << "\n";

if ( f i nout . eof ( )

)

f i nout . c Lea r ( ) ; // clear eof flag
else
{

cerr << “Error in reading “ << file << ".\n";
exit(1);

>

>

else

i

cerr << file << “ could not be opened— bye.\n";
e x i t ( 2 ) ;

>

This is similar to the start of Listing 12-17, but there are some changes and additions.

First, as just described, the program uses an /stream object with a read/write mode, and

it uses seekgC

)

to position the file pointer at the start of the file. Next, the program

makes the minor change of numbering the records as they are displayed. Then it makes

the following important addition:

if ( f i nout . eof ( )

)

f i nout . c l ea r ( ) ;

else

cerr << “Error in reading
e x i t ( 1 ) ;

>

The problem is that once the program reads and displays the entire file, it sets the eof

flag on. This convinces the program that it’s finished with the file and disables any

further reading of or writing to the file. Using the c Lear ( ) method resets the stream

state, turning off the eof flag. Now the program can once again access the file. The

else part handles the possibility that the program quit reading the file for some reason

other than reaching the end-of-file, such as a hardware failure.

The next step is to identify the record to be changed, then change it. To do this,

the program asks the user to enter a record number. Multiplying the number by the

number of bytes in a record yields the byte number for the beginning of the record. If

record is the record number, the desired byte number is record * sizeof pi:

char ch;

cout << “Enter the record number you wish to change: “;

streampos record;
cin >> record;

// clear eof f lag

« fi le « “
. \ n"

;
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c i n . i gnore ( 80, ' \n 1

) ; // get rid of newline
if (record < 0 | |

record >= ct)

cerr << "Invalid record number — bye\n";
exit(3);

>

finout.seekgCrecord * sizeof pi);

The variable ct represents the number of records; the program exits if you try to go

beyond the limits of the file.

Next, the program displays the current record:

f i nout . read ( ( cha r *) &pl, sizeof pi);

cout << "Your se lect i on : \n";

cout << record << ": " << setw(20) << pi. name << ": "

<< setpreci si on(0) << setw(12) << p l .
popu l a t i on

<< setprec i s i on ( 2 ) << setw(6) << pl.g << "\n";
if ( f i nout . eof ( )

)

finout.clearO; // clear eof flag
finout.seekp(record * sizeof pi); // go back

After displaying the record, the program resets the file pointer to the beginning of

the record. Then it lets you change the record:

cout << "Enter planet name: ";

cin.getCpl.name, 20).get(ch);
cout << "Enter planetary population: ";

cin >> pi .population;
cout << "Enter planet's acceleration of gravity: ";

cin >> pl.g;

finout.write((char *) &pl, sizeof pi) << flush;
if ( f i nout . f a i l ( )

)

cerr << "Error on attempted write\n";
ex i t ( 5 )

;

>

The program flushes the output to guarantee that the file is updated before proceeding

to the next stage.

Finally, to display the revised file, the program uses seekgO to reset the file

pointer to the beginning. Listing 12-18 shows the complete program.

LISTING 12 18 random. cpp
// random. cpp — random access to a binary file
tt include <fstream.h>
^include <iomanip.h>
^include <stdlib.h> // for exit()
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struct planet
{

char nameC20D;
double population;

/ / name of planet
II its popu l a t i on

// its acceleration of gravitydouble g;

>;

const char * file = "planets.dat";

int main(void)

planet pi;

cout.setf(ios: :fixed, ios: :floatfield);

// show initial contents
fstream finout; // read and write streams
f i nou t . open ( f i l e , i os : : i n

|
ios::out

|
ios::ate

|

ios: : b i n a r y ) ;

//NOTE: Some UNIX systems require omitting
|
ios::binary

int ct = 0;

if ( f i nout
.
good ( )

)

// go to beginningfinout. seekg(O);
cout << “Here are the current contents of the "

« f i le « “ fi le : \ n";

while ( f i nout . read (( cha r *) Spl, sizeof pi))

C

cout << ct++ << "
:

" << setw(20) << pi. name << ": "

« setpreci si on(0) « setw(12) « p l .
popu lat i on

« setpreci si on(2 ) « setw(6) « pl.g « "\n";

>

if ( f i nout . eof ( )

)

finout. clearO; // clear eof flag

else

cerr << “Error in reading " << file << “.\n";

exit(1);
>

>

else

{

cerr << file << " could not be opened — bye.\n";

e x i t ( 2 ) ;

>

// change a record

char c h

;
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cout << “Enter the record number you wish to change:

streampos record;

cin >> record;
ci n . i gnore(80, ' \n 1

) ; // get rid of newline

if (record < 0 | |
record >= ct)

cerr << “Invalid record number — bye\n“;

e x i t ( 3 ) ;

>

finout.seekgCrecord * sizeof pi);

if ( f i nou t . f a i l ( )

)

cerr << “Error on attempted seek\n";
exit(4);

}

finout.read((char * ) & p l , sizeof pi);

cout << “Your se l ec t i on : \n"

;

cout << record << “
:

“ << setw(20) << pi. name << “: “

<< setpreci si on(0) << setw(12) << p l
.
popu l a t i on

<< set prec i si on ( 2 ) << setw(6) << pl.g << “\n";

if ( f i nou t . eof ( )

)

finout.clearO; // clear eof flag

f i nout . seekpC record * sizeof pi); // go back

cout << “Enter planet name: “;

cin. get(pl. name, 20).get(ch);
cout << “Enter planetary population: “;

cin >> p l
.
popu l a t i on;

cout << “Enter planet's acceleration of gravity: “;

cin >> pl.g;
finout.write((char *) &pl, sizeof pi) << flush;
if ( f i nout . f a i l ( )

)

cerr << “Error on attempted write\n“;
exit(5);

>

// show revised file

c t = 0;

finout.seekg(O); // go to beginning of file

cout << “Here are the new contents of the “ << file
« “ f i le : \n“;
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while ( f i nout . read ( ( cha r *) &pl, sizeof pi))

cout << ct + + << " << setw(20) << pi. name << “
:

"

<< se t p r e c i s i on ( 0 ) << setw(12) << p l
.
popu l a t i on

<< setpreci sion(2) << setw(6) << pl.g << "\n";
>

finout.closeO;

return 0;

>

Here’s a sample run based onaplanets.dat file that has had a few more entries

added since you last saw it:

Here are the current contents of the planets.dat File:

0 Earth: 5333000000 9.81

1 Bill's P lanet

:

23020020 8.82

2 T ramtor

:

58000000000 15.03

3 T re 1 1 a n : 4256000 9.62

4 Freestone: 3845120000 8.68

5 Taanagoot: 350000002 10.23

6 Marin: 232000 9.79

Enter the record number
Your selection:

you wish to change

:

2

2: Tramtor

:

58000000000 15.03

Enter planet name: Trantor
Enter planetary population: 59500000000
Enter planet's acceleration of gravity: 10.53

Here are the new contents of the planets.dat file:

0 Earth: 5333000000 9.81

1 Bill's Planet: 23020020 8.82

2 Trantor

:

59500000000 10.53

3 Tre l l an

:

4256000 9.62

4 F reestone

:

3845120000 8.68

5 Taanagoot

:

350000002 10.23

6 Marin: 232000 9.79

Using the techniques in this program, you can extend it to allow you

material and to delete records. If you were to expand the program, it would be a good

idea to reorganize it by using classes and functions. For example, you could convert the

planet structure to a class definition, then overload the « insertion operator so that

cout << pi displays the class data members formatted as in the example.
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A stream is a flow of bytes into or out of a program. A buffer is a temporary holding area

in memory which acts as an intermediary between a program and a file or other I/O

device. Information can be transferred between a buffer and a file using large chunks of

data of the size most efficiently handled by devices like disk drives. And information can

be transferred between a buffer and a program in a byte-by-byte flow that often is more

convenient for the processing done in a program. C++ handles input by connecting a

buffered stream to a program and to its source of input. Similarly, C++ handles output

by connecting a buffered stream to a program and to its output target. The iostream.h

and fstream.h files constitute an I/O class library that defines a rich set of classes for

managing streams. C++ programs that include the iostream.h file automatically open

four streams, managing them with four objects. The ci n object manages the standard

input stream, which, by default, connects to the standard input device, typically a key-

board. The cout object manages the standard output stream, which, by default, con-

nects to the standard output device, typically a monitor. The cerr and clog objects

manage unbuffered and buffered streams connected to the standard error device, typi-

cally a monitor.

The I/O class library provides a variety of useful methods. The istream class de-

fines versions of the extraction operator (>>) that recognize all the basic C++ types and

that convert character input to those types. The get() family of methods and the

getlineO method provide further support for single-character input and for string

input. Similarly, the ostream class defines versions of the insertion operator (<<) that

recognize all the basic C++ types and that convert them to suitable character output.

The put ( ) method provides further support for single-character output.

You can control how a program formats output by using ios class methods and by

using manipulators (functions that can be concatenated with insertion) defined in the

iostream.h and the i o m a n i p . h files. These methods and manipulators let you con-

trol the number base, the field width, the number of decimal places displayed, the sys-

tem used to display floating-point values, and other elements.

The fstream.h file provides class definitions that extend the iostream.h

methods to file I/O. The ifstream class derives from the istream class. By associating an

ifstream object with a file, you can use all the istream methods for reading the file.

Similarly, associating an ofstream object with a file lets you use the ostream methods to

write to a file. And associating an fstream object with a file lets you employ both input

and output methods with the file.

To associate a file with a stream, you can provide the file name when initializing a

file stream object or you can first create a file stream object, then use the open ( ) method

to associate the stream with a file. The c lose ( ) method terminates the connection be-
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tween a stream and a file. The class constructors and the openO method take an op-

tional second argument that provides the file mode. The file mode determines such

things as whether the file is to be read and/or written to, whether opening a file for

writing truncates it or not, whether attempting to open a non-existing file is an error or

not, and whether to use the binary or text mode.

A text file stores all information in character form. For instance, numeric values

are converted to character representations. The usual insertion and extraction operators,

along with get ( ) and get L i ne ( ), support this mode. A binary file stores all informa-

tion using the same binary representation the computer uses internally. Binary files

store data, particularly floating-point values, more accurately and compactly than text

files, but they are less portable. The r e a d ( ) and w r i t e ( ) methods support binary input

and output.

The see kg ( ) and seekpC ) functions provide random access for files. These class

methods let you position a file pointer relative to the beginning of a file, relative to the

end, or relative to the current position. The t e L L g ( ) and t e l L p ( ) methods report the

current file position.

EVIFW flUEST

1 . What role does the iostream.h file play in C++ I/O?

2. Why does typing a number such as 121 as input require a program to make a

conversion?

3. What’s the difference between the standard output and the standard error?

4. Why is cou t able to display various C++ types without being provided explicit

instructions for each type?

3. What feature of the output method definitions allows you to concatenate out-

put?

6. Write a program that requests an integer and then displays it in decimal, octal,

and hexadecimal form. Display each form on the same line in fields 13 charac-

ters wide and use the C++ number base prefixes.

7. Write a program that requests the information shown below and that formats it

as shown:

Enter your name: Billy Gruff
Enter your hourly wages: 12
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Enter number of hours worked: 7.5
F i rst format

:

Bi Lly Gruff: $ 12.00: 7.5

Second format

:

Billy Gruff : $12.00 :7.5

8. Consider the following program:

/ / rql 2-8 . cpp
^include <iostream.h>

int main(void)

char c h

;

int ctl = 0;

c i n >> c h

;

while (ch != 'q' )

ct 1 ++;

c i n >> ch ;

>

int ct2 = 0;

cin.get(ch);
while (ch != ' q

1

)

c t2++;

cin.get(ch);
>

cout << "ctl = " << ctl << ct2 = " << ct2 << "\n";

return 0;

>

What does it print, given the following input:

I see a q(RETURN)

I see a q ( RETURN)

Here (return) signifies pressing the return or enter key.

9. Both of the following statements read and discard characters up to and includ-

ing the end of a line. In what way does the behavior of one differ from that of

the other?
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while (cin.getO != ‘*\n")

continue;
c i n . i gnore

(

80 , "\n");

10. Write a program that counts the number of characters up to the first $ in input

and that leaves the $ in the input stream.

11. Write a program that copies your keyboard input (up to simulated end-of-file)

to a file named on the command line.

12. Write a program that copies one file to another. Have the program take the file

names from the command line. Have the program refuse to copy if there al-

ready is a file having the target name.
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Number Bases

Appendix A

Our method for writing numbers is based on powers of ten. For instance, consider the

number 2468. The 2 represents 2 thousands, the 4 represents 4 hundreds, the 6 repre-

sents 6 tens, and the 8 represents 8 ones:

2468 = 2 x 1000 + 4 x 100 + 6 x 10 + 8 x 1

One thousand is 10x10x10, which can be written as 1

0

3
, or 10 to the third

power. Using this notation, we can write the preceding relationship this way:

2468 = 2 x 10 3 + 4 x 102 + 6 x 10 1 + 8 x 10°

Because our number notation is based on powers of ten, we refer to it as base ten,

or decimal’ notation. One can just as easily pick another number as a base. C++ lets you

use base eight {octal) and base sixteen {hexadecimal) notation for writing integer num-

bers. (Note: 10° is 1, as is any nonzero number to the zero power.)

Cm HTEGERS

Octal numbers are based on powers of eight, so base eight notation uses the digits 0-7 in

writing numbers. C++ uses a 0 prefix to indicate octal notation. Thus, 0177 is an octal

value. You can use powers of eight to find the equivalent base ten value:

0177 (octal) =1x8 2
+ 7x8 1 +7x8°=1x64 + 7x8 + 7x1 = 127 (decimal)

The UNIX operating system often uses octal representation of values, which is

why C++ and C provide octal notation.

651



Hexadecimal numbers are based on powers of sixteen. That means 10 in hexadecimal

represents the value 16 + 0, or 16. To represent the values between 9 and hexadecimal

16, we need a few more digits. Standard hexadecimal notation uses the letters a-f for

that purpose. C++ accepts either lowercase or uppercase versions of these characters, as

shown in Table A-l.

TABLE A-l Hexadecimal Digits

Hexadecimal

Digits

Decimal

Value

Hexadecimal

Digits

Decimal

Value

a or A 10 d or D 13

b or B 11 e or E 14

c or C 12 forF 15

C++ uses a Ox or a OX notation to indicate hexadecimal notation. Thus 0x2B3 is a

hexadecimal value. To find its decimal equivalent, you can evaluate the powers of sixteen:

0x2B3 (hex) = 2x1

6

2 + 11 xl6 1 + 3xl6° = 2x 236 + 11 xl6 + 3 = 691 (decimal)

Hardware documentation often uses hexadecimal notation to represent values

such as memory locations and port numbers.

Whether you use decimal, octal, or hexadecimal notation for writing an integer, the

computer stores it as a binary, or base two, value. Binary notation uses just two digits, 0

and 1. As an example, 1001 101 1 is a binary number. Note, however, that C++ doesn’t

provide for writing a number in binary notation. Binary numbers are based on powers

of two:

10011011 =1x27 + 0x2 6 + 0x2 5 +1x24 +1x23 + 0x22 +1x2 1 + 1x2 0

= 128+0 +0+16+8+0+2+0
= 134
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Binary notation makes a nice match to computer memory, in which each indi-

vidual unit, called a bit
,
can be set to offor on. Just identify the offsetting with 0 and the

on setting with 1 . Memory commonly is organized in units called bytes,
with each byte

being eight bits. The bits in a byte are numbered corresponding to the associated power

of two. Thus the rightmost bit is bit number 0, the next bit is bit 1 ,
and so on. Figure A-

1 ,
for example, represents a two-byte integer.

bit number—
1 5 14 13 12 1

1

10 9 8 7 6 5 4 3 2 1

i

0

0 0 0 0 1 0 0 1 0 0 1 0 0 0 1 0

value = 1 x 2 11 + 1 X 2 8 + 1 25 + 1 x 2 1

= 2048 + 512 +32+2
= 2594

Figure A-l A two-byte integer value
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C++ Keywords

Appendix B

Keywords are identifiers that form the vocabulary of a programming language. They

may not be used for other purposes, such as serving as a variable name. The following

list shows C++’s keywords; not all ofthem are currently implemented. Keywords shown

in boldface are also keywords in ANSI C.

asm auto break case catch

char class const continue default

delete do double else enum

extern float for friend goto

if inline int long new

operator private protected public register

return short signed sizeof static

struct switch template this try

typedef union unsigned virtual void

volatile while
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The ASCII Character Set

Appendix C

Computers store characters using a numeric code. The ASCII code is the most com-

monly used code in the United States C++ lets you represent most single characters

directly, by including the character in single quotation marks, as in ‘A ’ for the A charac-

ter. You can also represent a single character by using the octal or hex code preceded by

a backslash; for instance, and ‘ \Oxa both represent the linefeed (LF) character.

Such escape sequences can also be part of a string, as in
“
Hello, \0l2my dear”.

When used as a prefix in the following table, the A character denotes using a

Control key.
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43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

657

Octal Hex Binary Character

053 0x2b 00101011 +

054 0x2c 00101100
>

055 0x2d 00101101 -

056 0x2e 00101110 •

057 0x2f 00101111 /

060 0x30 00110000 0

061 0x31 00110001 1

062 0x32 00110010 2

063 0x33 00110011 3

064 0x34 00110100 4

065 0x35 00110101 5

066 0x36 00110110 6

067 0x37 00110111 7

070 0x38 00111000 8

071 0x39 00111001 9

072 0x3a 00111010 •

073 0x3b 00111011 •

J

074 0x3c 00111100 <

075 0x3d 00111101 =

076 0x3e 00111110 >

077 0x3f 00111111 ?
«

0100 0x40 01000000

0101 0x41 01000001 A

0102 0x42 01000010 B

0103 0x43 01000011 C

0104 0x44 01000100 D
0105 0x45 01000101 E

0106 0x46 01000110 F

0107 0x47 01000111 G
0110 0x48 01001000 H
0111 0x49 01001001 I

ASCII Name

Appendix

C
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105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

CTAL Hex Binary Character ASCII Name

0151 0x69 01101001 i

0152 0x6a 01101010
•

J

0153 0x6b 01101011 k

0154 0x6c 01101100 1

0155 0x6d 01101101 m
0156 0x6e 01101110 n

0157 0x6f 01101111 o

0160 0x70 01110000 P

0161 0x71 01110001 q

0162 0x72 01110010 r

0163 0x73 01110011 s

0164 0x74 01110100 t

0165 0x75 01110101 u

0166 0x76 01110110 V

0167 0x77 01110111 w

0170 0x78 01111000 X

0171 0x79 01111001 y

0172 0x7a 01111010 z

0173 0x7b 01111011 {

0174 0x7c 01111100 1

0175 0x7d 01111101 }

0176 0x7e 01111110 r-'

0177 0x7f 01111111 del, rubout

Appendix
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Operator Precedence

Appendix D

Operator precedence determines the order in which operators are applied to a value.

C++ operators come in sixteen precedence groups, which are presented in the table

below. Those in group 1 have the highest precedence, and so on. If two operators apply

to the same operand (something upon which an operator operates), the operator with

the higher precedence applies first. If the two operators have the same precedence, C++

uses associativity rules to determine which operator binds more tightly. All operators in

the same group have the same precedence and the same associativity, which is either left

to right (L-R in the table) or right to left (R-L in the table). Left-to-right associativity

means to apply the lefthand operator first, while right-to-left associativity means to

apply the righthand operator first.

Some symbols, such as * and &, are used for more than one operator. In such

cases, one form is unary (one operand) and the other form is binary (two operands), and

the compiler uses the context to determine which is meant. The table labels operator

groups unary or binary for those cases in which the same symbol is used two ways.

Here are some examples of precedence and associativity:

3 + 5*6

The * operator has higher precedence than the + operator, so it is applied to the 5 first,

making the expression 3 + 30, or 33.

120 / 6 * 5

Both / and * have the same precedence, but these operators associate from left to right.

That means the operator to the left of the shared operand (6) is applied first, so the

expression becomes 20 * 3, or 100.

char * str = "Whoa";
char ch = *str++;
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Both the unary * and the ++ operators have the same precedence, but they associ-

ate right to left. This means the increment operator operates upon strand not *str. That

is, the operation increments the pointer, making it point to the next character, rather

than altering the character pointed to. However, because ++ is the postfix form, the

pointer is incremented after the original value of *str is assigned to ch. Therefore this

expression assigns the character ‘ W' to ch, then moves str to point to the 'hi* character.

C++ Operator Precedence and Associativity

Precedence Operator Assoc. Meaning

1 0 L-R function call, grouping

[] array subscript

-> indirect membership operator

* •

• • scope resolution operator

• direct membership operator

2 (all unary) i

• R-L logical negation

z-' bitwise negation (one’s complement)

+ unary plus (positive sign)

- unary minus (negative sign)

++ increment operator, prefix and postfix

— decrement operator, prefix and postfix

& address

* dereference (indirect value)

sizeof size in bytes

new dynamically allocate storage

delete dynamically free storage

3 (all binary)
* L-R multiply

/ divide

% modulus (remainder)

4 *
• L-R member dereference

->* indirect member dereference

3 (all binary) + L-R addition

- subtraction
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Other Operators

Appendix E

In order to avoid terminal obesity, the main text of this book doesn’t cover two groups

of operators. The first group consists of the bitwise operators, which let you manipulate

individual bits in a value; these operators were inherited from C. The second group

consists oftwo-member dereferencing operators; they are C++ additions. This appendix

briefly summarizes these operators.

TWISE ItPERHTORS

The bitwise operators operate upon the bits of integer values. For example, the left-shift

operator moves bits to the left and the bitwise negation operator turns each one to a

zero, and each zero to a one. Altogether, C++ has six such operators: «, », &, I, and A
.

THE SHIFT OPERDTORS

The left-shift operator has the following syntax:

value << shift

Here value is the integer value to be shifted, and shift is the number of bits to shift. For

example, 13 « 3 means shift all the bits in the value 13 three places to the left. The vacated

places are filled with zeros, and bits shifted past the end are discarded. See Figure E-l.

Since each bit position represents a value twice that of the bit to the right (see

Appendix A), shifting one bit position is equivalent to multiplying the value by 2. Simi-

larly, shifting two bit positions is equivalent to multiplying by 2 2
,
and shifting n posi-

tions is equivalent to multiplying by 2 n
.
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The left-shift operator provides a capability often found in assembly languages.

However, an assembly left-shift operator directly alters the contents of a register, while

the C++ operator produces a new value without altering existing values. For instance,

consider the following:

i nt x = 20;

i nt y = x << 3;

This code doesn’t change the value of x. The expression x « 3 uses the value of x to

produce a new value, much as x + 3 produces a new value without altering x.

Ifyou want to use the left-shift operator to change the value of a variable, you also

have to use assignment. You can use regular assignment or the <<= operator, which

combines shifting with assignment.

x = x << 4; // regular assignment

y <<= 2; // shift and assign

The right-shift operator (>>), as you might expect, shifts bits to the right. It has

the following syntax:

value >> shift

Here value is the integer value to be shifted, and shift is the number of bits to shift. For

example, 17 >> 2 means shift all the bits in the value 17 two places to the right. For

unsigned integers, the vacated places are filled with zeros, and bits shifted past the end

are discarded. For signed integers, vacated places may be filled with zeros or else with the

The value 13 stored as a two-byte int:

Discarded bits Left-shifting 13 by 3 bits: 13 « 3

Figure E-l The left-shift operator

Vacated bits

filled with zeros
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value of the original leftmost bit. The choice depends upon the implementation. See

Figure E-2.

Shifting one place to the right is equivalent to integer division by 2. In general,

shifting n places to the right is equivalent to integer division by 2”.

C++ also defines a shift-and-assign operator if you wish to replace the value of a

variable by the shifted value:

i n t q = 43;

q >>= 2; // replace 43 by 43 >> 2, or 10

On some systems, using left- and right-shift operators may produce faster integer

multiplication and division by two than using the division operator, but as compilers

get better at optimizing code, such differences are fading.

THEL0IU BITWISE DPERHTDRS

The logical bitwise operators are analogous to the regular logical operators, except they

apply to a value on a bit-by-bit basis rather than to the whole. For instance, consider the

regular negation operator (!) and the bitwise negation operator (-). The /operator con-

verts a true value (nonzero) to false (zero) and a false value (zero) to true (1). The -

operator converts each individual bit to its opposite (1 to 0 and 0 to 1). For instance,

consider the uns i gned char value of 3:

unsigned char x = 3;

The value 13 stored as a two-byte int:

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1

Vacated bits Right-shifting 13 by 3 bits: 13 » 3

filled with zeros

Discarded

bits

Figure E-2 The right-shift operator
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The expression !x has the value 0. To see the value of "X, write it in binary form:

00000011 . Then convert each 0 to 1, each 1 to 0; this produces the value 1111 1100, or

in base 10, the value 252. See Figure E-3.

The bitwise OR operator (I) combines two integer values to produce a new integer

value. Each bit in the new value is set to 1 ifone or the other, or both, of the correspond-

ing bits in the original values is set to 1. If both corresponding bits are 0, then the final

bit is set to 0. See Figure E-4.

Table E-l summarizes how the I operator combines bits.

TABLE E-l Value Df HI
|
02

The bitwise XOR operator (
A

) combines two integer values to produce a new

integer value. Each bit in the new value is set to 1 ifone or the other, but not both, ofthe

corresponding bits in the original values is set to 1 . If both corresponding bits are 0 or

both are 1, then the final bit is set to 0. See Figure E-5.

Table E-2 summarizes how the A operator combines bits.

The value 13 stored as a two-byte int

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1

The value -T3 — each 1 becomes a 0, and each 0 becomes a 1

1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0

Figure E-3 The bitwise negation operator
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0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1

1 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0

1 0 1 0 0 1 0 0 1 0 0 0 1 1 1 1

1 because 0 because

corresponding corresponding bits in

bit in b is 1 a and b are 0

1 because

corresponding

bit in a is 1

Figure E-4 The bitwise OR operator

1 because

corresponding bits

in a and b are 1

0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 1

1 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0

1 0 1 0 0 1 0 0 1 0 0 0 1 0 1 1

0 because

corresponding bits in

a and b both are 1

Figure E-5 The bitwiseXOR operator

1 because 0 because

corresponding corresponding bits

bit in b is 1 in a and b are 0

1 because

corresponding

bit in a is 1
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0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1
1

1 0 1 0 0 1 0 0 0 0 0 0 0 1 1 0

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0a & b

1 because corresponding

bits in a and b both are 1

Figure E-6 The bitwiseAND operator

0 because only one 0 because corresponding

corresponding bit is 1 bits in a and b are 0

TABLE E 2 Value of 111 H2

The bitwise AND operator (&) combines two integer values to produce a new

integer value. Each bit in the new value is set to 1 only if both of the corresponding bits

in the original values are set to 1 . If either or both corresponding bits are 0, then the final

bit is set to 0. See Figure E-6.

Table E-3 summarizes how the & operator combines bits.

TABLE E 3 Value of 111 & 02
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FEW COMMON BITWISE TECHNIQUES

Often, controlling hardware involves turning particular bits on or off or checking their

status. The bitwise operators provide the means to perform such actions. We’ll go

through the methods quickly.

In the following, lottabits represents a general value, and bit represents the value

corresponding to a particular bit. Bits are numbered from right to left, beginning with

bit 0, so the value corresponding to bit position n is 2". For example, an integer with

only bit number 3 set to 1 has the value 2 3
, or 8. In general, each individual bit corre-

sponds to a power of two, as described for binary numbers in Appendix A. So bitW\W be

a power of two corresponding to a particular bit being set to 1 and all other bits set to 0.

U RN IMG A BIT ON

The following two operations each turn on the bit in lottabits corresponding to the bit

represented by bit:

Lottabits = Lottabits
|
bit;

Lottabits |= bit;

Each sets the corresponding bit to 1 regardless of the former value of the bit.

That’s because ORing 1 with either 0 or 1 produces a 1. All other bits in lottabits remain

unaltered. That’s because ORing 0 with 0 produces a 0, and ORing 0 with 1 produces a 1

.

JOGGLING II BIT

The following two operations each toggle the bit in lottabits corresponding to the bit

represented by bit. That is, they turn the bit on if it was off, and they turn it off if it was on:

Lottabits = Lottabits A bit;

Lottabits A = bit;

XORing 1 with 0 produces 1, turning an off bit on, and XORing 1 with 1 pro-

duces 0, turning an on bit off. All other bits in lottabits remain unaltered. That’s because

XORing 0 with 0 produces a 0, and XORing 0 with 1 produces a 1.

TURNING A BIT OFF

The following two operations each turn off the bit in lottabits corresponding to the bit

represented by bit :

Lottabits = Lottabits & ~bit;

Lottabits & = ~bit;
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These statements turn the bit off regardless of its prior state. First, the operator

-'^produces an integer with all its bits set to 1 except the bit that originally was set to 1;

that bit becomes a 0. ANDing a 0 with any bit results in 0, thus turning that bit off. All

other bits in lottabits are unchanged. That’s because ANDing a 1 with any bit produces

the value that bit had before.

TESTING fl BIT VRLUE

Suppose we wish to determine whether the bit corresponding to bit is set to 1 in

lottabits. The following test does not necessarily work:

if (Lottabits == bits) // no good

That’s because even if the corresponding bit in lottabits is set to 1 , so might other bits be

set to 1 . The equality above is true only when only the corresponding bit is 1 . The fix is

to first AND lottabits with bit. That produces a value that is 0 in all the other bit posi-

tions, because 0 AND any value is 0. Only the bit corresponding to the lvalue is left

unchanged, since 1 AND any value is that value. Thus the proper test is this:

if (Lottabits & bit == bits) // testing a bit

ember Dereferencing uperators

Before discussing the member dereferencing operators, we need to provide a bit ofback-

ground. C++ lets you define pointers to members of a class, but the process is not

simple. To see what’s involved, let’s look at an example class. Listing E- l presents a class

definition:

LISTING E l

c Lass exampLe

private:
int feet;

int inches;

pub L i c :

examp Le();

exampLe(int ft);

~exampLe();
void show_in(); // dispLay inches member
exampLe opera tor+( examp L e Sex);

>;
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Now suppose that you wish to define a pointer to the inches member of this class.

The following attempt fails:

int * pi = &inches; // not valid C++

It fails because inches is not type int. That’s because the type for a class member must
also specify the class to which the member belongs. To make the declaration valid, we
have to use the scope operator to identify the class for the pointer and for the member:

int example::* pi = Sexamp l e : : i nches; // valid C++

In this declaration the phrase int example::* is the type “pointer-to-i nt member of

example class.” The expression Sexample: : inches means “the address of the inches

member of the example class.”

You can use this form of declaration in member functions or in friend functions.

The pi pointer acts like a class member in that it must be invoked with a class object.

This is where the member dereferencing operators come in. For example, suppose ex is

an example object declared in a member function. To access the inches member of ex,

you can use the standard ex. inches notation. But you can also use the .* operator with

the pi pointer:

cout << ex. inches; // display the inches member
cout << ex.*pi; // ditto

That is, the . operator accesses a member using the member name, while the .* member

accesses a member using a pointer to that member.

Similarly, suppose px is a pointer to an example object. Then you can use the ->

operator to access the inches member by name or by using the ->* dereferencing operator

to access inches via a pointer to a member:

px = &ex; // px a pointer to an example object
cout << px->inches; // display the inches member
cout << px->*pi; // ditto

Note that px is a pointer to an entire object, while pi is a pointer to a class member.

To see how these new operators work in practice, let’s use them in a slightly

roundabout way of implementing the operator+() function. The function adds two

objects. One object is an argument to the function. Since it is an object, not a pointer,

we can use the .* to access the inches member. The other object is the invoking object,

which, you recall, is represented by the pointer this. Hence we can use the -> operator

with it. Listing E-2 shows the result:
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LISTING E 2

example examp l e : : ope ra tor + ( examp l e &ex)

example sum;

int example: :*pi = Sexample:: inches;

// point to an inches member of example class

sum. inches = ex.*pi + this->*pi;
sum. feet = 12 * sum. inches;
return sum;

Here ex.*pi represents the inches member of ex and this->*pi represents the

inches member of the object to which this points. Note that *pi is used like a member

name.

Listing E-3 provides the rest of the method definitions and amainO function that

uses the class.

LISTING E-3 memlJ_pt.cpp

// memb_pt.cpp — dereferencing pointers to class members
^include <iostream.h>

class example
t

private:
int feet;
int inches;

public:
exampleC);
examp leCint ft);
~example();
void s how_i n ( ) ;

example ope ra t o r+ ( examp l e Sex);

>;

example: :example()
{

feet = Cl-

inches = 0;

>

examp l e : : examp l e ( i nt ft)
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{

feet = ft;

inches = 12 * feet;
>

example: :~example()

>

void examp l e : : show_i n (

)

{

cout << inches << " inches\n";
>

example example: :operator+(example &ex)

example sum;

int example::*pi = &examp l e : : i nc he s

;

// point to an inches member of example class

sum. inches = ex.*pi + this->*pi;
sum. feet = 12 * sum. inches;
return sum;

>

int main(void)
<

example car(15);
example van(20);
example garage;

garage = car + van;
car. show_i n ( )

;

van. s how_i n ( )

;

garage. show_in();

return 0;

>

Here is a sample run:

180 inches
240 inches
420 inches
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Enumerations

Appendix

F

The C++ enum facility provides an alternative means to const for creating symbolic

constants. It also lets you define new types, but in a fairly restricted fashion. The syntax

for using enum resembles structure syntax. For instance, consider the following statement:

enum spectrum {red, orange, yellow, green, blue, purple, indigo);

This statement does two things:

s It makes spectrum the name of a new type; spectrum is termed an enumera-

tion ., much as a struct variable is called a structure.

i It establishes red,
\
orange

,
yellow, and so on as symbolic constants for the integer

values 0-6. These constants are called enumerators.

By default, enumerators are assigned integer values starting with 0 for the first

enumerator, 1 for the second enumerator, and so forth. You can override the default by

explicitly assigning integer values. We’ll show you how later.

Meanwhile, you can then use the enumeration name to declare a variable of that type:

spect rum band

;

An enumeration variable has some special properties, which we’ll examine now.

The only valid values that can be assigned to an enumeration variable are the

enumerator values used in defining the type. Thus we have the following:

band = blue; // valid, blue is an enumerator
band = 2000; // invalid, 2000 not an enumerator

Thus a spectrum variable is limited to just seven possible values.

Only the assignment operator is defined for enumerations. In particular, arith-

metic and relation operations are not defined:
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band = orange;
+ + ba nd

;

if (band > red

)

II valid
II not valid
II not valid

However, some implementations, including Turbo C++, do not honor this restriction.

That makes enumerations a bit more useful but also may make it possible to violate the

type limits. For example, if band has the value violet, or 6, then ++band increments

band to 7, which is not a valid value for a spectrum type.

Enumerators are of integer type and can be promoted to type i nt, but i nt types

are not automatically converted to the enumeration type:

int color = blue; // valid, spectrum type promoted to int

band = 3; // invalid, int not converted to spectrum
if (blue > 3) // valid, blue converted to int value of 4

Note that even though 3 corresponds to the enumerator green, assigning 3 to band is a

type error. But assigning green to band is fine, for they both are type spectrum. Again,

some implementations, including Turbo C++, do not enforce this restriction.

As you can see, the rules governing enumerations are fairly restrictive. In practice,

they have been used more often as a way of defining related symbolic constants than as

a means of defining a new type. For instance, you might use an enumeration to define

symbolic constants for a switch statement. Ifyou plan to use just the constants and not

create variables of the enumeration type, you can omit an enumeration type name:

enum {red, orange, yellow, green, blue, purple, indigo);

Listing F-l illustrates using enum to define a set of related constants and then using the

constants in a switch.

LISTING F-l enum.cpp

// enum.cpp -- use enum
//include <iostream.h>

// create named constants for 0-6
enum {red, orange, yellow, green, blue, purple, indigo);

int mai n( voi d)

{

cout << “Enter color code: “;

int code;
c i n >> code;
while (code >= red && code <= indigo)
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>

>

switch
r

( code

)

case red : cout << "Her

case orange : cout << "Her

case ye l low : cout « "Her

case green : cout « "Her

case blue : cout « "Her

case purple : cout « "Her

case indigo : cout << "Her

cout << "Enter color code: "

c i n >> code;

cout << "Bye\n";
return 0;

Here’s a sample output:

Enter color code : 3

Her nails were green.

Enter color code : 5

Her eyes were purple.

Enter color code: j§J

Her shoes were yellow.

Enter color code : 8

Bye

Setting Enumerator IMS
You can set enumerator values explicitly by using the assignment operator:

enum -Cone = 1, two = 2, four = 4, eight = 8>;

The assigned values must be integers. You also can define just some of the enumerators

explicitly:

enum {first, second = 100, third};

In this case first is 0 by default. Subsequent uninitialized enumerators are larger by one

than their predecessors. So thirdwould have the value 101. Finally, you can create more

than one enumerator with the same value:

enum {zero, null = 0, one, numero_uno = 1>;

Here, both zero and null are 0, and both one and numero_uno are 1.
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NUMERATIONS RND GLASSES

An enumeration defined within a class has class scope. That means you can use it in the

class data members and in the class methods, but not directly outside of the class. How-
ever, you can use the scope resolution operator to access class enumerations from with-

out. We did so in Chapter 12, for example, to format the output stream. For instance,

we used ios::left to indicate left justification. Here, ios is the class and left is an enumera-

tor defined in that class. Turbo C++, for example, defines the enumerators as follows:

// formatting flags as defined in the ios class (Turbo C++)
enum {

ski pws = 0x0001

,

left = 0x0002

,

right = 0x0004,
i nterna

l

= 0x0008,
dec - 0x0010,
oc t = 0x0020,
hex - 0x0040,
s howba se = 0x0080,
showpoi nt = 0x0100,
uppercase = 0x0200,
showpos = 0x0400,
sc i ent i f

i

c = 0x0800,
fixed = 0x1000,
uni tbuf = 0x2000,
stdi o

>;

= 0x4000

// skip whitespace on input
// left-adjust output
// right-adjust output
// padding after sign or base indicator
// decimal conversion
// octal conversion
// hexidecimal conversion
// use base indicator on output
// force decimal point (floating output)

// upper-case hex output
// add '+' to positive integers
// use 1.2345E2 floating notation
// use 123.45 floating notation
// flush all streams after insertion
// flush stdout, stderr after insertion

Here, the enumeration defined each enumerator explicitly.
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Answers to Review Questions

Appendix G

1 . They are called functions.

2. It causes the contents of the iostream.h file to be substituted for this directive

before final compilation.

3. cout << "Hello, worldXn”;

4. i nt cheeses;

3. cheeses = 32;

6. c i n >> cheeses;

7. cout << "We have 11 << cheeses << " varieties of cheese\n";

8. It tells us that the function f roop(

)

expects to be called with one argument,

which will be type double, and that the function will return a type i nt value.

9. You don’t use return in a function when the function has return type void.

10. //include <iostream.h>

int main(void)

int furlongs;
cout << "Please enter a distance in fur longs : \n";

ci n >> fur longs;

int yards = 220 * furlongs;

cout << furlongs << " furlongs are ";

cout << yards << " yards. \n";

return 0;

>
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11. //include <i os t ream . h>

int f ur2yards( i nt fur); // provide prototype
int main(void)
l

int furlongs;
cout << "Please enter a distance in fur longs : \n";
cin >> furlongs;
int yards = fur2yards(furlongs);
cout << furlongs << furlongs << " are ";

cout << yards << " yards. \n";
return 0;

>

int f ur2ya rds ( i nt fur) // provide definition

return 220 * fur;
>

r

L

1 . Having more than one integer type lets you choose the type best suited to a

particular need.

2. short rbis = 80; // or short int rbis=80;
unsigned intq=42110; //orunsignedq=42110;
unsigned long ants = 3000000000;

Note: Don’t count on i nt being large enough to hold 3000000000.

3. C++ provides no safeguards to keep you from exceeding integer limits.

4. The constant 33 L is type long, while the constant 33 is type int.

3. The two statements are not really equivalent. Most important, the first state-

ment assigns the letter A to grade only on a system using the ASCII code,

while the second statement also works for other codes. Second, 65 is a type i nt

constant, while ' A ' is a type char constant.

6. Here are three ways:

char c = 88;

cout << c << "\n"; // char type prints as character

cou t
.
put ( 88 ) ; // put() prints char or int as character

cout << char(88) << "\n"; // type cast value to char
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7. The answer depends upon how large the two types are. If Long is four bytes,

there is no loss. That’s because the largest Long value would be about 2 billion,

which is 10 digits. Since doubLe provides at least 15 significant figures, no

rounding would be needed.

8. a. 8 * 9 + 2 is 72 + 2 is 74

b. 6*3/4 is 18/4 is 4

c. 3 / 4 * 6 is 0 * 6 is 0

d. 6. 0*3/ 4 is 18.0/ 4 is 4.

5

e. 1 5 % 4 is 3

9. Either of the following work:

int pos = (int) xl + (int) x2;

int pos = int(xl) + int(x2);

10.

//incLude <iostream.h>

int main (void)

int inches;
const int Inchperfoot = 12;

cout << “What is your height in inches? \b\b\b";
cin >> inches;

cout << “that is" << inches / Inchperfoot << “feet and “;

cout << inches % Inchperfoot << “ i nch ( es ) . \n"

;

return 0;

>

Chhpteb 4

1.

a. char actorsC303;

b. short betsi eC1 003;

c. fLoat chuckC133;

d. Long doubLe dipseaC643;

2. int odd L y C 5 3 = Cl, 3, 5, 7, 9>;

3. int even = oddLyC03 + oddLy[43;

4. cout << ideasCID << “\n";

C++ Primer Plus



681

5 . char lunchC13D = "cheeseburger"; // number of characters + 1

or

char lunchCD = "cheeseburger"; // let the compiler count elements

6. struct fish i

char kindC20];
int weight;
float length;

>;

7. fish petes =

"trout",

13,

12.25

>;

8. double * pd = &ted;

cout << *pd << "\n";

9. float * pf = treakle; // or = StreakleCOD

cout << pfHOH << " " << pf[9D << "\n";

// or use *pf and *(pf + 9)

10.

unsigned int size;

cout << "Enter a positive integer: ";

cin >> size;

int * dyn = new int CsizeU;

1 1 . Yes, it is valid. The expression "Home of the jolly by tes" is a string con-

stant, hence it evaluates as the address of the beginning of the string. The cout

object interprets the address of a char as an invitation to print a string, but the

type cast (int *) converts the address to type pointer-to- i nt, which is then

printed as an address. In short, the statement prints the address of the string.

12. struct fish

char kindC20D;
int weight;
float length;

>;

fish * pole = new fish;

cout << "Enter kind of fish: ";

cin >> pole->kind;
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1

.

An entry-condition loop evaluates a test expression before entering the body of

the loop. If the condition initially is false, the loop never executes its body. An

exit-condition loop evaluates a test expression after processing the body of the

loop. Thus the loop body is executed once even if the test expression initially is

false. The for and while loops are entry-condition loops, while the do while

loop is an exit-condition loop.

2.

It would print the following:

01234

Note that the cout << "\n"; is not part of the loop body (no braces).

3.

It would print the following:

0369
12

4. It would print the following:

6

8

5. It would print the following:

k = 8

6. It’s simplest to use the *= operator:

for (int num = 1; num <= 64; num *= 2)

cout << num << “

7. You enclose the statements within paired braces to form a single compound

statement, or block.

8. Yes, the statement is valid. The expression 1 ,024 consists of two expressions

—

1 and 024—joined by a comma operator. The value is the value of the right-

hand expression. This is 024, which is octal for 20, so the declaration assigns

the value 20 to x.

9. The c i n >> ch form skips over spaces, newlines, and tabs when it encounters

them. The other two forms read these characters.
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1 . Both versions give the same answers, but the if else version is more efficient.

Consider what happens, for instance, when ch is a space. Version 1, after

incremen ting spaces, then tests to see if the character is a newline. This wastes

time because the program already has established that c h is a space and hence

could not be a newline. Version 2, in the same situation, skips the newline test.

2. Both + + ch and ch + 1 have the same numerical value. But ++ch is type char

and prints as a character, while c h + 1 , because it adds a c h a r to an i n t , is type

i nt and prints as a number.

3. Because the program uses ch = ' $ ' instead of ch == ' $ '
, the combined input

and output looks like this:

Hi !

H$ i $ ! $

$Send $10 or $20 now!

S$e$n$d$ $ct1 = 9, ct2 = 9

Each character is converted to the ' $ ' character before being printed the sec-

ond time. Also, the value of the expression ch = ' $
' is the code for the ' $

'

character, hence nonzero, hence true, so c 1 2 is incremented each time.

4.

a. weight >= 115 && weight < 125

b. ch == ' q ' || ch == ' Q '

c. ch % 2 == 0 && ch ! = 26

d. donation >= 1000 && donation <= 2000 || guest == 1

e. (ch >= 'a' && ch <= 'z') ||(ch >= 'A' && ch <=
'

Z

'

)

3. Not necessarily. For instance, if x is 1 0, then ! x is 0 and ! ! x is 1.

6. (x < 0)? -x : x

7. switch (ch)

case ' A '
: a_grade++;

break;

case ' B ' : b_grade++;
break

;

case ' C '
: c_g rade++;
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case '

D
'

:

default :

>

break;

d_g r ade++

;

break;
f_g r ade + + ;

break;

8. Ifwe use integer labels and the user types a noninteger such as ' q
' , the program

hangs up because integer input can’t process a character. But ifwe use character

labels and the user types an integer such as 5
,
character input will process 5 as a

character. Then the default part of the switch can suggest entering another

character.

9. Here is one version:

int line = 0;

char c h

;

while (cin.get(ch) && ch != 1

Ql ' )

if (ch == ' \n 1

)

l i ne++;

>

10.

The easiest approach is to use the ctype . h functions.

//include <iostream.h>
//include <ctype.h>
int main(void)

char c h

;

while (cin.get(ch))

if (islower(ch))
ch = toupper(ch);

else if ( i suppe r ( c h )

)

ch = tolower(ch);
else if (isdigit(ch))

continue;
cout << ch;

>

return 0;

>
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1 . The three steps are defining the function, providing a prototype, and calling

the function.

2. a. void igor(void);

b. float tofuCint n); or float tofu(int);

c. double mpg(double miles, double gallons);

d. long summa t i on ( l ong harrayCU, int size);

e. double doctorCchar * str);

f. void of courseCboss dude);

g. char * plot (map *pmap);

3. void set_array( i nt arrCD, int size, int value)

for (int i =0; i < size; i++)

arrCiD = value;
>

4. double biggest (const double footCIl, int size)

double max;

if (size < 1)

cout << "Invalid array size of " << size << "\n";

cout << "Returning a value of 0\n";
return 0;

>

else // not necessary because return terminates program

max = footCOD;
for (int i = 1; i < size; i++)

if (footCiD > max)

max = f oot C i 1 ;

return max;

>

>

3. We use the const qualifier with pointers to protect the original pointed-to

data from being altered. When a program passes a fundamental type such as an

int or double, it passes it by value so that the function works with a copy.

Thus the original data is already protected.
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6. A string can be stored in a c h a r array, it can be represented by a string constant

in double quotation marks, and it can be represented by a pointer pointing to

the first character of a string.

7. int replace(char * str, char cl, char c2)

int count =0;
while (*str) // while not at end of string

if ( *s t r == cl )

*str - c 2 ;

coun t++;
>

str++; // advance to next character
>

return count;

>

8. Because C++ interprets “pi zza " as the address of its first element, applying the

* operator yields the value of that first element, which is the character ' p '

.

Because C++ interprets “taco" as the address of its first element, it interprets

“
t a co " C 2 ] as the value of the element two positions down the line, that is, as the

character ' c '
. In other words, the string constant acts the same as an array name.

9. To pass it by value, just pass the structure name g l i t z. To pass its address, use

the address operator: &g l i t z. Passing by value automatically protects the origi-

nal data, but it takes time and memory. Passing by address saves time and

memory but doesn’t protect the original data unless you use the const modi-

fier for the function parameter. Also, passing by value means you can use ordi-

nary structure member notation, but passing a pointer means you have to re-

member to use the indirect membership operator.

10.

a. void show_box(box container)

cout << “Made by “ << container, maker << “\n“;
cout << “Height = “ << contai ner . hei ght << “\n“;
cout << “Width = “ << contai ner . wi dth << “\n“;
cout << “Length = “ << contai ner . length << “\n";
cout << “Volume = “ << contai ner . volume << “\n“;

>

b. void se t_vo l ume ( box * pb)

pb->volume = pb->height * pb->width * pb->length;
>
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1 . Short functions that can fit in one line of code.

2. a. void songCchar * name, int times = 1);

b. None. Only prototypes contain the default value information.

c. Yes, providing you retain the default value for times

z

void songCchar * name = "0, My Papa", int times = 1);

3. You can use either the string " \ "" or the character "" to print a quotation

mark. The following functions show both methods.

^include <iostream.h>
void i quote ( int n

)

cout << "V" << n << " \

;

>

void i quot e ( doub L e x)

cout << , " 1 << X <<

>

void iquoteCconst char * str)

{

cout « "\ ,,M « str « "
\

;

>

4. a. This function shouldn’t alter the structure members, so use the const quali-

fier.

void s how_box ( cons t box & container)

cout << "Made by " << container, maker << "\n";

cout << "Height = " << conta i ner . hei ght << "\n";
cout << "Width = " << contai ner . wi dth << "\n";
cout << "Length = " << contai ner . Length << "\n";

cout << "Volume = " << contai ner . volume << "\n";
>

b. void set_vo l ume ( box & crate)

crate. volume = crate. height * crate. width * crate . length;

>

Appendix G



5. a. This can be done using a default value for the second argument:

double massCdouble d, double v = 1.0);

It can also be done by overloading:

double massCdouble d, double v);

double massCdouble d);

b. You can’t use a default for the repeat value because you have to provide

default values from right to left. You can use overloading:

void repeatCint times, char * str);

void repeatCchar * str);

c. You can use function overloading:

int averageCint a, int b);

double averageCdouble x, double y);

d. You can’t do this one because both versions would have the same signature.

e. At least one version must be defined as a static function in one of the files:

static int averageCint a, int b); // definition in file 1

static double averageCint a, int b); II definition in file 2

6 a. homer is automatically an automatic variable.

b. secret should be defined as an external variable in one file and declared

using extern in the second file.

c. topsecret should be defined as a static external variable by prefacing the

external definition with the keyword static.

d. beencalled should be defined as a local static variable by prefacing a decla-

ration in the function with the keyword static.

7. The function should use a default second argument along with a static local

variable.

// prototype provides default
void pr i n t s t r C cons t char * str, int more = 0);

// definition uses static local variable
void pri ntstrCconst char * str, int more)

{

static int times = 0;// number of times function is called
t i mes++

;

int repeats = (more) ? times : 1;

// if more is nonzero, repeats = times; otherwise repeats = 1
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for (int i = 0; i < repeats; i++)

cout << str << "\n";

>

8. double ca IculateCdouble x, double y, double (*pf) (double, double))

return (*pf)(x, y);
>

1. A class is a definition of a user-defined type. A class definition specifies how
data is to be stored, and it specifies the methods (class member functions) that

can be used to access and manipulate that data.

2. A class bundles the data representation (class data members) and the rules for

using the data (class methods) into a single unit; this is encapsulation. The class

can use private visibility (the default) for data members, meaning that the

data can be accessed only through the member functions. This is data hiding.

3. The class defines a type, including how it can be used. An object is a variable or

other data object, such as that produced by new, created and used according to

the class definition. The relationship is much the same as that between a stan-

dard type and a variable of that type.

4. If you create several objects of a given class, each object comes with storage for

its own set of data. But all the objects use the one set of member functions.

3. Note: The program uses ci n . get ( cha r *, i nt ) instead of c i n >> to read

names because cin.getO reads a whole line instead of just one word (see

Chapter 4).

//include <iostream.h>

// class definition
class bankaccount

private:
char nameC40H

;

char acctnumC25];
double balanced-

public:

void set(void);
void show(void);
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void depos i t ( doub t e cash);
void w i t hd raw ( doub L e cash);

>;

// member function definitions
void bankaccount : : set ( voi d)

{

cout << "Enter depositor's name: ";

cin.getCname, sizeof(name)) . g e t ( ) ;

cout << "Enter depositor's account number: ";

cin.get(acctnum, sizeof(acctnum)).get();
cout << "Enter the starting balance: ";

ci n >> balance;
>

void bankaccount :: show(void)

cout << "Depositor: " << name << " Account Number: ";

cout << acctnum << " Balance: " << balance << "\n";

>

void bankaccount: :deposit(doub l e cash)

{

balance += cash;
>

void bankaccount :: wi t hd r a w ( doub l e cash)

balance -= cash;
>

// test program
i nt ma i n ( voi d

)

bankaccount keating;
keating.setC);
kea t i ng . show ( )

;

keating. deposit(2000. 00);
keating. show ( )

;

keating. withdraw(20000000. 00);
keating. show();

>

keating. withdraw(20000000. 00);
return 0;

>

6. A class constructor is called when you create an object of that class or when you

explicitly call the constructor. The class destructor is called when the object

expires.
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7. First, add a class constructor prototype to the class definition:

class banka ccount
{

private:

char name[40D;
char acctnumC25];
double balance;

public:
bankaccount ( cha r * client, char * num, double bal = 0.0);
void set(void);
void show(void);
void depositCdouble cash);
void withdrawCdouble cash);

>;

Then add the function definition to the methods. Note that you need to in-

clude s t r i n g . h in order to use strcpyO.

bankaccount : : bankaccount ( cha r * client, char * num, double bal)

strcpyCname, client);
strcpy(acctnum, num);
balance = bal;

>

Keep in mind that default arguments go in the prototype, not in the function

definition.

8. A default constructor is one with no arguments or else with defaults for all the

arguments. Having one enables you to declare objects without initializing

them, even if you’ve already defined an initializing constructor.

9. First, modify the class definition to add new data members and a new private

method that calculates the slugging average. Note: We’ll have the user supply

total hits, doubles, triples, and home runs. The number of singles can be calcu-

lated from that data, so the user needn’t supply that value.

// softbl3a.h -- header file for softball class
class sof tba 1

1

private:
char firstnameC15D;
char lastnameC15];
unsi gned atbats

;

unsigned hits;

unsigneddoubles; // new
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unsigned triples; // new

unsigned homeruns; // new

float slugging; // new

uns i gned rbi s;

float ave;

float ca l c_a ve ( voi d )

;

float ca l c_s l ug ( voi d )

;

// new

pub l i c

:

sof tba l l ( cha r * fn, char * In, uns i gned ab = o.

unsigned h = 0, unsigned db = o. unsigned tri =

unsigned hr = 0, unsigned rbi = 0);

sof t ba l L C voi d )

;

~sof tba L L (voi d);

void setall(void);
void update (voi d )

;

void show_sta ts ( voi d)

;

softball & topbat ( sof tba l l & player); >;

Next, we have to add a definition for cal c_s l ug ( ) to the methods file.

Also, we need to modify the constructor function, setallO, updateO, and

s how_s t a t s ( ) so that they handle the new data items. The other functions are

unchanged, so we don’t show them here. To calculate the slugging average, we

use the expression

int bases = hits + doubles + triples * 2 + homeruns * 3;

At first, this may look as if we’re counting a double as one base instead of two,

a triple as two bases instead of three, and a home run as three bases instead of

four. But the expression already provides one base credit for every hit, so the

rest of the expression provides the extra bases beyond the first for each category

of hit.

// softbl3a.cpp — methods for softball class

^include <iostream=h>
#include <string.h>
#include "sof tbl3a .

h"

softball:: sof tba l l ( c ha r * fn, char * In, unsigned ab,

unsigned h, unsigned db, unsigned tri,

unsigned hr, unsigned rbi)

s t r cpy ( f i rs t name, fn);

st rcpy( lastname. In);

atbats = ab;

hits = h

;

doubles = db;

triples = tri;
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homeruns = hr;

r b i s = r b i ;

a ve = ca L c_ave ( )

;

slugging = cal c_s l u g ( ) ;

>

float sof t ba l l : : ca l c_s l ug ( voi d

)

{

if (atbats == 0)

return 0;

else

int bases = hits + doubles + triples * 2

return float(bases) / atbats;
>

>

void sof tba l l : : seta l l ( voi d)

{

cout << "Enter player's first name: ";

c i n >> f i rstname;
cout << "Enter player's last name: ";

ci n >> lastname;
cout << "Enter number of at bats: ";

c i n >> atbats;
cout << "Enter number of hits: ";

cin >> hits;

cout << "Enter number of doubles: ";

c i n >> doubles;
cout << "Enter number of triples: ";

cin >> triples;
cout << "Enter number of homeruns: ";

c i n >> homeruns;
cout << "Enter number of RBIs: ";

cin >> r b i s

;

a v e = cal c_a v e ( ) ;

slugging = calc_slug();
cout << "\n";

>

void sof t ba 1 1 : : upda t e ( vo i d

)

cout << "Enter stats for " << firstname << " ";

cout << lastname << ":\n";
cout << "Enter additional number of at bats: ";

int temp;

c i n >> temp;

+ homeruns * 3;
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atbats = atbats + temp;

cout << "Enter additional number of hits:

cin >> temp;

hits = hits + temp;

cout << "Enter additional number of doubles:

ci n >> temp;

doubles = doubles + temp;

cout << "Enter additional number of triples:

c i n >> temp

;

triples = triples + temp;

cout << "Enter additional number of home runs

ci n >> temp;

homeruns = homeruns + temp;

cout << "Enter additional number of RBIs: ";

cin >> temp;

rbis = rbis + temp;

a ve = cal c_a ve ( )

;

slugging = calc_slug();
cout << "\n";

H .

/

void sof tba l l : : show_stats( voi d)

cout << "Player: " << firstname << " " << lastname << "\n";

cout << "At bats: " << atbats << " Hits: " << hits;

cout << " Doubles: " << doubles << " Triples: ";

cout << triples << "\nHome Runs: " << homeruns;
cout << " RBIS: " << rbis << " \ nBA :

" << average;
cout << ave << " Slugging Ave: " << slugging << "\n\n";

>

10. The this pointer is a pointer available to class methods. It points to the object

used to invoke the method. Thus this is the address of the object, and * t h i s

represents the object itself.

1 . A member function is part of a class definition and is invoked by a particular

object. The member function can access members of the invoking object im-

plicitly, without using the membership operator. A friend function is not part

of a class, so it’s called as a straight function call. It can’t access class members

implicitly, so it has to use the membership operator applied to an object passed

as an argument.
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2. It has to be a friend to access private members, but it doesn’t have to be a

friend to access public members.

3. Here’s a prototype for the class definition file and a function definition for the

methods file:

// prototype
diva operator*(double mult);
// definition
diva d i va : : opera tor* ( doub l e mult)
{

diva temp( f i rstname, lastname, range, annua l_take)

;

temp . annua l_take = annual_take * mult;
return temp;

>

4. Here’s a prototype for the class definition file and a function definition for the

methods file:

// prototype
friend diva operator*(double mult, const diva & d);

// definition
diva operator*(double mult, const diva & d)

{

diva temp( f i rstname, lastname, range, annua l_t a ke )

;

t emp . annua l_ta ke = d . a nnua l_t a ke * mult;

return temp;

>

Or you can define the function this way:

// definition
diva operator*(double mult, const diva S d)

return d * mult;

>

3. The following five operators cannot be overloaded: si zezof . . * :

6. These operators must be defined by using a member function.

7. Here is a possible prototype and definition:

// prototype
friend ostream & operator«(ostream & os, const diver & dv);

// definition
ostream & operator<<(ost ream & os, const diver & dv)

t
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os << "The reliable " << dv.firstname << " " << dv.lastname
<< " makes $" << dv . annua l_ta ke << " per annum\nand can"

<< " dive to a depth of " << dv.max_depth << " feet.Xn";

return os;

>

8. We’ve allowed for three states:

1

i ' for i n t

1 d 1 for double

' s ' for stone, pounds

However, the cout object automatically recognizes types double and int, so

the display function doesn’t have to explicitly distinguish between the two.

Thus only two states are really needed, but defining three leaves the class open

for further development.

// stonewt.h — definition for stonewt class

const int Lbs_per_stn = 14; // pounds per stone

class stonewt
{

private:
char state; //displaystate

int stone;

double pds_lef t

;

double pounds;

public:
stonewt (int lbs);

s t onewt ( doub l e lbs);

stonewtCint stn, double
stonewtC);
~ s tonewt ( ) ;

// friend operator

// whole stones
// fractional pounds
// entire weight in pounds

// construct from int pounds
// construct from double pounds

lbs); // construct from stone, lbs

// default constructor

friend ostream & operator«(ostream & os, stonewt & sw);

>;

// stonewt. cpp -- stonewt class methods
//include <iostream.h>
//include "stonewt.h"

stonewt :: stonewt ( i nt lbs)

stone = lbs / Lbs_per_stn; // integer division
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pds_left = Lbs % Lbs_per_stn;
pounds = Lbs;

state = 1

i *
;

>

stonewt : : s t onew t ( doub L e Lbs)

stone = int (Lbs) / Lbs_per_stn; // int division
pds_Left = int (Lbs) % Lbs_per_stn + Lbs - int(Lbs);
pounds = Lbs;

state = 1 d *

;

>

stonewt :: stonewt ( i nt stn, doubLe Lbs)

stone = stn;

pds_Left = Lbs;

pounds = stn * Lbs_per_stn +Lbs;
state = 's';

>

stonewt: :stonewt()

stone = pounds = pds_Left = 0;

state = 's';

>

stonewt: :~stonewt()

>

ostream & ope ra t o r«( os t ream & os, stonewt & sw)

{

if (sw. state == 's')

os << sw. stone << " stone,”
<< sw.pds_Left << ” pounds\n”;

e L se

os << sw. pounds << ” pounds\n”;
return os;

}

9. The mag member equals the magnitude of the vector, so all the function has to

do is return the value of that member. Here’s a prototype and function defini-

tion:

operator doubLeO; //prototype
vector :: operator doubLeO // definition
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return mag;

>

10. We’ve taken the liberty ofadding a function that returns the current number of

objects. We made playerctO a friend function so that it can be called inde-

pendently of any one object. Note that you have to use the scope operator with

the member name in that function.

// softrqlO.h — revised header file for softball class

class softball

{

private:
static int numplay; // counts objects

char * f i rstname

;

char * lastname;

uns i gned a t ba t s

;

unsi gned hits;

unsi gned rbi s;

float ave;

float cal c_a ve ( )

;

public:
softball(const softball Splayer);
sof tba l l ( char * fn, char * In, unsigned ab = 0,

unsigned h = 0, unsigned rbi = 0);

softball(void);
-softballO;
void setallO;
voi d updateC ) ;

softballS topba t ( sof tba 1 1& player);

// overloaded operators
softball & ope r a t o r= ( sof t ba l l & player);

// friend function
friend ostream § ope r a t o r« ( os t ream & os,

softball & player);
friend int playerctO;

>;

Here we’ve just listed the revised and new functions:

/ softbal5.cpp -- revised methods for softball class

//include <iostream.h>
//include <string.h>
//include "softrqlO.h"

int sof tba l l : : nump lay = 0; // initialize count
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softball:: sof tba 1 1 ( voi d)

{

firstname = NULL;

lastname = NULL;
nump l ay++

;

>

// special constructor initializes object to an object
softball:: sof tba l l ( const softball & player)

firstname = new charCstrlenCplayer. firstname) + ID;

strcpyCfirstname, player. firstname);
lastname = new c ha r C s t r l en ( p l aye r . I a s t name ) + ID;

strcpyC lastname, player, lastname);
atbats = player. atbats;
hits = player. hits;

rbis = player. rbis;

a ve = cal c_a ve C )

;

nump l ay++;
>

// revised constructor allocates string space
softball:: sof tba 1 1 ( cha r * fn, char * In, unsigned ab,

unsigned h, unsigned rbi )

firstname = new charCstrlen(fn) + ID;

strcpyCfirstname, fn);

lastname = new charEstrlen(ln) + ID;

strcpyC lastname. In);

atbats = ab;

hits = h

;

rbis = rbi;

a ve = cal c_a ve C )

;

nump l ay++;

softball: :~softballC)

cout << "Bye, " << firstname << "\n";

delete firstname;
delete lastname;
nump lay—

;

>
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return sof tba l l : : numplay;

>

// must use scope operator

11. First, when an object of that type expires, the data pointed to by the object’s

member pointer remains in memory, using space and inaccessible because the

pointer has been lost. That can be fixed by having the class destructor delete

memory allocated by new in the constructor functions. Second, once the de-

structor deletes such memory, it may wind up trying to delete it twice if a

program initialized one such object to another. That’s because the default ini-

tialization of one object to another copies pointer values but does not copy the

pointed-to data, producing two pointers to the same data. The solution is to

define a class constructor that causes initialization to copy the pointed-to data.

Third, assigning one object to another can produce the same situation of two

pointers pointing to the same data. The solution is to overload the assignment

operator so that it copies the data, not the pointers.

12. Here is a possible class definition:

// strnasl.h — strina class definition
class string

pr i vate

:

char * str;

i n t l e n ;

static int num_st rings;

pub l i c :

stringCchar * s);

string ();

string(const string & so);

~ s t r i ng ( ) ;

int lengthO;
// operators
operator char*();
string & ope ra t or= ( s t r i ng S

friend ostream & operator«(
>;

// pointer to string
// length of string
// number of objects

// constructor
// default constructor
// copy constructor
/ / dest rue tor

// return string length

// type cast to string
o);

(Stream & os, string & so);

And here are some possible implementations:

// strngs.cpp — string class methods
//include <iostream.h>
//include <string.n>
//include "strngsl.h"

// initializing static class member
int st r i ng : : num_st ri ngs = 0;
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// class methods

s t r i ng : : s t r i ng ( cha r * s)

str = new charCstrlen(s) + ID; // allot storage
strcpyCstr, s); // initialize pointer
len = strlen(str);
num_s t r i ng s + + ; // set object count

>

stri ng : : stri ng(

)

str = NULL;
len = strlen(str);
num_st r i ngs + + ;

>

s t r i ng : : s t r i ng ( cons t string & so)

str = new chartso.len + ID;

strcpyCstr, so. str);
len = so. len;

num_st r i ngs + + ;

>

string: : ~string()
i

delete str; //required
>

int s t r i ng : : l eng t h (

)

return len;

>

st ri ng :: operator char*()

return str;

>

string & st ri ng :: opera tor=(st ri ng & so)

t

delete str;

len = so. len;

str = new charClen + ID;

strcpyCstr, so. str);

return *this;

II allot storage
// initialize pointer

// set object count
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>

ostream & ope ra t o r« ( os t ream & os, string & so)

os << so.str;
return os;

>

1

J

1. A derived class inherits the public and the protected members of the base

class.

2. You would still be able use the value of an element, but you no longer could

assign to it:

darray tosan j oseC4]

;

double n = tosan joseC2D; // ok

tosan joseCI ] = 68.8; // no longer valid

3. Constructors are called in the order of derivation, with the most ancestral con-

structor called first. Destructors are called in the opposite order.

4. Yes, every class requires its own constructors. If the derived class adds no new

members, the constructor may have an empty body, but it must exist.

3. Only the derived class method is called. It supersedes the base class definition.

A base class method is called only if the derived class does not redefine the

method.

6. The bound_dar class inherits the darray assignment operator function. Because

the bound_dar class uses the same data representation as the darray class, it can

use the darray assignment operator.

7. Yes, you can assign an object of a derived class to an object ofthe base class. Any
data members new to the derived type are not passed to the base type, however.

Assignment in the opposite direction (base to derived) is possible only if the

derived class defines a conversion operator, which is a constructor having a

reference to the base type as its sole argument.

8. A function taking a base class object as an argument can take a derived class

object as an argument because passing by value is equivalent to initializing the

function argument to the passed value, and C++ allows you to assign a derived

type to its base type.
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9- It can do so because C++ allows a reference to a base type to refer to any type

derived from that base.

10. If headO is a regular function, then ph->head() invokes corpora-
tion: : head ( ). If headO is a virtual function, then ph->head( ) invokes de-
partment : : head ( ).

11. Passing an object by reference instead of by value enables the function to avail

itself of virtual functions. Also, passing an object by reference instead of value

may use less memory and time, particularly for large objects. The main advan-

tage of passing by value is that it protects the original data, but you can accom-

plish the same end by passing the reference as a const type.

12. The constructor for the member class is called first.

13. A class based on multiple inheritance inherits the class data members and the

class methods of its ancestors, but a class with member classes does not make
the data members and methods of the member classes available publicly.

14. If two lines of inheritance for a class share a common ancestor, the class winds

up with two copies of the ancestor’s members. Making the ancestor class a

virtual base class to its immediate descendants solves that problem.

13. Here’s a sample class definition:

// pers_age.h -- person_age class

#i f ndef PERS_AGE
//define PER S_AG E

//include “person. h"

class person_age: public person
{

protected

:

double age;

public:
perso n_a ge();
person_age ( cha r * si, char * s2, double a = 0.0);
person_age(person & p, double a = 0);

void se t_age (doub le a);

friend ostream & operator«(ost ream & os, person_age & p);

>;

Z/endi f
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And here are the methods:

/ pers_age.cpp -- person_age methods

^include "pers_age.h"
p e r s o n_a g e :

:
p e r s o n_a g e (

)

age = 0;

>

pe rson_age : : pe r son_age ( c ha r * si, char * s2, double a)

: persontsl, s2), age(a)

>

pe r son_age : : pe r son_age ( pe r son & p, double a) : person(p),

age ( a

)

>

void person_age :: set_age( double a)

age = a;

>

ostream & opera tor«(ost ream & os, person_age & p)

{

os << person(p)

;

os << age = " << p.age;

return os;

>

1. The iostream.h file defines the classes, constants, and manipulators used to

manage input and output. These objects manage the streams and buffers used

to handle I/O. The file also creates standard objects (cin, cout, cerr, and

clog) used to handle the standard input and output streams connected to every

program.

2. Keyboard entry generates a series of characters. Typing 1 2
1

generates three

characters, each represented by a one-byte binary code. If the value is to be
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stored as type i n t, these three characters have to be converted to a single binary

representation of the value 121.

3. By default, both the standard output and the standard error send output to the

standard output device, typically a monitor. If you have the operating system

redirect output to a file, however, the standard output connects to the file in-

stead of to the screen, but the standard error continues to be connected to the

screen.

4. The ostream class defines a version of the operator«() function for each

basic C++ type. The compiler interprets an expression like

cout << spot

as the following:

cout. operator«( spot)

It then can match this method call to the function prototype having the same

argument type.

3. You can concatenate output methods that return type ostream &. This causes

the invoking of a method with an object to return that object. The returned

object can then invoke the next method in a sequence.

6. / / rql 2-6 . cpp
//include <iostream.h>
//include <iomanip.h>

int main(void)
{

cout << "Enter an integer:

int n ;

c i n >> n ;

cout << setw(15) << "base ten" << setw(15)

<< "base sixteen" << setw(15) << "base eight" << "\n";

cout . set f ( i os : : showbase )

;

cout << setw(15) << n << hex << setw(15) << n

<< oct << setw(15> << n << "\n";

return 0;

>

7. / / rql 2-7 . cpp
//include <iostream.h>
//include <iomanip.h>

int ma i n ( voi d

)
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char nameC203;
float hourly;

float hours;

cout << “Enter your name: ";

ci n .
get (name, 20).get();

cout << "Enter your hourly wages: “;

cin >> hourly;

cout << “Enter number of hours worked: “;

ci n >> hours;

cout.setfdos: :showpoint);
cout << “First format:\n“;
cout << setw(30) << name << “: $" << se t pr ec i s i on ( 2 )

<< setw(10) << hourly << << setpreci si on( 1

)

<< setw(5) << hours << “\n“;

cout << “Second format:\n";
cout.setfdos: : left, ios: :adjustfield);

cout << setw(30) << name << “
:
$" << se t prec i s i on ( 2 )

<< setw(10) << hourly << “
:
" << setpreci si ond )

<< setw(5) << hours << “\n";

return 0;

>

8. Here is the output:

ctl = 5; ct2 = 9

The first part of the program ignores spaces and newlines, the second part

doesn’t. Note that the second part of the program begins reading at the newline

character following the first q, and it counts that newline as part of its total.

9. The i gnore( ) form falters if the input line exceeds 80 characters. In that case

it only skips the first 80 characters.

10.

/ / rql 2-1 0 . cpp
^include <iostream.h>

i nt mai n( voi d)

int ct = 0;

while (cin.peekd != 'S')

{

c t++;
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cin.getO;
>

cout << ct << "\n";

return 0;

>

11. / / rql 2-1 1 . cpp
//include <fstream.h>
//i nc lude <std L i b . h>

int mainCint argc,char *argvCH)
{

if ( a rgc ! = 2 )

cerr << “Usage: " << argvCOD << " filename\n“;
exit(1);

>

ofstream f out C a rgvC 1 J )

;

if ( f out . f a i L ( )

)

{

cerr << “Tough luck\n";
exit(2);

>

char c h ;

while (cin.get(ch))
fout << ch;

f out. close ();

return 0;

>

12. II rql 2-1 2 . cpp
//include <fstream.h>
//include <stdlib.h>

int mainCint argc,char *argvCD)
{

if (argc != 3)

cerr << “Usage: “ << argvCOD << “ sourcefile"
« “ target f i le\n“;

exit(l);
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>

ifstream fin(argvCID);
if (fin.failO)

cerr << "Can't open source file " << argvCID << "\n

e x i t ( 2 ) ;

>

ofstream f out (argvC2D, ios::out
|

i os : : norep L a ce ) ;

if ( f ou t . f a i L ( )

)

C

cerr << "Can't open target file " << argvC23 << "\n

e x i t ( 3 ) ;

>

char c h

;

while (fin.get(ch))
fout << ch;

fin.closeO;
fout.closeO;

return 0;

>

n .

r

ii .

r
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& operator, 26, 303, 312

&& operator, 214, 216-21

setting up ranges with, 218-21

. operator, 427

.* operator, 427

! operator, 214, 221-22

!= operator, 175

// operator, 23, 214-15

[] operator, 427, 491, 497

() operator, 427

% operator, 275

# define directive, 60, 74

#ifndef directive, 516

#include facility, 316

\n, 27
? operator, 225-28

?: operator, 427

:: operator, 330, 358, 427

+ operator, overloading, 415-17

++ operator, 156, 167-68

+= operator, 169

--operator, 166, 167-78

-lm option, 422

= operator, 32, 176, 427
= = operator, 175, 176
* operator, 27, 122, 137, 150, 387,

409

> operator, 175, 385

< operator, 175, 193

>= operator, 166, 175

<= operator, 175

-> operator, 1 44, 151, 387, 427,

455, 482

« operator, 26, 50, 620, 632, 646

defining, 481

overloaded, 457, 480, 585-88

overloading, 427-31, 475, 563

» operator, 35, 50, 606, 613, 620,

646

Access

of members in dynamic structure,

143-44

Actual argument, 249

Addition, 80

pointer, 135fig
Address

of function, 339, 340

memory to hold, 126

passing structure, 282-84

stored by pointers, 125fig
Alert character, 71

Algorithms, 5

Alternatives, deciding between,

209-11

Ambiguous conversion, 446

American National Standards

Institute. See ANSI.

Ancestor, multiple inheritance with

common, 563-72

Anonymous variable, 311

ANSI, 9, 247, 578

Append, 628, 630-32

Argument, 22, 36, 394

array name, 286

command-line, 624

default, 295-97, 344

formal, 249

function, 248, 249-56

function with two, 252-56

multiple, 250-53

passing function as, 340

passing object as, 546

passing with a stack, 325fig

sending directly to virtual ancestor

class, 569

type of, 248

using arrays as, 259-61

Argument list, 22, 344, 383, 481

function with, 295

using different, 298

Argument passing, 89, 507, 509

Arithmetic, pointer, 138

Arithmetic operators, 80-91

Array, 97-102, 150

accessing elements in, 132

allocating memory for, 131

applying sizeof to name, 136

of arrays, 199fig
binding for, 138

character, 286

creating, 99fig
dynamic, 138

equivalence to pointer, 132

external, 219

filling, 262

709
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Array (continued)

functions and, 256-69

initializing, 101-02

initializing two-dimensional,

200-202

of integers, 63

modifying, 264

nested loops and two dimensional,

198-202

of objects, 391-93

and pointer arithmetic, 133-39

and pointers, 258-59

protecting, 263-64

showing, 263-64

using as argument, 259-61

using a dynamic, 131-33

using new to create dynamic,

130-33

using strings in, 104-06

Array base class, 488-502

Array contents, displaying, 500

Array declaration, 138

Array functions, 261-67

Array multiplication, 498

Array name, 137, 192

Array name argument, 286

Array notation, 138, 496

Array of pointers-to-char, 218

Arraysize, 98

Arrow membership operator, 144,

477

ASCII, C7

Assembly language, 5

Assigning, to referred-to variable, 498

Assignment, 59, 446, 483

in constructors, 552-53

conversion on, 86-87

fixing, 468-75

to a function, 315-16

memberwise, 119

pointer problems in, 464-67

structure, 118-19

Assignment definition, 479

Assignment expressions, 160

Assignment operator, 32, 176, 427,

531

combination of, 169

overloading, 468, 499

redefining, 524

Assignment statement, 29, 32, 39,

49, 479

Associativity, 81-82

AT&T Version 2.0, 9

Auto keyword, 323, 324

Automatic conversions, for classes,

439-47

Automatic storage, 149-50

Automatic storage class, 327

Automatic variables, 149, 151,

321-26, 344

and stack, 324-26

B

Bad (), 626

Bang, 221

Base class, 487

array, 488-502

modifying to meet specific needs,

517

virtual, 564-72

Base class method, derived class and,

509

Base eight, 64, 602

Base object, assigning to derived

object, 535fig
Base sixteen, 64, 602

Base ten, 64, 602

Base types, and derived types, 532

BASIC, 5

Bell Laboratories, 5, 8

Binary files, 632-38, 647

Binary operator, 417

Bits, 56

Bitwise left-shift operator, 26

Black boxes, 49

Blocks, 170-71, 323 fig

defining, 184

variable defined inside, 171

Block scope, 320, 393

Block statement, 211

Body

for loop, 159

loop, 156, 157

Borland C++, 14

Bottom-up programming, 7, 267

Bounds checking, derived class with,

517-21

Braces, 184, 211

Brackets, 317

Branching, limited, 6

Branching statements, 5, 207

Break statement, 229, 233-35

Buffers, 578-83, 646

flushing, 581, 591-92

Bytes, 56

c

C language, 5-7, 10

Called function, 36
Calling, 22

constructor, 372

Calling function, 36, 243

Carriage return, 28

Case label value, 232

Case-sensitive, 12, 19

CC command, 13

Cerr object, 582, 584, 646

Cfront, 12

Char, 66-73, 91

Character array, 286

Character constant, 1 03

Character form, 647

Character functions, ctype.h library

of, 224-25

Character output, 19

Characters

displaying, 588

storing, 66-73

Cin, 25, 34-35, 50, 581, 605, 606,

608-10, 646

to control while loop, 281

input with, 189-91
,
605-07

Cin.getQ, 191-93, 195-98, 613 table

Class constructor, 383, 447, 493

base, 527

derived, 527

new and, 400, 456fig
new operator in, 400

Class conversions, 530-33

Class data, manipulating, 69

Class definition, 354, 365, 368-69,

394, 448, 489-500
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changing, 431

completing, 553-56

incorporating constructor and

destructor into, 373-78

vector, 428

Class destructors, 384, 465, 483, 494

Classes, 7, 37-39, 49, 353-69, 394

adding state member to, 431-32

array base, 488-502

base, 487

defining derived, 503-05

derived, 488, 546

derived with bounds checking,

517-21

deriving, 502-21

deriving from derived, 517
deriving from multiple base classes,

557

disadvantages of member, 556-57

dynamic memory and ,447-80

friend, 401

function to access separate classes,

401

implementing the derived, 506-10

member, 547-57

multiple representations and, 414

and structures, 358

type conversions for, 399, 447

using, 364-68, 500-502

using derived, 511-15

virtual base, 564-72

whose constructors use new, 467

Class inheritance, 487

Class libraries, 38, 487, 578

Class member access by pointer

operator, 427

Class member function, 355

concatenating, 111

friends versus, 421

implementing, 358-63, 369

invoked via pointers, 540

Class members, 357-58

accessing, 455

how functions refer to, 405

static, 448-57

visibility of inherited, 504 table

Class method, 38, 355, 358, 491-94,

505

accessing with pointers, 480

applying to object, 363

defining, 354, 553

Class object, 383, 573

converting derived to base, 509

declaring, 365

Class properties, combining, 547
Class-related problems, 475-77

Class scope, 359, 393, 407

Class types, converting, 482

Clearing the bit, 601

Clear ( ) method, 641

Client-server model, 368

Clock () function, 185

Clog object, 582, 584, 646

Close () method, 622, 646

Code

executable, 11

object, 11

reusable, 7, 487

source, 11

Combination assignment operators,

169

Command-line processing, 624-26

Comma operator, 171-74

Comments, 19, 20, 23-24

Compatibility, 20, 58, 72, 83, 100,

109, 112, 116, 121, 148

long double, 255

static storage class, 326

Compilation, 12-15

separate, 316-20

Compile menu, 14

Compilers, 5

function interface to, 246-47

Compile-time decision, 122

Compiling, 13, 14, 318fig

Compound statements, 170-71

Concatenate, 36, 611

class member functions, 111

input, 607

output, 587-88

string, 104

Conditional operator, 207, 225-28,

235, 427

Const, 73-74, 165, 263-64, 269fig
pointers and, 267-69

storage classes and, 336-37

Constants

char, 70-73

character, 103

file mode, 628 table

floating-point, 79

formatting, 600

symbolic, 185

symbolic names for, 73-74

type of, 66, 336

Constructor, 394, 494-96, 573

assignment in, 552-53

calling, 372

class, 369-84

copy, 467, 483, 495

declaring and defining, 370-71

default, 378-83, 384, 494-96, 552

definition, 551-52

for derived class, 506, 507

and derivation, 504

designing, 568

incorporating into class definition,

373-78

initialization section, 561

to initialize array elements, 391

invoking, 383

providing a new, 524

and sequence of calls, 530

using, 372

using with new, 372

Constructor chains, 534fig
Continue statement, 233-35

Controlled access, 401

Control section, loop, 157

Conventions, typographic, 15-16

Conversion functions, 443-47, 476,

482

Conversions, 532

ambiguous, 446

on assignment, 86-87

automatic for classes, 439-47

class, 530-33

in expressions, 88

in passing arguments, 89

potential problems with, 87

type, 86-91

Copy constants, 467

Copy constructor, 467, 483, 495
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Copying, objects containing pointers,

464-67

Cout facility, 19, 21, 25, 50, 584
formatting with, 592-605

how it operates, 429

output with, 25-28, 584-620

and printfQ, 33-34

and variable integer, 33

Cout object, 581, 646

Cout.putQ, 69-70

Ctype.h library, 224-25, 235

D

Darray class, 496-500, 502

Darray object, 494-95

Data, 5

how to represent, 489

memory to hold, 126

storing in file, 632

strategy for handling stored, 122

types of, 31

Data abstraction, 353-69

Data form, 7
Data hiding, 356, 369, 394, 401

Data members, 355, 531

Data object, 128

Data structure, 7
Debuggers, 15

Decimal integers, 66

Decimal-point notation, 75

Decisions, implementing, 207
Declaration, 31-32, 59, 207

array, 97-98

defining, 329

forward, 402

referencing, 329

Declaration statement, 29, 39, 49,

162

to initialize pointer, 126

and variables, 30-32

Declaration-statement expression,

163

Declaring, pointers, 137

Decrement operator, 166, 167-68

Default arguments, 295-97, 344
Default behavior, modifying, 614

Default constructor, 378-83, 384,

494-96, 552

redefine, 470

Default initialization, 467

Default values, 628

Defining declaration, 329, 333fig

Definition, 32, 329

assignment, 479

class, 365, 368-69, 394, 448, 489-

500

friend function, 406

function, 241

Delete operator, 151, 338, 448, 452,

457, 458, 476, 483

with classes, 399
class objects, 482

freeing memory with, 146-49

and memory, 150

new and, 146-49

Dereferencing operator, 122, 137,

150, 151, 387
Derivation

of class, 502-21

private, 503

public, 503

Derived class, 488, 546, 573

and base class method, 509
with bounds checking, 517-21

constructor for, 507
implementing, 506-10

using, 511-15

Derived object, assigning to base

object, 535

Derived type, 53, 97
array as, 98

and base types, 532

Derived type name, 124

Destructor, 369-84, 372-73, 452,

464

for base class, 544, 546
class, 384, 465, 483, 494

and derivation, 504

incorporating into class definition,

373

and sequence of calls, 530

special name of, 373

Destructor method, 394
DIP switches, 600

Direction, 411

Displacement vector, 411, 412fig

Division, 80, 82-84

DOS, 11, 584, 634

Dot membership operator, 144, 369,

394, 477

Double, 41, 76, 91, 584

Do while loop, 6, 187-89, 202

Dynamic allocation, storage classes

and, 338-39

Dynamic array, 131

allocated with new, 489

creating and deleting, 461

of objects, 463

using, 131-33

using new to create, 130-33

Dynamic binding, 131, 138, 543

Dynamic linking, 546
Dynamic memory, 338, 399
and classes, 447-80

Dynamic structure, using new to

create, 143-45

Dynamic structure members,

identifying, 144fig

E

Edit menu, 14

Elements, accessing in array, 98, 132,

199fig
Encapsulation, 355, 369
Endl manipulator, 591

End-of-file condition, 193-96

E notation, 75

Entry-condition loop, 158, 202

Enumerated constant, 599
EOF, 195, 612, 626, 641

Error stream, standard, 582, 584
Escape sequences, 71-72

Executable code, 1

1

Executable file, 13

Exit-condition loop, 187, 202
Exit values, 46
Exponent, 75, 76
Expression, 80, 171

assignment, 160

conversions in, 88
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logical, 214-23

relational, 174-80

and statements, 160-62

Extension, 12, 19

External array, 219

External definition, 116

External identifiers, 55

External linkage, 321, 332, 344

External modifiers, 332-36

External storage class, 327
External variables, 116, 327-29,

332-36

defining, 334

Extern declaration, 332

Extern keyword, 334, 337
Extraction operator, 50, 606, 620,

646

with cin, 608-10

f

Factorials, 163, 164

Fail(), 626

Field widths, 595-97, 604

File-end connection, 578

File input, 620-45

File I/O, simple, 621-23

File menu, 14

File mode argument, 628

File mode constants, 628 table

File modes, 627-45, 647

File output, 620-45

File pointer, 647

checking position of, 640

Files

binary, 632-38, 647

moving through, 639

opening multiple, 623-26

processing sequentially, 623

File scope, 321, 344, 393, 407

Fill characters, 597

FillQ member function, 597

Fixed-point notation, 602

Float, 76, 91

Floating-point

advantages of, 79-80

assigning to integer, 86

Floating-point constants, 79

Floating-point format, 91

Floating-point numbers, 53, 75-80

Floating-point precision, setting, 598

Floating-point types, 76-79

Floating-point value, 633fig
Flushing the buffer, 581, 591-92

Flush manipulator, 591

For, vs. while, 183-85

For loop, 6, 155-74, 202

parts of, 157-63

strings with, 166-67

within a for loop, 198-202

Formal argument, 249

reference as, 302

Formal parameters, 256, 286

Formatting

with cout, 592-605

source-code, 28-29

Formatting constants, 600

Formatting flags, 602

For statements, 162

FORTRAN, 5

Forward declaration, 402, 404fig
Fractional parts, 83

Free store, 149-50

Friend class, 401

Friend function, 401, 403 fig, 481

members of other classes as, 408

to overload operator, 428

to reverse operand order, 420

Friend function definition, 406

Friend keyword, 407

Friends, 399, 401-09, 434

declaring as function from another

class, 409

designing, 403-09

operator overloading and, 419-20

versus class member functions, 421

Fstream class, 620

Fstream.h file, 646

Fstream object, 638

Function arguments, 248, 249-56

Function body, 21, 49

Function call, 39, 49, 245-49

alternative syntax for, 416

that pass constants and expressions,

312

Function call argument, and

reference parameter, 312

Function call operator, 427

Function call statements, 35-36

Function code, 317

Function definition, 21, 41, 241,

286, 292

friend, 406

location of, 338

Function heading, 21, 44-46, 49

as interface, 22

Function interface, 49, 256

Function library, 35, 487

Function members, 355

Function overloading, 193, 298-302,

344, 409

to define second constructor, 378

Function parameters, references as,

306-09

Function pointers, 339-44

Function polymorphism, 298-302,

344

Function prototype, 41, 241, 243-

44, 245-49, 262, 286, 295, 394

in header file, 316-17

Function prototype statement, 40

Functions, 7, 11, 20, 39-49, 241-49

address of, 339, 340

with argument list, 295

and arrays, 256-69

assigning to, 315-16

called, 36

calling, 36, 243

calling itself, 284-85

clock (), 185

conversion, 443-47, 476, 482

declaring pointer to, 340-41

defining, 242-45

family of, 298

fill() member, 597

form of, 44

friend, 401, 403 fig,
481

inline, 291-95

isupperQ, 226

isxdigit(), 226

library, 35, 42, 241, 578

mainQ, 21-23
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Functions (continued)

member, 69-70, 364fig, 403

fig

obtaining address of, 340

operator, 41 0, 468

passing as argument, 340

pointer to, 339-44

public member, 394

puts(), 35

redefining in derived classes, 546

returning, 243

returning references, 315

that return strings, 272-73

with a return value, 39-43

seekg(), 639, 647

seekp(), 639, 647

setf(), 599

sharing same name, 298

storage classes and, 337-38

strcmpQ, 178

strcpyO, 140, 143, 151, 452, 458

and strings, 369-73

strlen(), 105, 140, 143, 151, 166,

241, 452

and structures, 274-84

telling about an array, 259fig
tolowerQ, 226

toupperQ, 226

with two arguments, 252-56

user-defined, 43-47

user-defined with a return value,

47-49

user-supplied, 35

using pointer to invoke, 342

virtual, 535-47

void, 242-43

Function signature, 298, 344

Fundamental types, 53

f

GcountQ, 617-20

Get(), 108-13, 610-13, 614-16,

620, 646

GetcharQ, 195, 613

Getline(), 108-13, 610-13, 614-16,

646

Get(void), 613

Global search and replace, 60

Global variable, 330

Good(), 626

Greater than or equal to relational

operator, 166

Hardware-specific, 9

Header file, 316-17

library, 241

Hexadecimal integer, 66

Hex manipulator, 601

High-level language, 5

If else statement, 6, 207, 209-11, 235

construction of, 212-14

formatting, 211-12

and switch, 232

If statement, 207-14, 235

Ifstream class, 620

Ifstream object, 621, 628

Ignore(), 614-16

Include files, managing, 515-17

Increment operator, 156, 167-68

Index, 98, 150, 638

Index operator, 491, 497

Indirect value, 122

Infinite loop, 183

Information hiding, 8

Inheritance, 8, 408, 488, 503, 529-

30, 573

class, 487

extending, 521-35

multiple, 547, 557-63

multiple with common ancestor,

563-72

Initialization, 43, 57, 59, 479

of array, 101-02

in constructors, 552-53

default, 467

loop, 156, 157

member class, 551-52

memberwise, 483

redefined, 469fig
responsibility for, 527

of two-dimensional array, 200 02

Initialization list, 101, 551

Initialization string, checking fit of,

371

Initialization value, 295

Initializing, objects to objects,

508-10

Inline functions, 291-95, 338, 362

versus macros, 294-95

versus regular functions, 293 fig

Inline keyword, 292, 344

Input, 25, 577-84

changing associations for standard, 583

cin, 189-91, 605-07

cin.get(ch), 197

file, 620-45

form of single-character, 613-14

single-character, 610-13

string, 614-16

Input redirection, 583

Input stream, 578

standard, 646

In scope, 321

Insertion operator, 26, 50, 620, 632,

646

ostream, 592

overloaded, 585-88

Instance variable, 37
Instances, 355

Integer, 31, 53

array of, 63

char, 66-73

cout with, 33

decimal, 66

hexadecimal, 66

int, 56-60

long, 63

octal, 66

overflow behavior for, 63fig
pointers and, 127-28

short, 56-60, 63

signed, 55

suffix on, 66

unsigned, 55, 61-62

Integer constants, 64-66

Integer types, 55-60, 91

exceeding limits with, 62

Integral promotion, 88

Interface, function, 22, 49
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Int integer, 31, 56-60, 91, 584

Internal justification, 602

Internal linkage, 321, 332, 337, 344

Iomanip.h header file, 604-05, 646

Ios::adjustfield, 602

Iosuapp, 628

Ios::ate, 628

Ios::basefield, 602

Ios:: binary, 628

Ios class, 581, 594, 602, 646

Iosufloatfield, 602

Ios:: in, 628

Ios::nocreate, 628

Ios::out, 628

Ios:: replace, 628

Ios::showbase, 600

Ios::showpoint, 600

Ios::showpos, 600

Iostream class, 581

Iostream.h file, 24-25, 581-83, 646

Ios.trunc, 628

Ios: uppercase, 600

IsalnumQ function, 226

IsalphaQ function, 226

Isalpha(ch) function, 224

Iscntrl() function, 226

IsdigitsQ function, 224, 226

Is-equal-to operator, 176

Isgraph() function, 226

IslowerQ function, 226

IsprintQ function, 226

Ispunct() function, 224, 226

IsspaceQ function, 224, 226

Istream class, 50, 191, 581, 584,

606, 646

Istream methods, 610-16, 617-20

IsupperQ function, 226

IsxdigitQ function, 226

J

Justification, 602

|
Keyboard, 583, 605, 646

Keyboard input, 581

Keywords, 46

auto, 323, 324

extern, 334, 337
friend, 407

inline, 292, 344

private, 356, 357-58, 490

public, 356, 357-58

register, 326

static, 337

virtual, 543, 564, 572, 573

[

Language, 5, 11

Language divergence, 9

Left justification, 602

Left-shift operator, 585

Libraries, 8, 11

C function, 487

class, 38, 487, 578

function, 35, 487

math, 422

standard C, 10

string, 140, 178

Library files, 42

Library functions, 35, 42, 241, 578

LIFO, 324

Limits.h header file, 57, 58

Line-oriented input, 108-13

Linkage, 320-31, 332-36, 344

Linking, 12-15

Borland C++, 14

dynamic, 543

static, 543

turbo C++, 14

UNIX, 13

Zortech C++, 14-15

Local variables, 249, 251 fig, 256,

330

Logical AND, 214, 216-21

Logical expressions, 214-23

Logical NOT, 214, 221-22

Logical operators, 207, 214-23, 235

precedence of, 222-23

Logical OR, 214-15

Long double, 76, 91, 255

Long integer, 56-60, 63, 91, 600

assigning to float, 86

Loop

do while, 6, 187-89, 202

entry-condition, 158, 202

exit-condition, 187, 202

for, 6, 155-74

infinite, 183

nested and two-dimensional arrays,

198-202

parts of for, 157-63

terminating early, 262-63

and text input, 189-98

while, 6, 181-87

Loop body, 156

for, 159

Loop counter, 165

Loop initialization, 156

Loop test, 156

Loop update, 156

Low-level language, 5

Lvalue, 74

Machine language, 11

Macintosh, 634

Macros, inline versus, 294-95

Magnitude, 411

Main( ) function, 21-23

Make program, 316

Manipulator, 646

Mantissa, 75

Math.h header file, 41

Math library, 422

Member

accessing, 143-44

accessing individual, 114

adding a new, 522

of class, 354

as object, 553

Member classes, 550-51

classes with, 547-57
disadvantages of, 556-57

multiple inheritance versus, 558 fig

Member function, 69-70, 364fig,

394, 403 fig

accessing objects with, 385fig
calling, 363

cin.get(), 195

declaring, 365
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Member functions (continued)

to overload, 427

providing objects to, 384

public, 394

regular versus virtual, 547fig

using with object, 363

Member function call, 202

Member function definitions, 358,

365

Membership operator, 69, 114, 150,

363, 427

Memberwise assignment, 119, 531

Memberwise initialization, 465, 466

fig, 483

Memory-

allocating for an array, 131

allocating with new, 128-30

allocation during run time, 447

dynamic, 338, 399

freeing, 146

freeing with delete, 146-49

improved management of, 457-64

penalty, 292

required, 30

sufficient, 130

treated as stack, 324-26

used as temporary storage, 579

for variables, 338

Memory position, 121

Menu, 14

Messages, 38

handling series of, 218-21

Message statements, 39

Method, defining within class

definition, 361-62

Method definition, 373-78

Methods, which get called, 529-30

Methods file, 451

Mode, adding as third argument,

432-33

Modifiers, 332-36

Modulus, taking, 80

Modulus operator, 84-85, 275, 500

Monitor, 646

MS DOS, 583

Multiple inheritance, 557-63, 565

fig. 573

with common ancestor, 563-72

from virtual base class, 567fig

versus member classes, 558 fig

Multiplication, 80, 498

Name
array, 137, 192

for variables, 54-55

Negative exponent, 76

Nested loops, and two-dimensional

arrays, 198-202

Newline character, 27-28, 591, 611,

632, 634

New operator, 138, 143, 151,338,

448, 452, 458

allocating memory with, 128-30,

482, 493

to allocate an object, 457

to allocate storage space for name

strings, 457

in class constructor, 400, 456fig

with classes, 399

classes whose constructors use, 476

to create class objects, 482

to create dynamic arrays, 461

to create objects, 463

and delete, 146-49

dynamic array allocated with, 489

and memory, 150

using constructor with, 372

using to create dynamic arrays,

130-33

using to create dynamic structures,

143-45

Nonexpressions, and statements,

162-63

Null character, 102, 286, 590

Null pointer, 130

assignment message, 466

Number base, changing, 593-95

Numbers, pointers and, 127-28

Numeric data, write () method with,

591

Numeric types, converting, 585

0

Object, 7, 37, 49, 355, 364fig, 394

accessing with member function,

385fig
applying class method to, 363

array of, 391-93

assigning one to another, 383

cerr, 582, 584, 646

class, 383, 573

clog, 582, 584, 646

cout, 581, 646

create, 369

darray, 494-95

data, 128

fstream, 638

how functions choose which to use,

404

ifstream, 621, 628

Object code, 11, 13

Object initialization

fixing problems with, 467-68

pointer problems in, 464-67

Object instance, 37
Object members

initialization for classes with, 551-52

initializing to objects, 508-10

initializing those created with new,

477

new to create, 463

passing by reference, 405

pointers and references to, 533-35

predefined, 25

providing to member function, 384

represented by references, 541

using constructor to initialize, 372

using pointer to, 477-80

using pointer or reference to

identify, 540

Object message statements, 49

Object-oriented programming

(OOP), 3, 4, 7-8, 351-53

Object type, 37
Octal integer, 66

Offsets, 121

Ofstream class, 620, 628

Ofstream object, 621
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Opening, multiple files, 623-26

Open() method, 628, , 646

Operand order, using friend function

to reverse, 420

Operands, 80

user-defined, 426

Operating system, 5, 46
Operator, 91

arithmetic 80-91

arrow membership, 144, 477

assignment, 32, 176, 427, 531

binary, 417

bitwise left shift, 26
that can be overloaded, 427 table

conditional, 207, 225-28, 235, 427

decrement, 166, 167-68

delete, 1 51, 338, 448, 452, 457,

458, 476, 483

dereferencing, 122, 137, 150, 151,

387
dot membership, 144, 369, 394,

477

extraction, 50, 606, 620, 646

increment, 156, 167-68

index, 491, 497

insertion, 26, 50, 620, 632, 646

left-shift, 585

logical, 207, 214-23, 235

membership, 69, 114, 150, 363,

427

modulus, 84-85, 275, 500

new, 138, 143, 151, 338, 448,

452, 458

overloading, 481

overloading an overloaded, 417-18

redefine, 39

reference, 312

relational, 175

scope resolution, 330, 409, 427, 600

sizeof, 57, 58, 101, 105, 427, 635

subscripting, 427

unary, 417

Operator function, 410, 468

defining special, 481

Operator *() function, 499

Operator overloading, 26, 84, 399,

409-39

and friends, 419-20

vector class with, 410-26

Operator precedence, 81-82, 341, 427

Operator redefinition, 316
Ostream class, 37, 50, 581, 584, 585,

586, 588-91, 646

Ostream insertion operators, 592

Ostream methods, 620

Ostream reference, 429

Output, 25, 577-84

changing associations for standard,

583

character, 19

with cout, 25-28, 584-620

file, 620-45

redirecting standard, 584

Output buffer, flushing, 591-92

Output concatenation, 587-88

Output redirection, 583

Output statements, combining, 36
Output stream, standard, 646

Out of scope, 321

Overloaded operators, 496

overloading, 417-18

Overloading

classes containing pointers, 499

operator, 409-39, 468, 499

restrictions on, 426-27

P

Parameter, 249

Parentheses, 341

Passed values, receiving, 249

Passing an object, 546

Passing arguments

with a stack, 325fig

to base class constructor, 507fig

Passing by reference, 306, 307fig
Passing by value, 249-56, 307fig
Passing structures, 274-82

Peek(), 617-20

Pointers, 97, 150, 449

accessing class methods with, 480

address stored by, 125fig
applying sizeof to, 136

arrays and, 258-59

assigning values to, 137

changing the value of, 268

checking positino of file, 640

class member functions invoked by,

540

and const, 267-69

copying objects containing, 464

declaration statement to initialize,

126
declaring, 124-27, 137

declaring to function, 340-41

decrementing, 168

dereferencing, 137

equivalence to arrays, 132

file, 640, 647

and free store, 120-50

to functions, 339-44

to identify an object, 540

incrementing, 168

initializing, 124-27

null, 130

and numbers, 127-28

to objects, 477-80, 533-35

and pointed-to value, 137

and pointer arithmetic, 133-39

that points to a constant, 267

problems with in object

initialization, 464-67

and references, 304

storing addresses, 125fig
and strings, 140-43

using to invoke function, 342

Pointer addition, 135fig
Pointer argument, 546

Pointer arithmetic, 133-39

Pointer dereferencing operator, 151

Pointer membership operator, 482

Pointer notation, 138

Pointer-to-const, 268, 269fig
Pointer-to-member operator, 427

Pointer to a string, 286

Pointer types, 607

Polar coordinates, 278, 279fig,
415

Polymorphism, 8, 409

function, 298-302, 344, 546

Portability, 9-10

Index
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Postfix, 167

Precedence

of logical operators, 222-23

operator, 341, 427

rules of, 82

Precision, setting, 604

PrecisionQ member function, 598

Predefined object, 25

Prefix, 167

Preprocessor, 24-25

symbolic constants in, 60

Preprocessor directive, 60

Printf(), 20

cout and, 33-34

Private data members, 394

Private derivation, 503

Private keyword, 356, 357-58, 490

Private members, 503

accessing, 359, 401, 408

Procedural language, 3, 5

Procedural programming, 351-53

Program, mechanics of creating, 11-15

Program-end connection, 578

Program management, 515

Programming

bottom-up, 7
object-oriented, 3, 4, 7-8

spaghetti, 5

structured, 4, 6
Project menu, 14

Protected keyword, 356, 490

Protected members, 503, 546, 573

Protected section, of class definition,

490

Prototype, 294, 344

ANSI C, 247

features of, 248-49

function, 41, 241, 243-44, 245-

49, 262, 286, 295, 394

syntax of, 247

why C++ requires them, 246-47

Prototyping, function, 245-49

Public derivation, 503

Public keyword, 356, 357-58

Public member functions, 394

Public members, 503

Public section, of class definition, 490

Punctuation, bad, 184

PutbackQ, 617-20

PutcharQ, 195

Put() method, 588, 646

PutsQ function, 35

1

Quotation marks

double, 70, 103, 317

single, 68, 103

jj

Random access, 638-45, 647

Ranges, setting up with &&, 218-21

Range tests, 220-21

RdstateQ, 626

Read, a file, 621

ReadQ method, 617-20, 647

Records, 638

Rectangular coordinates, 277, 415

Recursion, 284-86, 287

Redirection, 193, 583-84, 620

Reference, 192, 404

as function parameters, 306-09

function returning, 315

to identify an object, 540

to an object, 468, 533-35

objects represented by, 541

passing objects by reference, 405

properties of, 309-12

returning, 384

as return value, 314-15

using with structure, 312-16

Reference argument, 546, 606

Reference declarations, 32, 329,

333fig

Reference operator, 312

Reference parameter, and function

call argument, 312

Reference variables, 302-16

Register keyword, 326

Relational expressions, 174-80, 235

joining with AND, 220-21

Relational operators, 175, 385

Remainder, 84

Repetitive tasks, performing, 155

Representations, multiple, 414

Return a reference, 384

Returning function, 243

Returning structures, 274-82

Return statement, 21, 47-48, 49, 162

Return type, 22

Return value, 22, 242-45, 248

function with, 39-43

reference as, 314-15

Reusable code, 7, 521

Right-justification, 595, 602

Ritchie, Dennis, 5

Run menu, 14

Run-time decision, 122, 543

s

Scaling factor, 75

Scientific notation, 602

Scope, 320-21, 323 fig, 344, 358,

369, 407, 451

block, 320, 393

class, 359, 393, 407

file, 321, 344, 393, 407

Scope resolution operator, 330, 409,

427, 600

Scoping rules, 74, 456

Screen, 583

Seek-dir argument, 640

Seekg() function, 639, 647

Seekp() function, 639, 647

Segment value, 121

Semicolon, 28, 185, 247

statements and, 21-22

Sending a message, 363

Sentinel character, 190

Setf() function, 599

SetfQ method, 600-604

SetfQ prototype, 601

SetprecisionQ, 604

SetwQ, 604

Short integer, 56-60, 63, 91

assigning to long, 86

Showpoint, 599

Side effects, 161

Signature, 418

Signed char, 73

Signed types, 55, 57

Significant figures, 76, 78

Simula 67, 8
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Single-character input, 610-13, 646

form of, 613-14

Size, of array, 192

Sizeof operator, 57, 58, 101, 105,

427, 635

and array name, 136, 138

and pointer, 136

Source code, 11-12, 29, 317
Space, 28

Spaghetti programming, 5

Stack

automatic variables and, 324-26

passing arguments with, 325fig

Standard Input/Output package, 578

Standard input stream, 581

Standard output stream, 581, 584

Standards, 9-10

State member, 431-32

Statement, 21, 29-34

assignment, 29, 32, 39, 49, 479

block, 21

1

body of for, 160

branching, 5, 207

break, 229, 233-35

C++, 34-39

compound, 170-71

continue, 233-35

declaration, 29, 39, 49, 162

expressions and, 160-62

for, 162

function call, 35-36

if, 207-14, 235

if else, 6, 207, 209-11
, 235

message, 39

nonexpressions and, 162-63

object message, 49

output, 36
return, 21, 47-48, 49, 162

and semicolons, 21-22

summary of, 39

switch, 207, 228-32, 235

Statement portion, 207

Static, 100

Static binding, 131, 138

Static class members, 448-57

Static external storage class, 327

Static keyword, 337

Static linking, 543

Static modifier, 331-36

Static storage, 149-50

Static storage class, 326-30, 449

Static variable, 151, 344

Step size, user-selected, 165

Storage classes, 320-39, 448

automatic, 149-50, 327

and const, 336-37

default, 336
and dynamic allocation, 338-39

external, 327
and functions, 337-38

run-time, 400

static, 149-50, 326-30, 337, 449

static external, 327
Storage location, 30

StrcmpO function, 178

StrcpyO function, 140, 143, 151,

452, 458

Stream, 26, 578-83, 646

associating file with, 646

Streambuf class, 581

Stream checking, 626-27

Stream-state methods, 626 table

String, 25, 97, 102-13, 151

comparing, 178-80

cout with, 33

displaying, 588

with for loop, 166-67

functions and, 269-73

functions that return, 272-73

locating end of, 107

passing as argument to a function,

270

pointer and, 140-43

problems with, 106-13

reversing, 173 fig

setting size of new, 297

using in an array, 104-06

ways to represent, 286

String concatenations, 104

String constant, 103, 286

String.h, 241

String input, 614-16, 646

String library, 140, 178

String literal, 103

StrlenQ function, 105, 140, 143,

151, 166, 241, 452

Str member, 452

StrncpyO function, 371

Stroustrup, Bjarne, 8, 12, 400

Structure addresses, passing, 282-84

Structure assignment, 118-19

Structure data object, 113

Structured programming, 4, 6
Structure member, 114

Structures, 97, 113-20, 150, 286
assignment, 118-19

classes and, 358

creating with no type name, 119-20

functions and, 274-84

passing and returning, 274-82

properties of, 118-20

returning, 274-82

using references with, 312-16

Structure template, 113, 115 fig,

117fig, 150

where to place, 116

Structure variable, 1 13, 274

Subscript, 98, 150

accessing array elements with,

199fig
Subscripting operator, 427

Subtraction, 80

Suffix

on integer, 6
proper, 11

Swapping functions, 306

Switch statement, 207, 228-32, 235

and if else, 232

Symbolic constants, 59, 185, 195

in preprocessor, 60

Syntax, prototype, 247

Syntax rules, 426

I

Tab, 28

TCK_CLK, 185

Tellg() method, 640, 647

TellpQ method, 640, 647

Temp, 217

Templates, in header files, 316

Temporary variable, 217-18

Terminating character, built-in, 270

Terminating null character, 587

Termination character, 614

Terminator, 21

Index
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Test

loop, 156, 157

for more than one condition, 214

Test-condition expression, 181, 207,

208, 209

Test-expression, 157

Text editor, 11

Text files, 634, 647

Text input, loops and, 189-98

This pointer, 384-91, 394

Tilde, 373

Time delay, 185

Time.h header file, 185, 186

Tokens, 28, 30fig

TolowerQ function, 226

Top-down design, 6

ToupperQ function, 226

Trailing zeros, printing, 599

Translator program, 24

Truncate, 628

Truth value, reversing, 221

Two-dimensional array

initializing, 200-202

nested loops and, 198-202

Type aliases, 18687

Type casts, 89-91, 563

for classes, 439-47

Type conversions, 8691

applying automatically, 446-47

automatic, 249, 399

for classes, 447

Typedef, 187

Type name, derived, 124

Types, 353-54

basic, 606

of data, 31

derived, 53

fundamental, 53

Unary operator, 417

UNIX, 578, 583, 584, 634, 635

C++ on, 11

compiling on, 318fig

compiling and linking, 13

development of, 5

Unsigned char, 73

Unsigned types, 55, 61-62

Update, loop, 156, 157

Update-expression, 158, 165

User-defined functions, 43-47

User-defined types, 317

operator overloading with, 409

User-supplied functions, 35

V

Variable declarations, 32

Variables, 29, 31

anonymous, 31

1

assigning to referred-to, 498

automatic, 149, 151, 321-26, 344

creating reference, 303-06

declaration statements and, 30-32

declared with function, 249

declaring, 54, 355

defined inside a bloc, 171

defining external, 334

external, 116, 327-29, 332-36

global, 330

initializing in declaration, 329

instance, 37
local, 249, 251 fig, 256, 330

names for, 54-55

reference, 302-16

register, 326

simple, 53-73

static, 151, 344

structure, 113, 274

temporary, 217-18

undefined, 60

Vector, 411

adding in rectangular coordinates,

415

describing displacement with, 412

fig

displacement, 411

for operator overloading, 412

Vector class

defining, 421

with operator overloading, 410-26

Vector class definition, 428

Virtual base classes, 564-72

Virtual functions, 535-47

Virtual keyword, 543, 564, 572, 573

Void functions, 242-43

While, for versus, 183-85

While loop, 6, 181-87, 202

terminating, 216

using cin to control, 281

White space, 29, 30fig, 1 07, 608,

612, 613

Width () method, 595

Write, to a file, 620, 621

WriteQ method, 588, 620, 635, 647

X

X component, 412, 413 fig

X_flags, 600

l
Y component, 412, 413 fig

l

Zeros, printing trailing, 599

Zortech C++, 11, 14-15
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TITltS FROM
TheWaite Group's Master C:Let the PC Teach You C
Mitchell Waite, Stephen Prata, Rex Woollard

The programming language known as C has become one of the languages of choice among programmers,

due to its enormous range and flexibility which allows it to be used in simple applications as well as advanced

operating systems. Muster C: Let the PC Teuch You Cis a revolutionary new book/disk package designed

to use the power and speed of the IBM PC to provide the fastest, most effective way to learn C. The Master

C CBT has features not found in books. It automatically guides the user through C topics, notices problems,

and recommends action. Sophisticated answer judgment accepts rough responses (even misspellings).

“Remediation paths” send the user to review material not understood. All in all, there is no better or faster

way to learn C today than with Master C.

256 Pages, 7 x 9, 3 5.25" disks, Softbound ISBN: 1 -878739-00-X, $44.95

Fractal Creations
Tim Wegner, Mark Peterson

If the magic place between science and art strikes your fancy—if you enjoy mixing special effects,

meditation, and, say, a little mathematics—then take a look at The Waite Group ’s Fractal Creations, a

creative new book/disk package. Fractals are the mathematical patterns that underlie many futuristic

ideas in science. FRACTINT, the program that comes with the book, turns an IBM PC into an exciting

“Fractal Processor” for exploring fractal images. You can zoom in on any of fractint’s 68 fractal

images; then you can rotate, colorize, or color cycle the images for the most beautiful animated pat-

terns imaginable. The program also converts them to 3-D, and creates 3-D mountain ranges, clouds,

ferns, or landscapes—a pair of 3-D glasses is included. The book that accompanies the software is an

illustrated tutorial on fractals, a reference manual for FRACTINT, and a bible of all the built-in fractals

and how they work. A large fold-out color poster features some of the most beautiful fractals created by

fractint users. Check out the future with The Waite Group’s Fractal Creations.

350 Pages, 1 360K 5.25" disk, 7x9, Softbound ISBN: 1-878739-05-0, $34.95

The Waite Group's WordPerfect Bible

Joseph Speaks, Rob Weinstein

Until now, WordPerfect has been a difficult product to learn, let alone master: its over 165 powerful

text control commands are non-intuitive and difficult to remember. Indeed, WordPerfect is especially

hard on people new to computers.

The Waite Group’s WordPerfect Bible brings an end to this confusion. It’s an exciting reference and

tutorial to all WordPerfect commands with a specially designed “idea-in-a-block” format that makes it

accessible to first-time users as well as power users. Every one of the beautifully designed command

spreads in WordPerfect Bible contains blocks for purpose, usage techniques, keyboard shortcuts, mouse

selection, an example, deeper details, tips, warning, variations, macros, related commands, and a com-

patibility box. You waste no time reading large tracts of irrelevant text. This book is The Waite Group

at its best—for fast and easy lookup, quick and complete alphabetical and by-task “jump tables” of all

WordPerfect commands and concepts are featured on the inside covers. Everyone needs The Waite

Group’s WordPerfect Bible next to their computer. Toss out all ofyour WordPerfect books—this is the

only one you’ll ever need.

546 Pages, 7x9, Softbound ISBN: V-878739-01-8, $26.95



WAITE GROUP * PRESS
The Waite Group /

s C++ Primer Plus

Stephen Prata

Computer mavens expect the new programming language C++ to eventually displace C from its position

of near-universal preference. An extension of C, C++ treats data and functions as objects (hence the term

object-oriented programming or OOP), making it possible to clone, modify, and build upon them. Un-
like existing books on the subject, C++ Primer Plus is addressed to those without an extensive program-

ming background. It provides a simple introduction to the standard 2.0 AT&T implementations of C++
while also covering the essential concepts of C. It teaches the basics of OOP and shows how to build pro-

grams that are flexible and readily modified.

In the friendly, easy-to-follow style of C Primer Plus (the author's best-selling work), C+ + Primer Plus illus-

trates the language's fundamentals with short sample programs that are easy to key in and experiment with. A
companion disk (available through the order card included with the book) contains all the sample programs

and projects. The book is compatible with any AT&T Version 2.0 compliant compiler and works under

Unix, Borland, Turbo, Zortec, and Sun C++.

720 Pages, 7x9, Softbound ISBN: 1 -878739-02-6, $26.95

The Waite Group's Object-Oriented

Programming in Turbo C++
Robert Lafore

Object-oriented programming (OOP) is the most dramatic—and potentially confusing—innovation in soft-

ware development since the dawn of the computer age. Based on the idea of treating functions and data as

objects, OOP results in programs that are more flexible, more easily maintained, and on the whole, more

powerful. Object-Oriented Programming in Turbo C+ + focuses on C as a separate language, distinct from C,

and assumes no prior experience with C. Step by step lessons teach Turbo C++, Borland C++, and the basics

of OOP at the same time. Suitable for students, hackers, and enthusiasts, Object-Oriented Programming in

Turbo C+ + is written by Robert Lafore, author of the best-selling The Waite Group’s Turbo CProgrammingfor

the IBM (over 200,000 copies in print). You’ll find details on Turbo C++ graphics and the DOS file system,

project chapters enhance your understanding of object-oriented design with a game of life, a program that

simulates a town’s water distribution system, and a fractal generator, and more. No experience required for

this hands-on book.

640 Pages, 7x9, Softbound ISBN: 1 -878739-06-9, $26.95

The Waite Group's Turbo Pascal How-To
Gary Syck

Turbo Pascal How-To is a working programmer's dream: hundreds of typical programming problems,

with creative ways to solve them, in an easy-to-use reference format. The solutions provided are designed

to work with the latest, “object-oriented” Version 6.0 of Turbo Pascal, as well as earlier versions. Experi-

enced programmers will appreciate the ease of incorporating these solutions, which will allow them to

concentrate on their program’s unique characteristics and not waste time solving problems. At the same

time, novice programmers will find they can quickly begin creating functional programs just by building

on the modular examples provided here. Borland’s new Turbo Vision interface system as well as the new

Windows 3.0 extensions are presented for the first time.

The Waite Group’s Turbo Pascal How-To answers the most practical questions any programmer has, such

as: “How do I put information in a window? How do I build a fancy pull-down menu system? How do I scroll

the screen? Create a directory? Save memory?” And more. In short, this book has everything readers need to

know to write professional Turbo Pascal programs.

500 Pages, 7x9, Softbound ISBN: 1-878739-04-2, $24.95



The Waite Group's

Computer Based C Training for the IBM PC

1
g8|M Master C is a revolutionary

book/disk package designed

to turn your PC into an in-

structor that teaches you to write

powerful C programs.

AS Witt

Choose Option Belou by its First Letter: _
Ftieuanl Back Glonsiufu Call: Unite Hein Refresh Oh i Di«

Mitchell

|
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PACKAGE CONTAINS: 360K 5.25" disks, companion book, and registration card.

SYSTEM REQUIREMENTS: An IBM PC or 100%-compatible computer, a 384K system memory,
DOS 3.0 or later, a hard disk and 5.25" floppy-disk drive, and a monochrome or color adaptor.

PRICE: $44.95 U.S.A. See Order Form.

The Master C disk guides you through all the essential

C topics—from data types to pointers and data

structures. It teaches you, quizzes you, notices prob-

lems, and recommends action. A sophisticated answer

judgment technique accepts rough responses and even

misspellings.

Master C features windows, an on-line glossary, a

calculator, electronic bookmarks, and it keeps track

of student scores for classroom use. Answer collection

can be turned on and off. Even screen colors can be

changed.

The Master C book provides lessons you can use

when you're away from your computer, and it fea-

tures a reference section that explains the use and
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cumulated answer "blackboards" let you learn C by

building the program in a window.
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Production for this book was done using desktop publishing techniques and every phase of the

book involved the use of computer technology. Never did production have to use traditional

typesetting, stats, or photos, and everything for this book, from the illustrations to the format-

ted text, was saved on disk. Only the cover painting was created in the traditional manner.

The author wrote portions of the text in Microsoft Word 4 on a Macintosh SE-30, and

portions in Word for Windows, running under Windows 3.0. The C++ code was originally

generated using Turbo C++ on a PC 386. The source code files were imported into WinWord,
and program output was transferred using cut and paste methods. The Word for Windows files

were converted to RTF (rich text format) files, sent to the Macintosh using MacLink, and

opened directly from Microsoft Word for the Mac. For the portions written using Microsoft

Word Mac, C++ code was sent to the Macintosh using MacLink and pasted into the Microsoft

Word text. After the book was edited and revised, the program code was copied from Macin-

tosh Word, converted to ASCII, sent to the PC, and retested.

All page formatting and book design was done in PageMaker 4.01, using the imported

Microsoft Word files. Adobe and Bitstream fonts were used.

Illustrations were done in Aldus Freehand and saved as EPS files for placement in Page-

Maker. Backmatter figures were done on a Macintosh Ilfx using Freehand. The icons (globe,

cube, cone) were created using Adobe Illustrator.

The cover was created as a traditional airbrush painting and was traditionally separated.

Quark Express was used for cover design. For the chapter openers and the graphics that adorn

the tops of pages, the cover art was scanned using a MicroTek color scanner, altered in

ImageStudio, and imported into PageMaker.

Final files were sent on Syquest 44 Mb removable disk cartridges to the printer, R.R.

Donnelley & Sons Co., where they were directly imposed to film through a Macintosh Ilfx and

Linotronic 530 phototypesetting machine, utilizing Adobe and Monotype fonts. Plates were

then made from the film.



AS A PUBLISHER AND WRITER WITH OVER
360,000 BOOKS SOLD EACH YEAR, IT CAME AS A
GREAT SHOCK TO DISCOVER THAT OUR RAIN

FORESTS, HOME FOR HALF OF ALL LIVING

THINGS ON EARTH, ARE BEING DESTROYED AT
THE RATE OF 50 ACRES PER MINUTE & AT THIS

RATE THE RAIN FORESTS WILL COMPLETELY DIS-

APPEAR IN JUST 50 YEARS & BOOKS HAVE A
LARGE INFLUENCE ONTHIS RAMPANT DESTRUC-

TION & FOR EXAMPLE, SINCE IT TAKES 17 TREES

TO PRODUCE ONE TON OF PAPER, A FIRST

PRINTING OF 30,000 COPIES OF A TYPICAL 480

PAGE BOOK CONSUMES 108,000 POUNDS OF

PAPERWHICH WILL REQUIRE 918TREES. TO HELP

OFFSET THIS LOSS, WAITE GROUP PRESS WILL

PLANT TWO TREES FOR EVERY TREE FELLED FOR

PRODUCTION OF THIS BOOK & THE DONATION
WILL BE MADE TO RAINFOREST ACTION NET-

WORK (THE BASIC FOUNDATION, P.O. BOX
47012, ST. PETERSBURG, FL 33743), WHICH CAN
PLANT 1,000 TREES FOR $250.



You've read the book. Now get:

The Waite Group's
~

C++ Primer Plus: The Companion Disk

The Time of Your Life is pretty valuable. Why waste it typing in computer code? If you

measure in mere dollars, consider that you’re worth $40 an hour (not atypical for a

programmer). If it takes you ten minutes to type in and debug a half page of code, then the

listings in this book would take you about 1 6 hours to type, consuming $640 worth ofyour time!

But your time is more valuable than money, isn’t it? Think of all the ways you could spend

your time that would be more fulfilling than typing code. You could be creating 3-D fractals.

You could be walking along the beach pondering the structure of a double helix. You could

be practicing genetic engineering on your house pets.

How many times have you heard “Not tonight, honey, I have to type in the source code from

The Waite Group’s C+ + Primer PlusT Gets pretty tiresome after awhile, doesn’t it?

Well, we’ve made it easy for you by creating C+ + Primer Plus: The Companion Disk. This

disk (available in 3.5-inch or 5.25-inch formats) contains all the program listings featured

in C+ + Primer Plus, organized in chapter directories, and named to match the book’s listings.

Each has been pre-tested and debugged. So just load these educational listings into your C++

compiler and watch the fun.

Thrill to:

Potato Nose Muggins and Polly Morf in strtref.cpp

Glorious Gloria and Audacious Arthur of arrayone.cpp

The Amazing Accounto averaging sums in block, c pp

The number guessing game ifelseif.cpp

The inlaw IQ tracker and . cpp

The Lotto odds calculator l o 1 1 o . c p p

The yam-counting capabilities of arrayone.cpp

The object-oriented softball stats program softbal3.cpp

And so much more for a mere $19.95 (plus applicable taxes, and shipping fees).

There’s more to life than typing programs. Use the postage-paid card in this book to order

The Waite Group’s C+ + Primer Plus: The Companion Disk and have the Time ofYour Life.



Disk Order Form
Filling out this order form can change your life, help you impress friends, and perhaps even influence people.

The companion disk for The Waite Croup's C++ Primer Plus includes all of the C++ program listings contained in this

book, organized by chapter, and pre-tested and debugged.

The Waite Group's Master C is a disk-based training system that turns your IBM PC into a C instructor. Master C uses

modern computer-based techniques including sophisticated answer judgement to teach C, from fundamentals through

advanced concepts. It presents information, gives quizzes, keeps score, notices problems, recommends action, and even

lets you chart your own C course.

To order by phone call 800-368-9369 or 415-924-2576 (FAX)

or send to The Waite Group, 200 Tamal Plaza, Corte Madera, CA 94925

Quantity and Type

Name Item # Quantity Price

C++ Primer Plus companion disk WGP-CD10 x $19.95 =

Master C training system CBT-1 [j x $44.95 =

Sales Tax—California add resses add 7 . 25% sales tax.

Shipping—Add $5 USA, $ 1 0 Canada, or $30 Foreign for shipping and

handling. Standard shipping is UPS Ground. Allow 3 to 4 weeks. Prices

subject to change. Purchase orders subject to credit approval, and verbal

purchase orders will not be accepted.

Disk Type: Q 5.25-inch Q 3.5-inch

Sub Total

Sales Tax

Shipping

Total Due

. i

Method of Payment

Checks or money orders, payable to The Waite Group. To pay by credit card, complete the following:

I |
Visa Mastercard Card Number

Cardholder's Name Exp. Date

Cardholder's Signature

©1992 The Waite Group, Inc. All rights reserved. The Waite Group is a registered trademark of The Waite Group, Inc.
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Disk Order Form
Filling out this order form can change your life, help you impress friends, and perhaps even influence people.

The companion disk for The Waite Croup's C++ Primer Plus includes all of the C++ program listings contained in this

book, organized by chapter, and pre-tested and debugged.

The Waite Group's Master C is a disk-based training system that turns your IBM PC into a C instructor. Master C uses

modern computer-based techniques including sophisticated answer judgement to teach C, from fundamentals through

advanced concepts. It presents information, gives quizzes, keeps score, notices problems, recommends action, and even

lets you chart your own C course.

To order by phone call 800-368-9369 or 415-924-2576 (FAX)

or send to The Waite Group, 200 Tamal Plaza, Corte Madera, CA 94925

Quantity and Type

Name Item # Quantity Price

C++ Primer Plus companion disk WGP-CD10 Q x $19.95 =

Master C training system CBT-1 Q x $44.95 =

Sales Tax—California addresses add 7.25% sales tax.

Shipping—Add $5 USA, $10 Canada, or $30 Foreign for shipping and

handling. Standard shipping is UPS Ground. Allow 3 to 4 weeks. Prices

subject to change. Purchase orders subject to credit approval, and verbal

purchase orders will not be accepted.

Disk Type: 5.25-inch
I I 3.5-inch

Method of Payment

Checks or money orders, payable to The Waite Group. To pay by credit card, complete the following:

|

Visa Q Mastercard Card Number 11111 1 1 1 I I I I I 1 I l_L_L_

Cardholder's Name Exp. Date L_LJ

Cardholder's Signature

©1992 The Waite Group, Inc. All rights reserved. The Waite Group is a registered trademark of The Waite Group, Inc.



$26.95 U.S. Computer Programming Language

THE WAITE GROUP •

C« PRIMER PLUS
Teach yourself Object-Oriented Programming

BY STEPHEN PRAIA
Winner of the 1 990 CPA Best How-To Computer Book Award

,

Finally, here is the first no-experience-required, fun-to-read book on the C++ programming
language, C++ Primer Plus . Learn about this new language's full power without getting

bogged down in technicalities.

C++ Primer Plus teaches "generic" C++ from the ground up and assumes no prior experience

in the C language. You'll learn the basics of object-oriented programming (OOP) ana how to

use classes, inheritance, and polymorphism to build programs that are flexible and easy to

modify. Following up on his immensely successful classic C Primer Plus, Stephen Prata presents

gentle, humorous, and interesting explanations and examples.

C++ Primer Plus lessons work with any of the new AT&T C++ 2.0 and 2.1 -compatible
compilers, including Borland and Turbo C++, Sun cfront C++, Zortech C++, and AT&T Unix

C++. Suitable for classroom use or self-directed study, the book contains end-of-chapter

quizzes, exercises, chapter summaries, and informative notes.

C++ Primer Plus

:

• Presents C and C++ at the same time
• Teaches Object-Oriented Programming (OOP) from the ground up
• Covers Objects, Classes, Overloading, Constructors, Inheritance, Virtual Functions
• Provides a fun, insightful, and practical approach to the C++ language

IF YOU WANT TO LEARN C++, WHY NOT LET A CLASS ACT HELP YOU OUT?

"Prata makes a relatively complex subject— professional programming— clear

and enjoyable. He also manages to teach both people completely new to programming
and programmers new to C without being tpo technical or condescending. Plus, he

anticipates questions, prejudices, and real-world situations— almost like a five teacher."

Computer Press Association

The Waite Group was founded by Mitchell Waite, a
computer book author since 1974. The Waite Group
has produced over 70 titles, including such best-sellers

as C Primer Plus, Fractal Creations, Microsoft C Bible

,

MS-DOS Bible, Tricks of the MS-DOS Masters, and
Master C: Let the PC Teach You C.

WAITE GROUP PRESS™

200 Tama) Plaza, Corte Madera, CA 94925


