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Preface 

This new expanded second edition of BASIC Programming Primer was writ­
ten to show beginners that learning BASIC is fun. By using a friendly, 
down-to-earth style and lucid, exciting examples, this book will help you 
learn BASIC quickly, gently, and without tears. Although most books on 
BASIC today are overly pedantic and lack a sense of humor, BASIC Pro­
gramming Primer has a witty manner, clever approach, meaningful graphics 
and is designed especially to keep up int~rest. BASIC Programming Primer is 
the only book on BASIC you may ever need. 

What is BASIC? It is an extremely popular computer language, taught today 
in schools around the world, and incorporated into almost all personal com­
puters on the market. Why learn it? Well, by understanding how BASIC works 
you are in the position to maximize the capacity of your home computer. 
With BASIC you can write powerful programs for fun or for profit, you can 
design and program your own computer games, business programs, teaching 
systems, household helpers, etc. And because BASIC has become a de facto 
standard among personal computers, knowledge of it puts you in a perfect 
position to control not one, but all personal computers today. Furthermore, 
the job market for programmers is growing at an incredible clip and experts 
agree there are no better employment opportunities today than in programm­
ing. 

This book is written in such a way that readers at many different levels of 
computer involvement can learn BASIC in a few hours. In order to concen­
trate on the language we will consider the computer as a "black box" which 
responds to commands that we issue using BASIC. The black box has a 
keyboard like a typewriter, and a screen like a tv with which it can "com­
municate" with the real world (although its internal world may at times seem 
real too). Sound like a space drama? Well, it can be if you program it that 
way. Or, what if business programs are what you are looking for? Add a 
simple hard-copy printer to the black box, and print mountains of reports. 
That is how versatile the BASIC language really is. 



Like the first edition of BASIC Programming Primer, this expanded edition 
covers everything you need to start using BASIC today. Still included are the 
things that made this book a best seller for five years, including five action­
packed chapters covering BASIC input/output, program control statements, 
arrays, functions and interesting variations such as PEEK/POKE, CALL, etc. 
Also there are these demo programs people love: the loan program, metric 
conversion, and a TIC-TAC-TOE game you can program. 

The new edition has features culled from years of feedback from all types of 
readers (how many books can say that?). First we have added a new chapter 
called "Advanced BASIC." This chapter will teach you how to code your 
BASIC programs just like the professionals of computing. It covers all those 
special BASIC statements that you find in the more expensive disk based lan­
guages; in fact, the chapter covers the BASIC statements found in the new 
IBM Personal Computer BASIC (a Microsoft variant) except graphics and disk 
(we are saving those for a separate book-watch for it). 

Included in this new chapter are the powerful structures like WHILE ... 
WEND and IF THEN ELSE. These allow you to code loops that are simple and 
easy to "see." For defining your own custom functions we cover the defined 
function statement (DEF FN). Also covered are special input/output com­
mands like LINE INPUT, PRINT USING, INPUT$, and INKEY$. Advanced 
string functions like INSTR, MID$ on the left, STRING$, SPC(n), and SPACE$ 
are covered. Error checking, a subject woefully explained in almost all BASIC 
texts, is explained in depth so that you can prevent your programs from 
"bombing-out" in midflight. Finally, we discuss a most often confused subject 
of "variable types" in BASIC, showing you how to define and keep track of 
the accuracy of your calculations with the powerful double-precision variable 
types, as well as integers and single precision. As an added bonus we'll show 
you how to peek into the inner workings of BASIC and discover how it 
"ticks" with the statement VARPTR, and how to convert from one number 
system to another within the program. 

There are two new programs in this chapter: Micro Space Invaders and 
Word Scrambler. The Micro Space Invaders lets you play that famous game 
on your own computer, and at the same time teaches you how the advanced 
string functions work. The Word Scrambler shows you how to produce all the 
possible arrangements of letters of a word you type in. You can use this to 
come up with neat names based on the initial capital letters of a longer name. 
Through this program you'll discover a most powerful technique called 
"recursion." 

Another new chapter in the book, "Rubik's Cube Program," takes all the 
concepts you have learned in the previous chapters and puts them together in 
a neat game/learning program called Rubik's Cube. We show you how a 
program is conceived, organized, structured and coded, from beginning to 
end. In case you never heard of it before, Rubik's Cube is a very popular 
game/device that is based on a colored cube made up of little cubes that can 
be rotated and moved about. The sides of the cube start out different colors 



but in an organized fashion. A few twists and the cube becomes hopelessly 
scrambled. The object is to return the cube to its virgin state ... which is a 
major feat. Since over 7 million cubes have been sold in the last year it is 
clear that people love this puzzle. With our program you can simulate the 
twisting and turning of the cube on your own computer and at the same time 
learn how a program is "put together." We teach you how to flowchart, and 
how to use "top down," "bottom up," and "middle out" thinking. By the 
time you finish this chapter you'll be an expert in BASIC. 

We've also added a quiz to the end of each chapter, along with answers in 
an appendix so you can test your understanding. 

Through the use of many example programs, and our own recipe for pre­
sentation, we hope to arouse your interest, sharpen your wit, and hopefully 
open your eyes to how to write a BASIC program (if we can put a· grin on your 
face while you read, we'll consider it a bonus). If you think there are things 
we left out, you're right. It was hard but we deliberately omitted several of the 
features of BASIC we felt would limit the book. For example, we do not cover 
disk statements because they are different on different machines. Same thing 
for graphics. Special books are out that explain graphics for the different 
computers (for example, see Computer Graphics Primer by Mitchell Waite, 
Howard W. Sams & Co.), so we'll let these do that job. For disk information, 
consult the manual that comes with your computer. However, we think that 
we have covered all of the important bases and that you will be quite pleased 
when you discover you can learn to program a computer just by reading a 
book. 

Once you have read the book, you will only need to refer to it occasionally 
to make sure how some of the commands work. Realizing this, we have in­
cluded a removable reference card which has condensed examples of all of 
the BASIC language. It is a lot easier to carry around than the book, and many 
people prefer to pin the card next to their computers, for easy look-up of 
BASIC statements and commands. 

So then, carry on, and enjoy your journey into this exciting and fun-filled 
BASIC "vacation." One warning: Be careful of spending too much time at the 
terminal. BASIC, it turns out, can be addictive! 

The authors would also like to take this opportunity to sincerely thank 
Robert Lafore, who, with Mitchell, revised portions of the text and wrote 
Chapters 6 and 7. Much of the wit and humor in these new chapters came 
from Robert's clever hand. Robert is well known for his "Interactive Fiction" 
programs. 

We have very much enjoyed writing this book and hope you will enjoy 
reading it. We would love to hear how you felt about the book, what im­
provements you would like to see, etc. Please send them in care of the pub­
lisher. 

Mitchell Waite 
Michael Pardee 
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CHAPTER 

1 

Basic BASIC 

WHAT IS BASIC? 

BASIC is a programming language for computers. It is especially easy to 
learn and has quickly become the most popular language among computer 
users in the world today. The reason for the popularity of BASIC has to do 
with its origins. The language was developed at Dartmouth College so stu­
dents with no background in programming could learn to use a computer. 
You don't need to become a computer scientist to learn how to use a compu­
ter. The BASIC language is designed for students and professionals alike. It has 
all the power of a computer language but is inherently simple to learn and to 
use. 

BASIC has been called the "all purpose" computer language. This is be­
cause it can be applied in hundreds of areas ranging from the sciences to the 
arts to industrial control. Unlike other computer languages, BASIC can be 
learned outside normal teaching environments. With the recent appearance of 
"home" computers people have begun to learn BASIC in their homes, or at 
computer learning centers across the country. 

BASIC is not the only language for computers being used today. Many other 
languages exist and each has its own particular merits and shortcomings. 
FORTRAN, for example, is a scientific language, used to perform advanced 
calculations and laboratory work. COBOL is used best in business data pro­
cessing applications. And then there are SNOBOL, FOCAL, RPG, APL, PILOT, 
PUM, LISP, and even versions called SUPER BASIC which are nothing more 
than enhanced implementations of the standard BASIC language. Don't let the 
exotic abbreviations confuse you. They each mean something special about 
the language, but it is not necessary to know them to learn BASIC. And fur­
thermore, none of these other languages can offer the simplicity and gentle­
ness that makes BASIC so easy to learn. 

Many BASIC Dialects 

Just as there are variations of a language when spoken in different areas of a 
country, there are several variations in the structure and content of the BASIC 
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language. We call these differences "dialect" variations. Most of the differ­
ences are minor, and mainly due to the fact that there is no fixed "standard" 
for the elements of the BASIC language. Most other computer languages have 
been created around a government standard called the ANSI standard (Ameri­
can National Standards Institute) but BASIC somehow missed the boat in this 
area, and only a minimum report has been suggested. 

Since its creation at Dartmouth College, BASIC has undergone several mod­
ifications but it still maintains its overall structure. What this means to the user 
of BASIC is that each manufacturer will add features to its BASIC that are not 
necessarily found in another version of the language. For example, manufac­
turer A may include commands that make it possible to use graphics with 
BASIC, while manufacturer B may include complex mathematical functions 
and leave graphics out. Or manufacturer A may allow variable names to be 
up to 31 characters in length while manufacturer B may only allow two­
character variable names. On top of this are the differences caused by the 
particular computer the BASIC language is designed for. A BASIC language 
designed for an 8080 based micro-computer may not work on a 6502 based 
computer and vice-versa. And it is not usually possible to take a program 
written on machine A and get it to work immediately on machine B. We call 
this characteristic "portability." BASIC is not portable, like a standardized 
language such as FORTRAN. Another way to look at this is to say that BASIC 
is almost always a "machine-dependent" language. 

But for the most part the differences between the various BASICs are such 
that they can be easily identified and worked around. To make learning BASIC 
as simple as possible we have set aside Chapter 5, called Variations, to ex-
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plore these differences in detail. The bulk of the first four chapters deals with 
those features of BASIC which are most common to all those on the market 
today. 

WHAT CAN BE DONE?-BASIC APPLICATIONS 

The list of things we can program in BASIC is almost endless, but for clarity 
we can lump applications into four broad categories: Business, Entertainment, 
Education, and Science. In this section we will examine some of the types of 
programs we can create in each of these areas. Later in the book we will 
explore some of these in more detail. 

Business Applications 

Although BASIC was never specifically intended to be a business data pro­
cessing language, it has nonetheless become a popular language for creating 
business solutions with the computer. Some business program applications 
include: 

General Ledger 
Order Processing 
Inventory Control 
Customer Billing 
Mailing Labei Preparation 

A General Ledger (or G/L for short) is a program or a group of programs that 
automates all the accounting needs of a company on the computer. A G/L 
replaces the error-prone manual method of bookkeeping. Business transac­
tions are entered into the computer just as they would be entered into a book. 
They are "posted" to certain accounts, and then summarized into meaningful 
financial statements or reports. Financial transactions can be entered from 

INDUSTRY 
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data on check stubs, invoices, deposit slips, or may be noncash entries such 
as depreciation. A G/L in BASIC helps a company keep track of where its 
money is being spent and how to make the best use of its financial resources. 
It also helps to prepare income tax forms at the end of the year. These G/Ls 
are often sold by independent software vendors in a form that can be adapted 
to a particular type of business. 

Order Processing programs allow the user to enter customer orders into the 
computer and to make up shipping and billing invoices for certain products or 
services. A computerized Order Entry program can check inventory stock al­
most instantly and shipments can be made on a "same day" basis. 

Inventory Control programs keep track of the number of items a company 
has in stock, and allow specific information about the movement of stock 
items to be displayed. The programs help a business maintain tight control 
over the volume of merchandise stored in the company warehouses. This in 
turn helps to increase the inventory turnover rate and save the company 
money. 

Customer Billing programs are used to generate invoices and billing forms 
for a product or service. They maintain a list of customers and produce bills 
for these accounts on a periodic basis. 

Mailing Label Preparation programs are used to produce mailing addresses 
for sending bills, invoices, and other data to customers or clients. A mailing 
label program usually involves some sorting of addresses according to ZIP 
code, and so on. Enormous amounts of time are saved by having the compu­
ter print the mailing labels instead of having employees do it manually. 

Entertainment Applications 

Even if you purchased your computer for a "serious" purpose such as a 
business or scientific application, the chances are that sooner or later you will 
find yourself using it for entertainment. A computer's fast information process­
ing ability and the dazzling graphics displays it is capable of (in color on 
many computers) make it a natural medium for many different kinds of 
games. There are literally thousands of game programs currently available. All 
you need to do with these is buy them, load them into your computer, and 
enjoy them. It can also be very rewarding, and sometimes even more fun, to 
write your own game programs. Although they may lack some of the sophisti­
cation of a commercial game, you will have the satisfaction of having created 
them from scratch, and you can "customize" them any way you want to. 
Because BASIC is the primary language supplied with most personal com­
puters, and because it is easy to learn and to use, it is a natural tool for writing 
game programs. Many commercial game programs are written in BASIC (al­
though those that require very high speed graphics displays are often written 
in a much more complicated language called "assembler"). 

Many traditional games have been adapted for personal computers includ­
ing chess, checkers, backgammon, Othello, Tic-Tac-Toe, hangman, and Nim. 
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ENTERTAINMENT I 
There is also a variety of card games such as blackjack and bridge. In some 
versions of these games you play against the computer, and in others you play 
against another human while the computer keeps track of the moves and the 
score. 

Several whole new kinds of games have also appeared, based on the com­
puter's particular abilities. Some of these games make use of the computer's 
arithmetic speed to "model" or imitate complex physical situations. Your 
computer can, for example, simulate an airplane, which you "fly" using the 
keyboard and the video screen. Or you can command a submarine, or a 
spaceship (as in a wide variety of Startrek games), or try to land a "lunar 
lander" on the moon without crashing. 

Some games are designed to test your manual dexterity. You may have to 
drive a car along a winding road, escape from dangerous creatures in a maze, 
or shoot down approaching hordes of alien space ships. Many of these games 
which are available for personal computers, are versions of the games popular 
in video arcades across the country. 

Other games involve you in a variety of different fantasy situations. In the 
famous "adventure" games you find yourself in a mazelike castle, or haunted 
house, from which you must find your way out, while avoiding various dan­
gers, such as trap doors and evil dwarfs. And, in war simulation games, you 
command an army or a fleet, and reenact famous historical battles. 

There is an incredible variety of games to choose from, and new ones are 
appearing all the time. You can buy them, or, using BASIC, you can write 
your own version of your favorite game, or perhaps create an entirely new 
game! 
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ENTERTAINMENT 2. 
Educational Applications 

Educational applications are becoming increasingly important in the mic­
rocomputer field, as more and more educators learn to appreciate the advan­
tages of computers in the classroom. Computers can produce animated color 
graphics which are almost guaranteed to capture a student's attention; they 
can provide a student with individual instruction at exactly the level he or she 
needs; they can create their own questions as they go along and provide 
instant feedback if a student doesn't understand something; and, above all, 
they are very patient and do not become annoyed or upset, no matter how 
many mistakes the student makes. 

For very young children there is a variety of educational programs which 
are so much like games that often a child can be learning without even realiz­
ing it. Such programs may use color graphics and a simplified keyboard to 
teach the difference between left and right, or the recognition of patterns. For 
slightly older children the alphabet and simple arithmetic can be taught with 
graphics displays featuring the child's favorite cartoon characters, or with 
educational versions of popular computer games. 

For grade school and high school, computer programs have been devised 
for almost every subject: math, spelling, grammar, geography, typing, foreign 
languages-the list can go on and on. There is also a variety of programs to 
help teachers prepare exams (sometimes tailoring them for each individual 
student) and grade the results. In more advanced courses computers can be 
used for creating pictures of DNA molecules, for analyzing the stresses on a 
bridge, and for a myriad other applications. 

As with games, educational programs can either be purchased or written by 
the user. Many teachers create their own BASIC language educational pro-
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grams for use in special learning situations. In this way they can produce a 
program which is tailored to the specific needs of a group of children in a 
particular learning situation. 

BASIC is also the perfect language for teaching programming, because it is 
so easy to write-in just a few lines-a program which can actually perform 
useful tasks. Even a one-line program can do something interesting, as you 
will see in the next few pages. Many other computer languages, such as Pas­
cal, require every program to start with a group of complicated statements to 
define what variables are to be used and to perform other functions. This 
makes them harder to learn. In BASIC you can write your first program almost 
instantly! 

wcome 
ets to 
y 

EDUCATION 

Scientific Applications 

Computers programmed in the BASIC language have been used in scientific 
and laboratory environments for quite some time. Traditionally, BASIC pro­
grams are used in scientific and lab applications to perform complicated 
mathematical functions in a specific logical sequence to produce solutions to 
equations that would take years to solve by hand. BASIC programs can model 
the natural laws of hundreds of physical processes, and the model can be 
changed and studied by simply changing the program. 

In what are called "real time" applications, computers programmed in 
BASIC can monitor, sense, and control external events such as the regulating 
of temperatures, the weighing of materials, or the movement of mechanical 
devices. Such applications usually involve some sort of "hardware interface," 
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a device that converts signals from the "real world" to a form that the compu­
ter can deal with. You don't really need to understand the interface device to 
use it. As an example, a BASIC program can be designed to measure and keep 
track of the rotational velocity of a wind anemometer (a spinning device that 
measures wind speed) if a hardware interface is attached to it that produces 
pulses of electricity each time the anemometer turns. The computer program 
can count these pulses at predetermined intervals throughout the day, it can 
scale them to represent wind speed in miles per hour or feet per second, and 
store the values inside the memory of the computer for later analysis. What is 
more, the program can be made to work in such a way that each time the 
measurement is made it takes only a few seconds of computer time and 
leaves the computer free to do other things. 

On the other hand, a BASIC program can be made to control external 
events rather than simply to monitor them. Lamps can be turned on and off at 
predefined intervals throughout the day. Valves can be opened and closed 
based on some internal or external event. Motors can be turned in particular 
directions for specific periods of time. In fact, just about anything you can 
imagine that contains some kind of switch or electric power source can be 
controlled by the computer. Again a hardware interface device is needed but 
in some cases the device may be extremely simple, such as a single relay or a 
single lamp. You can see that the computer is a universal kind of "pro­
grammed regulator." You can use it to regulate the flow of water to your 
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house plants, or to regulate the flow of chemicals to an industrial process 
cycle. 

We have seen that these four BASIC applications span an enormous range 
of possibilities, and BASICally the sky's the limit. In the next sections we will 
begin to explore how to program in BASIC. 

GETTING STARTED 

Let us assume that you are sitting down at the computer. In front of you is 
the computer keyboard. It looks very much like a standard typewriter 
keyboard. Above the keyboard is the screen of the computer. The screen is 
called a cathode ray tube, or crt for short. The crt is where all the information 
appears. A crt takes the place of typewriter paper. 

If you are new to this game of computers you'll have to make sure that a 
couple of things are in order before you start: 

1. Is the computer turned on (or, as they say, is the computer "up and 
running")? 

2. Is BASIC ready to go and inside your computer? In some computers you 
have to,"call" or "load" or somehow "initialize" BASIC. The instruc­
tions for doing this can usually be found inside the manual that comes 
with the computer. 

Let us say your computer is up and running some version of BASIC. Now to 
get the feel of the way a computer works we can simply type in something to 
the computer and see what happens. Remember, BASIC is in the computer 
now. Suppose you type: 

HI COMPUTER 
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When you finish typing, press the Carriage Return key. Sometimes this key 
is labeled RETURN, CR, or ENTER. 

What happens now is that the computer will type out an error message in 
response to what you typed. It might look like this: 

SYNTAX ERROR------ Computer types this and tells you you made an er­
ror. Anything the computer doesn't understand is 
considered an error. 

OK----------- OK is also printed. It means everything is fine with 
the computer and it is ready to continue. 

The computer typed SYNTAX ERROR because it didn't understand what we 
wanted it to do. The point is that computers have not yet been designed that 
understand plain English. So to make the computer do something we use a 
computer "language;' like BASIC, to enter our instructions to the computer. 
The word OK means just that ever.ything is all right, and the computer is ready 
for more work. 

Understand that a SYNTAX ERROR doesn't mean you have done any harm 
to the computer. The computer simply ignores you until you type in some­
thing it understands, something in the vocabulary of the BASIC language. 

Now let us get serious. Usually we start a session in BASIC by typing in the 
word: 

NEW---------- You type this and hit (or press) RETURN. 
OK The computer types this and then sits awaiting your 

next move. 

Now any previous instructions that were in the computer memory have 
been "cleared" or "scratched" and the computer is ready to accept NEW 
instructions. The memory is the place where all the work in the computer 
occurs. It is where the BASIC program is kept. The memory can be erased by 
typing NEW so do not type NEW unless you wish to erase your program. 
Some computers use SCR or READY to clear out programs. 

YOUR FIRST PROGRAM 

Let us begin by typing in something the computer language can understand. 
Suppose we typed: 

10 PRINT "ISN'T THIS NEAT" 

When you are done, hit the RETURN key. 
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Now type in the word RUN and then press the RETURN key again. Here is 
what happens: 

RUN---------- You type RUN and then press RETURN. 
ISN'T THIS NEAT The computer PRINTs this and then says OK, which 

means "I'm done RUN-ning your program." 
OK 

Congratulations are now in order. You have just "entered" or typed in a 
"computer program" and caused the computer to RUN or "execute" your 
program. The program is kind of small and doesn't do anything great, but 
nonetheless, it is a program. 

What we have done here is tell the computer to PRINT what was inside the 
quotation marks. Our program was the statement 10 PRINT "ISN'T THIS 
NEAT." We caused the program to execute once by typing RUN. The compu­
ter responded by typing ISN'T THIS NEAT and then OK to tell us it was done. 
The word OK is printed out after every normal execution of a BASIC program. 
Abnormal programs causes SYNTAX ERROR to be printed. 

LINE NUMBERS 

Line numbers are used so the computer can tell the order in which it is 
supposed to execute "statements." When you tell the computer to RUN a 
program, it starts by following or executing the statement or instruction with 
the smallest "line number." The instruction you gave to the computer is 
called a PRINT statement. When you typed RUN and hit RETURN, the com­
puter responded by printing the information between the quotation marks. 
The information between the quotation marks is called a "string." 

Here is what the pieces of the print statement are called: 

Line number 

I 
String to be printed 

I 
10 PRINT "ISN'T THIS NEAT" 

t "' Quotation marks tell the computer where the string 
begins and ends. 

In a BASIC program, an "indirect" statement such as 

10 PRINT "ISN'T THIS NEAT" 

always begins with a line number. A line number may be any positive 
number between O and 65529 although on some computers line numbers are 
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limited to between 1 and 9999 or O and 32767. Thus to make it possible for 
your program to run on many different versions of BASIC use line numbers 
between 1 and 9999. In our example we used 10 as the line number. 

In BASIC, "direct" statements such as 

NEW or RUN 

are not part of the "program and therefore do not require line numbers. Most 
of the statements we will learn about are "indirect" statements, the kind with 
line numbers. Direct statements are more in the area of programming "aids" 
and so we will save the bulk of them for the last chapter. Sometimes direct 
statements are called BASIC "commands" because they immediately com­
mand the computer to do something for us, whereas with indirect statements 
we must wait for the computer to RUN them. 

A program is made up of several statements, each with its own unique line 
number. The statement with the lowest line number gets executed first. When 
it is finished doing or executing the first statement, it goes on to the next 
statement in numerical order. 

For an example of how line numbers work, type in this program (remember 
to type NEW since this is a new program) and then RUN it: 

NEW 
OK 
10 PRINT "OPEN" 
20 PRINT "THE" 
30 PAINT "DOOR" 
RUN 

Hit RETURN after the end of each statement in the 
program, and also after you type RUN. 

OPEN------~---- First the computer executes line 10 and PRINTs 
THE OPEN. Next it goes to statement 20 and prints THE 
DOOR and then to the highest line number 30 and prints 

DOOR. 

OK 

Now let us examine line numbers. First of all, to type in a program you 
don't have to enter in line number order. That is, you can enter line numbers 
in any order you want, say 30 first then 20 then 10, and the computer will put 
them in the proper "line number order" for you. This means we can easily 
insert more statements in a program already stored in the computer's memory. 

Note how we numbered the statements by 1 Os. This clever idea makes it 
easy for us to add more statements between existing line numbers, i.e., up to 
nine more statements can be added between lines 10 and 20 and so on. 

For an example of this, type in this new program. Notice how the line 
numbers are not entered in order: 
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OK 
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30 PRINT "YOU"------ We entered line 30 first, then line 10, and finally 
10 PRINT "I" line 20. 
20 PRINT "LOVE" 
RUN ---------- Whe_n we RUN the program the Jines were executed 

in the order 10, 20, 30. 

I 
LOVE 
YOU 

OK 

As you can see, the computer ran the program in the order dictated by the 
line numbers, not the order we entered them. 

LIST 

To see how BASIC has rearranged the program statements we can use the 
direct statement: 

LIST 

What LIST does, is just what it says-it causes the program in the memory 
of the computer to be displayed on the screen. Try it: 

LIST 

10 PRINT "I" 
20 PRINT "LOVE" 
30 PRINT "YOU" 

Note that LIST listed each statement in the program in line number order. 
You can LIST a program anytime the computer is not running a program. 
Don't forget to hit return after typing LIST. 

To see how easy it is to add statements, type in the following (don't type 
NEW this time because we are adding to our current program): 

15 PRINT "DON'T" 
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Now list the program to see what happens to statement 15: 

LIST 

10 PRINT "I" 
15 PRINT "DON'T"------ See how BASIC inserted line 15 between lines 10 
20 PRINT "LOVE" and 20. Easy, huh? 
30 PRINT "YOU" 

RUN 
I 
DON'T 
LOVE 
YOU 

OK 

See how easy it is? Removing statements from your program is just as sim­
ple. To remove a statement type the line number of that statement and then 
press RETURN. This removes that line from the program. For example, to 
remove line 30 (PRINT "YOU") from our program type: 

30 (CR) 

The CR stands for CARRIAGE RETURN and is just to remind you to press 
the key. Don't type CR! 

Now if we list the program with LIST, look what has happened: 

LIST 

10 PRINT "I" 
15 PRINT "DON'T" 
20 PRINT "LOVE" 

OK 

RUN LINE NUMBER 

Sometimes we would like to RUN the program so it starts somewhere other 
than at the beginning line number. This comes up when you are "debugging" 
or testing a program. (A "bug" is a term left over from the days of World War 
II and secret codes. It means that something is wrong with the way the pro­
gram works. Debugging is removing bugs. No DDT is required!) 

In order to make a program RUN at a specific line number we would type: 

RUN line number 
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Where "line number" appears is the line where we want the program to 
start. For example, in our last program we could make it start at line 15 by 
typing: 

RUN 15 
DON'T 
LOVE 
OK 

As you can see, the program started with line 15, then executed line 20. 
You can RUN at any line that actually exists in the program. But if you type 
RUN 50 and the line 50 does not exist, this will happen: 

RUN 50 
UNDEFINED LINE NUMBER 
OK 

Since there is no line 50 in our current program in memory the computer 
told us so and stopped. 

STOP AND END 

So far we've seen how to start a program, but what about stopping the 
program? In all our previous examples the program stopped after it executed 
the last statement in the last line number. Most BASICS require that you end 
all programs with the statement called END. In Microsoft BASIC the END 
statement is not mandatory, but is still useful. 

END causes the computer to stop and return to the command level. (Re­
member, the command level is when the computer has printed out OK, and is 
ready for you to command it.) The END statement should usually be at the 
end of your program, but it can be used elsewhere in the program. 

No matter where the END statement is located, as soon as it is executed the 
computer stops dead in its tracks. To see how END works, first LIST the cur­
rent program in memory (or reenter it if it is not still in memory): 

LIST 
10 PRINT "I" 
15 PRINT "DON'T" 
20 PRINT "LOVE" 
OK 

Now add this statement (remember you simply type in the new line number 
followed by the new statement): 
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16 END 
LIST 
10 PRINT "I" 
15PRINT "DON'T" 
16 END ____ ...,;.. ____ Here is the new END statement. 

20 PRINT "LOVE" 
OK 

RUN 
I 
DON'T 
OK 

The computer PRINTed out lines 10, 15, and then 
ended al line 16. LOVE never got executed. 

Notice what happened here. The computer executed I ine 10 and PRINTed 
"I," executed line 15 and PRINTed "DON'T," and then found line 16 which 
said "END" and so the computer ended the program. This is evident by the 
"OK" that was printed. In general, if you come upon a program that has been 
running and the last thing printed on the screen was OK, then the computer is 
probably done and in the command mode. In fact, some computers return to 
the command mode and print the words READY or DONE, or just show some 
kind of character like > or[. Whatever, the point is that END may appear 
anywhere in the program and it will cause the computer to end the program 
when it is executed. Normally END is at the end of the program. 

There is another useful statement for terminating program execution. Enter 
this in place of the END statement and then RUN the program: 

16 STOP 
RUN 
I 

DON'T 
BREAK IN 16 
OK 

What happened here is the computer found the STOP statement and, like 
the END statement, it stopped the computer program. However, STOP also 
made the computer print out "where" it stopped. BREAK IN 16 means "I 
stopped running your program at line 16;' or in other words, the computer 
took a "break:' 

Use STOP whenever you wish the program to end prematurely. For exam­
ple, during debugging you may wish the computer to stop somewhere in the 
middle of the program so you can isolate the part that is not working right. 
STOP will help you here. Or as we will see later, you can make the computer 
execute a STOP statement "only" if it gets into trouble. 

For now keep STOP in mind as another form of END. 
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NUMBERS 

Now we have learned that PRINT "message" causes the string enclosed by 
the quote marks to be printed on the screen. BASIC can also handle numbers 
with considerable ease. Enter this program and RUN it: 

NEW 
OK 

10 PRINT "12+12'"----- This says PRINT lhe siring "12+12." 
20 PRINT 12+ 12 This says PRINT 1he sum ( +) of 1he numbers 12 and 
RUN 12. 

12+ 12 ------'-------
24 
OK 

This is 1he siring being PRINTed. Fanlaslic! BASIC 
compuled 12 + 12 and PRINTed the answer 24. 

Note in this program we have done something new. The statement PRINT 
12+ 12 has NO quote marks around it. When the statement was executed it 
calculated 12+ 12 and printed out 24. Or as is said in computer talk, the 
computer "evaluated the expression" and PRINTed the results. 

BASIC can perform the kind of arithmetic found on a standard pocket cal­
culator. Here are some rules about BASIC arithmetic: 

• To ADD on the computer use + 
• To SUBTRACT on the computer use -
• To MULTIPLY on the computer use * 
• To DIVIDE on the computer use / 

In programming we call these four symbols(+ - * /) the BASIC "arithmetic 
operators." The operators operate on numbers. Try typing in this program: 

NEW 
OK 

10 PRINT 12+12 
20 PRINT 12-12 
30 PRINT 12• 12 
40 PRINT 12/12 
RUN 
24 
0 
144 

OK 
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There are several things to notice about this program. First BASIC printed 
out the results of four expressions, one after the other. Note that the numbers 
are printed with a space in front of each. This can be seen by the fact that the 
answers are shifted one space to the right of the RUN command and the word 
OK. This space contains the "sign" of the number, but because the numbers 
are all positive, the + sign is not printed. The only time the sign of the 
number actually gets printed is when the number is negative. For example, 
add this statement and RUN the program: 

50 PRINT 12-13 
RUN 

24 
0 
144 
1 

-1 

Here the answer to PRINT 12 - 13 is -1 and the - sign got printed. The 
rule is: if the number is positive (greater than one) then a space is made for an 
"invisible" plus (+) sign. On the other hand if the number is negative (less 
than one) then a minus (-) sign is printed in front of the number. 

PRINT WITH COMMAS 

Let us take our knowledge a little further with PRINT and calculations. Try 
typing in this program and RUN it: 

NEW ~Look here are commas separating the expressions. 

OK 
10 PRINT 12+12, 12-12, 2•12, 12/1 , 12-13 
RUN 
24 0 ~ -1 

See how the computer spreads out the answers. 

This time we entered five expressions all in a single PRINT statement, using 
"commas" to separate them. You can see from the RUN of the program that 
the commas caused the results to be spread across the screen with lots of 
space being inserted between the answers. 

Commas make our answers look pretty by spreading them across the page 
neatly and precisely. The computer takes care of the spacing for us. Take a 
whack at this program, type it in, and RUN it. 



NEW 

OK 
10 PRINT 
20 PRINT "TIMES SEVEN TABLE" 
30 PRINT 7"1, 7°2, 7"3, 7°4, 7°5, 7°6, 7•7, 7°8, 7°9 
RUN 
TIMES SEVEN TABLE 

7 14 21 28 35 
~ ~ 56 63 

OK 
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There are several new things to notice about this program and the results 
that were printed. As you can see, using commas to separate items of ex­
pressions in a single PRINT statement gives you five "columns;' "places," or 
"print zones" across the line. 

Also when we exceed the number of columns in a line, the computer sim­
ply overflows the additional information onto the columns on the next line. 

On most computers a "line" is defined as having a fixed number of "char­
acter positions," where a character is any number, letter, symbol, or single 
space. Some computer terminals have 80 character lines, some have 64, 
some 40, and so on. In any case, you can consult your manual to find out 
what is true for your computer. 

In Microsoft BASIC on an 80 column terminal a line contains 72 character 
positions, so that is the value we will use in this book. 

Now a little detail about the five columns, or "print zones." Since there are 
72 character positions and five columns, each column is exactly 14 character 
positions wide. BASIC calls the first character position O and the last 71. The 
last two positions (70 & 71) are not used. 

To get a feeling for the spacing that commas cause, here is the output of our 
previous program printed with a row of numbers underneath it so you can see 
where the commas cause the answers to be PRINTed. Read the numbers we 
printed up and down, like this: 
2 means 20, 5 means 56, and so on. 
0 6 
Here is the output of the program: 

7 14 21 28 35 
42 49 56 63 

l
12345678&1111111111222222222233333333334444444◄◄◄55555555558&eeee866en 

012T78901234567f9012345678901f3456789012341789012345678901 

Col one Col two Col three Col four Col five 
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As you can see by the numbers below the output, the columns start in 
positions 0, 14, 28, 42, and 56. When you look at how the actual numbers 
get printed you can see that the number always has a leading blank space in 
front of it. The blank is the space for the assumed plus sign. 

Note how numbers start in the left hand edge of the column, and expand to 
the right as the number of digits increase. In computer talk we say the num­
bers are "left justified." 

Now we know a little about making our numeric answers look pretty. But 
guess what ... commas work with strings as well as numbers. 

Type in this new rrogram: 

NEW 

OK 
10 PRINT "JOHN'" ,"HARRY" ,""JOE" ,"FRANK" ,"BILL" 
RUN 
JOHN HARRY JOE FRANK BILL 

OK 

See how the computer spread out the strings. Like numbers, the strings 
begin in successive columns. The first word starts in print position 0, the next 
at 14, and so on. 

Does this ability to columnize suggest anything to you? How about using 
strings with commas to label the columns and then use expressions in a 
PRINT statement with commas so the values come out under the desired 
string labels. Try this program: 

NEW 

OK 
10 PRINT 
20 PRINT "RATE=$11 PER HOUR" 
30 PRINT "$/HR","$ PER DAY","$ PER WEEK","$ PER MONTH","$ PER YEAR" 
40 PRINT 11, 11 •a, 11 *40, 11 *40*4, 11 •40•52 
RUN 

RATE=$11 PER HOUR 
$/HR $ PER DAY $ PER WEEK $ PER MONTH $ PER YEAR 

11 88 440 1760 22880 

OK 

Pretty neat but not very useful yet. This does give us an idea of how we can 
"columnize" the results of our programs. Notice statement 10 (10 PRINT). 
This makes the computer move down one line and puts space between the 
word RUN and the beginning of the program output. If you wish more spac­
ing simply add more PRINT statements, like this: 



11 PRINT 
12 PRiNT 

etc 
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Line 20 (20 PRINT "RATE=$11 PER HOUR") causes the computer to print 
out the message about the amount of the hourly rate used in the rest of the 
program. Line 30 prints out the titles or labels for the columns. Line 40 eval­
uates the five expressions based on the $11 hourly rate and prints out the 
results under the proper columns. That's it! 

Double Commas 

You can use all the commas you want in a PRINT statement and each will 
simply cause the computer to move a column to the right before displaying. 
Try this: 

10 PRINT, , "I FOUND ITI" 
RUN 

OK 

Or how about this: 

10 PRINT, "GOOD",, "BYE" 
RUN 

GOOD 
OK 

PRINT WITH SEMICOLONS 

I FOUND ITI 

BYE 

Commas are used to put our output in precise predefined columns. The 
semicolon has a different but similar use. Type in and RUN this new program: 

NEW 

Here we typed in three famous names 
OK / with semicolons between them 
10 PRINT "LARRY";"MOE";"CURLY JOE"' instead of commas. 
RUN ________ The results show the computer simply 
LARRYMOECURLY JOE printed them with no intervening 
OK spaces. 
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As you can see in our program, the semicolon was used instead of the 
comma. Instead of printing the results in columns, the computer PRINTed the 
three names as one string of characters. Try changing the program like this: 

10 PRINT" LARRY";" MOE";" CURLY JOE" 
RUN 

LARRY MOE CURLY JOE 
OK 

In this example we changed line 10 so that each name contains three blank 
spaces before the name. Since the semicolon forces the output to be squeezed 
together, the blank spaces are counted as characters and separate the individ­
ual names so we can read them more easily now. 

We can mix strings with numbers. Try typing in and RUNning this program: 

NEW 

OK 
10 PRINT "10+10="; 10+10 
RUN 
10+10=20 
OK 

Can you figure out how this works? Here is a diagram of the statement: 

This is a string enclosed by quot1/tion The computer does evaluate this (10 + 
marks. The computer doesn't evaluate 10) because it isn't enclosed by quotation 
arithmetic inside of strings. marks and is therefore not a string. 

\ 
10 PRINT "10+10="; 10+10 

].__ ________ Hey people, this is the famous semi­
colon. It says to print the parts of the 
PRINT statement close together. 

That is enough about semicolons for now. Throughout the book we will see 
how they can come to the rescue to make our programming life "more 
better." 



35 

PRETTY PRINT 

li.00 

THE DIRECT MODE 

So far we have been using BASIC in the indirect or program mode. That is, 
we enter a statement with a line number, then type RUN to execute the pro­
gram statement. Another way to make statements work is to just type the 
statement in without a line number. Then it will do what you typed im­
mediately after you hit the RETURN key. We call this the immediate or direct 
mode. Try this example: 

PRINT "HI IM A COMPUTER" 
HI IM A COMPUTER 
OK 

Now try this: 

PRINT 2°2°2°2 
16 

OK 

Notice there is no line number. When we hit RE­
TURN the string HI IM A COMPUTER printed im­
mediately; note we didn't type RUN. 

Again we entered the statement without a line number. BASIC understood 
this to mean "execute the expression 2* 2* 2* 2 immediately and display the 
resu It." 

We can use the direct mode often in our programming. A good example of 
its use is to see how the BASIC arithmetic operators work together in figuring 
out an expression. 
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FIGURING IN BASIC 

Try this program in the "direct mode": 

PRINT 3+3•4 ------------ Direct mode has no line number. 
15 

OK 

Now try this slightly different version of the same expression: 

PRINT (3+3)"4 
24 

OK 

There are a few things to note here. In the first statement, the computer 
multiplied before it added, even though the + sign came before the* sign. In 
the second statement we used left and right parentheses to make the add it ion 
happen before we multiply. We say multiplication has precedence over addi­
tion and subtraction. Parentheses override these precedences of BASIC. Try 
this: 

PRINT 3+3/2-1 
3.5 

OK 

and then this: 

PRINT (3+3)/2-1 
2 

OK 

Like multiplication, division (/) occurs before addition or subtraction. Here 
is a final example: 

PRINT 4•4/2/2 
4 

OK 

Here the operators are • and/. These operators have "equal" precedence, 
and in this case BASIC evaluates the expression from left to right. In our 
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example BASIC multiples 4*4, divides by 2 to get 8 and divides by 2 again to 
get 4. That's it! 

EXPONENTIATION 

There is a special arithmetic operator in BASIC for raising a number to a 
power. Try these two programs in the direct mode: 

PRINT 2•2•2•2•2 
32 

OK 

PRINT 21\5 
32 

OK 

The two statements do the same thing. The symbol is called the circumflex 
character. On some computers it is an "up-arrow" symbol. As you can see in 
the second example, it means multiply a number by itself as many times as 
specified by the number after the symbol. Now try this: 

PRINT 31\3 
27 

OK 

Obviously this is the same as 3*3*3, or 27. We call the operation caused by 
the operator "exponentiation," or raising a number to a power. In this last 
example we say 3 raised to the third power. Here is 4 raised to the second 
power: 

PRINT 41\2 
16 

OK 

We will see more of the exponentiation operator later. 

LITTLE VARIABLE BOXES 

Imagine for a moment that way down inside the computer are stacks of tiny 
boxes. Each box has two compartments. The right side of the box can hold a 
number called the "value of the variable." Things look like this: 
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The variable goes in this box. The "value" of the variable goes in 
this box. 

The dots here and above mean the memory con­
tinues, and this is just four of many compartments. 

Take a look at the little boxes below. Some of the boxes have the variable 
labels filled in, and with values "assigned" to the variables. We have LET 
variable B have the value 12. That means the value 12 is placed in the box 
called B, or in simple terms B= 12. Variable X is assigned the value of -4.5, 
or X= -4.5. And similarly the variable Q is assigned the value of 102 in the 
last box. 

B 12 -+------ Here the variable is B, and the value of Bis 12. 

X -4.5 ------ In this little box X is the variable and its value is 
-4.5. 

------ The next box is empty. 

a 102 ------ The last box is labeled Q and Q is assigned the 
value 102. 

Now we will learn a way to get the computer to fill in the little boxes, that 
is, to assign values to variables. 

Try this program: 

10 LET A=64 
20 PRINT A 



RUN 
64 

OK 
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When we ran the program a little box was set up by the LET statement (line 
10) and the statement assigned, or "Let," the variable A have the value 64. 

Now the box looks like this: 

64 

Change statement 10 to this: 

10 LET A=128 
RUN 

128 
OK 

Now see by changing the value assigned to the variable A to 128 we also 
changed the value in the little box and when we went PRINT A the new value 
of 128 got printed. The box looks like this now: 

I A I 128 

You can have one value in the box at a time. The new value replaces the 
old value. 

Let us try a little program that shows off how LET is used. Enter and RUN 
this program: 

NEW 

OK 
10 LET A=5 
20 LET 8=10 
30 LET C=15 
40 LET D=(A+B+C)/3 
50 PRINT "THE AVERAGE IS"; D 
RUN 
THE AVERAGE IS 10 
OK 
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Here we used three LET statements to assign values to the three variables A, 
B, and C. Statement 40 added them together and divided the sum by 3 to 
obtain the average and then the LET statement assigned the result to the vari­
able D. Statement 50 printed out the message THE AVERAGE IS and printed 
the value assigned to D. The boxes look like this before line 40 is executed: 

A 

B 

C 

5 

10 

15 

Remember these are just four of the many boxes we 
can use for storing variables and values. 

After we calculate the average and a value for the variable D, things look 
like the following example: 

A 5 

B 10 

C 15 

D 10 

/ Hey, look at this, here is our new variable D and its 

~ calculated value 10! 

As you can see D has its own little box now and the value we calculated 
and assigned to D is in the box (10). 

Here is another practice using LET: 

10 LET X=2 
20 LET Y=10 
30 LET Z=X/\ Y 
40 PRINT "X", "Y", "XI\ Y" 
50 PRINT X, Y, Z 
RUN 
X Y X/\Y 
2 10 1024 

OK 

Here we used the LET statement to create and assign values to the variables 
X and Y. Statement 30 (LET Z=X /\ Y) multiplies X by itself Y times. In this 
example since X equals 2 and Y equals 10, the value of X /\ Y is: 

*2*2*2*2*2*2*2*2*2*2 or 1024 
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Can you see why LET Z=X A Y makes things easier for us? 
Here is another fact to know about variables. Sometimes in our programs 

we wish to assign several variables a special value. We can do it like this: 

10 LET P=3.14159 
20 LET C=P 
30 LET D=P 
40 LET E=P 
50 PRINT C, D, E 
RUN 
3.14159 3.14159 

OK 
3.14159 

Here we are assigning the same value to three variables, and the value we 
are assigning is itself a variable. In this the value is 3.14159 (which is pi). 

VARIABLE NAMES 

Thus far we used single letters to stand for varia0les. BASIC "lets" you use 
more than a single letter. Some BASICs allow a single letter and a single 
number for the numeric variable.* (We say numeric because, as you may 
have wondered, there are variables for words too called string variables­
which will be discussed later.) For example, these are legal numeric variables: 

A A1 a 29 15 BO 

Other BASICs, including the Microsoft BASIC we are using here, allow any 
length variable up to 255 characters, although only the first two characters 
have any significance to the computer. The first character 
must always be a letter and the second can be a letter or a number. The rest 
of the characters in the name can be letters or numbers, but the BASIC doesn't 
use them at all. Here are some legal numeric variables in Microsoft BASIC: 

Variable X X9 ALPHA 85555 ZERO 
Name 

Only this part X9 AL BS ZE 
of the variable 
name is recognized 
by Microsoft 
BASIC. 

• As defined by ANSI, American National Standard for the Programming Language Minimal 
BASIC, XJ.60-1978, American National Standards Institute, New York. 
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To be sure about what is allowed in your version of BASIC, consult your 
BASIC manual. If you want your programs to work on all versions of BASIC, 
stick with single characters, or, at most, a letter and a number for variable 
names. Longer names will help you tell what the program does and how it 
works but not all BASICs allow them. 

Compare the two programs. Which is easier to understand? 

Version #1: Single letter variables 

10 LET A=25 
20 LET 8=78 
30 LET C=55 
40 LET D=(A+B+C)/3 
50 PRINT "THE CLASS AVERAGE IS" ;D 

Version #2: Multiple letter variables 

10 LET AL=25 
20 LET BILL=78 
30 LET CATHY=55 
40 LET AVERAGE=(AL+BILL+CATHY)/3 
50 PRINT "THE CLASS AVERAGE IS"; AVERAGE 

STRING VARIABLES 

As you may have already suspected there is more to variables than just 
putting numbers in boxes. Instead of a number, a variable box can contain a 
string of letters or characters. This type of variable is called a string variable. 
In order for BASIC to know we are dealing with a string variable and not a 
numeric variable, the label or variable name ends with a $; for example, X$ 
or A 1 $. The string that is being assigned to the string variable is enclosed by 
quotes, just as in the PRINT statement. Remember our program that printed 
out the names of three famous comedians? Here is how we could do it with 
string variables: 

10 LET A$="LARRY" 
20 LET B$="MOE" 
30 LET C$="CURLY JOE" 
40 PRINT AS; 8$; C$ 
RUN 
LARRYMOECURLY JOE 
OK 
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Just as in the case of numeric variables, string variables can be imagined as 
being held in little boxes like this: 

A$ LARRY 

B$ MOE 

C$ CURLY JOE 

The only thing wrong with our program is that there is no. separation be­
tween the three names. Can you think of a remedy? Here are two answers: 

40 PRINT A$, B$, C$ 

RUN 
LARRY MOE CURLY JOE 

This works better: 

Simple, huh? Just changed the semicolons to 
commas. 

40 PRINT A$;" ";B$;" AND ";C$ 
RUN 
LARRY MOE AND CURLY JOE 

In this trick we printed out A$ followed by two spaces, followed by 8$, 
followed by two spaces, the word AND, two more spaces, and then C$. 
Whew! In computer talk you are imbedding your variables within strings-a 
creati\/e approach to displaying results. 

Concatenation 

Believe it or not, strings can be joined together as one happy unit with the 
plus (+) symbol. No, this doesn't mean addition; it is just another way of 
saying join two things together. Probably the inventors of BASIC could think 
of no better symbol than +. In computer talk we call joining of two strings 
concatenation (pronounced con-cat-ten-a-shon). Here's an example: 
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10 LET AS="EVERYBODY" 
20 LET BS="NEEDS " 
30 LET C$="SOMEBODY " 
40 LET DS=A$+BS+C$ 
50 PRINT DS 
RUN 
EVERYBODY NEEDS SOMEBODY 
OK 

What happened is that we defined three separate strings to three separate 
string variables and then in line 40 we "concatenated" them with 
A$+B$+C$ and called this D$ and PRINTed it out. Neat, huh! 

INPUT 

There is another way of putting labels in little boxes and assigning them 
values. The INPUT statement allows us a way to get values and variables into 
the computer after the program is started by RUN. Try this example: 

NEW 

OK 
10 PRINT "ENTER YOUR NAME" 
20 INPUT NS 
30 PRINT 
40 PRINT "YOUR NAME IS "; NS 
RUN 
ENTER YOUR NAME 
? CJ ----------The computer is sitting and waiting for some input 

from you. 

(The [ J shows where the cursor is.) 

Notice the question mark. This was caused by the INPUT statement which 
says "INPUT something." In this case that something is a string of characters 
because the variable after the INPUT is a string variable. (Some BASICs re­
quire a semicolon after the INPUT, like this: INPUT ;N$.) 

The computer is waiting for you to INPUT so it can put something in the 
little box inside the computer marked N$. You must respond by typing in a 
name (or any string) and then hitting the RETURN key, like this: 

ENTER YOUR NAME 
S GYRO GEARLOOSE 

YOUR NAME IS GYRO GEARLOOSE 
OK 
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Here the computer made N$="GYRO GEARLOOSE" and we didn't even 
need quote marks like most strings do. Our little box looks like this: 

N$ GYRO GEARLOOSE 

The only time we need quotes around our string INPUTs is when there is a 
comma in the string or when we want to have spaces at the end of a string, 
like this: 

or 

RUN 
ENTER YOUR NAME 
? "HUN WING SING CHOY" 

YOUR NAME IS HUN WING SING CHOY 
OK 

RUN 
ENTER YOUR NAME 
? "EINSTEIN, ALBERT" 

YOUR NAME IS EINSTEIN, ALBERT 
OK 

This last space made the use of 
quotes necessary 

Note in our program we used a PRINT statement to tell us what the INPUT 
statement wanted, in this case a string name. The question mark by itself 
doesn't tell us much. We can eliminate the PRINT statement in the program 
by putting it inside the INPUT statement like this: 

10 INPUT "ENTER YOUR NAME"; NS 
20 PRINT 
30 PRINT "YOUR NAME IS "; NS 

RUN Note the space and the semicolon. Not all 

ENTER YOUR NAME? HARCOMB MUD BAS/Cs require the semicolon. 

YOUR NAME IS HARCOMB MUD 
OK 
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We call this an INPUT statement with a "Prompt" string. It makes our pro­
gramming simpler and eliminates an extra PRINT statement. You can also 
INPUT numbers into little boxes with INPUT, like this enhancement of our 
previous program: 

10 INPUT "ENTER YOUR NAME"; N$ 
20 INPUT "ENTER YOUR AGE IN YEARS"; Y 
30 LET D=Y•365.25 
40 PRINT "YOU'RE"; D; "DAYS OLD"; NS 
RUN 
ENTER YOUR NAME? MITCH 
ENTER YOUR AGE IN YEARS? 32 
YOU'RE 11656 DAYS OLD MITCH 
OK 

Here we used INPUT in line 20 to ask the user to enter his age in years. 
This number is then assigned to the variable Y. Next in line 30 we multiply Y 
times the number of days in a year (365.25) and assign this value to D. In line 
40 we PRINT out the value of D, a short string and the name of the person 
(N$). Here is how the boxes look: 

N$ 

y 

D 

MITCH 

32 

11688 

This is the string name. 

This is the age in years. 

This is the age in days. 

Sometimes you may wish to input several variables at once. As it is right 
now, we must use separate INPUT statements to do this. Here's another way: 

10 INPUT "ENTER YOUR NAME, A COMMA, AND YOUR AGE IN YEARS"; NS, Y 
20 LET D=V-365.25 
30 PRINT "YOU'RE"; D; "DAYS OLD"; NS 
RUN 
ENTER YOUR NAME, A COMMA, AND YOUR AGE IN YEARS? PLUTO,4 

OK 
YOU'RE 1461 DAYS OLD PLUTO / 

Notice the comma that separates the two inputs 
(PLUTO and 4). 

In this example you can see that BASIC allows several variables to be de­
fined and assigned values in a single INPUT statement. We use commas to 
separate them in the INPUT statement itself, and in the answer we give to the 
computer. You can also use the carriage return key instead of the comma to 
separate the information: 
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ENTER YOUR NAME AND AGE? BRUCE(CR) CR means we pressed RETURN. 
?1 

YOU'RE 365.25 DAYS OLD BRUCE 
OK 

Here we typed in a name (BRUCE) and when we hit carriage return the 
next? appeared to tell us BASIC is ready for the next variable (Y). This ap­
proach may be used better for an application like this: 

NEW 

OK 
10 PRINT "ENTER FIVE NUMBERS" 
20 INPUT A, B, C, D, E 
30 LET F=(A+B+C+D+E)/5 
40 PRINT "THE AVERAGE OF THE NUMBERS IS"; F 
RUN 
ENTER FIVE NUMBERS 
? 10 
??20 
?? 30 
??40 
??50 
THE AVERAGE OF THE NUMBERS IS 30 
OK 

Notice the two?? are printed after we enter the first value of the INPUT 
statement. This is how BASIC tells us that an INPUT statement is requesting 
more input. 

What about making mistakes using INPUT, what happens? Try running the 
previou_s program but answer the questions as shown below. 

RUN 
ENTER FIVE NUMBERS 
? HI---------- Here we entered a string for a numeric variable and 
? REDO FROM START the computer barfed and said REDO FROM START 
? 1 which means type the number in again. 
?? "$½& 
?? REDO FROM START 
?? 2 
?? 3 
?? 4 
?? 5 
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Sometimes when BASIC is requesting input for an INPUT statement you 
may not wish to answer the question. To abort the INPUT and return BASIC to 
the command mode (direct mode) type CONTROL C ( C). This will terminate 
the INPUT and BASIC will print BREAK and then OK, like this: 

RUN 
ENTER FIVE NUMBERS 
? ◄■--------+--- Although you can't see it, we pressed the CON-
BREAK TROL key and the C key here. 
OK 

A simple way to remember the rule for input is: you can enter numbers into a 
string variable but you can't enter letters into a numeric variable. This is be­
cause a string variable will accept any character. An example would be a 
phone number or street address ... you would not want to add these num­
bers together so you would use a string variable. 

TAB 

TAB is a keyword always used with PRINT. Its purpose is to cause the 
"cursor" to move horizontally a specific number of positions before printing 
the information in the PRINT statement. The form of TAB is: 

PRINT TAB(var) var,var, ... 

You are already familiar with the PRINT statement. When TAB appears in a 
PRINT statement the variables (var,var, ... ) after TAB are printed out on the 
terminal starting at the horizontal column position specified by the value of 
variable var in the TAB parentheses. It is assumed that the variable var is 
greater than zero and less than the width of your screen. In some BASICs if 
the value of var exceeds the screen width, the information is printed on the 
next line until the number of column positions specified by var has been 
reached. In essence, TAB is like the TAB on a typewriter; it moves the print 
head to the right by so many spaces. In the case of the computer, we have a 
special control of the movement of the cursor (which is analogous to the print 
head on the typewriter) through the variable var. It is also assumed that var is 
an "integer" variable because there is no such thing as a fractional cursor 
position. 

As an example, consider that you wish to print out a heading for a program 
so that it is centered on the terminal or screen page. There are two ways to do 
this. One way is to simply place the correct number of blanks inside the quote 
marks around the string you wish to display. The blanks precede the message 
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and cause the message to be printed to the right of the first column position, 
like this: 

PRINT" THIS MESSAGE IS SPACED" 

This is 20 spaces in 
front of the message. 

~ This is the message. 

When the PRINT statement is executed in BASIC the message appears like 
this: 

Left side --­
of crt. 

THIS MESSAGE IS SPACED 

~h-. I •• 20 T 1s 1s co umn pos111on . 

We can accomplish the same thing and shorten our statement by using TAB 
and making the value of the variable var 20, like this: 

PRINT TAB(20) "THIS MESSAGE IS SPACED" 

This statement makes the message begin at column position 20. If we 
wanted to move the message frequently or test its spacing at various positions, 
we could do this: 

10 INPUT I 
20 PRINT TAB(I) "THIS MESSAGE IS SPACED" 
RUN 
?10 

THIS MESSAGE IS SPACED 
RUN 
?5 

THIS MESSAGE IS SPACED 
RUN 
?1 
THIS MESSAGE IS SPACED 

The program allows us to INPUT a TAB value and see how the string THIS 
MESSAGE IS SPACED gets printed out. Note that when we entered a TAB 
value of 1, the string began one space over from the left side of the screen. 
This shows us that there is a column position "O," and the first column is 
column zero. 



so 
The use of TAB is not restricted to string messages only. We can force a TAB 

on any item in a PRINT statement. For example, consider the case where you 
wish to print out several numbers in column positions that are different than 
the ones set by the comma: 

100 A=10 
101 B=20 
102 C=30 
110 PRINT TAB(5) A;" ";B;" ";C 
RUN 

10 20 30 

Note that the entire group of three numbers (A, B, and C) was shifted five 
spaces to the right by TAB(S). The semicolon and the string " " were used to 
place two spaces between each number. TAB affects the group of characters 
A, B, and C, but the spacing relationship between the values of A, B, and C 
remain fixed. 

Let us step back for a moment and take a look at what we've learned. 
Computers operate using three main functions: 

1. They INPUT information. 
2. They PROCESS the information. 
3. They OUTPUT the results of the process. 

All three of these functions have their own variations which provide you 
with a huge variety of program techniques. 

BASIC NO-NOs 

As we mentioned earlier, some BASICs allow variables to be given names 
longer than one or two characters. For example, we can call a variable 
XVALUE in some BASICs and only X in others. This longer name option is 
really nice except for a subtle danger. The danger is that you cannot name a 
variable with a name that is already used in your version of the BASIC lan­
guage for some statement command or function. 

For example, if you call a variable RUNS, the computer will think you 
mean to "run" or execute line 5. Or if you have a statement: FORMAT=10 
when BASIC executes it, it will think that this is a FOR ... NEXT loop be­
cause it sees the letters FOR; thus, you will get an error of some kind. 

In order to avoid these problems, your BASIC manual should come with a 
list of "reserved words!' These are all the words that BASIC reserves for its 
own purposes. You may not use any of these words in your variable names. 
They may not appear anywhere inside a variable name either. 
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:'■ 
... -~'$ .. -.f(/'={ 

INPUT PROCESS OUTPUT 

Reserved Words 

Here is a list of reserved words for the industrial standard Microsoft Altair 
BASIC 

AND IF READ 
AUTO INPUT REM 
CLEAR LET RENUM 
CONSOLE LINE RESET 
CONT LIST RESUME 
DATA LLIST RETURN 
DEF LOAD RUN 
DEFDBL LPRINT SPACE 
DEFINT MOD SPC 
DEFSNG NAME STOP 
DEFSTR NEW STRING$ 
DELETE NEXT SWAP 
DIM NOT SYSTEM 
EDIT NULL TO 
ELSE ON TAB 
END OR THEN 
FN OUT USR 
FOR PEEK WAIT 
GOSUB POKE 
GOTO PRINT 
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PUTTING IT ALL TOGETHER- THE LOAN PROGRAM 

We now have, with just three simple keywords of the BASIC language, 
INPUT, LET, and PRINT, and five arithmetic operators(+ - * / /\),the ability 
to perform complicated and useful programs by simply combining them in 
some logical order, according to a predetermined plan we devise. 

Although there are literally hundreds of things you could think up to pro­
gram in BASIC, the ones that BASIC is most suited for involve operations that 
would be difficult to do with a calculator and almost impossible to do by 
hand. 

As an example of a practical program for which you could use the compu­
ter consider the everyday problem of borrowing money. Everyone at one time 
or another has had to take out a loan from a bank, credit union, or other 
lending institution. Have you ever wondered how the bank figures your 
monthly payment? Or did you ever wish you could check to see if the figure 
was right, or if you could determine the payment on your own without having 
to call the bank? The program we are about to introduce pulls together every­
thing we have learned so far to calculate the total monthly payment of a loan. 
The program illustrates the three laws of computing, and the way that a com­
plex formula can be simplified into a LET statement. 

If ~ou put ~~r 
oi I mon~ it> u.s. 
T reasurj ~onds, by 

1990 !jOU' II ~ 
Notth Arrenca 

The way banks figure out your monthly payment for a loan is to use special 
tables of figures that chart out the various payment schedules for certain loan 
amounts, spread over a specified number of years-or months, and a certain inter­
est rate. There is also a special formula that can be used to compute the loan 
payment for any combination of loan amount, term or length, and interest. 
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The special formula is called an amortization loan formula. Amortization 
refers to the fact that the monthly payment is based on interest computed 
each month on the unpaid balance. A simple loan formula on the other hand 
would just take a percentage of the total borrowed amount, add it to the 
amount borrowed, and divide the total by the number of months of the loan, 
called the term. 

The amortization formula looks like this when written down on paper: 

Loan Amount x Interest 
Mon. Payment = 1 _ (l + Interest) -months 

What the formula says is take the total amount borrowed, the interest rate 
and the number of months the loan is spread over and perform the calcula­
tions to obtain the monthly payment. The interest rate is the monthly interest, 
not the yearly, and is obtained by dividing the yearly interest rate (called 
annual rate) by the number of months in a year (12). Months is the total 
number of months of payments, and is found by multiplying the number of 
years of the term by the number of months in a year (12). 

Now we can see that the program must require three steps to work. We 
must INPUT three parameters to the program, PROCESS them to compute a 
result called the monthly payment, and OUTPUT the result for us to read. 

Thus, to start the program requires we INPUT three parameters and assign 
them variable narnes that sort of explain what each stands for in the formula: 

The amount of the loan (L) 
The annual interest rate (R) 
The term of the loan in years (Y) 

This can be accomplished quite easily with the INPUT statement: 

1100 INPUT "ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
1120 INPUT "ENTER THE TERM IN YEARS"; Y 

We now must convert the annual interest rate (R) to a monthly interest rate 
which we will call I, like this: 

1210 LET l=R/12 

Next we must convert the term of the loan in years (Y) to the nt1mber of-... 
months this represents which we will call M, like this: 

1230 LET M =Y•12 
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Now we are ready to convert the loan formula into a BASIC statement using 
LET. Notice the formula uses exponentiation, raising the product of interest 
times loan amount to a power determined by the length of the loan in 
months. This is how it is done: 

1310 LET A=(l•L)/(1-(I+ 1)/\-M) 

And finally we must print out the result (A) like this: 

1320 PRINT "THE MONTHLY PAYMENT IS" 
1330 PRINT A 

Do not let the formula scare you. You do not really have to understand why 
it works, but you do have to make sure it is entered into the LET statement 
properly so the program executes it just like it should. The parentheses are 
used to make the formula operations occur in the proper order. Notice for a 
moment that the values in the formula cause a small number (I) to be raised to 
a large power (M). Doing this on the calculator would be quite a complex 
process, but in BASIC it is easy. 

Now we are ready to list the entire program and RUN it. 

1100 INPUT "'ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
1120 INPUT "ENTER THE TEAM IN YEARS"; Y 
1210 LET l=R/12 
1230 LET M=V-12 
1310 LET A=(l•L)/(1-(I+1)/\-M) 
1320 PRINT "THE MONTHLY PAYMENT IS" 
1330 PRINT A 
1400 END 

RUN 
ENTER THE AMOUNT OF THE LOA:',!? 5000.00 
ENTER THE ANNUAL INTEREST RATE~ 
ENTER THE TERM IN YEARS? ~ 
THE MONTHLY PAYMENT IS 
124.427 

In this first case we entered the amount we wanted to borrow for an auto­
mobile loan ($5000.00), the interest rate annually was 9% (.09), and the term 
of the loan was 4 years. The program quickly figured out that the loan 
monthly payment was 124 dollars and 43 cents. 
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We could use the program to figure the monthly payment on a home we 
want to borrow for. For example, if you want to buy a house that costs 
$100,000 and the bank will finance 80% of this ($80,000) for 30 years at 
11 % then the user would type in the following: 

ENTER THE AMOUNT OF THE LOAN? 80000.00 
ENTER THE ANNUAL INTEREST RATE? .11 
ENTER THE TERM IN YEARS? 30 
THE MONTHLY PAYMENT IS 
761.86 

EXPANDING A PROGRAM 

There is an old saying that the closer a program is to being done, the more 
things you will discover to add to it. Adding more functions to a BASIC pro­
gram is actually quite a simple task, because BASIC was made to be expand­
able. All we have to do is figure out where the new statements go and type 
them in. For example, consider an enhancement of the Loan program that 
computes the actual total interest we are paying on the amount borrowed. In 
order to arrive at this figure we must first find the total amount we are to pay 
by multiplying the monthly payment (A) times the number of months of pay­
ments (M). Then we subtract the actual principal we borrowed (L) from this, 
and the result is the amount of the loan going toward the interest. In the form 
of a LET statement we can compute the interest total like this (calling the total 
interest (T)): 

LET T = (A • M) - L 

Tora/~! NL~""' 
interest payment. monthly borrowed. 
on loan. payments. 

Once the amount of interest (T) is computed we can print it out with; 

1420 PRINT "TOTAL INTEREST ON LOAN IS" 
1430 PRINT T 

Now our program looks like this: 

1100 INPUT "ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
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1120 INPUT "ENTER THE TERM IN YEARS"; Y 
1210 LET I = R/12 
1230 LET M = V-12 
1310 LET A= (I°L)/(1-(I+1)A-M) 
1320 PRINT "THE MONTHLY PAYMENT IS" 
1330 PRINT A 
1410 LETT = (A0 M)-L 
1420 PRINT "TOTAL INTEREST ON LOAN IS" 
1430 PRINT T 
1500 END 

RUN 
ENTER THE AMOUNT OF THE LOAN? 5000.00 
ENTER THE ANNUAL INTEREST RATE~ 
ENTER THE TERM IN YEARS? 4 
THE MONTHLY PAYMENT IS 
124.427 
TOTAL INTEREST ON LOAN IS 
972.512 

See how easy it was to expand the program? later in the book we will learn 
how to even further enhance the program; for now what is important is that 
you see that a program can be added to by simply inserting new logical 
statements in the proper locations. 

Notice that $972.512 in interest represents almost 20% of the $5000 we 
originally borrowed. This clearly shows how an 11 % amortized loan actually 
means the interest is much more than 11 % of $5000, and a larger amount is 
paid in interest than would seem necessary. This shows how loan companies 
make their profits. The longer the term of the loan and the larger the amount 
borrowed, the larger the interest payment will be for a fixed interest. 

On the practical side, the interest total can be used as a number to subtract 
from your income tax (if you itemize on the long form). Without the program 
you couldn't easily figure out ahead of time how much of the loan was going 
toward the interest. 

DOCUMENTING YOUR PROGRAMS (REM) 

Suppose you wrote a program in 1978 and then in 1981 came back to it 
and attempted to modify its design. Because few of us have photographic 
memories what we have to do is "relearn" how the program works. Although 
BASIC is a simple language, one cannot just look at a program listing and 
immediately tell how it works. Furthermore the program lacks information 
which points out what it actually accomplishes when it is run and, unless you 
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are really sharp, deciding what statements perform what functions can be very 
difficult. 

In order to alleviate this problem, BASIC provides a special statement, 
called REM, which stands for REMark. What REM does is allows us to add 
program "documentation" information, which appears in the program listing 
but has no effect on the way the program works. REMs are called nonexecut­
able statements because when the computer encounters one in the program 
flow it simply ignores it and goes to the next line. 

The form of the REM statement is like this: 

line REM a message goes here about the program . . . 

For example, in our Loan program, we can use a REM statement right away to 
tell us the name of the program, like this: 

1000 REM LOAN AMORTIZATION PROGRAM 

Now when we come back to the program at a later date and read the 
listing, the first REM statement will tell us the name and purpose of the pro­
gram. The REM statement is therefore used throughout the program to explain 
to you, or to an outsider, what the statements in the program actually do to 
complete the total job. 

Keep in mind that the REM statements do not get executed by the compu­
ter. When one is encountered the computer knows that it is to ignore the 
statement and execute the next statement after the REM. But when we list the 
program with the LIST command the information in the REM statement will be 
displayed for us. 

One thing you will certainly discover as your programming experience 
grows is that "the other guy" never seems to document his program well 
enough for you to understand. In fact, the secret of good programming is 
super documentation, but most programmers are weak in these areas. A pro­
gram without adequate REM statements is like a machine with no operator's 
manual. If you get stuck or if you want to change something, you must rein­
vent what the original maker had in mind when it was designed. 

So to be an especially accomplished programmer, strive to keep your pro­
grams as full of REMs as you can. The only negative thing about REMs is that 
they consume extra memory without adding any computing power to the 
program. In the case of excessively long programs the additional memory 
consumption by the REMs can be a problem. So at worst you should at least 
place REMs in the critical parts of the body of the program. 

As an example of good documentation, here is our loan program rewritten 
to include REM statements. See if you think it is easier to understand now: 
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0 REM PROGRAM BY MITCHELL WAITE AND MICHAEL PARDEE 
1 REM WRITTEN: JULY 1978 
2 REM USED AS EXAMPLE IN THE BOOK: BASIC PRIMER 
3 REM ALL RIGHTS RESERVED WORLDWIDE 

1000 REM -LOAN AMORTIZATION PROGRAM 
1010 REM -INPUT SECTION 
1100 INPUT "ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
1120 INPUT "ENTER THE TERM IN YEARS"; Y 
1200 REM -CHANGE ANNUAL RATE TO MONTHLY RATE 
1210 LET I = R/12 
1220 REM -CHANGE YEARS TO MONTHS 
1230 LET M = V-12 
1300 REM -COMPUTE THE MONTHLY PAYMENT AND PRINT 
1310 LET A= (l*L)/(1-(1+1)11-M) 
1320 PRINT "THE MONTHLY PAYMENT IS"; A 
1400 REM -COMPUTE THE TOTAL INTEREST AND PRINT 
1410 LETT = (A*M)-L 
1420 PRINT "THE TOTAL INTEREST IS"; T 
1500 END 

As you can see we added several REM statements and to make them easy to 
find with the eye, a preceding dash(-) was added to the message in the REM 
to flag that this is a nonexecutable statement that is for the purpose of docu­
mentation only. 

Now we have a good idea of the three most simple BASIC keywords­
INPUT, LET, and PRINT -as well as some special purpose characters for 
formatting our output {semicolons and commas). We also know a little about 
numbers and variables. Now we are ready to take a bigger step into BASIC 
and learn how programs can be increased greatly in power and flexibility by 
some new BASIC keywords called program control statements. 

REVIEW QUESTIONS 

1. Which of the following BASIC statements are correct? 

(a) 10 PRINT"HELLO" 
(b) -5 PRINT"HOW" 
{c) 69000 PRINT"ARE" 
{d) 100.S PRI NT"YOU" 
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2. Which of these command-mode BASIC statements are correct? (On 
some computers you may use commas instead of dashes.) 

(a) LIST 
(b) LIST 10 
(c) LIST 50-100 
(d) LIST - 1000 
(e) LIST 500-

3. If you want to print a book title with one space between each word, 
which of the following programs will do it? 

(a) 1 0 A$=" BASIC" 
20 B$="PROGRAMMING" 
30 C$="PRIMER" 
40 PRINT A$,B$,C$ 

(b) 10 A$="BASIC" 
20 B$="PROGRAMMING" 
30 C$="PRIMER" 
40 PRINT A$;B$;C$; 

4. Which of the following commands will NOT result in BASIC printing 
the number 2? 

(a) PRINT 2+ 2/2 
(b) PRINT 2/(2/2) 
(c) PRINT 2*2/2 
(d) PRINT (2+2)/2 

5. Which of the following are legal variable names? 

(a) FL 
(b) F2 
(c) 2F 
(d) FLAG 
(e) F* 

6. Is this a valid BASIC statement? 

10 PRINT"THE TITLE IS "PRIMER," ISN'T IT?" 

7. If the statement 

40 Q=3 

appears in your program, but you have not yet RUN the program, does 
Q equal 3? 
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8. Is this a valid statement? Explain your answer. 

10 3=Q 

9. Which of the following statements will cause an error message? 

(a) 10 LETIF=2.4 
(b) 20 LET A$="1F" 
(c) 30 LET IF$="A" 
(d) 40 LET IF$=2.4 

10. Exercise: Write a program that will let you type in 5 words and will 
then print them out as a sentence, but in the reverse order to the way 
you typed them in. That is, the last word you typed in will be printed 
first, and so on. 
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2 

Program Control 

Very often, we are confronted with certain situations which require us to 
make a decision of some sort. We have to take a good look at all of the 
information which we have available, consider all of the alternatives, and 
then most likely go right ahead and make an emotional decision. Yes, objec­
tivity is a very difficult quality to maintain during any decision making process 
that affects us personally. We are involved in decision making during a good 
part of our daily lives. With the great degree of "free will" which we humans 
have, and the tremendous variety of choices, we are almost constantly mak­
ing decisions of one sort or another. 

The computer differs from man in this area in that it is never emotionally 
involved in any decision. As long as sufficient information is available to the 
computer, it can evaluate it and make a completely unbiased decision. This 
decision making power allows the computer to follow alternate instructions 
based upon the value of a number, or the sequence of letters that are entered. 
In this section we will discuss the BASIC statements which provide the pro­
gram with a means of doing a variety of different things, all based upon the 
evaluation of some information. This concept is what really makes the com­
puter a powerful tool. It is not "locked in" to doing only one thing over and 
over again. Rather, it can change its processing according to the nature of the 
information. 

THE DECISION MAKING STATEMENTS 

There are several BASIC statements that come under the category of deci­
sion making statements. Each has a specific use and function. In many cases 
these statements can be combined in such a way as to offer even greater 
decision making power to the computer. 

FOR ... NEXT, the Programmed Loop 

In most programming applications there will arise a need to do the same 
steps over and over again. This process is known in computer talk as "itera­
tion." It is also referred to quite often as "looping," since it usually involves 
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setting up the program so that it will loop back and repeat itself. If a program 
is written in such a way, it might easily get stuck in the loop and keep on 
repeating itself forever. For this reason, there is usually some means of keep­
ing track of just how many times the program is supposed to repeat itself. In 
BASIC language, all of these considerations are taken care of by the FOR and 
NEXT statements. 

The FOR statement sets up the beginning of the loop and determines how 
many times it will be repeated. The NEXT statement marks the end of the 
loop, and causes the program to go back and repeat itself if necessary. To use 
a simple example: Let us suppose that what we want our program to do is to 
INPUT four numbers from the ,keyboard, add them together and PRINT the 
total on the screen. Now, the four numbers could easily be entered through 
the use of just one INPUT statement but, for the sake of the example, let us 
say that the numbers are to be entered separately. The program looks like this: 

10 LETT= 0 
20 FOR I .. 1 to 4--'------- This is the beginning of a FOR ... NEXT loop from 1 

30 INPUT N to 4. 

40LETTzT+N 
50 NEXT 1-----'----- NEXT I represents the end of the loop. 
60 PRINT T This PRINTS the total of the four numbers you 

70 END INPUT. 

Now, let us take a closer look at this program, statement by statement. First of 
all, at statement 10 we begin by setting the variable T equal to zero. This is 
the variable that we will use to accumulate the total of the four numbers to be 
INPUT. At statement 20 we see the FOR statement. It controls how many 
times the following statements will be performed. It specifies that the "index" 
I will be initialized to the value of 1, and the loop will continue until I has 
reached a value of 4. Statement 30 lets us INPUT a number into the variable 
called N. At statement 40, another LET statement is used to replace the cur­
rent value of T (the running total), with the sum of T and the number N. Now, 
at statement 50, the NEXT I statement defines the end of the loop, and causes 
the value of I to be increased by 1. At this point, if I is greater than 4, the next 
statement in the program will be performed. That would be the PRINT state­
ment at 60 which causes the total of the four numbers stored in the variable T 
to be PRINTed on the screen. If however, I is less than or equal to 4 after the 
NEXT I statement has increased I by one, the program will return to the first 
statement following the FOR statement where the loop begins. Another 
number will be read from the keyboard into the variable N. It will then be 
added to the current value of the total stored in the variable T, and so on. 

There is a more powerful version of the FOR statement which allows the 
increment that is added to the "index" I to be some value other than one. 
This advanced FOR statement looks like this: 
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0 

DO 
Q D 

D 

!:) Q .D 

DC>D,a 00 
F Ot- I= 1 TO 1000: SERVE BALL: NEXT I 

FOR I = 1 to 50 STEP 3 

Notice the addition of the word STEP to the statement. This statement would 
begin by initializing the index I to one. Then when the NEXT I statement was 
encountered later in the program, the value of three would be added to I 
instead of one. Then, as before, the value of I would be checked to see if it 
had exceeded the termination value of the loop, 50. 

Let us suppose that we want to write a program that will add up all of the 
odd numbers between O and 100, and print the answer. The program could 
be done like this: 

10 LETT= 0 
20 FOR I= 1 TO 100 STEP 2- "Step 2" makes I go I, 3, 5 ... 
30 LETT= T + I 
40 NE"T I 
50 PRINT T 

Quite a simple program really. First, at line 10, we set up a variable called T 
and initialize it to zero. The next line is the beginning of the FOR ... NEXT 
loop which starts at 1, and goes to 100 by 2s. Each time through the loop, the 
value of I is added to the total being accumulated in T. Finally, when the 
value of I exceeds 100, the answer is printed. 

If you think about it, you will see that I will never be equal to 100. It goes, 
1, 3, 5, ... 95, 97, 99. When 2 is added to the value 99, the result is 101 
which is greater than 100, and therefore causes the termination of the loop. 
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IF ... THEN, Conditional Branches 

These keywords are used to provide the BASIC language with its real deci­
sion making powers. There are many forms of the IF ... THEN statement, rang­
ing from very simple data evaluation, to quite complex combinations of condi­
tions. To get a quick idea of what this statement is like, use a simple analogy. 

IF today is Wednesday THEN take out the garbage 

Here we have set up a conditional decision. If the premise is true (that it is 
Wednesday), then the result of the decision causes the action of taking out the 
garbage. Of course, the converse situation (that it is NOT Wednesday) would 
cause no action to be taken. It is only when the premise is true that the part 
following the word THEN is carried out. 

IF [)ECE.MBcR THEN 
SMTWTff 

~I<£ WINE 10 
R 15'TORAN'TE 
GIOVANNI 

IF WEDNE.SDAY THEN TAKE. WINE 
In BASIC, things work the same way. A sample of a BASIC statement using 

IF ... THEN is the following: 

IF A= 5 THEN PRINT "END OF JOB" 

Here, the current value of the variable A is tested to see if it is equal to five. If 
it is, the program will output the message "END OF JOB." Again, if A is not 
equal to five, the message will not be printed. Notice that the condition being 
tested in this statement is the value of the variable A. This is done by using 
one of the arithmetic operators (=) to indicate that it is equality that is being 
tested. The variety of different expressions that may be included as part of the 
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premise is quite great. For example, the following are some other forms of the 
IF ... THEN statement. 

IF A+3 = 8 THEN LET C = 0 
IF 2°8-5 = C+2 THEN PRINT "MATCH" 

Other relational operators that may be used in the IF ... THEN statement are 

< less than 
> greater than 
<= less than or equal to 
>= greater than or equal to 
<> not equal to (sometimes the # symbol) 

The following are some examples of these relational IF ... THEN statements: 

IF A<3 THEN GOTO 100 
IF 2°8+4>20 THEN LET A = 1 
If 8+C+6<>0 THEN PRINT "NOT EQUAL" 

There are variations on the "THEN" side of the IF ... THEN statement as 
well. We have already seen that we may cause something to be printed if the 
premise of the IF statement is true. We may also cause other things to happen 
as the following examples so readily illustrate. 

IF . ... . THEN LET A = 125 
IF . ... . THEN LET 8 = A + C 
IF . ... THEN INPUT N 

So there are many things that the program can do based upon the premise of 
the IF statement being true. Once again, if the premise is NOT true, the object 
of the statement (that part which follows the word THEN) will not be per­
formed. Instead, the program will just proceed to the next statement in se­
quence. 

To make this statement even more powerful, there are variations which use 
what are known as "logical operators" to form compound IF ... THEN state­
ments. Some examples include: 

IF A=3 and 8<4 THEN LET C=10 
IF 8>2 OR C<2 THEN PRINT "INVALID" 

In the first example, the object of the IF statement will only be executed if 
both conditions are true. That is, "A must be equal to 3," and "B must be less 
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than 4." If either of these premises is not true, then the object will not be 
performed. In the second example, if either one of the two premises is true, 
then the message "INVALID" will be printed. That is, if either "B is greater 
than 2," or "C is less than 2," the message will be printed. We can see that by 
using this type of IF ... THEN statement, many conditions may be tested at 
once, and at the same time very complex logical decisions can be made. 

GOTO, Unconditional Branch 

The GOTO statement is not real,ly a decision making statement. It is used to 
force the program to go to some other statement and perform the program 

GOTO Hades 

there. It is however used most commonly in conjunction with the decision 
making statements and so has been included in this section. By itself, the 
GOTO statement will simply cause the program to "branch" to another 
statement. For example: 

This statement would cause the program to branch to the statement bearing 
the number 1200 and to execute it and then continue on with the next state­
ment after 1200. This is known as an "unconditional branch," that is, it oc­
curs no matter what. 

The GOTO statement is often used as the object of an IF ... THEN statement 
to allow the program to be controlled by the condition of some data. For 
example, 

IF A= 5 THEN GOTO 100 
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This is known as a "conditional branch" since it only occurs if the premise of 
the IF ... THEN statement is true. If the current value of the variable A is equal 
to 5, the branch to statement 100 will occur; otherwise, the next statement 
after the IF ... THEN statement will be executed. Let us use a simple example 
program to illustrate the use of both the IF ... THEN statement and the GOTO 
statement. This program will INPUT two numbers, and a single character 
string variable that will direct the program to either "A" add the two numbers 
together and print out the result, or 11 D11 divide the first number by the second 
number and print out the result. 

REPEAT 10 REM -FIRST INPUT THE TWO NUMBERS AND THE COMMAND 
THE - 20 INPUT X,Y,A$ 

PROGRAM 30 REM -SEE WHICH OPERATION IS TO BE DONE 

ft 
40 IF A$= "A" THEN GOTO 90 
50 IF A$ = "D" THEN GOTO 120 
60 REM -IF NEITHER, END THE PROGRAM 

ENO 70 GOTO 170 
80 REM -ADD THE NUMBERS TOGETHER 
90LETZ=X+Y 

-100 GOTO 150 
110 REM ·DIVIDE FIRST NUMBER BY SECOND 
120 LET Z = X/Y 
130 GOTO 150 
140 REM -PRINT THE ANSWER AND GO DO IT AGAIN 

ANSWER__.150 PRINT "THE ANSWER IS"; Z 
,__-----<-160 GOTO 20 

'-------►170 END 

From the above example, we can see how the IF ... THEN and GOTO state­
ments can be used in conjunction to provide extensive program control. 

The Endless Loop 

There will be times when you are testing your new program and things just 
don't seem to operate properly. There are many reasons why programs don't 
work properly, and one of them is an "endless loop." The endless loop can be 
brought about in a number of ways, the simplest of which is a GOTO state­
ment that inevitably causes the program to repeat a sequence of statements 
indefinitely. Something like: 

10 LET X=1 
20 GOTO 10 
30 PRINT X 

No doubt about it, this program is going to get caught up in an endless loop. 
The PRINT statement at line 30 will never be executed. When you tell your 
computer to RUN this program, it will appear to "fall asleep." The prompting 
"OK" will never be seen again in the program. 
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To provide the programmer with some alternative in these situations, most 
BASICs will respond to the entry on the keyboard of a "control-C sequence." 
This is done by holding down the key labeled "CNTL," and pressing the "C" 
key at the same time. Some computers have a special "BREAK" key which 
sends a control-( to the computer. Control-( or BREAK will cause the BASIC 
program to be interrupted, and the "OK" prompt returned to the screen. Also, 
the line at which the program was when the control-C was entered is dis­
played on the screen: 

BREAK IN 20 
OK 

At this point, the programmer can examine the program to find the problem 
and then continue the execution of the program by typing: 

CONT 

Note that if the program is altered in any way (i.e., typing a new line) then 
CONT cannot be used to restart. Instead, RUN must be used. 

In general, the control-C sequence may be used at any time that the pro­
grammer wants to interrupt a program. If a program does a lot of PRINTing, 
and the programmer wishes to stop the program before all of the printing has 
been completed, the control-C sequence may be used to abort the printing in 
progress and return control to BASIC. 

ON ... GOTO, Indexed Branching 

A special form of the GOTO statement allows the programmer to specify 

ON I GOTO Fll>0LETOWN, ROME, TV8A CITY, N~W HAVEN 
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several possible destinations of the branch, and make the selection of the one 
to be taken based upon the value of a particular variable. The form of this 
type of GOTO statement is: 

10 ON I GOTO 100, 200, 300, 400, 500 etc. 

Here, the variable I is used as the index for the ON ... GOTO statement. If the 
value of I is 1, then the GOTO will cause a branch to line 100. If I is equal to 
2, then the branch will be to line 200, and so on. • 

Notice that the value of the index to the ON ... GOTO statement must be an 
integer, a whole number. It must also be greater than zero, and ·not greater 
than the total number of lines listed after the GOTO. If the index is zero, or 
greater than the total number of lines in the list, the next statement after the 
ON ... GOTO statement will be executed. If it is negative, an error will result. 

The ON ... GOTO statement lends itself very well to making organized 
program branches such as are encountered when a function or operation is 
selected by the programmer by entering a number through the keyboard to 
the program. The program can then use the number as the index for the 
ON ... GOTO statement, as in the following example: 

~ 

l REPEA 
TH E 10 INPUT "ENTER TWO NUMBERS"; X, Y 

PROGRAM 

~ 

Ir'\ 

.. 

I ~ 
1 

20 PRINT "ENTER 1 to ADO" 
30 PAINT "ENTER 2 to SUBTRACT" 
40 PAINT "ENTER 3 TO MULTIPLY" 
50 PRINT "ENTER 4 TO DIVIDE" 
60 INPUT I 
70 REM -BRANCH TO PROPER OPERATION 
80 ON I GOTO 100,200,300,400 
90 REM -ANYTHING ELSE CAUSES PROGRAM END 
95 GOTO 900 
00 REM -ADDITION 
10 LET Z = X+Y 
20 GOTO 500 

I 2 
2 

200 REM -SUBTRACTION 
10 LET Z = X-Y 
20 GOTO 500 

3 
3 
00 REM -MULTIPLICATION 
10 LET Z = x•v 

3 20 GOTO 500 

14 
~~R~~R-

400 REM -DIVISION 
10 LET Z = X/Y 

500 REM -PAINT THE ANSWER AND DO IT AGAIN 
10 PAINT "THE ANSWER IS"; Z 

ENO • 

5 
20 GOTO 10 5 

900 REM -END OF PROGRAM 
910 END 
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The ON ... GOTO statement located at I ine 80 of this program serves to direct 
the program to the proper sequence of statements based upon the selected 
operation entered at line 60. 

ENHANCING THE LOAN PROGRAM 

Remember the Loan program we used in Chapter 1 to illustrate the use of 
the three laws of computing? Well, now we are going to modify that program 
to provide some additonal information. As we recall, the program required as 
INPUT the following: 

The amount of the Loan L 
The annual interest rate R 
The term of the loan in years Y 

By using the formula programmed into the LET statement, we were able to 
compute the monthly payment A. Now, we will enhance the program so that 
for each payment, it will compute the amount that is paid as interest, and also 
the amount that is applied to the principal of the loan. In addition, we will 
program it to accumulate the total amount of interest paid, and to compute 
the principal balance of the loan. Finally, we will have all of this information 
printed in columns, one line for each monthly payment. 

To accomplish all of these wonderful things with this program we will use 
the "program control" statements that we just learned about. We will use the 
FOR ... NEXT statements to control a loop which prints out the monthly infor­
mation. The IF ... THEN statements will be used for a special purpose in the 
program. Depending upon the loan amount and the interest rate, the last 
payment will not always be equal to the other monthly payments. You prob­
ably have noticed this on your own personal loans. So therefore, when we get 
down to computing the last payment, we will want to make sure that the 
amount of the payment which is applied to the principal is exactly equal to 
the outstanding balance. 

So then, let us get into this program. We will break it up into logical seg­
ments for the purpose of illustration. First, the beginning of the program is 
very similar to the original version. 

1000 REM ·LOAN AMORTIZATION PROGRAM 
1010 REM -INPUT SECTION 
1100 INPUT "ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
1120 INPUT "ENTER THE TERM IN YEARS"; Y 
1200 REM -CHANGE ANNUAL RATE TO MONTHLY RATE 
1210 LET I = R/12 



1220 REM -CHANGE YEARS TO MONTHS 
1230 LET M = Y*12 
1300 REM ·COMPUTE THE MONTHLY PAYMENT AND PRINT 
1310 LET A= (l•L)/((1-(I+1)/\-M)) 
1320 PRINT "THE MONTHLY PAYMENT IS$"; A 
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The next thing that the program must do is prepare to print the amortization 
schedule. We will need to establish a variable for the current loan balance (B) 
after a payment has been made. We will also need a variable to accumulate 
the total interest paid (T). To dress up the output, we will also print some 
column headings. 

1400 REM -INITIALIZE FOR AMORTIZATION SCHEDULE 
1410 LET B = L 
1420 LETT= 0 
1430 PRINT "NUM", "INTEREST", "PRINCIPAL", "PAIN BAL", "TOT INT" 

Now comes the payment loop. We will use the variable J as the "index" to 
the loop, and the number of monthly payments M as the "terminator" of the 
loop. For each payment, we will compute the amount which is paid as inter­
est 11, and the amount which is applied to the principal P. Also, we will 
subtract the amount applied to the principal from the loan balance B, and 
accumulate the total interest paid T. 

1500 REM -DO THE LOOP FOR THE NUMBER OF PAYMENTS 
1510 FOR J = 1 to M 
1520 REM ·COMPUTE THE INTEREST 
1530 LET 11 = B*I 
1540 REM ·COMPUTE THE PRINCIPAL 
1550 LET P = A-I1 
1560 REM -FORCE OUT THE LAST PAYMENT 
1570 IF J = M THEN LET P = B 
1600 REM ·UPDATE THE LOAN BALANCE 
1610 LET B = B-P 
1620 REM -UPDATE THE TOTAL INTEREST 
1630 LETT= T+l1 

Now, using the automatic column function of the PRINT statement, we will 
print all of the information for the monthly payment and then end the loop. 

1700 REM -PRINT THE MONTHLY PAYMENT DETAIL 
1710 PRINT J,I1,P,B,T 
1720 NEXT J 
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At this point, we will add some statements that will provide the option either 
to go back to the beginning of the program to process another loan, or to end 
the program. See if you can figure out how this works. 

1800 REM -SEE IF DONE 
1810 INPUT "PROCESS ANOTHER LOAN (YES/NO)"; A$ 
1820 IF A$= "YES" THEN GOTO 1100 
9999 END 

Notice that we are using a "string variable" here. Remember that this is de­
noted by the "$" following the variable name. So, what is happening here is 
that we are inputting a string of characters at statement 1810, and if that string 
happens to be the word "YES" then the program will go back to statement 
1100 where the entire process starts. If the input string is not the word "YES," 
then the program will proceed to the next statement which is the END state­
ment at 9999. This causes the program to terminate. 

Now you have a very useful little program. You can use it to find out what 
your monthly payment would be on a particular loan, and also to see just 
how much monthly interest you will pay. 

Table 2-1 represents an example of a printout for a sample loan amortiza­
tion. At the top of the table, the numbers that are underscored would have to 
be entered by the user as the program requested the input information. In this 
example, we are amortizing a loan of $5000.00, at an annual interest rate of 
9% (entered as a decimal fraction .09), over a term of 4 years. The program 
computed the monthly payment to be $124.427 and printed that out first. 
Then the program proceeds to print out the amortization schedule according 
to the format that we decided upon earlier. Notice that the column headings 
are printed first, followed by one line for each monthly payment. We can see 
that at first the amount paid as interest is relatively large, and decreased as the 
loan balance decreases. Likewise, the amount applied to the principal is rela­
tively small at first, and then gets larger as the amount paid as interest de­
creases. 

There are a few other things that we should notice at this time. One is that 
if we sum the amount paid as interest with the amount applied to the princi­
pal for each month, we do not always get the monthly payment, 124.427, as 
the answer. This is because the numbers printed here have not been rounded 
off after the computer performed the mathematics. For example, when the 
program converts the annual interest rate of 9% to a monthly interest rate, it 
comes out to a decimal fraction of .0075. (.09/12). Now, when the program 
computes the amount paid as interest on the second payment, the math actu­
ally comes out like this: 

MONTHLY RATE x LOAN BALANCE= INTEREST AMOUNT 
.0075 X 4913.07 =36.848025 
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l 
2 
3 
4 

5 
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7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
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41 
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43 
44 
45 
46 
47 
48 

Table 2-1 . Example of Printout for a Loan Amortization 

ENTER THE AMOUNT OF THE LOAN? 5000.00 
ENTER THE ANNUAL INTEREST RATE? ..Q2 
ENTER THE TERM IN YEARS? j 
THE MONTHLY PAYMENT IS $124.427 

Interest Prin. Pay Prin. Bal. Int. to Date 

37.5 86.9273 4913.07 37.5 
36.8481 87.5792 4825.49 74.3481 
36.1913 88.236 4737.26 110.539 
35.5296 88.8977 4648.36 146.069 
34.8629 89.5644 4558.8 180.932 
34.1912 90.2361 4468.56 215.123 
33.5145 90.9128 4377.65 248.638 
32.8327 91.5946 4286.05 281.47 
32.1458 92.2815 4193.77 313.616 
31.4537 92.9736 4100.8 345.07 
30.7565 93.6708 4007.13 375.826 
30.054 94.3733 3912.75 405.88 
29.3463 95.081 3817.67 435.227 
28.6333 95.7941 3721.88 463.86 
27.9149 96.5125 3625.37 491.775 
27.1911 97.2362 3528.13 518.966 
26.4619 97.9654 3430.16 545.428 
25.7272 98.7001 3331.46 571. 155 
24.987 99.4403 3232.02 596. 142 
24.2413 100.186 3131.84 620.383 
23.49 100.937 3030.9 643.873 
22.7331 101.694 2929.21 666.606 
21.9704 102.457 2826.75 688.577 
21.2021 103.225 2723.52 709.779 
20.428 103.999 2619.52 730.207 
19.6481 104.779 2514.74 749.855 
18.8623 105.565 2409. 18 768.717 
18.0707 106.357 2302.82 786.788 
17.2732 107.154 2195.67 804.061 
16.4696 107.958 2087.71 820.531 
15.6602 108.767 1978.94 836.191 
14.8445 109.583 1869.36 851.035 
14.0228 110.404 1758.96 865.058 
13.1949 111.232 1647.72 878.253 
12.3608 112.066 1535.66 890.614 
l 1.5205 112.907 1422.75 902.134 
10.6739 113.753 1309.00 912.808 
9.8209 114.606 1194.39 922.629 
8.96162 115.466 1078.93 931.591 
8.09581 116.331 962.594 939.687 
7.22375 117.204 845.391 946.91 
6.34518 118.082 727.309 953.256 
5.45965 118.968 608.341 958.715 
4.56831 119.859 488.482 963.283 
3.66998 120.757 367.725 966.953 
2.76479 121.663 246.062 969.718 
1.85405 122.573 123.489 97,1 .572 

.9375 123.49 -1. 09863E-03 972.51 

75 
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According to the table, the interest amount on payment two is 36.8481 (to six 
significant digits). This apparent discrepancy is due to the accumulated error 
inherent in the least significant digit of the arithmetic processes of the computer. 

METRIC CONVERSION PROGRAM AND THE MENU CONCEPT 

Here is an example of a very useful program written in BASIC (Fig. 2-1 ). We 
have all heard of the intended adoption of the metric system of measurement 
by the world at large. Many manufacturers of prepared foods are printing both 
the anglo and metric quantities on their products. Although this transition may 

2000 REM -METRIC CONVERSION PROGRAM 
2010 REM -DISPLAY THE MENU 
2020 PRINT 
2030 PRINT "METRIC CONVERSION PROGRAM" 
2040 PRINT 
2041 PRINT "1 - INCHES TO CENTIMETERS" 
2042 PRINT "2 - POUNDS TO KILOGRAMS" 
2043 PRINT "3 - QUARTS TO LITERS'" 
2049 PRINT "9 - TO END THE PROGRAM" 
2050 PRINT 
2060 REM -GET THE SELECTION 
2070 INPUT "ENTER YOUR SELECTION"; S 
2080 REM -DECIDE WHERE TO BRANCH 
2081 IF S = 1 THEN GOTO 2100 
2082 IF S = 2 THEN GOTO 2200 
2083 IF S = 3 THEN GOTO 2300 
2089 IF 5>3 OR S<1 THEN GOTO 9999 
2100 REM -CONVERT INCHES TO CENTIMETERS 
2110 PRINT 
2120 INPUT "ENTER LENGTH IN INCHES"; I 
2130 LET C = 2.54• I 
2140 PRINT I; "INCHES IS EQUAL TO";C; "CENTIMETERS" 
2150 GOTO 2000 
2200 REM -CONVERT POUNDS TO KILOGRAMS 
2210 PRINT 
2220 INPUT "ENTER WEIGHT IN POUNDS"; P 
2230 LET K = .4536*P 
2240 PRINT P;" POUNDS IS EQUAL TO ";K;" KILOGRAMS" 
2250 GOTO 2000 
2300 REM -CONVERT QUARTS TO LITERS 
2310 PRINT 
2320 INPUT ''ENTER VOLUME IN QUARTS"; Q 
2330 LET L = .9463•Q 
2340 PRINT Q;" QUARTS IS EQUAL TO ";L;" LITERS" 
2350 GOTO 2000 
9999 END 

Fig. 2-1. listing of Metric Conversion program. 
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seem to be difficult, there are many advantages to the metric system, which is 
always based upon the number 10. The anglo systems are all different. Length 
can be based upon a scale of 12 inches, or 3 feet, or 5,280 feet in a mile. The 
task of converting a length from yards to miles requires that two conversion 
factors be used. First, we must convert the length to feet, and then finally 
convert it to miles. The metric system, based upon ten, allows very simple 
conversion of lengths either measured in meters, or kilometers. All we need to 
do is to multiply or divide by a power of ten (10, 100, 1000, etc.) to perform 
the conversion. This then requires only that the decimal point be moved 
either to the right for multiplication, or to the left for division. For example, let 
us convert 500 meters to kilometers. First of all, we need to know the fact that 
1 kilometer is equal to 1,000 meters. This is conveniently indicated by the 
prefix "kilo" meaning thousand. Therefore, to convert meters to kilometers, 
we simply divide by 1,000, or move the decimal point three places to the left. 
So, 500 meters is equal to .500 kilometers, or exactly half a kilometer. 

During the world struggle to convert from the anglo system to the metric 
system, the major problem is that the new units do not have the inherent 
"sense" that the old ones did. How long is half a kilometer? Being con­
ditioned to the odd concepts of feet, yards, aAd miles, we find it hard to 
conceive of half a kilometer. But this is only due to our being unfamiliar with 
the metric terms. With a little practice, we can easily adapt to the metric 
system. In the mepntime, we can use BASIC to write a simple program that 
converts anglo measurements, which are now using, to metric measurements. 

The program has three major sections which we will discuss separately. 
First, the program will provide us with a "menu" from which we can select 
the conversion we want. Then, the program will have to interpret our request 
and branch to the proper statements to affect the conversion. Lastly, the de­
sired conversion will be accomplished, and the answer printed out. Here is 
the first part of the program: 

2000 REM •METRIC CONVERSION PROGRAM 
2010 REM -DISPLAY THE MENU 
2020 PRINT 
2030 PRINT "METRIC CONVERSION PROGRAM" 
2040 PRINT 
2041 PRINT "1 -INCHES TO CENTIMETERS" 
2042 PRINT "2 -POUNDS TO KILOGRAMS" 
2043 PRINT "3 -QUARTS TO LITERS'◄'-----'---
2049 PRINT "9 •TO END THE PROGRAM" Note how we left room for 
2050 PRINT you to add other con-

2060 REM -GET THE SELECTION version routines (4-BJ. 

2070 INPUT "ENTER YOUR SELECTION"; S 

This is relatively straightforward. Using PRINT statements, the program dis­
plays the "menu" of the available conversion routines. In this example, we 
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only included three conversion routines, but as we will see, it would be very 
easy to add others. Notice that we have made provision for ending the pro­
gram from the menu by entering a selection of "9." Also, notice the PRINT 
statements on lines 2020, 2040, and 2050. These cause a blank line to be 
displayed which is like double-spacing on the typewriter. 

The next section of the program uses the INPUT variable S to determine 
which conversion formula is to be used. This is accomplished using several 
IF ... THEN statements. 

2080 REM -DECIDE WHERE TO BRANCH 
2081 IF S = 1 THEN GOTO 2100 
2082 IF S = 2 THEN GOTO 2200 
2083 IF S = 3 THEN GOTO 2300 

-------- Could you replace the 
three IF ... THENs with a 

single ON ... COTO? 
2089 IF 5>3 OR 5<1 THEN GOTO 9999 

Remember that if the premise is true in the IF statement then the result will be 
that the program performs the right side of the IF ... THEN statement. If the 
premise is not true, the program proceeds on to the next statement. So, the 
program checks the value of S to see if it is equal to 1, 2, or 3 and performs a 
GOTO branch to the proper statement for the selected conversion. Notice 
that if S is not equal to 1, 2, or 3, the program will end up at line 2089. Here, 
using a compound IF ... THEN statement, the program will branch to line 9999 
if S is greater than 3, or if S is less than 0. So, if anything other than 1, 2, or 3 
is entered, the program will branch to line 9999, the end of the program. In 
this section again, we can see that it would be very easy to add additional 
IF ... THEN statements to select more than three conversion routines. 

The next section of the program is where the conversions actually are done. 
There are actually three "subsections:' each consisting of the BASIC state-
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ments necessary to perform one of the three conversions. Let us look at the 
whole section at once, and notice how the three subsections are very similar. 

2100 REM -CONVERT INCHES TO CENTIMETERS 
2110 PRINT 
2120 INPUT "ENTER LENGTH IN INCHES"; I 
2130 LET C = 2.54•1 
2140 PRINT I;" INCHES IS EQUAL TO ";C;" CENTIMETERS" 
2150 GOTO 2000 

2200 REM -CONVERT POUNDS TO KILOGRAMS 
2210 PRINT 
2220 INPUT "ENTER WEIGHT IN POUNDS "; P 
2230 LET K = .4536•P 
2240 PRINT P;" POUNDS IS EQUAL TO ";K;" KILOGRAMS" 
2250 GOTO 2000 

2300 REM -CONVERT QUARTS TO LITERS 
2310 PRINT 
2320 INPUT "ENTER VOLUME IN QUARTS"; Q 
2330 LET L = .9463*0 
2340 PRINT Q;" QUARTS IS EQUAL TO ";L;" LITERS" 
2350 GOTO 2000 

9999 END 

Notice that each subsection begins with a blank PRINT statement to effect the 
double-spacing. Then ·an INPUT statement is used to get the particular anglo 
quantity to be converted. Next, a LET statement is used to perform the arith­
metic conversion of the anglo quantity to a metric quantity. Notice that the 
conversion factors are "numeric constants" built into the statements. These 
can be found in any metric conversion table. Then, a PRINT statement is used 
to print out the answer in a sentence form. Notice how the variables repre­
senting both the anglo and metric values are imbedded right into the output 
line. Finally, after each subsection, a GOTO statement causes the program to 
branch back to the beginning where the menu is displayed again. This proce­
dure is repeated as many times as desired until a value other than 1, 2, or 3 is 
entered as the desired selection, at which time the program is ended. 

The following is an example of how the program runs: 

METRIC CONVERSION PROGRAM 

1 • INCHES TO CENTIMETERS 
2 • POUNDS TO KILOGRAMS 
3 • QUARTS TO LITERS 
9 - TO END THE PROGRAM 
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ENTER YOUR SELECTION? 1 

ENTER LENGTH IN INCHES? .§ 
6 INCHES IS EQUAL TO 15.24 CENTIMETERS 

METRIC CONVERSION PROGRAM 

1 - INCHES TO CENTIMETERS 
2 - POUNDS TO KILOGRAMS 
3 - QUARTS TO LITERS 
9 - TO END THE PROGRAM 

ENTER YOUR SELECTIOIII? g_ 

ENTER WEIGHT IN POUNDS? m 
155 POUNDS IS EQUAL TO 70.308 KILOGRAMS 

METRIC CONVERSION PROGRAM 

1 - INCHES TO CENTIMETERS 
2 - POUNDS TO KILOGRAMS 
3 - QUARTS TO LITERS 
9 - TO END THE PROGRAM 

ENTER YOUR SELECTION? ~ 

ENTER VOLUME IN QUARTS?~ 
4 QUARTS IS EQUAL TO 3.7852 LITERS 

METRIC CONVERSION PROGRAM 

1 - INCHES TO CENTIMETERS 
2 - POUNDS TO KILOGRAMS 
3 - QUARTS TO LITERS 
9 - TO END THE PROGRAM 

ENTER YOUR SELECTION? i 

Notice that each time a conversion is completed, the program returns to dis­
play the entire menu again. Since once would probably be sufficient, we 
might want to modify the program so that only the message "ENTER YOUR 
SELECTION?" would be displayed after the first time through the program. 
This can easily be done by replacing all of the GOTO 2000 statements follow­
ing the conversions with GOTO 2070. 

In a later chapter, we will use this same application for another example of 
a more powerful metric converson program that will provide a method for 
having many more conversion routines. The important things to learn from 
this example are the "menu" concept, and the use of the IF ... THEN statement 
to selectively branch to different parts of the same program. 
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SIMPLE FUNCTION STATEMENTS 

Many programming applications require that some operations be performed 
frequently. There are several of these functions that can be used by many 
different types of programs. For this reason, there are special "key words" 
used in BASIC to invoke these functions. There are quite a few different func­
tions, some for use with numeric data, and others for use with string data. At 
this point, we will take a look at three of the most simple numeric functions. 
These are easy to understand, and can be used right away. 

ABS, Absolute Value Function 

The ABS function is used to get the "absolute value" of a number. This is 
defined as the actual numeric value of the number, ignoring the sign. The 
most common form of this statement looks like this: 

LET A = ABS(X) 

Here, the variable (A) is replaced with the "absolute value" of the variable 
(X). For example: 

ABS(S) = 5 
ABS(13.25) = 13.25 
ABS(-25) = 25 
ABS(O) = 0 
ABS(S-12) = 7 

Notice that the absolute value of a number can never be negative. It is always 
a positive number equal to the actual numeric value of the contents within 
the parentheses. This can be a numeric constant, a numeric variable, or an 
expression of numeric terms such as: 

LET A = ABS(12*X-6) 

or, 

LET B = ABS(I +J +(K/3)) 

This function is useful for finding the actual difference between two numbers 
without being concerned as to whether they are positive or negative. 

INT, lntegerize Function 

The INT function is used to derive the closest whole number to a numeric 
value. Really, all it does (assuming the number is greater than zero) is to 
truncate (cut off) all the digits that are to the right of the decimal point. For 
example: 
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INT(25.035) = 25 
INT(.95) = 0 
INT(100.9999) = 100 
INT(-12.2) = -12 

So, this provides a way of getting rid of unwanted decimal positions. The 
common form used for the INT statement is: 

LET A = INT(X) 

where (X) is either a numeric constant, a numeric variable, or a numeric ex­
pression such as: 

LET A = INT(12•B-2) 
LET B = INT(.S•N) 

. . . . . ... " " . . ,/ . . . 
TRUNCATE THAT NUMBER 

INT (345. 897) 

One common usage of the INT statement is to allow for the rounding off of 
numeric variables to the nearest whole number. This is done very easily in 
BASIC as follows: 



LET X = INT(X + .5) 

For example, if; 

X = 3.49999, then 
X + .5 = 3.99999, so 
INT (X + .5) = 3 

However, if: 

X = 3.50001, then 
X + .5 = 4.00001, so 
INT(X + .5) = 4 
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Using this technique, we can always guarantee that an answer that we are 
going to print out will be printed as a whole number. 

A more accurate explanation of what INT(X) does is to say that it "returns 
the largest integer that is less than (or equal to) X." For positive values of X this 
is the same as chopping off the digits to the right of the decimal point; but for 
negative values of X it means chopping off the digits and then subtracting one. 
For example: 

FIX 

PRINT INT (-4.222) 
-5 
PRINT INT(-13.75) 
-14 

In some versions of BASIC there is another function, much like INT, but 
which chops off the digits to the right of the decimal place for both negative 
and positive numbers. This is the FIX function. For example: 

PRINT FIX (4.222) 
4 
PRINT FIX ( -4.222) 
-4 

Compare this with the example of INT used with a negative number. 

RND, Randomize Function 

This function allows the programmer to generate a random number. This is 
sort of like cutting a deck of cards, or spinning the wheel of fortune, or even 
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throwing the dice. There is no way of knowing just what the result of the RND 
function will be. It will however always be returned as a number between 0 
and 1. It might be .573 or .00941, or .0003 or any other number between 0 
and 1. This random number can then be used to generate other numbers in 

RND(I) 

other ranges simply by using multiplication. For example, if we wanted to 
program a deck of cards being cut, we would want the result of the RND 
function to be a number from 1 to 52. This can be done by multiplying the 
number returned by the RND function by the numeric constant 52 and then 
adding a numeric 1 to that. The general form of the RND function is as fol­
lows: 

100 LET A = RND(X) 

In this statement the X serves as a "dummy" variable if it is a posItIve 
number (greater than O); that is, no matter what value of X you use, the RND 
function will do the same thing-return a random number between O and 1. 
If X is 0, RND will return the same random number it did before. (In some 
versions of BASIC, using values of X larger than 1 will cause random numbers 
larger than 1 to be generated. You should consult the manual for your own 
version of BASIC to see exactly how it words.) 

Try typing in and running the following program: 



10 LET A = RND(1) 
20 PRINT A 
30 GOTO 10 
RUN 
0.523889 
0.837612 
0.39604 
0.756826 
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If you let this program run, it will go on forever printing out numbers similar 
to these. 

Randomize 

This function allows you to "reseed" the random number generator used in 
the RND function. What does "reseed" mean? Well, normally, every time 
you RUN your program, the RND function will start over generating the exact 
same sequence of random numbers. This isn't so good if, for example, you are 
using RND in a game to deal you a hand of cards; you don't want to get the 
same hand every time you RUN the program! RANDOMIZE (RANDOM on 
some computers) allows you to start over with a different sequence of random 
numbers each time you execute it: this is called "reseeding" the random 
number generator. RANDOMIZE has the form 

RANDOMIZES 

where S is a number between 32767 and ,32768. For every different value 
of S you use in the RANDOMIZE statement, the RND statement will create a 
different sequence of random numbers. (In some versions of BASIC, using 
RND(X) with a negative value of X has the same effect as RANDOMIZE. In 
other versions, there is no variable S after the RANDOMIZE function-it 
makes up its own value of S each time you use it, thus creating a different 
seed automatically.) 

Combining Functions 

In order to write even more sophisticated programs, it is possible to com­
bine these functions within one statement. For example, we can write a 
statement like the following: 

LET A = INT(2•ABS(X-1)) 

or, 
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LET B = ABS(INT(X)-INT(Y)) 

let us say that what we really want is to get a random number between 1 and 
52 to simulate a deck of cards being cut. We can use a combination of the 
RND and INT functions like this: 

LET C = INT(52°RND(-1))+1 

The RND function would be done first because of the way that the par­
entheses are arranged, so that a random number between O and 1 would be 
generated. Then, the multiplication would follow, yielding a decimal number 
between O and 52. Next, the digits to the right of the decimal point would be 
stripped off using the INT function. This would result in an integer with a 
value ranging from O through 51. Finally, we will add one to the result so that 
we will end up with a number from 1 to 52. 

We can use the same technique to simulate a throw of the dice as follows: 

LETT= INT(6°RND(-1))+1 

or, we could "flip a coin" like this: 

LET F = INT(2°RND(-1))+1 

Notice that we are always using the value of -1 to control the RND function 
so that we will get a new random sequence. Once a sequence has been 
started, it "seeds" itself, and we could change the argument of the RND func­
tion to 1 which would then continue to give us the next random number in 
the particular seeding sequence. 

Another entertaining application of the RND function is in a little program 
that plays a number guessing game with you. The RND function is used to 
generate a number from 1 to 1,000. Then you have to guess what the number 
is and enter your guess through the keyboard. The program will then let you 
know if your guess was high or low, and give you another chance if you 
didn't guess it right. It also keeps track of how many chances it took for you to 
guess the number, and prints the total out at the end. 

10 REM -NUMBER GUESSING GAME USING AND 
20 LET N = INT(1000°RND(-1))+1 



30 LETT= 0 
40 PRINT "OK, START GUESSING" 
50 REM -INPUT A GUESS AND COUNT IT 
60 INPUT G 
70 LETT= T+1 
80 REM -CHECK FOR A HIT 
90 IF G = N THEN GOTO 160 

100 REM -CHECK FOR HIGH GUESS 
110 IF G>N THEN PAINT "YOUR GUESS IS HIGH" 
120 REM -CHECK FOR LOW GUESS 
130 IF G < N THEN PRINT "YOUR GUESS IS LOW" 
140 GOTO 60 
150 REM -YOU GUESSED THE NUMBER 
160 PRINT "YOU GUESSED THE NUMBER IN"; T;" TAYS" 
170 PRINT "DO YOU WANT TO PLAY AGAIN? (Y/N)" 
180 INPUT A$ 
190 IF A$ = "Y" THEN GOTO 20 
200 END 

RUN 
OK, START GUESSING 
?500 
YOUR GUESS IS HIGH 
?250 
YOUR GUESS IS LOW 
?375 
YOUR GUESS IS HIGH 
?300 
YOU GUESSED THE NUMBER IN 4 TAYS 
DO YOU WANT TO PLAY AGAIN? (Y/N) 
?N 
OK 

THE SUBROUTINE CONCEPT 
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There are many occasions during the writing of a program on which it 
would be desirable to "chop up" a program into smaller parts. Sometimes, it 
is just too difficult to write one big program that takes care of everything. 
Other times, there is one series of operations that must be performed several 
times throughout the entire program. It would be tedious to write this series 
into the program every place that it is needed, and the resulting program 
would be unnecessarily large. These are two very good reasons for the devel­
opment of the "subroutine." As its name implies, a subroutine is a "subpart" 
of a program. It is a routine which is performed at some specified time, and 
does the same thing each time. The subroutine need only be "written" once, 
somewhere within the program, and then "called" by the program when it's 
execution is necessary. When the subroutine has completed its operation, it 
"returns" to the main program at the point right after the line where the main 
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GOSUB French Horn Solo 
program called the subroutine. This is especially useful in situations where a 
simple GOTO statement just doesn't quite handle it. 

Subroutines are composed of BASIC statements just like any other program. 
The statements all have line numbers and must follow all of the rules that 
apply to any program statement. The subroutine is invoked through the use of 
a special BASIC statement called GOSUB. The form of the GOSUB statement 
is as follows: 

100 GOSUB 2000 

Directly following the word GOSUB must be a valid line number that repre­
sents the first line of the part of the program that is to be considered the 
subroutine. When the GOSUB statement is executed, the program branches 
to the line number specified in the statement. All of the subroutine statements 
are then executed until another special BASIC statement known as RETURN is 
encountered. At that time, the program branches back to the line directly 
following the GOSUB statement that caused the original branch. The follow­
ing is a general example of the subroutine concept. 

100 REM -BEGINNING OF THE PROGRAM 
110 (statement) 
120 (statement) 
130 (statement) 
140 (statement) 



150 GOSUB 1000 

160 (statement) 
170 (statement) 
180 (statement) 

190 GOSUB 1000 

200 (statement) 
210 (statement) 
220 END 
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1000 REM -SUBROUTINE-This is the subroutine. Note 
1010 (statement) that it would appear at the 
1020 (statement) end of the program because 
1030 (statement) it starts at line 1000. 
1040 RETURN 

Statements 100 through 140 are normal BASIC statements. At line 150 we see 
the first GOSUB statement which references line 1000. This is where the sub­
routine begins and at line 150 it is desired to branch to that subroutine and 
perform whatever statements are there. The subroutine is located at lines 
1000 through 1040. On line 1040 we see the RETURN statement which 
causes the program to branch back to the line directly following the point at 
which the branch to the subroutine occurred. That will cause the program to 
go back to line 160 in the main program and continue executing statements 
there. Again at line 190, we see that there is another GOSUB statement which 
will cause a branch to line 1000 to occur. Again, the subroutine is executed 
until the RETURN statement at line 1040 is once again executed. The pro­
gram then goes back to the next line after the GOSUB, which is line 200 this 
time. From here, the program keeps running until the END statement at line 
220 is encountered. 

In this particular example, we can see that if the statements that comprise 
the subroutine are found only once within the program and that if we can 
access these statements from several places in the main program, then the 
overall program has been made smaller through the use of the subroutine 
concept. Without the subroutine ability, we would have had to incorporate 
the same statements at two places in the main program, once at line 150, and 
again at line 190. In a sense, the GOSUB statement is like an unconditional 
branch with a return address telling it where to come back to when the RE­
TURN statement is executed. 

ON ... GOSUB, Indexed Subroutine Branching 
The ON ... GOSUB statement works just like the ON ... GOTO statement 

does. That is, there is a variable that is used as th.e index for the ON ... GOSUB 
statement, and there is a list of possible line numbers to which the subroutine 
branch is to be made depending upon the value of the index. The common 
form of the statement looks like this: 

100 ON K GOSUB 1000,2000,3000,4000, .... 
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Again, the value of the index variable at the time that the ON ... GOSUB 
statement is executed must be interpreted as an integer whole number greater 
than zero, and less than the number of line numbers in the list which follows 
the GOSUB part of the statement. In the example above, if the value of K is 
equal to one, the statement will cause a subroutine branch to line 1000. If the 
value is two, the branch will be made to line 2000, and so on. Again, if the 
value of K is zero or greater than the number of line numbers in the list, the 
program will ignore the ON ... GOSUB statement completely, and resume 
execution on the next line in the program. If the value of K is negative, an 
error will result. After the subroutine has finished execution, the RETURN 
statement at its end will cause the program to come back to the next state­
ment after the ON ... GOSUB which caused the branch in the first place. 

Here again, as with the ON ... GOTO statement, the major advantage is that 
several different subroutines may be called depending upon the value of a 
variable in the program. This variable can be entered via an INPUT statement, 
or it may be computed in the program itself from some other data. In any 
case, its value at the time that the ON ... GOSUB statement is executed will 
cause a controlled branch to a subroutine. 

In the following pages, we will examine the use of the subroutine concept 
in two very common instances. The first involves the problem of getting the 
results of arithmetic operations to come out in whole pennies so that we can 
print an organized listing. The second example of subroutine usage provides a 
means of validating input data to make sure that it is within certain limits. 

NUMERIC "ROUND-OFF" SUBROUTINE 

If we remember the Loan program, there was a small problem encountered 
whenever we did certain types of arithmetic operations and then tried to print 
out the results. Because of the way that BASIC controls the PRINT operation, 
if we try to print a variable which has a current value of 7.50015, that is 
exactly what will be printed, even if we are dealing with dollars and cents and 
the amount should really be printed as 7.50. One way to overcome this small 
problem is to "round off" the results of any arithmetic operation which is to 
be printed. The procedure for doing this is quite simple. It uses one of the 
simple functions which we learned in the last section. The INT function, 
which allows us to integerize a variable, is used to get rid of any trailing 
decimal places. But, since we are using numbers representing dollars and 
cents, there must be two places to the right of the decimal point in all of the 
numbers. Also, we want to make sure that the number that is left after the 
trailing decimal places are removed is rounded to the nearest cent. To ac­
complish all of these things, we can use the following procedure: 

ADD .005 to the number 
MULTIPLY the number by 100 
INTegerize the new number 
DIVIDE the integerized number by 100 
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Let us go through a few examples of this procedure to see how it works. We 
will start with the number we used a few lines back. 

Original number 
ADD .005 to the number 
MULTIPLY by 100 
INTegerize the number 
DIVIDE by 100 

7.50015 
7.50515 
750.515 
750 
7.5 

Well, it still doesn't read 7.50 does it? This is because BASIC doesn't print 
trailing zeros after numbers. But, let us accept this for now. At least it doesn't 
print out 7.50015. Let us take another example that will work-a number like 
3.466666. 

Original number 
ADD .005 to the number 
MULTIPLY by 100 
INTegerize the number 
DIVIDE by 100 

3.466666 
3.471666 
347.1666 
347 
3.47 

There, now that is better. Next, let us take a look at how we go about writing 
a subroutine to do this operation. We could use a LET statement for each of 
the numeric operations that must be done, where the variable X represents the 
original number. It would look like this: 

5000 REM -ROUND OFF SUBROUTINE 
5100 LET X = X+.005 
5200 LET X = 1oo•x 
5300 LET X = INT(X) 
5400 LET X = X/100 
5500 RETURN 

Well, that seems to work just fine. However, the whole thing could be done 
with just one statement like this: 

5000 REM -ROUND OFF SUBROUTINE 
5100 LET X = (INT(100°(X+.005)))/100 
5200 RETURN 

This approach uses "nested parentheses" to accomplish the same thing as the 
previous example. Because of the way that the parentheses are arranged, first 
the addition of .005 will be done then the multiplication by 100, then the 
INTegerization function and finally, the division by 100 to get back to the 
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right decimal place, and then the variable X is replaced with the new value. 
So then, how would we go about using this subroutine? Let us take a look 

at some examples. First of all, we would have to set up the variable X to 
contain whatever number we wanted to round off. This could be done with 
just a LET statement. Then vve would have to GOSUB to the subroutine to 
perform the rounding operation. When the subroutine is finished, the RE­
TURN statement will bring the program right back to the next line after the 
GOSUB. This would probably be a PRINT statement since we now have the 
number rounded off for printing. One ideal place to use this new subroutine 
would be in the Loan program. Let us see how we might modify the program 
to incorporate this subroutine. Fig. 2-2 is a reproduction of the entire Loan 
program with some additional notes. 

1000 REM -LOAN AMORTIZATION PROGRAM 
1010 REM -INPUT SECTION 
1100 INPUT "ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
1120 INPUT "ENTER THE TERM IN YEARS"; Y 
1200 REM -CHANGE ANNUAL RATE TO MONTHLY RATE 
1210 LET I = R/12 
1220 REM -CHANGE YEARS TO MONTHS 
1230 LET M = V-12 
1300 REM -COMPUTE THE MONTHLY PAYMENT AND PRINT 
1310 LET A = (l•L)/((1-(I+1) /\.-M)) 
1320 PRINT "THE MONTHLY PAYMENT IS$"; A 
1400 REM -INITIALIZE FOR AMORTIZATION SCHEDULE 
1410 LET B = L 
1420 LETT= 0 
1430 PRINT "NUM", "INTEREST", "PRINCIPAL", "PAIN BAL", "TOT INT" 
1500 REM -DO THE LOOP FOR THE NUMBER OF PAYMENTS 
1510 FOR J = 1 to M 
1520 REM -COMPUTE THE INTEREST 
1530 LET 11 = 0•1 
1540 REM -COMPUTE THE PRINCIPAL 
1550 LET P = A-I1 
1560 REM -FORCE OUT THE LAST PAYMENT 
1570 IF J = M THEN LET P = B 
1600 REM -UPDATE THE LOAN BALANCE 
1610 LET B = B-P 
1620 REM -UPDATE THE TOTAL INTEREST 
1630 LETT = T +11 
1700 REM -PRINT THE MONTHLY PAYMENT DETAIL 
1710 PRINT J,I1,P,B,T 
1720 NEXT J 
1800 REM -SEE IF DONE 
1810 INPUT "PROCESS ANOTHER LOAN (YES/NO)"; A$ 
1820 IF A$ = "YES" THEN GOTO 1100 
9999 END 

Fig. 2-2. Listing of Loan program. 
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Here is one place where the round-off subroutine will come in very useful. At 
this point, the monthly payment A could be equal to a variety of different 
decimal places, depending upon the number of decimals in the interest rate 
R, and what happens to al I of these numbers when the arithmetic operations 
at line 1310 are performed. The monthly payment amount might be as simple 
as 332.60 or it might come out as weird as 124.12507. So this is the first 
place in the Loan program where we are about to PRINT out the monthly 
payment, and we don't want it to come out with five places to the right of the 
decimal. Let us add a few lines of program right here then, to GOSUB to a 
subroutine to round off the monthly payment amount. It looks like this: 

1312 LET X = A 
1314 GOSUB 5000 
1316 LET A = X 

Line 5000 is where the round-off subroutine starts. 

Notice that we can add lines into the program by using line numbers that are 
available because we planned ahead when we assigned the original line 
numbers. Here again, we are trying to leave a little slack in the line number­
ing scheme in the event that we might need to further modify this section of 
program in the future. We need to add three lines of program here in order to 
do the rounding operation. First, since the round-off subroutine always rounds 
off the variable called X, we must make X equal to the number that we want 
to be rounded. Therefore, we use the LET statement at line 1312 to get X 
equal to the monthly payment amount A. Next comes the GOSUB statement 
that will cause the program to branch to line 5000 where the round-off sub­
routine is located. After the subroutine has finished, the program will branch 
back to the next line after the GOSUB statement. That would be line 1316, 
where we must now replace the value calculated for A with the rounded off 
version which the subroutine has left stored in the variable X. Now, we can 
let the program go ahead and PRINT the new rounded off value of A. 

Now, you may be wondering just how effective it is to use three lines of 
additional program just to be able to use the subroutine. Why not just insert 
the round-off formula as one line of program at the same place in the pro­
gram? In this case, it is probably a trade-off. The amount of memory needed 
to accommodate the round-off formula is probably about the same as is re­
quired to store the three additional statements needed to use the subroutine. 
But, in other cases, this is not always true. We have chosen a rather simple 
example to illustrate how subroutines work. The same principles would apply 
to much more complex subroutines. 

1320 PRINT "THE MONTHLY PAYMENT IS$"; A 
1400 REM -INITIALIZE FOR AMORTIZATION SCHEDULE 
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1410 LET B = L 
1420 LETT= 0 
1430 PRINT "NUM", "INTEREST", "PRINCIPAL", "PAIN BAL", "TOT INT" 
1500 REM -DO THE LOOP FOR THE NUMBER OF PAYMENTS 
1510 FOR J = 1 TO M 
1520 REM -COMPUTE THE INTEREST 
1530 LET 11 = B•I 

Recall here we use a FOR .... NEXT statement (FOR J = 1 TOM) to make a 
loop for each month of the sohedule. The index J will vary from 1 to M (M = 
the term of the loan in months). The NEXT J statement for this loop is coming 
up later, so don't worry. Now let us continue with the loan program. 

This is also another place in the Loan program where the result of the 
arithmetic operation at line 1530 is undependable. The amount of interest for 
the particular monthly payment may come out to be some funny looking 
number with lots of digits to the right of the decimal point. So, to eliminate 
this problem, we will insert three more lines of program here to allow the 
round off subroutine to take care of the extra digits. 

1532 LET X = 11 Line 5000 is the round-off subroutine. II is the in-
1534 GOSUB 5000 ,_ ____ terest for a particular month J. 
1536 LET 11 = X 

Here again, we follow the same procedure. First we set the variable X equal 
to the value of 11 which was just computed. Then, using the GOSUB state­
ment we branch to the subroutine. Upon return from the subroutine, we must 
replace 11 with the new "rounded off" version. 

From here on, there is no further need for rounding things off. The results of 
addition or subtraction operations will always yield a number with the same 
decimal places as the number with the most decimals which was involved in 
the arithmetic. For example, if we subtract 

1,500.00 
-125.35 

1,474.65 

the answer has two digits to the right of the decimal, just like both of the 
numbers involved in the subtraction. Likewise, 

800.0 
-57.25 

742.75 
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Again, the answer has the same number of digits to the right of the decimal 
point as that of the number with the largest that was involved in the arithme­
tic. So, since all the rest of the arithmetic operations in the Loan program are 
either addition or subtraction, there will be no further need for the round-off 
subroutine. 

Here is the rest of the program. Recall line 1550 calculates the principal 
part of the monthly payment (P= A-I1), I ine 1570 forces the last payment 
(when J=M) to be equal to the actual remaining amount on the loan (P= B), 
line 1610 calculates the new principal balance B, line 1630 accumulates the 
total interest paid, and line 1710 prints out the five items in the loan schedule 
(NUM, INTEREST, PRINCIPAL, PRIN BAL, TOT INT) in neat columns across 
the page. The NEXT J statement at line 1720 causes the process to repeat for 
the next month J. The statements 1800-1820 check if you wish to process 
another loan. 

1540 REM -COMPUTE THE PRINCIPAL 
1550 LET P = A-I1 
1560 REM -FORCE OUT THE LAST PAYMENT 
1570 IF J = M THEN LET P = B 
1600 REM -UPDATE THE LOAN BALANCE 
1610 LET B = B-P 
1620 REM -UPDATE THE TOTAL INTEREST 
1630 LETT = T +11 
1700 REM -PAINT THE MONTHLY PAYMENT DETAIL 
1710 PAINT J,I1,P,B,T 
1720 NEXT J 
1800 REM -SEE IF DONE 
1810 INPUT "PROCESS ANOTHER LOAN (YES/NO)"; A$ 
1820 IF A$ = "YES"THEN GOTO 1100 

The last thing we do is insert the round-off subroutine. There is one other 
thing that we need to insert just before the subroutine. At I ine 1820, if the 
result of the IF statement is false, the branch to line 1100 will not be taken, 
and the next line will be executed. Since we don't want to execute the sub­
routine when we get here, the first thing that we must add is an unconditional 
branch to the END statement at line 9999. Here is the rest of the program. 

1830 GOTO 9999 
5000 REM -ROUND OFF SUBROUTINE 
5010 LET X = (INT(100°(X+.005)))/100 
5020 RETURN 
9999 END 

Fig. 2-3 shows the complete listing of the enhanced loan program with the 
numeric round-off subroutine. 
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1000 REM -LOAN AMORTIZATION PROGRAM 
1010 REM -INPUT SECTION 
1100 INPUT "ENTER THE AMOUNT OF THE LOAN"; L 
1110 INPUT "ENTER THE ANNUAL INTEREST RATE"; R 
1120 INPUT "ENTER THE TERM IN YEARS"; Y 
1200 REM -CHANGE ANNUAL RATE TO MONTHLY RATE 
1210 LET I = R/12 
1220 REM -CHANGE YEARS TO MONTHS 
1230 LET M = Y*12 
1300 REM -COMPUTE THE MONTHLY PAYMENT AND PRINT 
1310 LET A = (l*L)/((1-(I+1) /\-M)) 
1312 LET X = A 
1314 GOSUB 5000 
1316 LET A= X 
1320 PRINT "THE MONTHLY PAYMENT IS$"; A 
1400 REM -INITIALIZE FOR AMORTIZATION SCHEDULE 
1410 LET B = L 
1420 LETT= 0 
1430 PRINT "NUM", "INTEREST", "PRINCIPAL", "PAIN BAL", "TOT INT" 
1500 REM -DO THE LOOP FOR THE NUMBER OF PAYMENTS 
1510 FOR J = 1 to M 
1520 REM -COMPUTE THE INTEREST 
1530 LET 11 = B*I 
1532 LET X = 11 
1534 GOSUB 5000 
1536 LET 11 = X 
1540 REM -COMPUTE THE PRINCIPAL 
1550 LET P = A-I1 
1560 REM -FORCE OUT THE LAST PAYMENT 
1570 IF J = M THEN LET P = B 
1600 REM -UPDATE THE LOAN BALANCE 
1610 LET B = B-P 
1620 REM -UPDATE THE TOTAL INTEREST 
1630 LET T = T +11 
1700 REM -PRINT THE MONTHLY PAYMENT DETAIL 
1710 PRINT, J,I1,P,B,T 
1720 NEXT J 
1800 REM -SEE IF DONE 
1810 INPUT "PROCESS ANOTHER LOAN (YES/NO)i"; A$ 
1820 IF A$= "YES" THEN GOTO 1100 
1830 GOTO 9999 
5000 REM -ROUND OFF SUBROUTINE 
5010 LET X = (INT(100*(X+.005)))/100 
5020 RETURN 
9999 END 

Fig. 2-3. Listing of the enhanced Loan program with numeric round-off subroutine included. 
Old parts of the program are shaded with color. 
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ERROR-CHECKING SUBROUTINE 

Another simple use of the subroutine concept can be illustrated by the 
example of checking for errors in INPUT data. There is an old programmer's 
proverb that says, "Garbage in, garbage out." This simply means that if you 
enter invalid information into a computer program, you cannot depend on the 
results. In some situations, the program might be "faked out" by the invalid 
information, and go right ahead and process it anyway. This usually yields an 
invalid answer, or output. In other cases, the INPUTing of invalid information 
may cause a program error to occur which might result in the total malfunc­
tion of the program. This is especially true if the INPUT information is to be 
used in a program-control statement such as a FOR ... NEXT 
loop where the use of an invalid loop parameter could cause the loop to go 
on forever. 

This subroutine provides the most basic error-checking capability and can 
be used in both the Loan program and the Metric Conversion program. What 
it will do is: 

1. Check for a positive, nonzero number. 
2. Check that the number does not exceed some predetermined 

maximum value. 
3. Display an error message if either of these conditions is not correct 

and re-INPUT the data. 

The subroutine looks like this: 

6000 REM -NUMERIC ERROR CHECKING SUBROUTINE 
6100 IF X > 0 AND X < =Z THEN RETURN 
6200 INPUT "INVALID ENTRY, TRY AGAIN"; X 
6300 GOTO 6100 

The real work here is done by the IF ... THEN statement on line 6100. The 
first thing that happens here is that it checks to see that the value of the 
variable X 1s greater than zero. It also checks to see that X is less than or equal 
to another variable called Z. Remember how the IF ... THEN statement 
works? If both of the premises are true, then the result is also true; this means 
that the RETURN statement is executed, taking the program back to where the 
subroutine branch was made because X passed the test. Here again, we are 
using a variable called X which must be set up in the main program to be 
equal to the current value of the INPUT data to be checked. Also, the variable 
Z must be set up by the main program prior to the branch to the subroutine to 
be equal to the maximum value that the INPUT data can have. If either of the 
two premises in the IF ... THEN statement is not true, the next line following 
the IF ... THEN statement is executed. This is the INPUT statement which 
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causes an error message to be output and then the data to be INPUT again. 
The GOTO on line 6300 takes the subroutine back to check the new value. 

We will use this subroutine to modify the Metric Conversion program so 
that we can check the INPUT data as desired. Here is the program listing up 
to line 2120. 

2000 REM -METRIC CONVERSION PROGRAM 
2010 REM -DISPLAY THE MENU 
2020 PRINT 
2030 PRINT "METRIC CONVERSION PROGRAM" 
2040 PRINT 
2041 PRINT "1 • INCHES TO CENTIMETERS" 
2042 PRINT "2 • POUNDS TO KILOGRAMS" 
2043 PRINT "3 • QUARTS TO LITERS" 
2049 PRINT "9 • TO END THE PROGRAM" 
2050 PRINT 
2060 REM -GET THE SELECTION 
2070 INPUT "ENTER YOUR SELECTION"; S 
2080 REM -DECIDE WHERE TO BRANCH 
2081 IF S -= 1 THEN GOTO 2100 
2082 IF S = 2 THEN GOTO 2200 
2083 IF S = 3 THEN GOTO 2300 
2089 IF S > 3 OR S <1 THEN GOTO 9999 
2100 REM -CONVERT INCHES TO CENTIMETERS 
2110 PRINT 
2120 INPUT "ENTER LENGTH IN INCHES"; I 

Here is a likely place to use the error-check subroutine. At line 2120 the 
program has just INPUT a value for the variable I which represents the 
number of inches that is to be converted to centimeters. If we are going to use 
the error-check subroutine to test this value, we must first establish the allow­
able maximum value for I. For the purpose of demonstration, let us suppose 
that we don't want to convert anything greater than 36 inches. Since we will 
have to get the variable X equal to the value that was INPUT for I, why not 
INPUT X directly by changing line 2120 also? The new statements look like 
this: 

2120 INPUT "ENTER LENGTH IN INCHES"; X 
2122 LET Z = 36 
2124 GOSUB 6000 
2126 LET I= X 

Notice that when the subroutine returns to the main program we must finally 
set I equal to the INPUT value X (line 2126). In a similar manner, we can 
insert statements in the other conversion sections of the program in order to 
check the INPUT data and choose other values for the allowable maximum. 
Here is how the program continues to line 2220. 



2130 LET C = 2.54*1 
2140 PRINT I;" INCHES IS EQUAL TO ";C" CENTIMETERS" 
2150 GOTO 2000 
2200 REM ·CONVERT POUNDS TO KILOGRAMS 
2210 PRINT 
2220 INPUT "ENTER WEIGHT IN POUNDS"; P 
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We will set a maximum weight of 2000 pounds to convert to kilograms and 
add a GOSUB to our error-checking subroutine. 

2220 INPUT "ENTER WEIGHT IN POUNDS '"; X 
2222 LET Z = 2000 
2224 GOSUB 6000 
2226 LET P = X 

Notice again, that we have replaced the INPUT statement with one which 
INPUTs the value of X directly. Then, once the value is determined to be 
correct, we set P equal to X. Continuing with the program we have: 

2230 LET K = .4536*P 
2240 PRINT P;" POUNDS IS EQUAL TO ";K;" KILOGRAMS" 
2250 GOTO 2000 
2300 REM -CONVERT QUARTS TO LITERS 
2310 PRINT 
2320 INPUT "ENTER VOLUME IN QUARTS"; Q 

Here is the last part to be inserted into the program. The allowable maximum 
liquid volume to be entered will be 100 quarts. 

2320 INPUT "ENTER VOLUME IN QUARTS"; X 
2322 LET Z = 100 
2324 GOSUB 6000 
2326 LET Q = X 
2330 LET L = .9463*0 
2340 PRINT 0;" QUARTS IS EQUAL TO ";L;" LITERS" 
2350 GOTO 2000 

Here is where we will insert the subroutine itself. 

6000 REM -ERROR CHECKING SUBROUTINE 
6100 IF X > 0 AND X < =Z THEN RETURN 
6200 INPUT "INVALID ENTRY, TRY AGAIN "; X 
6300 GOTO 6100 
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2000 REM -METRIC CONVERSION PROGRAM 
2010 REM -DISPLAY THE MENU 
2020 PRINT 
2030 PRINT "METRIC CONVERSION PROGRAM" 
2040 PRINT 
2041 PRINT "1 - INCHES TO CENTIMETERS" 
2042 PRINT "2 - POUNDS TO KILOGRAMS" 
2043 PRINT "3 - QUARTS TO LITERS" 
2049 PRINT "9 - TO END THE PROGRAM" 
2050 PRINT 
2060 REM -GET THE SELECTION 
2070 INPUT "ENTER YOUR SELECTION"; S 
2080 REM -DECIDE WHERE TO BRANCH 
2081 IFS = 1 THEN GOTO 2100 
2082 IF S = 2 THEN GOTO 2200 
2083 IF S = 3 THEN GOTO 2300 
2089 IF S > 3 OR S < 1 THEN GOTO 9999 
2100 REM -CONVERT INCHES TO CENTIMETERS 
2110 PRINT 
2120 INPUT "ENTER LENGTH IN INCHES "; X 
2122 LET Z = 36 
2124 GOSUB 6000 
2126 LET I = X 
2130 LET C = 2.54•1 
2140 PRINT I;" INCHES IS EQUAL TO ";C;" CENTIMETERS" 
2150 GOTO 2000 
2200 REM -CONVERT POUNDS TO KILOGRAMS 
2210 PRINT 
2220 INPUT "ENTER WEIGHT IN POUNDS"; X 
2222 LET Z = 2000 
2224 GOSUB 6000 
2226 LET P = X 
2230 LET K = .4536•P 
2240 PRINT P;" POUNDS IS EQUAL TO ";K;" KILOGRAMS" 
2250 GOTO 2000 
2300 REM -CONVERT QUARTS TO LITERS 
2310 PRINT 
2320 INPUT "ENTER VOLUME IN QUARTS"; X 
2322 LET Z = 100 
2324 GOSUB 6000 
2326 LET Q = X 
2330 LET L = .9463•Q 
2340 PRINT Q;" QUARTS IS EQUAL TO ";L;" LITERS" 
2350 GOTO 2000 
6000 REM -ERROR CHECKING SUBROUTINE 
6100 IF X > 0 and X <=Z THEN RETURN 
6200 INPUT "INVALID ENTRY, TRY AGAIN"; X 
6300 GOTO 6100 
9999 END 

fig. 2-4. Metric Conversion program with error-checking subroutine and code added. Old 
parts of program are shaded with color. 
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Fig. 2-4 shows the complete listing of the Metric Conversion program with 
the error-checking subroutine and code added. 

We've learned a large number of powerful new BASIC statements and a 
couple of useful program methods. The next thing we will learn about will 
allow your programming to jump to a higher level of sophistication through 
the use of the "array" concept-so let's get moving. 

REVIEW QUESTIONS 

1. What will the following program do? 

10 FOR J=100 TO 50 
20 PRINT J 
30 NEXT J 

2. What will this program do? 

10 FOR J=0 TO 10 STEP 0.5 
20 PRINT J 
30 NEXT J 

3. What will this program do, when you run it? 

(a) if you type in 0? 
(b) if you type in 1? 
(c) if you type in 2? 

10 INPUTJ 
20 ON J GOTO 20,40,50 
30 PRINT"NEVER"; 
40 PRINT"SAY"; 
50 PRINT"DIE."; 
60 STOP 

4. Is this a valid expression? 

10 IF 2=XX THEN PRINT"TRUE" 

5. What will the following program do? 

100 GOSUB 200 
11 0 PRI NT"T"; 
120 STOP 
200 GOSUB 300 
210 PRINT"A"; 
220 RETURN 
300 PRINT"C"; 
310 RETURN 
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6. Is ABS(INT (-3/2)) the same as INT(ABS(-3/2))? 

7. What does this program do? 

10 FOR K=l TO 15 
20 FOR J= 1 TO 30*RND(1) 
30 PRINT"*"; 
40 NEXT J 
50 PRINT 
60 NEXT K 

8. What will this program do? 

10 IF RND (1) <> 0.5 THEN GOTO 10 
20 PRINT"DONE" : END 

9. What will happen if you run this program? 

10 GOSUB 100 
20 STOP 
100 l=I+ 1 
110 PRINT I 
120 GOTO 10 
130 RETURN 

10. How many times will this program execute lines 30 and 40? 

10 W$="0" 
20 5$="8" 
30 S$=5$+W$ 
40 GOTO 30 







CHAPTER 

3 

Getting Organized 

So far in our study of BASIC we have learned how to deal with information 
which is made up of a single part. We can manipulate numbers by giving 
each a variable name, or groups of letters by giving each string a string­
variable name. In order to make BASIC programming more powerful, the 
originators decided to allow you to take a single variable name and use it to 
represent information that is made up of several parts. In this section we will 
explore the concept of "arrays and subscripted variables," a method whereby 
information may be divided into several sub-elements or parts, and each part 
can be organized and referenced by your program with ease. Such a method 
means we can represent information inside the computer in a more organized 
manner than is possible with single-value variables. As a way of illustrating 
the array idea we will show how to make a program that plays TIC-TAC-TOE 
against you by using the array concept throughout its operation. As a by­
product of the program we will see how a computer game is made, the steps 
involved in converting a popular game into a series of program steps called 
"flowcharting," and how a game "algorithm" is formed which gives it the 
machine intelligence to figure out how to win. 

ARRAYS AND SUBSCRIBED VARIABLES 

Arrays are items of data arranged and stored under a single variable name. 
An array has a simple name like regular variables but instead of that variable 
only representing a single value, an array represents several values. The parts 
that make up an array are called its "elements." Each element can be a 
number or a string. An array element is identified by an array name followed 
by an integer number which can be as low as O or as large as 255.* The 
number is enclosed in parentheses and follows the array name. The number 

•For versions of Microsoft BASIC you can have up to 10 elements in an array before you must use 
the DIM statement. We will describe this shortly. 

105 
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serves to identify a unique element in the array. We call a variable with a 
referencing number following it a "subscripted variable." The general form of 
a subscripted variable looks like this: 

ARRAYNAME (integer constant) 

The ARRA YNAME part of a subscripted variable is any legal BASIC variable 
name as described in Chapter 1. The "subscript" is the integer constant fol­
lowing the ARRAYNAME and surrounded by parentheses. The subscript tells 
us which item of the variable we are referencing. 

In order to make this concept of arrays more lucid consider this "loaf of 
bread" analogy. Imagine that a loaf of bread is a variable in a program. The 
loaf has a name, say L, and we can talk about the variable loaf just like it is a 
BASIC variable. Now without arrays we can only talk about a single loaf of 
bread when we use the letter L. We cannot indicate a particular piece of the 
bread, like the center of the loaf, or the heels, or any other part of the loaf. 
Further, we cannot tell if the bread is wheat, white or rye unless we make up 
some new variable to stand for these different items of information. To talk 
about a loaf of wheat bread we must create a new variable, say L2, or W for 
Wheat. If the bread was sliced and sold in a varying number of slices in a 
loaf, it would be complicated to represent the different slices of different 
breads. (What slice is LL or B4?) 

But, if we represent the loaf as an array, things become much more efficient 
and organized. What we can do is divide the-loaf into several slices and use 
the array element to reference a certain slice in the loaf. The first slice would 
be L(l), the second L(2), the third L(3), and so on. The last slice would be 
determined by the largest numbered element which for now we will say is 
L(l 0). With subscripted variables unique for each slice, we can add more 
information about the bread. For example, if the loaf was raisin bread, we 
could specify how many raisins were in each slice, rather than just the total 
number of raisins in the loaf. If slice number one has 7 raisins in it we could 
represent this in BASIC as: 

L(1) = 7 

This is read as "L sub 1 equals 7" and means the value of element 1 of the 
array L is 7. 

Suppose we wanted to set up the bread array (L) so that each slice con­
tained exactly five raisins. We could do this two ways: (1) with explicit LET 
statements for each element, or (2) with a FOR ... NEXT loop. The LET ap­
proach is rather straightforward, but requires quite a bit of code. Assuming we 
have five slices in the loaf, the LET approach looks like this: 



100 LET L(1)=5 
110 LET L(2)=5 
120 LET L(3)=5 
130 LET L(4)=5 
140 LET L(5)=5 

Now each element of the array L contains the constant 5. 
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The other approach is to use a FOR ... NEXT loop and is possible because 
we can make the subscript (the value between parentheses) an integer vari­
able. The integer variable subscript can be the index of the loop and each 
time it is incremented we are locating or referencing the specified element, 
like this: 

100 FOR 1=1 TO 5 
110 LET L(l)=5 
120 NEXT I 

In this example, the array subscript is a variable called I. As I is in­
cremented by the FOR ... NEXT statement, the array changes to the next 
element, which is then set to the constant 5 by statement 110. As you can see, 
this approach requires fewer statements to accomplish the same thing as did 
the five LET statements. 

In a similar manner we can make the elements of the array be displayed on 
the screen or terminal device by using another FOR ... NEXT loop with an 
imbedded PRINT statement in it like this: 

200 FOR 1=1 TO 5 
210 PRINT L(I), 
220 NEXT I 

These statements make the elements of the array L appear on the screen in 
columns because of the comma following the PRINT statement on line 210. 

We can also make the subscript of the array an expression, as long as the 
results of the expression evaluate to an integer. (An array subscript must be an 
integer because there is no such thing as a fractional element-L(1 .5) just 
doesn't exist.) An example of an expression for a subscript would be when we 
want to reference the elements in some special order, such as just the last 5 
elements of a 10 element array, like this 

300 FOR 1=1 TO 5 
310 LET L(l+5)=5 
320 NEXT I 
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Obviously array and subscripted variables make our programming job 
much easier and more flexible. But arrays are not limited to just a series of 
linear parts. We can further divide an array with the aid of a concept called 
"dimension." 

DIMENSION WITH DIM 

Arrays and subscripts are not limited to a single element. We can, for 
example, consider organizing our bread analogy into even more detail. Sup­
pose you wanted to not just specify the particular slice in the loaf, but wanted 
to organize the loaf into sections, say a front, a middle and an end. Now we 
have to specify two items: section and slice. How is this done? The answer is 
to consider that the loaf has two "dimensions." The first dimension is the 
slice. The second dimension is the section. BASIC accomplishes this concept 

o Ralphie, 
nizing bread 
g my computet­
d &ASIC. 

DIMension 

by allowing you to specify a second independent subscript between the pa­
rentheses. These two subscripts must be separated by a comma, like this: 

L(l,J) 

Here the subscript I indicates the slice in the loaf L, and the subscript J 
indicates the section in the loaf L. For each section J there is a number of 
slices I which depends on the size of the array. We can call a dual sub-
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scripted array, a two dimensional array, because it has the equivalent of di­
mensions, just like height and width describe a room. 

Now when we specify the loaf we talk about a particular section and a 
particular slice in that section. For example, to specify that we set the middle 
section (section 2) and the third slice in that section we would write: 

LET L(3,2)=5 

To help visualize the array we can imagine that the eiements are arranged 
in the computer like this (assuming there are three sections and five slices per 
section): 

L(1,2) L(2,1) L(3,1) L(4,1) L(5,1) 
L(1,2) L(2,2) L(3,2) L(4,2) L(5,2) 
L(1,3) L(2,3) L(3,3) L(4,3) L(5,3) 

For each of the five slices there is one particular section it is associated 
with, ( 1-3). Thus we now have a total of 5 x 3 or 15 slices in the loaf. We say 
that array L is an I by J array in BASIC. 

What is nice about BASIC arrays is that we can keep adding information, or 
dimensions, to the array by increasing the number of subscripts. For example, 
if we wanted to specify a particular section, slice, and bakery that the bread is 
found in we could add a third subscript, like this: 

L(l,J,K) 

Here the subscript K stands for the bakery that the bread is found in and the 
subscripts I and J are as previously described. We now have a three dimen­
sional array, or an I by J by K array. 

Visualizing three dimensions is certainly not as easy as two, but for con­
venience you can imagine that the third dimension is like the length of a 
space, and the other two stand for height and width. 

In order for BASIC to set aside the proper amount of memory space for 
holding the element values of the array we need to specify this before the 
array is used. BASIC provides a special keyword called DIM for this purpose. 
DIM appears at the beginning of a program that uses an array, and describes 
to the computer how many dimensions are in the array and how many ele­
ments are in each dimension. The general form of DIM is: 

DIM arrayname(l,J,K, . .. ), arrayname(l,J,K, . .. ), ... 
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where arrayname is the symbolic name of the array which follows the con­
vention for variable names and I, J, and K stand for the maximum elements of 
the array dimensions. For example, the two-dimensional array in the loaf 
analogy with three sections and five slices per section would be dimensioned 
as: 

DIM L(5,3) 

The 5 indicates that the first dimension has a maximum of five elements in 
it and the second dimension has a maximum of three elements. Thus the 
computer sets aside 15 memory locations (or more if the values take up more 
than one byte each) for the array L. 

For a three-dimensional array we would write: 

DIM L(5,3,10) 

where the 10 indicates that there are 10 bakeries each of which contains a 
loaf with 3 sections and 5 slices per section. Obviously the array needs 3 x 5 
x 10 elements or 150 total elements to fully describe all combinations. 

As the general form of the DIM statement shows, we can have several ar­
rays dimensioned on the same DIM statement by simply separating each with 
a comma. This saves us having to write separate DIM statements for each 
array we wish to dimension. 

Is there any limit to the number of dimensions an array can have? The 
answer is yes, but the actual maximum number of dimensions is a function of 
which BASIC you are using. The simple BASICs such as the 4K and integer 
BASICs, only allow a single dimensional array. The 8K and extended BASICS 
allow a maximum number of dimensions usually determined by the longest 
line you can use. Thus the maximum dimensions may range up to 127, de­
pending on how many elements are specified for each dimension. The 
maximum number of elements for a particular dimension is usually limited to 
about 255 in most BASICs. 

Is the element O a legal element? In most cases the zero element means the 
same thing as the simple variable without dimension, i.e., L(O) is the same as 
L. In general you should consult your BASIC manual to make sure this is the 
way your version actually works. 

GAME BASIC: TIC-TAC-TOE 

Arrays, as we have learned, are most useful for accessing information that is 
ordered in a special way. Games, particularly those employing a board and 
men or marks that move on the board, lend themselves well to simulation in 
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BASIC using an array. In fact, games in BASIC have quickly become most 
popular for learning how to program a computer, offering the proverbial 
battleground between man and machine. 

In this section we will learn how the game of TIC-TAC-TOE can be repre­
sented in BASIC. The program will enable you to play against the computer. 
The computer will take care of everything-displaying the game board, mov­
ing the men, checking for ties or a winner, and allowing you to input your 
move. A special "move algorithm" which allows the computer to decide 
what move to make will be developed. But before we get into the program, 
let us review the rules of the game. Then, we will see how to translate these 
rules into program steps and how to expand them for an improved game. 

Remember The Rules? 

For review, there are two players in the game of TIC-TAC-TOE. One player 
uses an "X" marker and the second player (in this case the computer) uses an 
"O" marker. The playing board consists of a square divided into nine smaller 
squares, and the object of the player is to get three of his own markers in a 
straight line by filling a row, line, or diagonal. Plays are made on the board in 
alternate moves. If no player gets a line and all squares are filled the game is a 
tie, or "cat." 

The moves of a typical game may go like this: 
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X FIRST MOVE O FIRST MOVE X SECOND MOVE O SECOND MOVE 

[ffi•filj filj filj 

X IS Tl'E WINNER 

There are a few simple strategies you can employ to make your chances of 
winning more likely. If you move first, take the center square. If you move 
second take the center square if it is unoccupied. If the center is already 
occupied, take a corner square. Then play to either block your opponent, or 
to win a line. 

I hope your move 
algorithm has improved 
since the last time 

UJe pl~ed. 

Representing the Board 

Our first problem is to represent the board. A simple way to do this is to use 
a 9-element two-dimensional array called A(3,3). Since there are nine ele­
ments in the array, and there are three columns and three rows, the array will 
be dimensioned as: 
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DIM A(3,3) 

The squares of the game board are referenced in the array like this: 

A (I. I) A (1.2) A (1.3) 

A (2. I} A (2. 2) A(2. 3) 

A(3.l) A(3.2) A(3.3) 

Representing the Markers 

We also need some way to represent the two different players'. marks, i.e., 
the X and the 0. One way to do this allows the program to make decisions 
rapidly. We will use the number -1 to stand for the computer's marker, and 
the number +1 (or just 1) to stand for the player's (opponent against the 
computer) marker. The value of any element thus tells us who is in that par­
ticular square. An empty square will be represented by a O (zero) value. Thus, 
if A(2,2) = -1 then the computer has a marker on -the center square. If 
A(3,3) = 1 then the player has a marker on the lower right corner of the board. 

Overall Flow of the Game 

In order to make the methods of converting a game like TIC-TAC-TOE to 
play on the computer we need to accomplish several steps. One way to visu­
alize these steps is to use what is called a "flowchart." A flowchart is simply a 
diagram of the logic of the game, showing us what happens as the game 
proceeds and what decisions must be made. There are several special flow­
chart symbols for doing this and we will learn these as we develop the flow­
chart. A flowchart can have several levels of meaning, each of which gives 
more information about the action of the game itself. The most general flow­
chart explains the overall flow of the program and is shown in Fig. 3-1. 

In this flowchart the boxes indicate the processes the game follows. The 
triangle symbol indicates a decision-making step. The flowchart shows that 
the game starts by displaying the rules of the game to the user, and then 
requests that the user select who goes first. After this the computer makes a 
move (or the player if he goes first) and then the board is displayed, the game 
checked for a tie or a winner, and the next player proceeds with a move. This 
generalized flowchart helps us visualize the overall logic of the game, but to 
use the flowchart we must expand it. 

Fig. 3-2 shows the flowchart for the game in more detail. Processes that 
involve input and output are illustrated with a parallelogram symbol. Deci-
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Fig. 3-1. Overall flowchart for TIC-TAC­
TOE. 

sions are made in triangle symbols and subroutines are set up as rectangles 
with pointed sides. 

As you can see in the flowchart we have represented three important 
functions-display the board, check for a tie, and check for a winner as sub­
routines. Let us take a look at how they work. 

Displaying the Board 

One of the most important things the computer program must do is display 
the board after each player has made a move. This is accomplished in a 
simple subroutine that simply increments through each array element and 
prints it out on the screen. 

To increment through the array we use the subscript I to stand for the row 
element and the subscript J to stand for a column element. Then I and J are 
used as the indexes of two FOR ... NEXT loops. I is incremented after J has 

• 
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been incremented three times, and a PRINT statement makes the array ele­
ments appear on the screen just like the real board would. The codes for the 
subroutine for displaying the game board looks like this: 

6997 REM 
6998 REM DISPLAY THE BOARD 
6999 REM 
7000 PRINT: PRINT 
7005 FOR 1=1 TO 3: PRINT TAB(20): FOR J=1 TO 3: PRINT A(l,J);" 
7010 NEXT J: PRINT: NEXT I: PRINT:PRINT: RETURN 

"· 

The first thing to notice about this program is that we have more than one 
statement on some lines. Most BASICS allow multiple statement lines by using 
a "continuation" or "separator" character between the statements. In our 
BASIC we use the colon symbol (:) to separate statements with the same line 
number. For example, line 7000 (PRINT:PRIND simply means two PRINT 
statements are executed before line 7005 gets executed. Line 7005 starts a 
FOR ... NEXT loop, does a PRINT and a TAB, starts a second loop, then 
PRINTs the referenced element of array A, and finally executes line 7010. 
Some BASICs use a reverse backslash symbol ( / ) to indicate continuation of 
a line. 

Notice the way the PRINT statement is set up. The quote marks contain 
three blank spaces which cause the elements of the board to be separated so 
you can easily see what values they are. The TAB statement spaces the board 
over 20 spaces on the screen so it is in the approximate middle of the display 
area. The flowchart for the display board subroutine looks like Fig. 3-3. 

Notice also that we are placing the REM statements before the actual sub­
routine with line numbers that are less than the line numbers of the sub­
routine itself. By keeping the line numbers for ·the REM statements out of the 
main body of the subroutine we can easily remove them later to save precious 
memory space. 

Assuming that the elements of the board array are all zero when we start 
the game (you may have to zero them yourself if your BASIC does not guaran­
tee this), we can display the board by running the subroutine: 

RUN 7000 

0 0 0 
0 0 0 
0 0 0 

Notice how the display moved over 20 spaces before printing out. Later we 
will see how to add lines so the squares are easier to see, but now you can 
just imagine they exist. 
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FOR I= I TO 3 

FOR J=l TO 3 

NEXT I 

RETURN 

Check for a Tie 

DISPLAY BOARD 

PRINT 
A (1,J}; NEXT J 

Fig. 3.3. Subroutine to· display board. 

PRINT 

In order to tell if the game is over or not we use a second subroutine to 
check for a tie game. The code for this function is quite simple. All we need 
to do is to loop through the elements of the board array looking for a zero (0) 
element. If we find a zero it means there is still an unfilled square on the 
board. In this case we must return to the main program because the game is 
not over until all squares are filled. If no zero squares are found by the sub­
routine then the board must be filled and we cause the message "TIE GAME" 
to be printed, and a new game begins. Here is the code for the tie-checking 
subroutine: 

7997 REM 
7998 REM TIE CHECK 
7999 REM 
8000 FOR 1=1 TO 3: FOR J=1 TO 3: IF A(l,J)=0 THEN 8020 
8010 NEXT J: NEXT I: PRINT TAB(20) "TIE GAME": GOTO 20 
8020 RETURN 



The flowchart for the tie-checking subroutine looks like Fig. 3-4. 

FOR J= I TO 3 
FOR I= I TO 3 

NEXT I, J 

RETURN 

PRINT 
"'TIE GAME"' 

Fig. 3-4. Subroutine to check for tie game. 

Check for a Winner 

END 
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Finally our TIC-TAC-TOE program must be able to tell if a player has won, 
and end the game. To accomplish this we must be able to tell if the computer 
has won or the opponent has won. We can tell if a player has won by adding 
up all the columns, rows, and diagonals and seeing if the sum of-any of these 
is + 3. We do the same thing for the computer, but a sum of -3 indicates that 
it has won. The code for doing this is shown below. R is used to hold the sum 
of a row, C holds the sum of a column, and 01 and 02 hold the sums for the 
two diagonals of the board. Here is the program: 

8997 REM 
8998 REM WIN CHECK 
8999 REM 
9000 LET D1 =0: LET D2=0 
9010 FOR 1=1 TO 3: LET D1 =A(l,l)+D1: LET D2=A(l,4-l)+D2 
9020 LET R=0: LET C=0 
9030 FOR J=1 TO 3: LET R=A(l,J)+R: LET C=A(J,l)+C: NEXT J 
9040 IF D1=-3 OR D2=-3 OR R=-3 OR C=-3 THEN 9070 
9050 IF D1=3 OR D2=3 OR R=3 OR C=3 THEN 9080 
9060 NEXT l:RETURN 
9070 PRINT TAB(20) "COMPUTER WINS": GOTO 20 
9080 PRINT TAB(20) "YOU'RE THE WINNER": GOTO 20 
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Notice in line 9010 that we add up the diagonal D1 with D1 =A(l,l)+D1. If 
I varies from 1 to 3 then we make D1 the sum of the squares 
A(l,l)+A(2,2)+A(3,3). Likewise D2 is set up so D2=A(l,4-l)+D2. If you fol­
low the values for I in this expression you will see that we are adding up the 
squares like this A(l ,3)+A(2,2)+(3, 1) which represents the second diagonal 
on the board. This nicely illustrates the way we can use arrays by simply 
making expressions inside the parentheses. The rows and columns are sum­
med in a similar manner. The IF ... THEN statements in lines 9040 and 9050 
are used to tell if we have a winner and if so the respective PRINT statement 
in lines 9070 or 9080 is executed and the message "THE COMPUTER WINS" 
or "YOU'RE THE WINNER" is displayed and the game begins over. 

The flowchart for the win check subroutine is shown in Fig. 3-5. 

02=0 
01=0 

FOR l=d TO 3 

R=O 
C=O 

FOR J = I TO 3 

NEXT I 

RETURN 

DI= 
A (I, 1)+01 

R= 
A (I, J)+R 

PRINT 
"COMPUTER 

WINS .. 

PRINT 
"YOU'RE THE 

WINNER" 

02= 
A (I, 4-1)+ D2 

C= 
A (J, l)+C 

END 

END 

Fig. 3-5. Subroutine to check for winner. 

NEXT J 
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Input Players Move 

What we have now are the three simple subroutines for "housekeeping" 
the game. Looking at our flowchart again we now need some code that 
allows the user to enter his or her move. The computer must check the entry 
for legality and make sure the numbers are in the proper range and that the 
square isn't already filled. Then the square must be filled (or the player is 
requested to make the entry over because it is an illegal move) and the three 
subroutines we developed must be called. 

Here is the code for inputting the player's move. (Note that because the 
input part of the program is not a subroutine we will place it in the beginning 
part of the program, with line numbers in the hundreds.) 

298 REM INPUT PLAYERS MOVE 
299 REM 
300 PRINT: INPUT "ENTER THE ROW, COLUMN FOR YOUR MOVE"; l,J 
310 PRINT 
320 IF I < 1 OR I > 3 OR J < 1 OR J > 3 THEN 360 
325 IF A(l,J) < > 0 THEN 365 
330 LET A(l,J)=1 
335 GOSUB 7000 'DISPLAY BOARD 
340 GOSUB 8000 'CHECK FOR TIE 
345 GOSUB 9000 'CHECK FOR WINNER 
350 GOTO 60 'COMPUTERS TURN 
360 PRINT TAB(20) "YOUR NUMBERS ARE ILLEGAL": GOTO 300 
365 PRINT TAB(20) "SORRY THAT SQUARE IS FILLED": GOTO 300 

In this section of the program the desired square must be entered as two 
numbers between 1 and 3. The numbers must be separated by commas. The 
first number is the row and the second is the column of the square you wish 
to fill. After checking with statements 320 and 325, if an out of range number 
or filled square is founchn the element the player specified, the computer 
prints out the respective message and the INPUT statement is repeated: If the 
numbers are legal, then statement 330 sets the desired element in the board 
array to a 1 and executes the three subroutines so the board is displayed and 
the game is cheeked for a tie or a winner. 

Note that we also used a special form of remark statement. The single quote 
character on a line after a statement indicates the following message after the 
quote is a comment or remark. This sometimes can make our programs easier 
to read and can save us from writing a separate line for each remark. 

Now, even though the program is hardly finished, it is good practice to run 
it and see if the code you have written checks out and works correctly. In our 
case we have the three subroutines and the input from the player sections 
done, so we can at least check that the computer puts the players' marks ( 1 s) 
in the correct squares. To check the subroutines that look for a tie or a winner 
we can add some statements so the program branches back to the input sec-
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tion and allows us to fill the board array. When we get three marks in a row 
the subroutine that checks for wins should operate and print out the message 
"YOU'RE THE WINNER." 

To do this program checkout we temporarily add a line: 

60 GOTO 300 

which causes the computer to go back to the input routine after it has im­
plemented all the subroutines. 

Here is a run of the program so far: 

RUN 
ENTER ROW, COLUMN FOR YOUR MOVE ? 3,3 

0 0 0 
0 0 0 
0 0 1 

ENTER ROW, COLUMN FOR YOUR MOVE ? 2,2 
0 0 0 
0 0 
0 0 1 

ENTER ROW, COLUMN FOR YOUR MOVE 2,2 

SORRY THAT SQUARE IS FILLED-The computer 
found that the 
square was filled. 

ENTER ROW, COLUMN FOR YOUR MOVE ? 0,0 
YOUR NUMBERS ARE ILLEGAL -The computer 

ENTER ROW, COLUMN FOR YOUR MOVE ? 1, 1 
1 0 0 
0 0 
0 0 1 

found that the 
numbers were illegal. 

YOU'RE THE WINNER -----The WIN CHECK 
subroutine worked. 

As we can see in the program output, everything seems to check out prop­
erly. The next logical step in the development of the program is the compu­
ter's move algorithm. 

Computer Move Algorithm 

In order for the computer to make an intelligent move it must be able to 
analyze the current board array and decide the best move to make in light of 
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the squares that are occupied. In essence the computer program must mimic 
the way we would go about making a decision to move. If you examine the 
thought process carefully around playing TIC-TAC-TOE you can discover that 
a certain series of steps, almost like a formula, can be determined. One way 
to express the series of steps so we can devise a program around it is in 
"algorithmic" form. First, we must identify the specific steps involved in mak­
ing a good TIC-TAC-TOE move. 

1st step Is there any line (row, column, or diagonal) that has two of your 
men in it and the third square in the line empty? If yes, fill it to win; 
if no, go to 2nd step. 

2nd step Is there any line which has two of the opponent's men in it and an 
empty square in the line? If yes, then fill it to block the move from 
winning. If there is more than one line in this form, take any move 
because you can't win unless a mistake is made by the opponent. If 
no line in this form exists, go to the 3rd step. 

3rd step Is there any line with one of your men and two empty squares? If 
yes, fill one of the squares to develop a potential winning line. If no, 
go to 4th step. 

4th step Is there any line with one of the opponent's men in it and two 
empty squares? If yes, fill one of the squares to block. If no, go to 
5th step. 

5th step If you are this far, find an empty square and fill it with your man. 

Now, to implement this series of steps as an algorithm in BASIC we must 
figure out a way to determine the various conditions for the- lines in the pro­
gram and, based on what we find, fill the respective empty square. One way 
to do this is to look at the board array mathematically. That is, for each line 
condition in the five steps there is a unique mathematical sum to the elements 
in the lines. For example, in step 1 a line meeting this condition would have a 
sum, if you added up all the elements in that line, of +2. The only way we 
could get the sum of the elements in a line to add up to +2 (assuming the 
men are either + 1 or -1) is for two squares to contain + 1 s and one square to 
contain a zero (0), meaning it is empty. Thus we can loop through all the lines 
on the board (that is three rows, three columns, and two diagonals) and if we 
find any line equal to 2, then we only need to find and fill the empty square 
in that line. 

Look at step two. It is just like step 1 except we are looking for a sum of -2 
to block a potential loss. The only way we could get a line to add up to -2 is 
if two squares are -1 and one square is empty. 

The third step involves searching for a sum of +1. This condition could 
occur if two squares were empty and one square was a + 1, or it could hap­
pen if two squares were + 1 and one was a -1. We could still use the same 
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kind of mathematical process, except we must arrange to continue after 
finding the condition of no empty square to fill. 

The fourth and fifth steps are easily seen to be just the same logic process. 
In summary what we want is a routine that allows us to check sequentially 

through each step of the algorithm, looking for each of the conditions (a sum 
in a line of + 2, -2, + 1, -1, or 0) and making a move based on the first one 
satisfied. What we can do is write three separate routines that check the rows, 
check the columns, and then check both of the diagonals. We put these in a 
loop and make the number the routines are looking for start at -2, then 
change to + 2, then to -1, ancj so on. Each of the routines will contain the 
ability to search through a row, a column, or the diagonals looking for a line 
that adds up to some value X. The value of X will be set by IF ... THEN state­
ments which change it after we have executed all the routines with one value 
of X and have found no conditions to fill a square. Also to consider is what 
happens when we find a line which adds up to 2, +2, etc? How do we 
decide which square in that line is empty so we can fill it? The solution is that 
once we have determined that a line adds up to a•certain number, we branch 
to another subroutine which scans the line looking for the empty square. If 
none is found we have one of those conditions where a sum was met but the 
squares were all full. If this happens we j11mp back to where the subroutine 
sent us to check for an empty square and continue with the move checking. If 
we do find an empty square we do two things. First, we fill the square with a 
-1 mark for the computer's move. Second, we set a software switch (a flag), 
which is a variable called P, to the value 1. P is normally 0. When we return 
from the routine now, the routine that is looking through the lines for a sum 
will check to see if switch P is a 1. If it is, then we don't need to look any 
further for a move because the computer has already made one. So we RE­
TURN to the main program and implement the steps after the computer move 
subroutine. If P is still O we continue checking for a valid move. 

The flowchart for the computer move algorithm is shown in Fig. 3-6. Note 
that there are boxes around the row check portion, column check, and 
diagonal check portions. This helps us see how things operate. The sub­
routines used by it for finding an empty square are in Fig. 3-7 in flowchart 
form. 

The complete program listing for the TIC-TAC-TOE game is shown in Fig. 
3-8. The code for the computer's move algorithm is in lines 4000 to 5900. 

Finishing the Program 

To finish the TIC-TAC-TOE program we must add a few more things to it. 
First, we must have a way to deal with the situation of an opening move; in 
other words, what do we do if the computer goes first? The solution is to use a 
series of IF ... THEN statements which (assuming this is the computer's first 
turn) cause the favored strategies of grabbing the center square first to be 
implemented. We also must consider the condition of the computer's second 
move if the player has occupied the center square first. In this case the 



FIND & SET 0 
IN ROW 

YES 

A(l,J)=-1 

RETURN 

FIND AND SET 0 
IN COLUMN 

A (J, I)= -1 

RETURN 

RETURN 

RETURN 

FIND AND SET 0 
IN DIAGONAL 

DI 

A (K, K)= -1 

RETURN 

FIND AND SET 0 
IN SECOND 
DIAGONAL 

A (K,4-K) 
=-1 

RETURN 

02 
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RETURN 

RETURN 

Fig. 3-7. Subroutines to find empty square and fill it (part of computer move algorithm). 
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IF ... THENs must occupy a corner square. Lines 100 to 150 in the listing in 
Fig. 3-8 take care of this. 

We also need to allow the user of the program to choose who goes first. 
This is taken care of by the statements in lines 31 to 50. And in order for our 
game player to play again, we must clear the old board before a new game 
begins. This is accomplished by the FOR ... NEXT loop in line 30 of the pro­
gram. Variables used in the program are also cleared at this statement. 

Finally, we add a beginning message to the game user in a series of PRINT 
statements (lines 15 to 24). These tell the rules of the game and how to enter 
moves. Also REMs are added to the beginning of the program to define to the 
programmer who wrote the code and who owns the program. 

We now have a complete TIC-TAC-TOE game written in BASIC. If you play 
it you'll see that the computer seems to almost be thinking longer on some 
moves than on others. Did we say "thinking?" Oh well, perhaps it only seems 
like thinking. In the next chapter we'll see that BASIC can be even more 
sophisticated and if you'll permit ... smarter. 

0 REM TIC-TAC-TOE GAME 
1 REM WRITTEN: JULY 1978 
2 REM BY MITCHELL WAITE 
3 REM USED AS AN EXAMPLE IN BASIC PRIMER 
4 REM ALL RIGHTS RESERVED WORLDWIDE 
5 REM 

10 DIM A(3,3) 
15 PRINT TAB(20) "••••• TIC-TAC-TOE •••••":PRINT 
20 PRINT "TIC TAC TOE REPRESENTS AN INTERESTING GAME OF LOGIC.": 
21 PRINT "YOU TRY TO BEAT THE COMPUTER. + 1 = YOUR MEN." 
22 PRINT "-1 = COMPUTER'S MEN. 0 = EMPTY SQUARE" 
23 PRINT "ENTER YOUR MOVES BY SPECIFYING A ROW AND COLUMN" 
24 PRINT "FOR YOUR MAN, I.E. CENTER SQUARE IS 2,2":PRINT 
25 PAINT 
26 REM CLEAR ARRAY AND ZERO VARIABLES 
27 REM 
30 FOR 1=1 TO 3: FOR J=1 to 3: A(l,J)=0:NEXT J,I 
31 LET C9=0: LET F=0 
32 PRINT "SELECT WHO GOES FIRST" 
35 INPUT "TYPE 1 FOR COMPUTER, 2 FOR YOU ";F 
40 IF F=2 THEN 215 
45 IF F < 1 OR F > 2 THEN 30 
50 PRINT: PRINT TAB(20) "COMPUTER GOES FIRST":PRINT 
58 REM 
59 REM COMPUTER'S MOVE STARTS 
60 LET M=0 
97 REM 
98 REM 
99 REM 

CHECK FOR OPENING MOVE 

Fig. 3-8. Complete program listing for TIC-TAC-TOE game. 



100 IF A(2,2) < > 0 THEN 115 
110 LET A(2,2)=-1: GOTO 200 
115 IF C9 > =1 THEN 155 
120 IF A(1,1) < > 0 THEN 130 
125 LET A(1,1)=-1: GOTO 200 
130 IF A(1,3) < >0 THEN 140 
135 LET A(1,3)=-1: GOTO 200 
140 IF A(3,3) < > 0 THEN 150 
145 LET A(3,3)=-1: GOTO 200 
150 LET A(3,1)=-1: GOTO 200 
152 REM 
153 REM CALL COMPUTER MOVE ALGORITHM 
154 REM 
155 GOSUB 4000 
200 PRINT "COMPUTERS MOVE": LET C9=C9+1 
213 REM 
214 REM GO DISPLAY THE BOARD 
215 GOSUB 7000 
229 REt-,1 CHECK FOR A TIE 
230 GOSUB 8000 
239 REM CHECK FOR A WINNER 
240 GOSUB 9000 
298 REM INPUT PLAYERS MOVE 
299 REM 
300 PRINT :INPUT "ENTER ROW.COLUMN FOR YOUR MOVE ":l,J 
310 PRINT 
320 IF I < 1 OR I > 3 OR J < 1 OR J > 3 THEN 360 
325 IF A(l,J) < > 0 THEN 365 
330 LET A(l,J)=1 
335 GOSUB 7000 'DISPLAY BOARD 
340 GOSUB 8000 'CHECK FOR TIE 
345 GOSUB 9000 'CHECK FOR WINNER 
350 GOTO 60 'COMPUTERS TURN 
360 PRINT TAB(20) "YOUR NUMBERS ARE ILLEGAL": GOTO 300 
365 PRINT TAB(20) "SORRY THAT SQUARE IS FILLED": GOTO 300 

3997 REM 
3998 REM COMPUTER MOVES ALGORITHM 
3999 REM 
4000 LET T=0: LET P=0: LET X=0 
4010 LET T=T+1: IF T=1 THEN LET X=-2 
4015 IF Tde2 THEN LET X=2 
4020 IF T=3 THEN LET X=-1 
4025 IF T=4 THEN LET X=1 
4030 IF T=5 THEN LET X=0 
4035 IF T=6 THEN RETURN 
4097 REM 
4098 REM ROW CHECK FOR -2,+2,-1,+1,0 
4099 REM 
4100 FOR 1=1 TO 3: LET R=0 
4110 FOR J=1 TO 3: LET R=A(l,J)+R: NEXT J: IF R=X THEN GOSUB 5100 

Fig. 3-8-cont. Complete program listing for TIC-TAC-TOE game. 
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4120 IF P=1 THEN 5900 
4130 NEXT I 
4197 REM 
4198 REM COLUMN CHECK FOR -2,+2,-1,+1,0 
4199 REM 
4200 FOR 1=1 TO 3: LET C=O 
4210 FOR J=1 TO 3: LET C=A(J,l)+C: NEXT J: IF C=X THEN GOSUB 5200 
4220 IF P=1 THEN 5900 
4230 NEXT I 
4297 REM 
4298 REM DIAGONAL CHECK FOR -2,+2,-1,+1,0 
4299 REM 
4300 LET 01 =0: LET 02=0 
4310 FOR 1=1 TO 3: LET 01 =A(l,I)+01: LET 02=A(l,4-l)+D2: NEXT I 
4320 IF 01 =X THEN GOSUB 5300 
4430 IF P=1 THEN RETURN 
4450 IF 02=X THEN GOSUB 5400 
4460 IF P=1 THEN RETURN 
4470 GOTO 4010 
4999 REM 
5000 REM FIND IF AO EXISTS IN THE "I-TH" ROW AND MAKE -1 
5001 REM 
5100 FOR J=1 TO 3: IF A(l,J)=O THEN 5120 
5110 NEXT J: LET P=O: RETURN 
5120 LET A(l,J)=-1: LET P=1: RETURN 
5197 REM 
5198 FIND IF AO EXISTS IN THE I-TH COLUMN, ETC. 
5199 REM 
5200 FOR J=1 TO 3: IF A(J,I)=0 THEN 5220 
5210 NEXT J: LET P=O: RETURN 
5220 LET A(J,l)=-1: LET P=1: RETURN 
5297 REM 
5298 REM FIND IF A O EXISTS IN THE DIAGONAL 01, ETC. 
5299 REM 
5300 FOR K=1 TO 3: IF A(K,K)=0 THEN 5320 
5310 NEXT K: LET P=O: RETURN 
5320 LET A(K,K)=-1: LET P=1: RETURN 
5397 REM 
5398 REM FIND IF A O EXISTS IN THE DIAGONAL 02, ETC. 
5399 REM 
5400 FOR K=1 TO 3: IF A(K,4-K)=O THEN 5420 
5410 NEXT K: LET P=O: RETURN 
5420 LET A(K,4-K)=-1: LET P=1: RETURN 
5430 PRINT "STOPPED AT 5430": END 
5900 RETURN 
6997 REM 
6998 REM DISPLAY BOARD 
6999 REM 
7000 PRINT:PRINT 
7005 FOR 1=1 TO 3:PRINT TAB(20): FOR J=1 TO 3:PRINT A(l,J);" "; 

Fig. 3-8-cont. Complete program listing for TIC-TAC-TOE game. 



7010 NEXT J: PRINT: NEXT I: PRINT: PRINT: RETURN 
7020 RETURN 
7997 REM 
7998 REM TIE CHECK 
7999 REM 
8000 FOR 1=1 TO 3: FOR J=1 TO 3: IF A(l,J)=O THEN 8020 
8010 NEXT J: NEXT I: PRINT TAB(20) "TIE GAME": PRINT: GOTO 20 
8020 RETURN 
8997 REM 
8998 REM WIN CHECK 
8999 REM 
9000 LET 01 =0: LET 02=0 
9010 FOR 1=1 TO 3: LET 01=A(l,I)+01: LET 02=A(l,4-I)+02 
9020 LET R=O: LET C=O 
9030 FOR J=1 TO 3: LET R=A(l,J)+R: LET C=A(J,l)+C: NEXT J 
9040 IF 01=-3 OR 02=-3 OR R=-3 OR C=-3 THEN 9070 
9050 IF 01 =3 OR 02=3 OR R=3 OR C=3 THEN 9080 
9060 NEXT I: RETURN 
9070 PRINT TAB(20) "COMPUTER WINS": PRINT: GOTO 20 
9080 PRINT TAB(20) "YOU'RE THE WINNER": PRINT: GOTO 20 

Fig. 3-8-cont. Complete program listing for TIC-TAC-TOE game. 

REVIEW QUESTIONS 

1. Explain why a DIM statement is necessary. 

2. Will the following program cause an error? 

10 INPUT l,M 
20 DIM A(l,M) 
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3. How many elements are there in array A, after you execute the state­
ment DIM A(4,4,4)? 

4. What will happen if you execute the following statement? 

20 DIM A(20,20,20,20) 

5. What will happen if you execute this statement? 

10 DIM A(20,-20) 

6. If you execute the following statement, a) how many strings can you 
store in array A$, and b) how long will they be? 

DIM A$(2,2) 

7. Write a program which will put the numbers from 1 to 24 into the 
elements of the array defined by the following statement. You can put 
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the numbers into the array in any arrangement that you find conven­
ient. (Don't use the zero subscripts, however.) 

DIM X(4,3,2) 

8. Write a program which will read the numbers from 1 to 24, in order, 
out of the array X(4,3,2) which you set up in question 7, and PRINT 
them out on the screen. 



• 





CHAPTER 

4 

Adding More Power 

Because BASIC is used by so many beginners in the computing field, it is 
often thought of as a "simple language" that is not capable of doing very 
sophisticated tasks. This is far from the truth. Although BASIC lends itself very 
well to simple programs, it can also be used for quite complex programs as 
we shall learn in this chapter. In fact, today there are many computers being 
used in all kinds of application areas which have been programmed in BASIC. 
Generally, what happens is that a particular computer manufacturer will 
modify the BASIC language for his computer so that it is even better at doing 
the specific kind of job required. There are several forms of "business BASIC" 
languages available today. These are versions of BASIC which lend them­
selves especially well to processing large amounts of information, and pro­
ducing long report printouts for business accounting purposes. 

Ordinary garden variety BASIC has quite a bit of computing power in itself. 
In this chapter we will discuss some of the more commonly used capabilities 
of the language. They are: 

DATA and READ statements which allow information to be defined by the 
program. 

Numeric functions which can provide extensive mathematical capability. 

String functions for manipulating characters and words. 

DAT A AND READ STATEMENTS 

Many times it is necessary or advantageous to include some type of fixed 
information right within the body of the program. This information may be too 
lengthy to be INPUT into the program through the normal manner, and might 
always be the same anyway. This would mean that each time the program 
was used, the same information would have to be INPUT at the beginning so 
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that the program could operate properly. Examples of fixed information in­
clude such things as tax tables, prices of merchandise, dates, names, instruc­
tions, and the like. In order for information to be used by any program, it must 
be stored with a variable name of some sort. Remember that numeric infor­
mation is stored using one format, while string information is stored using 
another. If there are only a few items of fixed information which must be 
included in a program, then these might be easily set up using LET statements. 
However, when the volume of information starts to increase, there has to be a 
better way. 

The purpose of the DATA and READ statements is to allow large volumes of 
fixed information to be set up within a program with relative ease. The infor­
mation is included as part of the DATA statement, and it is transferred into a 
variable by the READ statement when the program is run. Once this has been 
done, the variable can be used throughout the program. The format for the 
DAT A statement is as follows: 

DATA (information separated by commas) 

The format of the READ statement is like this: 

READ (list of variables separated by commas) 

Below are some examples of various types of DAT A and READ statements. 

DATA 1,2,3,4,5 
READ A,B,C,D,E 

This pair of statements would cause the variables A, B, C, D, and E to be 
initialized to the values of 1, 2, 3, 4, and 5 respectively. The same thing could 
have been done using the following DATA and READ statements. 

DATA 1,2,3,4,5 
READ A,B,C 
READ D,E 

This is because BASIC uses an internal pointer to keep track of where in the 
DAT A statement to get the next element of data. This pointer is set to 1 at the 
beginning of the program and then is incremented each time that a variable is 
READ from a DAT A statement. After the first READ statement above has set up 
the variables A, B, and C, the pointer is pointing at the next data element in 
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the· DATA statement. When the next READ statement is encountered by the 
program, the variables D and E are READ from the same DAT A statement 
beginning at the fourth data element. This procedure can go on and on as 
long as there is enough data in the DATA statements to fill up the variables 
that are to be read. If all of the data gets used up and another READ is at­
tempted, an error will result. 

There is one other BASIC statement associated with the DAT A and READ 
statements. It is the RESTORE statement. What it does is to reset the internal 
pointer which BASIC uses to sequentially get the information from the DATA 
statement. After a RESTORE statement is executed, the next READ statement 
will access the first DATA statement in the program regardless of where the 
internal pointer happened to be pointing prior to the RESTORE. 

Here's an example of the, use of the RESTORE statement: 

10 DATA 1,2,3,4,5 
20 READ A,B,C 
30 RESTORE 
40 READ D,E,F 
50 PRINT A;B;C;D;E;F 
RUN 
1 2 3 1 2 3 

This program reads the first three values from the DAT A statement into vari­
ables A,B, and C. Then, the RESTORE statement moves the internal pointer 
back to the beginning of the data, so that READ D,E,F again reads the first 
three values from the DATA statement, this time into D,E and F. When 
A,B,C,D,E, and F are printed out in line 50, the result is the first three values 
of the DAT A statement, repeated twice. 

Let us look at some other DAT A and READ combinations. 

DATA 12,14.5,18,75.66,100,500,1000 
READ A 1,A2,A3,A4,A5,A6,A7 

In this example, the variable A 1 is initialized to a value of 12, A2 is set to a 
value of 14.5, A3 is set to 18, and so on. 

DATA "JAN","FEB","MAR","APR","MAY","JUN" 
READ A$,B$,C$,D$,E$,F$ 

In this example, the string variables A$ through F$ are initialized by the READ 
statement to the names of the months which are described in the DATA 
statement. 
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Probably the most useful form of the DATA and READ statements is that of 
initializing arrays. As we learned in the previous chapter, an array is a group 
of variables which usually have something in common, and are all referenced 
by the same variable name. A specific element of an array may then be refer­
enced through the use of a subscript, such as A(S), M$(2) and so on. 

It should be noted here that there are some differences in the way that 
different versions of BASIC handle string arrays. Some require that the length 
of each string within the array be defined in the DIM statement. For example, 

DIM AS(12) 

would define a string containing 12 characters. The same DIM statement in 
other BASICS would define a string array that contained 12 strings, each with 
a dynamic length determined by the actual number of characters stored in it 
at any given time, up to a maximum of 255. For the sake of the examples in 
this book, we will adhere to the latter of these conventions. That is: 

DIM M$(2) 

defines an array of two strings of dynamic length. In order to use DATA and 
READ to initialize an array, we must first make sure that the array has been 
defined with a DIM statement. Then, there are two ways of getting the infor­
mation from the DATA statement into the array variables. We will discuss both 
of them below. 

10 DIM M$(12) 
20 DATA "JAN","FEB","MAR","APR","MAY","JUN" 
30 DATA "JUL","AUG","SEP","OCT","NOV","DEC" 
40 READ M$(1),M$(2),M$(3),M$(4),M$(5),M$(6) 
50 READ M$(7),M$(8),M$(9),M$(10),M$(11),M$(12) 

First of all, notice here that we have split up the twelve months into two 
DATA statements, and we have also split up the twelve elements of the array 
M$ into two READ statements. This is possible due to the fact that when the 
first READ statement in a program is encountered, the information is gotten 
from the first DATA statement found in the program. The variables in the 
READ statement are initialized until they have all been taken care of. When 
the next READ statement is encountered, the variables in its list are initialized 
beginning with the next DATA statement in the program. Notice that the first 
six elements of the array M$ are initialized, and then the last six are initialized 
on line 50. 
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This method will work just fine. However, it does not take full advantage of 
the convenience of arrays. In the next example, we will achieve the same 
thing, but in a different way. 

10 DIM M$(12) 
20 DATA "JAN","FEB","MAA'',"APR","MAY","JUN" 
30 DATA "JUL","AUG","SEP","OCT","NOV","DEC" 
40 FOR I = 1 to 12 
50 READ M$(I) 
60 NEXT I 

Notice the difference here? Instead of spelling out each and every array ele­
ment, we have used a FOR ... NEXT loop to cause the index I to go from 1 to 
12. Then the READ statement at line 50 reads only one element of the array 
M$ from the DAT A statements. Notice also here that there are two DATA 
statements and only one READ statement with only one variable name in its 
list. However, the READ statement is in a loop so that it is actually executed 
12 times. Each time that it is executed, it gets the next element of information 
from the DATA statements. 

Both of the above methods will work just fine. The first method will prob­
ably work better when there are only a few variables which must be ini­
tialized. But when the number of variables starts to increase, the second 
method using the FOR ... NEXT loop will definitely be easier to program. Imag­
ine having to initialize a hundred or more variables using the first method. 

METRIC CONVERSION PROGRAM ENHANCED 

Earlier in the book, we used as an example a program that converts anglo 
units to metric units. In order to explain some of the beginning concepts of 
BASIC, the approach that we used to write this program was quite simple. 
Now, we will use the same application as an example of the DATA and READ 
statements. You will notice that this will make the program much more flexi­
ble and general-purpose usable. We will use the same conversion formulas 
that we used in the previous example, but in a completely new way. What we 
are going to do is to store all of the "literal" or string information in string 
arrays. Also, we will store the conversion factors themselves in a numeric 
array. Then, we can access the string and numeric information which we will 
need through the use of a subscript to the arrays. So, let us set up the begin­
ning of the program. 

1000 REM -METRIC CONVERSION PROGRAM 
1010 REM -USING DATA AND READ 
1020 REM -INITIALIZE THE ARRAYS 
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1030 LET N = 3 
1040 DIM M$(N),Q$(N),A$(N),B$(N),F(N) 

The variable N is used to determine how many different conversions the pro­
gram is capable of doing. This is set to 3 for our example, since we will use 
the same three conversions that the old program used, namely, "INCHES TO 
CENTIMETERS," "POUNDS TO KILOGRAMS," and "QUARTS TO LITERS." 
Others can easily be added as we shall see. At line 1040 we see the DIM 
statement which sets up the size of the various arrays which are going to be 
used in this program. They are all set up to the length defined by the variable 
N, and are: 

N-number of functions. 

M$-a string array containing the menu. 

Q$-a string array containing the "input question." 

A$-a string array containing the first part of the answer. 

B$-a string array containing the last part of the answer. 

F-a numeric array containing the conversion factors. 

The next part of the program consists of the DATA statements which will be 
used to READ the arrays dimensioned above. 

1090 REM -DATA FOR ARRAYS 
1100 DATA "1 - INCHES TO CENTIMETERS", "ENTER LENGTH IN INCHES", 

"INCHES"," CENTIMETERS",2.54 
1200 DATA "2 - POUNDS TO KILOGRAMS", "ENTER WEIGHT IN POUNDS", 

" POUNDS"," KILOGRAMS", .4536 
1300 DATA "3 • QUARTS TO LITERS","ENTER VOLUME IN QUARTS", 

" QUARTS "," LITERS ",.9463 

Here we have three DATA statements. Each one contains all of the informa­
tion necessary for one of the conversion routines. The different pieces of in­
formation are separated by commas in the DATA statement. First, there is the 
string information which will be used to display the menu. Then, there is the 
question which is asked just before the quantity to be converted is entered. 
Next comes the two string parts o'f the answer which is printed, and finally 
there is the actual numeric conversion factor itself. Now, let us write the 
statements to READ this information into the proper arrays. 
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1980 REM -READ THE ARRAYS 
1990 FOR I = 1 TO N: READ M$(I),Q$(I),A$(I),BS(l),F(I): NEXT I 

This is how the information in the DATA statements is finally READ into the 
arrays. We use a FOR ... NEXT loop to cycle the program through the DATA 
statements in such a way as to rnake sure that all of the information pertinent 
to each of the conversion routines is READ into its proper place in the arrays. 
Now, we can go ahead with the rest of the program. 

2000 REM •DISPLAY THE MENU 
2100 PRINT: PRINT "METRIC CONVERSION PROGRAM": PRINT 
2200 FOR I = 1 TO N: PRINT M$(I): NEXT I 
2300 PRINT "9 • TO END THE PROGRAM": PRINT 

First, at line 2100 we PRINT the heading. Line 2200 consists of the 
FOR ... NEXT loop which PRINTs the menu itself. Lastly, on line 2300 we must 
PRINT the option to end the program. At this point, we ace ready to INPUT 
our selection. 

3000 REM -ENTER SELECTION 
3100 INPUT "ENTER YOUR SELECTION"; S 
3200 IF S < 1 OR S > N THEN GOTO 9999 

This part of the program is similar to the original version except that we are 
not going to need all the IF ... THEN statements to d'ecide where in the pro­
gram to branch to do the actual work. Here, all we need to do is to see if the 
value of S is outside of the range of defined selections, and if it is, we branch 
to the end of the program. The next part of the program is where the actual 
conversion takes place. 

4000 REM -DO THE CONVERSION 
4100 PRINT: PRINT 0$(5): INPUT X 
4200 PRINT X; A$(S); "IS EQUAL TO"; X°F(S); BS(S) 
4300 GOTO 2000 

And of course, 



142 

See how it works? First, on line 4100 we PRINT the appropriate question 
according to the selected conversion routine. Then, we enter the value to be 
converted, X. On line 4200, we accomplish the same thing that the previous 
program did. First, we PRINT back the value to be converted, followed by the 
string A$ which contains the name of the units that we are converting. Then, 
we PRINT the literal data "IS EQUAL TO," followed by the value of the 
converted quantity which is arrived at by simply multiplying X by the appro­
priate numeric factor contained in the array F. Lastly, we PRINT the string 
data which contains the description of the new units. 

This program works exactly the same as the one in the previous chapter. 
Notice, however, that it can be expanded very easily to include many other 
conversion routines just by changing the LET statement in the beginning 

1000 REM -METRIC CONVERSION PROGRAM 
1010 REM -USING DATA AND READ 
1020 REM -INITIALIZE THE ARRAYS 
1030 LET N = 3 
1040 DIM M$(N),Q$(N),A$(N),B$(N),F(N) 

1090 REM -DATA FOR ARRAYS 
1100 DATA "1 - INCHES TO CENTIMETERS", "ENTER LENGTH IN INCHES", 

"INCHES"," CENTIMETERS",2.54 
1200 DATA "2 - POUNDS TO KILOGRAMS","ENTER WEIGHT IN POUNDS", 

" POUNDS"," KILOGRAMS",.4536 
1300 DATA "3 - QUARTS TO LITERS","ENTER VOLUME IN QUARTS", 

" QUARTS "," LITERS",.9463 

1980 REM -READ THE ARRAYS 
1990 FOR I = 1 TO N: READ M$(I),Q$(I),A$(I),B$(I),F(I): NEXT I 

2000 REM -DISPLAY THE MENU 
2100 PRINT: PRINT"METRIC CONVERSION PROGRAM": PRINT 
2200 FOR I = 1 TO N: PRINT M$(I): NEXT I 
2300 PRINT "9 - TO END THE PROGRAM": PRINT 

3000 REM -ENTER SELECTION 
3100 INPUT "ENTER YOUR SELECTION "; S 
3200 IF S < 1 OR S > N THEN GOTO 9999 

4000 REM -DO THE CONVERSION 
4100 PRINT: PRINT Q$(S): INPUT X 
4200 PRINT X; A$(S); "IS EQUAL TO "; X•F(S); B$(S) 
4300 GOTO 2000 

9999 END 

Fig. 4-1. Listing of enhanced Metric Conversion program. 
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which defines the value of N, and by adding more DATA statements in the 
form that we have designed here. This has been a very good example of how 
arrays, together with the DAT A and READ statements, can make a simple 
program into a powerful program (Fig. 4-1 ). 

NUMERIC FUNCTIONS 

Earlier in this book, we introduced three simple numeric functions: ABS, 
INT, and RND. In this section we will introduce some additional numeric 
functions which will be useful in many different programs. Most of these 
functions are common to all the varieties of the BASIC language. Some par­
ticular languages may have more of them, depending upon the general nature 
of the language. Some of the functions are strictly for use in situations of a 
mathematical nature, like the trigonometric functions and the square root 
functions. Others may be useful in a variety of different applications, includ­
ing business programs and even games. We will discuss these functions rather 
briefly here, and show only simple examples. In actual application, you 
should consult the BASIC manual of your computer for a more detailed ex­
planation of how it operates. 

AND, OR, and NOT 

These three functions are sometimes called the Boolean logic functions be­
cause they perform the· truth-table operations on each bit of the bytes as 
arguments. (See Appendix A for more information about binary and other 
numbering systems.) The general form of their usage follows: 

r 100 LET X = A AND B 
200LETX = CORD 
300 LET X = NOT Z 

Notice that for the AND and OR functions that there are two variables in­
volved in the operation, while for the NOT function there is only one. Let us 
take a look at the truth table for each of these functions. Remember that the 
operation is carried out at the bit level. Corresponding bits of the two argu­
ments are used in the following way to produce the answer. 

AB A AND B 

1 1 
1 0 
0 1 
0 0 

1 
0 
0 
0 

CD CORD 

1 1 
1 0 
0 1 
00 

1 
1 
1 
0 

Z NOT Z 

1 
0 

0 
1 



144 

In the first truth table, notice that for the AND function, both bits must be "l" 
in order for their ANDed value to be "l." If either of them is "O" then the 
result will be "O." The OR function on the other hand will yield a "1" for a 
result if either of the argument bits is a "1." Only when they are both "O" will 
the result become "O." The NOT function, as you can see produces the com­
plement of the argument bit. Now, let us take a look at some examples using 
complete 8-bit bytes as arguments. 

110101 
0 1 0 0 1 1 1 0 sponding bits are "1 ." 

1 0~AND function yields "1" only when both corre-

------
0 1 0 0 0 1 1 0 

1 1 0 1 0 1 0 OR function yields "1" if either of the correspond-

_0_1_0_0_1_1 _1_0 ---------ing bits is "1." 

11011 0 

NOT 1 1 O 1 o O 1 0 equals O O 1 O 1 1 0 1 

The NOT function simply reverses all of the bits in the argument byte. 
These functions AND and OR are the same ones that we used to produce 

compound IF ... THEN statements. Their operation in that usage is not readily 
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apparent, and in most cases need not be a concern. Used as we have de­
scribed here, however, these functions can be very useful in dealing with data 
at the "bit level." For example, if we are only interested in the last four bits of 
a given byte of data, we can use the ANO function to strip off the first four bits 
as follows: 

100 LET X = X AND 15 

Suppose that X is the variable that we wish to strip down. looking at this 
function at the bit level, we see that 

1 0 1 1 0 1 1 o-----Value of>. to be stripped. 
AND 

0 0 0 0 1 1 1 1-.------Binary value of 15. 

0 0 0 0 0 1 1 o-'------ANDed value leaves only last 4 bits. 

Another convenient example of the use of the AND function is regarding the 
use of a technique known as "bit-coding." This provides a means of econom­
ically storing the status of various conditions, which can have a value of 
either "true" or "false." Such conditions might include the· status of various 
programs in a business data processing system. Other examples may be 
whether or not a file has been updated, or a particular program run in the 
right sequence. One way of doing these things would be to use a whole 
variable for each status indicator that is needed. If there are only a few indi­
cators required, then this will be no problem. If, however, there are to be 
many indicators, then the use of a whole byte to store a "1" or a "O" is going 
to cost memory space. To save this space, we can use individual bits in a byte 
to store the condition of many different things. We can then use the AND 
function to interrogate the bit in question, and the OR function to change the 
bit. let us suppose that the third bit of a byte of data indicates the update 
status of a file. A "1" means that the file has been updated, and "O'' means 
that it has not been updated. We will call the byte S and interrogate it as 
follows: 

100 IF S AND 32 = 32 THEN PRINT "FILE IS UPDATED" 
200 END 

Here is how this works. let us assume that the file has been updated. Then 
the bits look like this. 
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0 0 1 0 1 1 0 o------- Bits in the variable 5. 
AND 

0 0 1 0 0 0 0 O_...._ ___ Bit value of 32. 

0 0 1 0 0 0 0 o-----ANDed value yields 32. 

The result of the AND function yields the value of 32 which will then cause 
the message "FILE IS UPDATED" to be printed. If the third bit was a "0" then 
the result of the AND function would have yielded all "Os" and the message 
would not have been printed. 

Now suppose that the indicator is a "0;' indicating that the file has not 
been updated, and we wish to change it to a "1" without disturbing any of 
the other bits in the variable. For this we can use the OR function as follows: 

100 LET S = S OR 32 

The bits then look like this: 

0 0 0 1 1 1 0 0-----Bit value of the variable S. 
OR 

SIN, COS, and ATN 

If you ever took trigonometry in high school or college then you probably 
remember vaguely that there were some special relationships between the 
sides of a right triangle and the angles themselves. These "laws of 
trigonometry" are very useful in many problems involving distances and rela­
tive angles. We will briefly review the basic definitions of three of the trig 
functions here. 

The SINE of an angle is defin(;!d as the ratio of the side of the triangle which 
is opposite the angle in question, divided by the hypotenuse of the right 
triangle. Remember that the hypoteriuse is the side that is opposite the right 
angle. Graphically, the SINE looks like this: 

SINE(A) = side opposite = _3 _1 
hypotenuse 9 3 

.3333 



ANGLE IN QUESTION 

H~ ~ou 9u_ys ,as 
the. COSINE or the a,sle 
of the laddeJ--apptoaches 
-zeto, the stress--f 4C'tor 
on the I imb incteases 

l~atH::hmicall_y. 

SIDE OPPOSITE 3 

fF-
90 DEGREE ANGLE 
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Similarly, the COSINE of an angle is defined as the ratio of the side of the 
triangle which is adjacent to the angle in question, divided by the 
hypotenuse. Graphically, this can be represented as follows: 

ANGLE 
IN 

QUESTION 

SIDE ADJACE 'T 8 
COS(A) = side adjacent = _§_= _8 

hypotenuse 10 

90 
DEGREE 
ANGLE 
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The ARCTANGENT is a little different from the SINE and COSINE functions 
Both of them used an angle as the argument to the function in order to derive 
the particular ratio of the sides of the triangle in question. The ATN function 
works in reverse. Given the TANGENT of an angle, the ATN function will 
produce the angle itself. First, we should take a quick look at what the TAN­
GENT of an angle is. It is defined as the ratio of the side opposite the angle in 
question, divided by the side adjacent to the angle. This looks like the follow­
ing: 

ANGLE IN 
QUESTION ""'---'-..._ _______ .-........, 

SIDL AD 8 

TAN(A) = si_de op~osite = _§__= l= .7S 
side adiacent 8 4 

. OPPOSITE 6 

90 OEGREE ANGLE 

Now, the arctangent (ATN) is just the opposite of this definition. Given that 
we already know what the tangent is, we can then find out what the angle is 
by using the ATN function like this: 

The angle A = ATN(.75) 

This usually returns the angle measured in radians rather than degrees. Since 
there are 2 pi radians in a complete circle, one radian is equal to 360 degrees 
divided by 2 pi, or about 57.3 degrees per radian. 

In actual usage, these trig functions would be very cumbersome if we had 
to draw little right triangles every time that we wanted to know the sine or 
cosine of an angle. That is why there are books which contain large tables of 
these values which can be used to get the required information. If we have a 
computer at our disposal, which happens to support these trig functions, then 
we don't even need the books full of tables. We can simply program the 
computer to give us the information that we want using the trig functions. 
Most of all the BASIC languages provide the three trig functions that we have 
described here. Some even offer more, but these are the most commonly 
used, and the other trig functions can be derived from them. Using BASIC, the 
form of the usage of these functions is as follows: 



100 LET X = SIN(A)------Where A is the angle in radians. 
200 LET X = COS(A) Again A is the angle in radians. 
300 LET A = ATN(X) Where X is the known tangent, 

EXP and LOG 

and A will be returned as the angle 
in radians. 
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These two functions are related in the sense that they both have to do with 
natural logarithms. If you remember your high school math, you will recall 
that the logarithm of a number is the power to which the "base" must be 
raised to obtain the number. Natural logarithms use a special number for the 
base known as "base e!' The value of this base is approximately 2.718 which 
may seem like an unusual value to base a system of logarithms on, but proves 
very useful in higher mathematics. To further clarify the logarithm principle: 

If Y = eX, then LOG(Y) = X 

So, the log of a number is the power to which the base (e) must be raised in 
order to obtain the number. This is just how the LOG function is used in a 
program. The typical form is: 

100 LET X = LOG(Y) 

The LOG function may also be used in any of the usual combinations such as 
imbedded in a PRINT statement, or compounded with other functions. 

The EXP function is sort of the reverse of the LOG function. It will produce 
the result of raising the base (e) to some power. In other words: 

EXP(X) is the same as e• 

The typical usage of the function is as follows: 

100 LET Y = EXP(X) 

One very useful application of the LOG function is regarding the conver­
sion from one logarithm base to another. The general form of this relationship 
is as follows: 

LOGb(X) = LOGe(X) 

LOGe(b) 
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That is, the logarithm of a number X in base b is equal to the natural log base 
(e) of the number, divided by the natural log of the base. To find the base 1 O 
log of 100 we would write: 

100 LET Y = LOG(100)/LOG 10 

SQR Function 

The SQR function is used to produce the square root of a number. Of 
course the number must be positive, since the square root of a negative 
number is not real and cannot be dealt with by this function. Remember that 
the square root of a number is a number which when multiplied by itself 
yields the original number. The general form of the SQR function is: 

100 LET Y = SQR(X) 

One common example of the use of the square root function has to do with 
some more geometry known as the Pythagorean theorem. This describes the 
relationship of the sides of a right triangle. Simply stated, it says that the 
length of the hypotenuse of a right triangle is equal to the square root of the 
sum of the squares of the other two sides. Using the figure below, the formula 
is expressed as: 

C = V A2 + 82 

A 

B 

Translating this formula into BASIC, we would use the following: 

100 LET C = SQR(A•A + B•B) 

Notice that to square the values of the two sides A and B, we have simply 
multiplied them by themselves. Some BASICs also include a numeric function 
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that allows a number to be raised to a power. In that case, we could use the 
appropriate arithmetic operator and write the expression as follows: 

100 LET C .. SQR(AA2 + BA2) 

This would yield the same results as the statement above. 

SGN Function 

The function SGN which stands for "sign" is very handy for encoding the 
arithmetic sign of a number ( + or - ). The general usage form is: 

100 LET Y .. SGN(X) 

The variable Y will be set equal to 1 if X is positive, 0 if X is zero, or -1 if X is 
a negative number. 

One very common use of this function is in rounding off a number to the 
nearest whole number. If we are going to be dealing with only positive num­
bers, then they could be rounded off using the following statement: 

100 LET X = INT(X+.5) 

By adding 0.5 to any positive number and then integerizing it with the INT 
function, we will obtain the nearest whole number. This does not work, how­
ever, when the number is negative. Adding 0.5 to a negative number will 
actually reduce its value toward zero. Therefore, we can use the SGN func­
tion as follows: 

100 LET X "" INT(X+.S•SGN(X)) 

Since multiplication takes precedence over addition, the 0.5 will be multi­
plied by either 1 if X is a positive number, -1 if X is a negative number, or by 
0 if X is zero. This will then be added to the value of X that is then IN­
Tegerized to produce the nearest whole number. 

MOD Function 

Occasionally, it is useful to know what the value of the remainder of an 
arithmetic division is. This is the purpose of the MOD function, which is short 
for "modulus." The general form of the MOD function is as follows: 
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100 LET C = A MOD B 

In the preceding example, A is divided by B, and the remainder is stored in 
the variable C. Some examples: 

12 MOD 6=0 
47 MOD 13=8 
5 MOD 2=1 

One use of the MOD function involves the case where several code numbers 
have been consolidated into one number for the sake of memory savings. For 
example, a date such as April 21, 1945 can be abbreviated 04/21/45. This 
can be represented as a number 42145. Now suppose that we want to extract 
the year portion of this number. We can use the MOD function as follows: 

100 LET Y = X MOD 100 

In this case, the variable X will contain the composite date 42145. When the 
MOD operation is performed, dividing by 100, the remainder 45 is stored in 
the variable Y. This is then the year part of the date. The rest of the date can 
be extracted in a similar manner. Here is the whole program: 

100 LET X = 42145 
110 LET Y = X MOD 100 
120 REM -SHIFT THE DIGITS RIGHT 
130 LET X = INT(X/100) 
140 LET D = X MOD 100 
150 REM -ONE MORE TIME 
160 LET M = INT(X/100) 

STRING FUNCTIONS 

Most BASIC languages provide several functions for manipulating string 
variables, and converting string variables to numeric variables and vice-versa. 
This section deals with some of the more common string functions. 

ASC and CHR$ 

These two functions are somewhat related in that they are both used to 
convert between string and numeric variables. The ASC function produces the 
ASCII decimal value of the first character of a string variable which is given as 
the argument to the function. Remember that ASCII (pronounced "ass-key") is 
the name of a special type of coding used to represent the characters of the 
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alphabet and the numerals, as well as several special characters. The name 
stands for "American Standard Code for Information Interchange." There is a 
table of all of the ASCII values listed in Appendix 8. 

The common form of the ASC function is as follows: 

100 LET X = ASC(A$) 

It should be noted that the ASC function only produces the ASCII decimal 
value of the first character in the string. The other characters are ignored. Let 
us look at an example. 

100 LET A$= "SAN FRANCISCO" 
200 LET X = ASC(A$) 
300 PRINT X 

Can you figure out what will be printed for the value of X? From the table in 
Appendix 8, we can see that the ASCII decimal value for an upper case 'S" is 
83. Since only the first character of the string A$ is used by the ASC function, 
the value which is printed is the ASCII decimal value for the "S" which is 83. 

The ASC function is useful in situations when the program must deal with 
characters which are not part of the normal alphabet. For example, most 
computer keyboards include a key called "ESCAPE." This key usually has 
some special use, and does not create a regular character when it is pressed. 
It does however create an ASCII value of 27. If we had a program that was 
expecting to be INPUTing a string variable, and we wanted to see if the ES­
CAPE key was pressed, we could use the following statements: 
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100 INPUT AS 
200 IF ASC(A$) - 27 THEN GOTO 9000 

The above statements would first INPUT a string variable called A$ and then 
test the first character of that string to see if it was equal to the ESCAPE char­
acter. If it is, then the program will unconditionally branch to line 9000. 

The CHR$ function operates just the reverse of the ASC function. It takes an 
ASCII decimal value as the argument and converts it into a one character 
string. The common form of the CHR$ function is as follows: 

100 LET AS• CHRS(X) 

The CHR$ function is also useful for dealing with characters which are not 
part of the normal character set consisting of the alphabet, the numerals, and 
a few special characters. Most terminals have some form of audible alarm 
such as a bell, horn, buzzer, beeper, etc. This can be used to attract the 
operator's attention when displaying error messages and the like. This alarm 
can be activated by sending a special ASCII character to the terminal. This 
character cannot be enclosed in quotes like a normal string variable, so it 
must be generated using the CHR$ function like this: 

100 PRINT CHR$(7) 

When the CHR$ function converts the decimal value of 7 into an ASCII char­
acter and sends it to the terminal, the result will be that the terminal recog­
nizes it as a command to beep the horn. You should notice that the string 
which is created by the CHR$ function is only one character in length. 

LEFT$, MID$ and RIGHT$ 

These three string functions are all used to break up string variables into sub­
strings. The LEFT$ function allows the program to move a certain number of 
characters from the left end of a string variable into another string. Likewise, 
the RIGHT$ function allows the program to move characters from the right 
end of a string into another string. The MID$ function, as we might guess from 
its name, allows characers to be moved out of the middle of one string, and 
into another string. Let us take a closer look at each of these functions. 

The general form of the LEFT$ function is: 

100 LET 8$ • LEFT1(A$,N) 
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Notice that there are two arguments inside the parentheses of the LEFT$ func­
tion. In the first, A$ is the string variable upon which the function is to be 
performed. The variable N is used to define just how many characters on the 
left end of A$ will be moved into the string B$. For example: 

100 LET A$= "MILL VALLEY" 
200 LET N = 4 
300 LET 8$ = LEFT$(A$,N) 
400 PRINT 8$ 

Can you figure out what will be printed by the PRINT statement at line 400? 
Since the LEFT$ function will only move the leftmost N characters of the 
string A$ into the new string B$, only the word 'MILL' will be printed. By the 
way, the characters in the string A$ are not disturbed. They are just the same 
after the LEFT$ function as they were before. 

There are some restrictions on the variable N with this function. The value 
of N must never be negative, or greater than 255. If N is greater than the 
current length of the string argument, then the entire string will be moved. If 
N is equal to zero, the result will be a string with no length. 

The RIGHT$ function works just the opposite of the LEFT$ function. That is, 
it moves N characters from the right end of the argument string. The general 
form is: 

100 LET 8$ = RIGHT$(A$,N) 

Here again, the same rules apply as for the LEFT$ function. For example: 

100 LET A$= "GRAND TOTAL" 
200 LET N = 6 
300 LET 8$ = RIGHT$(A$,N) 
400 PRINT 8$ 

Since this function will move the rightmost N characters from the argument 
string, we would expect that after the function was performed, the string B$ 
would contain "TOTAL." Notice that since the rightmost 6 characters are 
moved, the blank preceding the word TOTAL is also moved. 

The MID$ function operates just a bit differently from the LEFT$ and 
RIGHT$ functions. Basically, it is still used to move characters from one string 
into another string, but the difference is that it takes them from the middle of a 
string. In order to do this, the MID$ function requires one additional argu­
ment. The general form of the MID$ function is as follows: 
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100 LET B$ = MID$(A$,N,M) 

Here, the variable N is used to define the starting position within the string A$ 
from which characters will be moved. This is relative to the left end of the 
string. The variable M is used to define the number of characters to be moved. 
For example: 

100 LET A$ = "GOLDEN GATE BRIDGE" 
200 LET N = 8: LET M =4 
300 LET B$ = MID$(A$,N,M) 
400 PRINT B$ 

Because of the values of the variables N and M, the MID$ function will begin 
with the eighth character in the string A$ and move four characters into the 
string B$. After this is done, the string 8$ will contain just the word "GATE." 
The same restrictions apply to the variable N as for the other functions LEFT$ 
and RIGHT$. The variable M also has the same restrictions of value. 

Here again, we must stop and recognize that due to the fact that some 
versions of BASIC require that the string variables have a declared length, the 
LEFT$, MID$, and RIGHT$ functions are not permitted. Therefore, there are 
other means of extracting part of a string. For example, 

LET B$ = LEFT$(A$,N) 

would be accomplished by; 

LET B$ = A$(1,N) 

This moves the characters from A$ to 8$ beginning with the first character, 
and including the Nth character. Likewise, 

LET B$ = RIGHT$(A$,N) 

is done using; 

LET B$ '"' A$(LEN(A$)-N,+1,LEN(A$)) 
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The LEN function shown in the above example produces the current length of 
the string given as the argument. We will explore the LEN function later in 
this chapter. Finally, 

LET 8$ = MID$(A$,N,M) 

is written in some BAS/Cs as 

LET B$ = AS(N,N+M-1) 

In general, these alternate forms of the string manipulation statements all use 
the same type of arguments, namely: 

LET B$ = A$ (first character position, last character position) 

STR$ and VAL 

These two functions are very useful to the BASIC programmer, especially 
when programming a business application. They are used to convert string 
variables into numeric variables, and numeric variables into strings. The form 
of the STR$ function is: 

100 LET A$ = STR$(X) 

What this function does is evaluate the numeric variable X and put the char­
acters into the string A$ which represents the value of X. For example: 

100 LET X = 357 
200 LET A$ = STRS(X) 
300 PRINT A$ 

The string A$ is set up by the STR$ function to contain the characters "357" as 
a result of evaluating the numeric variable X. Now, the string can be printed 
out in any way that the programmer desires instead of leaving the c:hoice to 
the BASIC way of printing numeric variables. 

The VAL function is used to accomplish the opposite of the STR$ function. 
It takes a string variable containing characters which represent a numeric 
value, and evaluates them so as to create a numeric variable. The general 
form of the VAL function is: 
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100 LET X = VAL(AS) 

An example of the operation of the VAL function is: 

100 LET AS = "25.79" 
200 LET X "' VAL(AS) 
300 PRINT X 

After the VAL function is complete, the variable X will contain the numeric 
value 25.79. The original string A$ is not disturbed, and still contains the 
original characters. Negative values may be converted by placing a minus 
sign in the first position of the string as follows: 

100 LET AS = " -62" 

An error will occur if there are any characters in the argument string which 
are not numerals, a decimal point, or a minus sign in the first position of the 
string. 

LEN Function 

This is one of the most useful of the string functions. It is used to determine 
the "current length" of a string variable. Each time that a string variable is 
redefined with new characters, its current length changes. Especially when a 
string is INPUT, the length is quite variable depending upon how many char­
acters are input. The form of the LEN function is: 

If the string A$ happened to contain the characters "TYPEWRITER" then the 
LEN function would return a value of 10 in the variable N. Remember that 
this will only be the current length of the string and that if it is changed by the 
program, or by an INPUT statement, then the length will change also. 

We have now explored the major bulk of the instructions that make the 
BASIC language capable of manipulating letters and numbers in powerful 
ways. The next two chapters deal with the more specialized BASIC statements 
not found in all versions. 



REVIEW QUESTIONS 

1. What will this program do? Will it cause an error message? 

10 READ A,B,C 
20 PRINT A,B,C 
30 STOP 
40 DATA 1,2,3 

2. Is the following a valid statement? Is it useful? 

10 IF 0 OR 1 THEN PRINT "TRUE" 

3. Will this program print the word "TRUE" when you run it? 

10 A=1:B=0:C=0 
20 IF A OR B AND C THEN PRINT"TRUE" 

4. If you execute the statement 

PRINT EXP(LOG(100)) 

what will the computer print? 

5. If you execute the statement 

PRINT ASC(CHR$(70)) 

what will the computer print? What about this statement? 

PRINT CHR$(ASC("F")) 

6. Explain the difference between CHR$ and STR$. 

7. Explain the difference between ASC and VAL. 

8. Suppose you have the following statement in your program: 

10 A$="SHE SAID TO." 
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Add a statement to this program, using LEFT$ and RIGHT$, and the 
word "NEVER" (but not "SHE" or "SAID" or "TO") which will cause 
the computer to print 

SHE NEVER SAID TO. 

9. Exercise: Write a program, using trig functions, to find the answer to 
the following problem: How long does a ladder need to be to just 
reach a window 12 feet above the ground if the bottom of the ladder is 
placed 6 feet from the wall? 

0. Solve the same problem (in 9, above) using only the SQR function. 





CHAPTER 

5 

Variations 

Chapters 1 through 4 dealt with those features of the BASIC language most 
common to the variety of computers on the market today. In this chapter we 
will explore the more advanced BASIC language features. The keywords that 
control these features are not always available in all versions of BASIC, but 
are nonetheless extremely useful in your programs. Chances are that you will 
find at least 50% of these keywords in any particular version of BASIC. The 
disk and extended BASICs usually incorporate all these topics and more. The 
particular keywords and topics we will cover include: 

PEEK/POKE--------Direct memory access from BASIC. 
IN/OUT //0 port access. 
CALL/USA Machine language subroutine linkage. 
CSAVE/CLOAO Cassette tape program storage. 
AUTO, REN, NEW, etc. BASIC utility commands. 
TRON, TROFF, DSP BASIC debug trace commands. 

PEEK ANO POKE 

PEEK and POKE (EXAM and FILL in some BASICS) allow direct control over 
individual memory locations from BASIC. Recall that a memory location is 
made up of 8 bits, which is commonly referred to as a "byte." An 8-bit byte 
can represent a number between O and 255. Thus, a single memory byte can 
hold a number between O and 255. Also recall that the computer memory can 
have up to approximately 64,000 of these memory locations. 

In BASIC we can place a number (0-255) in any of these memory locations 
with POKE. POKE works like this: 
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POKE A,O 

Valid / Data to be 
memory POKEd into A 
location. (0-255). 

PEEK 
Here A is a positive integer expression, variable, or constant which is equal 

to the memory location we wish to put the data D into. It varies from 0 to the 
highest memory location in your computer. D is a number or expression be­
tween 0 and 255 that you want to go into location A. 

For example: 

POKE 800,127 

causes memory location 800 to be filled with the value 127. The previous 
contents of location 800 are lost. And consider this: 

100 FOR 1=800 TO 1000: POKE 1,15: NEXT I 

This example causes memory locations 800 to l 000 to be filled with the 
number 15. We can say that POKE writes data into memory. 
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We can visualize the operation of POKE like this: 

IMM MEMORY 

1001----........,j.-- POKE PUTS THIS INTO RAM 
101 __ ___,MEMORY 

1021------1 103 __ _ 

104 ;::--__."'- PEEK TAKES THINGS OUT OF 
/105 RAM MEMORY 

ADDRESSES 1061------1 

The memory is visualized as a huge ladder of memory cells or locations. 
We can see that each location has a fixed address and can be made to contain 
any number between O and 255. 

The keyword PEEK does the complementary function of POKE. PEEK is used 
to read data from memory. PEEK is a function and therefore is used like this: 

X = PEEK(A) 

/ \ 
Variable to Memory location 
set to value to read. 
found in mem-
ory location A. 

Here the variable X is set to the value found in memory location A by 
PEEKing at A. Being a function, PEEK returns a value to a variable. The argu­
ment of PEEK is the memory address A, which may be an expression, vari­
able, or an integer constant. It must not exceed the memory range of your 
computer. 

For example: 

X=PEEK(4096) 

causes X to be set to the number found in memory location 4096. And: 

100 FOR l=0 TO 1023 
110 PRINT PEEK (I) 
120 NEXT I 

causes the contents of memory locations O to 1023 to be printed out on the 
screen. (We sometimes refer to this as a memory dump.) Note that PEEK(I) 
may appear alone in the PRINT statement just as if it were an expression. 
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By now you are probably wondering what is so special about direct mem­
ory access with PEEK and POKE. There are many uses, but we will cover three 
of the most common here. They include: controlling external devices, con­
trolling screen information (graphics), and setting option switches in the 
BASIC operating system. 

Controlling the External World With PEEK and POKE 

One of the more important uses of PEEK and POKE is in the manipulation 
of external hardware devices connected to the computer. Devices that may be 
hooked up to the computer include speakers, joysticks, lights, oscillators, aid 
and d/a converters, sensors, and so on. The way PEEK and POKE are used is 
based on what kind of hardware device is hooked up, and how the designer 
has implemented the "interface" between the device and the computer. In 
most cases the external device contains circuitry that decodes a unique fixed 
address of some memory location in RAM. We can think of the external de­
vice as just another memory location. PEEK will allow us to read any infor­
mation produced by an external device. POKE will allow us to send informa­
tion to an external device. 

For example, consider a speaker connected to the computer memory 
through an interface that simply pulses the speaker whenever the memory 
address it is attached to is POKEd from BASIC. 

POKE ANY 
VALUE INTO 

THIS LOCATION 
1102) AND THE 
SPEAKER WILL 

100 

MOVE OR CLICK I 06 

RAM 
MEMORY 

ONCE. 1-------i 

INTERFACE cq 

The interface is designed so that a "flip flop" hooked up inside the device, 
moves the speaker cone whenever the memory location is POKEd into with a 
value, or when it is PEEKed at. The action of PEEKing or POKEing to the 
location containing the speaker causes the cone to move regardless of the 
actual data PEEKed or POKEd. This is because the flip-flop is connected to the 
address bus of the computer. 

Because PEEK is somewhat faster in execution than POKE we can write a 
simple program that causes the speaker to click several times, and simulate 
the sound of a ball hitting a wall: 



100 X = PEEK(102)-PEEK(102)+PEEK(102)-PEEK (102)+PEEK(102)­
PEEK(102)+PEEK(102)-PEEK(102)+PEEK (102)-PEEK(102) 
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Here we alternately PEEK at location 102 ten times. Address 102 is the 
location that the speaker flip-flop decodes. The reason we alternately add and 
subtract the PEEKs is that we end up with X equal to zero. 

We can also make tones and melodies with the speaker by adding a little 
more programing. Suppose we wrote this program: 

100 FOR 1=1 TO 100: POKE 102,0; NEXT I 

This program will pulse the speaker 100 times by POKEing into location 
102. The result will be a medium pitched tone of about 1000 to 5000 hertz. 
We can see that the program can be expanded so the user could INPUT the 
length of the FOR ... NEXT loop to control how long the tone lasts (duration). 
Furthermore, we can place another delay inside the main loop to slow down 
the time between pulses. This will have the effect of lowering the tone, like 
this: 

100 FOR 1=1 TO 100: POKE 102,0: FOR J=1 TO 10: NEXT J:NEXT I 

Now the tone lasts longer and has a much lower pitch than before. 

Manipulating Screen Data With PEEK and POKE 

One particularly useful application of PEEK and POKE involves manipulat­
ing character and graphics on the terminal screen without using PRINT state­
ments. This technique is made possible on some computers which represent 
character positions on the screen in a special chunk of RAM memory called 
the "screen memory." In this method the computer automatically scans these 
memory locations, converts the contents to a specific ASCII character, and 
then displays the characters on the screen in a unique position. Computers 
that represent screen information in memory are said to be "memory map­
ped:' The memory containing the screen data can be visualized as shown in 
the next illustration. 

In this example memory locations O to 1919 hold the screen information. 
This is about 2K bytes of memory, which represents the upper limit that can 
be displayed on a standard video terminal without smearing from loss of 
bandwidth. The screen is usually organized as 80 columns by 24 rows for a 
total of 80 x 24 or 1920 characters. Although the screen is organized as rows 
and columns, the actual memory is organized as one long series chain of 
bytes. Thus every 80th memory location is the beginning of a new row on the 
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screen. Keep in mind that the scanning of the screen memory is done auto­
matically and is invisible to the user. 
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We can easily use POKE to put any character we want in any particular 
location on the screen from BASIC. For example suppose we want to draw a 
horizontal line of asterisks (*) on the screen, perhaps for a boundary. Assum­
ing the screen memory begins at 0, the code is: 

100 FOR 1=0 TO 79 
110 POKE l,ASC(""") 
120 NEXT I 

~ * * * * * * * * 
( THERE ARE ACTUALLY 80 

ASTERISKS HERE. 

Here the index of the FOR ... NEXT statement I is used as the address of the 
screen row. ASC("*") converts the asterisk character to its equivalent ASCII 
code so it can be stored in screen memory. The FOR ... NEXT loop causes 
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successive * characters to be stored in the first row of screen memory which 
automatically places the characters on the screen itself. 

If we wish to place a specific character on the screen using X-Y rectangular 
coordinates we can use statements that convert X and Y to values that access 
the proper memory location corresponding to the X-Y coordinate. Note that 
the actual screen memory may not start at location O as we have shown so 
far. In this case a base value B must be added to our results to offset the 
locations so they fall into the screen memory area: 

198 REM -C IS THE ASCII CODE FOR A CHARACTER 
199 REM-BIS THE BASE ADDRESS OF THE SCREEN MEMORY 
200 POKE B+(Yo80)+X,C 

This code POKEs the character code C into memory location specified by X 
and Y. Y determines the row and X determines the column in the row. 

Setting Controls and Options With PEEK and POKE 

In many computers PEEK and POKE are used to set various operating 
modes for BASIC and to obtain the status of certain functions. 

For example, in one particular computer, POKE 50,127 turns on the inverse 
video flag so subsequent characters sent to the screen appear in reverse video 
(black characters on a white background). POKE 50,255 sets the video back 
to the normal mode. POKE 33,Wl sets the width of the scrolling window 
according to the value of W1. POKE-16304,0 sets the computer to operate in 
the color graphics mode. 

Notice that in this last example, the address that the POKE instruction will 
affect is given as a negative number. This happens because of the fact that 
internally most computers represent numbers, so that the most significant bit 
in the number is used to store the arithmetic sign of the number. If it is a 
positive number, then this bit is a 0. If the number is negative, then the bit is a 
1. Since most computers also use 16 bits to store memory addresses, then the 
highest memory address that can be stored is 65,535 using all 16 bits. If 
however, the first bit is used to store the sign, then only 15 bits are left for the 
address itself. This means that the highest address that can be stored in 15 bits 
in 32,767. If we want to address memory locations that are above this using a 
signed integer, we must determine what negative number will result in the 
proper bits being on so as to represent the memory address. This is a some­
what difficult process, since most computers store negative numbers in a form 
called "twos complement." The point is that it can be done if you really need 
to PEEK or POKE into memory location above 32,767. 
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Thus, to access memory 42,000 with POKE you can write: 

POKE 32767 -42000,1 

In using POKE to control software options, the internal software continually 
checks the various bytes in memory that have been set by POKE, and uses the 
value found there to control certain routines while the computer operates. 
The POKE, in essence, turns a software switch on or off, or provides a certain 
parameter that is used in the computer's internal processing. 

PEEK has similar uses, but is mainly used for checking the status or value of 
some external or internal event. For example, in a certain computer 
PEEK(-16384) reads the keyboard and returns the ASCII equivalent of the key 
pressed. This way no carriage return is needed in a program that accepts 
keyboard entry (good for programs for children to keep input simple). 
PEEK(-16336) toggles the external speaker attached to the computer, and 
X= PEEK (-16286) reads an external push-button switch on the game paddle 
and if X is greater than 7.27, it m~ans the switch was pressed. 

These uses of PEEK and POKE suggest that our programs can communicate 
even more actively with the intended user, and provide a more exciting and 
"earthy" computer interaction. 

INP, OUT AND WAIT 

Certain computers that are built around the Intel 8080 and Zilog Z-80 mic­
roprocessors have special input and output locations called 1/0 ports. The 
purpose of the 1/0 ports is to provide a method for communicating 8-bit data 
from the computer to and from the outside world. Other computers use 
memory mapped 1/0 which means any memory location can serve as an 1/0 
port. The port approach is actually a special page of 256 addresses in mem­
ory. The chip is designed so that the hardware engineer can decode these 
special addresses and easily hook up various devices to them such as 
keyboards, external displays and lights, d/a and aid converters, speakers, and 
so on. 

In order to access these ports from a BASIC program two special keywords 
called INP and OUT are provided. INP is a function statement which accepts 
an integer byte argument (0-255) which specifies the port, and returns an 8-bit 
value from the port. The value of the 8 bits is determined by what kind of 
device is connected to the port, and how many bits are being used. As an 
example of INP, imagine an analog to digital converter (ADC) which is 
hooked up to port 255: 
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------- VOLTAGE (+SV) 
PORT 

~1 MEMonv -------
ADC 

255 INP A TOD 
CONVERTOR 

(ONLY THOSE ------- \ LOCATIONS DECODED \ BY AN ACTUAL -------
DEVICE ARE SHOWN 

AS REAL LOCATIONS) 8-BITS IS READ ANALOG INPUT TO ADC 
FROM ADC WHEN IN THIS EXAMPLE IS A 

INP (255) IS EXECUTED POTENTIOMETER 

At the input of the ADC we have attached a potentiometer (pot) to a voltage 
reference and the wiper is connected to the ADC single input. Varying the pot 
shaft changes the input voltage to the ADC and the ADC produces a varying 
digital output in response to this. 

If we write the statements: 

100 PRINT INP(255) 
110 GOTO 100 

it will cause the computer to read the output of the ADC and PRINT this value 
on the terminal over and over. As we vary the pot shaft the number displayed 
on the screen should change in step. We now have a neat way to input posi­
tion information from a user to the computer program. BASIC could use this 
result to move an object on the screen, change the rate of some process, etc. 

In BASIC, OUT performs the complementary function of INP, that is, OUT 
is a statement that sends an 8-bit value in the range of Oto 255 to a specified 
output port in the range 0 to 255. For example, consider a DAC (digital to 
analog converter) connected to port zero of the computer, with a speaker 
attached to its output. The DAC takes an 8-bit digital value from the port zero 
and converts it into an equivalent voltage. Thus, depending on how the value 
sent to the DAC varies, we can make the speaker vary to make sounds. 

In this example we could make a tone by writing the code: 

100 1=1 
110 OUT 255,1 
120 l=-1 
130 OUT 255,1 
140 GOTO 100 

This will make the computer OUT put alternately a + 1 and a- -1 to the 
DAC and will result in a square wave coming from the speaker. Other uses for 
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OUT can be devised in a similar manner. For example, a simple pure tone 
could use the SIN function like this: 

100 FOR 1=0 TO 2°3.14159 STEP. 01 
110 R=SIN(I) 
120 OUT 255, R 
130 NEXT I 
140 GOTO 100 

Some computers use a third keyword, WAIT, in addition to INP and OUT. 
The purpose of WAIT, as the name implies, is to cause the program to wait 
until an external device has reached a certain state. This is useful, for exam­
ple, if a device cannot input information as fast as the computer can read it. 
Usually in this case the device will set a "flag" when it is ready to have its 
information read using an INP statement. A flag can consist of a single bit set 
in a particular input port. Let's assume this flag is the third bit from the right in 
port 255. The WAIT instruction will then have the form 

WAIT 255, 4 

Here 255 is the number of the port, (just as in an OUT statement), and the 4 
is a number which will be logically ORed with the value read in at port 255. 
In this case, since 4 has a binary value of 00000100, only the third bit from 
the right will be examined by the WAIT statement. If the result is 0, then the 
WAIT statement is repeated. It will be repeated until the bit changes to a 1, at 
which time the program will go on to the statement following the WAIT. 
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To understand the CALL (or USR) statement we must first realize that there 
is a second kind of programming language available to the microcomputer, 
that is different than BASIC. This second language is the one that operates the 
microprocessor chip itself. This second language has its own special instruc-

To solve this problem 
\ • 11 have to CALL m!J 
friend the machine 

la"9ua9e subrovtine 

CALL 

0 
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tion set, rules of usage and formatting conventions. The language is referred to 
as the "machine language" of the computer. It uses special codes and in­
structions that look like this: 

To the computer this means "load the accumulator register inside the mic­
roprocessor with data (8-bits) that is located at memory address FOOD (where 
FOOO is a hexadecimal address which equals 61440 in decimal)." There are 
other machine language instructions for the microprocessor, and these allow 
8-bit data to be moved back and forth between registers inside the microp­
rocessor, data to be placed in memory or read from memory into the microp­
rocessor, simple binary arithmetic to be performed, and so on. In essence, the 
machine language program controls the elementary logic of the microproces­
sor operations. 

Machine language programs allow us to do things that would be very 
difficult, if not impossible, to do with BASIC alone. A machine language pro­
gram resides in an area of memory that is not occupied by BASIC. It has a 
starting address somewhere in the free memory space not used by BASIC and 
is treated like a special form of subroutine. 

The machine language subroutine has its own return statement which is 
usually designated by the instruction RET. What CALL does is provide a way 
for us to branch out of BASIC and execute a specific machine language sub­
routine. The machine language program does something special until it finds 
the RET instruction which is usually at the end of the program. RET tells the 
computer to transfer control back to BASIC and exit from the machine lan­
guage program. BASIC begins executing again as if nothing happened. The 
format of the CALL statement is something like the GOSUB statement: 

/LL(expr) 

This says This is the 
branch to address of the 
the machine 
language program 
starting at address 
given by exp,. 

machine language 
program. 

The expression expr represents the memory address of the beginning of the 
user's machine language program. It may also be the address of a machine 
language program provided in the systems firmware or monitor. This means 
you can take advantage of the many machine language utility subroutines that 
are available in the operating system of the computer. As an example of how 
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to visualize the CALL statement imagine you want to use a machine language 
subroutine that begins at memory location 10 and then later in your BASIC 
program you want to use one that begins at location 20. The sequence might 
look like that shown in the next illustration. 
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BASIC PROGRAM 
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CALL\-

~ 
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I 
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I 

RET 
I 
I 
I 
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10 
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What we have here are two machine language subroutines located in 
memory, one starting at location 1 O and the other starting at location 20. The 
BASIC program executes one statement at a time until the first CALL is found. 
Then the CALL 10 statement sends the computer off to execute the machine 
language program that starts at location 10 in RAM (or ROM in some cases). 
None of the variables or arrays are changed in the BASIC program, and their 
values are automatically saved by BASIC when it leaves the main program. 
The machine language program then operates and performs its specific func­
tion (which we will describe soon). When the RET is encountered the control 
is sent back to the next statement after the CALL in BASIC. The second CALL 
20 works in the same manner. 

What CALL Can Do 

What can we do with the CALL statement and the subroutines it can ac­
cess? There are literally hundreds of uses for machine language programs and 
we will outline just a few of the more popular uses here. 

Because of its microprocessor controlling capabilities, machine language 
programs can do things extremely fast. One typical use is in producing fixed 
time delays from microseconds to seconds, minutes, and hours. You can, for 
example, write a machine language program that simply goes into a loop for a 
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specified period of time when it is called from BASIC. The delay could be 
used for controlling some external event, like how long a process works, mak­
ing musical tones which have a precise frequency depending on the delay 
time, and so on. 

A simple delay program, written in the machine language of the 8080, 
might look like this program. Its function is to simply loop for exactly 256 
times. Since the microprocessor instructions execute at a precisely defined 
rate that you can look up on a data sheet, we can precisely know how long 
the loop takes by multiplying the instruction time by the number of cycles it 
operates. The code would look like this: 

0010 MVI A,255----This machine language program starts at memory 
LOOP: DEC A address 16 decimal (0010 hex). 

JNZ LOOP 
RET 

This says load the accumulator register inside the microprocessor with the 
value 255, decrement the accumulator with DEC by 1, and then jump to the 
label LOOP if the accumulator is not zero yet. This causes the same series of 
instructions to execute until the value in the accumulator is decremented 
down from 255 to 0. When O is finally reached, we skip to the next instruc­
tion after the JNZ which, as it should be, is a RETurn. 

We have looked up on our microprocessor data sheet that the instructions 
in the main loop (DEC and JNZ) take the total of 7 .5 microseconds with a 2 
MHz clock frequency. Thus the loop takes 7.5 microseconds x 256 loop 
cycles which equals 1930 microseconds, or 1.9 milliseconds. The MVI in­
struction takes 3.5 microseconds and the RET takes 5 microseconds so the 
total time to execute the loop is 1930 + 3.5 + 5 which equals 1938.5 mic­
roseconds. We have to add the time it takes to make the CALL itself which is 
about 25 to 50 microseconds. Thus the total delay time is fairly close to 2000 
microseconds, or 2 milliseconds. 

Now if we want to produce a 2 millisecond pause in our BASIC program 
we could write: 

100 CALL (16) 

and the program would stop for about 2 milliseconds. We could increase the 
delay time easily by putting the CALL (10) statement in a loop. For example 
consider you want a delay of one second. This would do it: 

100 FOR 1=1 TO 500: CALL (16): NEXT I 
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Now the CALL statement is executed 500 times which gives an overall 
delay of about 500 x 2 mS, or 1000 ms which is one second. Actually the 
time will be slightly larger than this because the FOR ... NEXT instruction takes 
up time independently of the machine language program. 

To see how the delay program is useful, let us suppose that we have a 
speaker hooked up to a memory mapped 1/0 port so when we address the 
memory location it causes the speaker cone to move once. We can use 
POKE(-16336), where -16336 is the address of the speaker port, to make 
the cone move once. We can then put this statement inside the loop we wrote 
and the CALL will control how long the delay is between successive POKEs at 
the speaker, or the overall frequency: 

100 FOR 1=1 TO 500: POKE -16336,0: CALL (16): NEXT I 

This should begin to give you an idea of what we can do with the CALL 
statement. However, you can use CALL and never write a bit of machine 
language program. What can be done is this. We can use CALL to access a 
machine language program that is provided within the system monitor. The 
manufacturer will usually document the address of various subroutines of the 
utility type so that you can CALL them from your BASIC program. These utility 
routines consist of programs that home the cursor and clear the screen, clear 
the cursor from end of page or end of line, produce a line feed, scroll up or 
down one I ine of text,· and so on. What actually happens when the call is 
made is that the address in the CALL specifies a utility machine language 
subroutine that performs the desired function without your doing anything. 
Exit is like in the normal CALL. For example, to clear the screen normally we 
would have to issue a succession of PRINT statements that caused enough 
line feeds to move any text off the screen, like this for a 24 line screen: 

100 FOR 1=1 TO 24: PRINT:NEXT I 

Look how much simpler this is with a CALL: 

100 CALL (-936) 

Not only does this clear the screen, it also homes the cursor to the top left 
corner of the screen. The previous statements left the cursor at the bottom left 
corner. 

Not all versions of BASIC use the CALL statement to access machine lan­
guage programs. Although the operation of CALL is certainly easy to under­
stand, it is somewhat inflexible when you wish to "pass" variables back and 
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forth between the machine language program and the BASIC program. Pass­
ing variables is done when you wish to do things to a value that BASIC can't 
do; for example, you might want to pass the time of day to a machine lan­
guage program that then puts the data into a hardware clock in the computer. 
A BASIC statement more suited to passing data is called USR (pronounced 
user). USR performs differently than the CALL statement. The format of USR 
is: 

y = USRn(x) 

Here "n" is a digit in the range of Oto 9. This corresponds to a similar digit 
supplied by another statement called DEF USR. (In some BASICs this is called 
USERLOC. We'll use DEF USR for now.) The purpose of DEF USR is to supply 
the starting address for a particular USR. More on DEF USR in a second. The 
"x" in USR is called the "argument." It can be an expression or a numeric or 
string variable. Its value gets "sent" or passed to the machine language pro­
gram that you call. How it gets passed and where it ends up is a function of 
the particular BASIC you are using and the microprocessor it is implemented 
for. Consult your manual for this. The value "returned" by the USR function 
ends up in the variable to the left of the equal sign, in this case the "y." 
Usually it is the same "type" (string or numeric) as the argument passed by 
USR. 

The format of DEF USR is: 

where "n" is a digit in the range of 0 to 9 that corresponds to the digit "n" 
used in USR. This means there can be up to 10 individual USR statements in a 
single program. The value "startaddr" is the starting address of the machine 
language program USRn. Thus, DEF USR tells "where" to branch to when the 
USR instruction is encountered in the program. Usually startaddr is an integer 
in the range of 0 to 65535. 

An example of USR would be: 

100 DEF USR3=24000 

500 M=USR3(Z+2) 
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Here statement 100 says that machine language routine number 3 starts at 
address 24000 decimal. Then line 500 "calls" this routine, sending the value 
of Z + 2 to the routine. The routine would, of course, have been set up previ­
ously by the program, either being POKEd in with DATA statements or 
BLOADed off the disk into memory. The routine then executes and does 
something with the value of Z+2. The resultant value is sent back to the 
BASIC program and put in variable M in line 500. 

The proper use of USR requires a firm understanding of machine language 
programming, so you should use it with caution. You can, of course, use the 
USR function without passing variables. In this case the variable to the left of 
the equal sign would be a "dummy," as would the variable in the argument. 
Dummy means it's not used by the program but still must appear in the state­
ment for it to work correctly. 

CSAVE AND CLOAD 

One of the problems with small computers of today (and for that matter all 
computers that use volatile random-access storage) is that when you turn the 
power off, your program stored in random-access memory is lost. This is be­
cause RAM memory requires electricity to maintain its state-power must 
constantly be applied to the memory circuits to "hold" up its state. What is 
really needed is some form of permanent storage media, one that would allow 
us to put a long BASIC program on it and then take it off at any later time. 
Historically, the first form of permanent computer storage was paper tapes. 
These were long delicate ribbons of paper which contained holes punched in 
a specific order that the computer could understand and convert back to a 

SAVE 

stSAV 
p~am 

nent 
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program. Today most manufacturers use magnetic media for storing computer 
programs. There are two popular devices that use magnetic storage-cassette 
tape recorders and floppy disks. The current state of the floppy disk technol­
ogy is that it is a rather significant expense in the overall computer system. A 
typical floppy disk drive costs about $500 to $1200 depending on its size and 
speed, while a "garden variety" cassette tape recorder costs under $40. And 
cassette tape is also inexpensive and also easy to find. So naturally most small 
computers for the home come with cassette tape recorders either built in or 
the computer has connectors for hooking up an external recorder you pro­
vide. 

In order to use the cassette storage functions, BASIC provides two simple 
commands: CSAVE and CLOAD. CSAVE works like this: 

CSAVE "prog name" 

t 
Not all computers 
allow a program name. 

The CSAVE command causes the current program in memory to be stored, 
or written, on the cassette tape. In some computers the program can be as­
signed a special name so that it can later be read into the computer memory. 
A name also allows us to store several programs on a single tape and then 
have the computer retrieve only the one we specify. 

The complementary function of CSAVE is the CLOAD command which 
looks like this: 

CLOAD "prog name" , 
Not all computers 
allow a program name. 

The CLOAD command causes the program called "prog name" to be re­
trieved from the cassette tape and loaded, or read, into the computer's RAM. 

In both cases the user will have to start the tape recorder with the levers 
and switches in the right state before the command is implemented. Some 
computers will automatically search for a certain program you have named; 
others require that you locate the program on the tape and then start the 
recorder in the proper mode. If you have to locate the program yourself, then 
it means that you will have trouble storing programs that are long and require 
using different subprograms. In other words, it is difficult to make programs 
that have different parts which easily merge together if you do not have the 
"program name" option available on the recorder commands. 
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INTO RAM MEMORY. 
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The way CSAVE and CLOAD are used in the development of a BASIC pro­
gram is like this. First you write your BASIC program and then enter it into the 
computer from the keyboard. You check that it operates properly and get all 
the bugs out. Now with the program you want to save in memory, you put a 
fresh tape in the cassette recorder, then start it in the record mode. At the 
computer you type the word CSAVE, followed by an optional program name 
you make up. Now when you press the carriage return key on the computer 
the circuits will detect what you want done, and begin to convert the program 
in memory into a series of tiny electrical impulses and send them to the cas­
sette recorder. 

The electrical impulses are like the holes punched in a paper tape; they 
carry information in the way they are ordered on the tape. But instead of 
being large holes, the impulses create extremely tiny magnetic areas on the 
cassette to align in certain patterns; therefore, we can store very large pro­
grams on very small amounts of tape. In fact, for a reference, typically an 8K 
byte BASIC program can fit on less than 10 feet of cassette tape. 

Because there are thousands and thousands of impulses to store in a typical 
program, it is easy for a program to miss a bit of code, or pick up noise on the 
tape itself, which all serves to make the copy of the program wrong. If we try 
to read it back into the computer it may not run if it has bad information in it. 
The way around this is that most manufacturers include an error-checking 
method in the circuits that CSAVE and CLOAD data. The error checking works 
by adding up in a special manner all the bits that are stored so that when the 
program is finished, a unique identifying number results. Then the computer 
takes this number and puts it on the tape at the end of the program area. Now 
when the program is to be read back into memory with CLOAD, the compu­
ter takes all the incoming impulses and adds them up again. It then compares 
the new sum with the one that was stored on the tape. If they agree then there 
were no errors when we read or stored the program. If the check sum is 
different, then an error occurred either when we loaded the program or when 
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it was originally saved. If the error occurred when we originally saved the 
program, we must save it over again. If the error was a read error, that is 
something that went wrong when we CLOADed the program, then we must 
try to CLOAD it again. Usually, you must carefully adjust the volume and 
tone controls on the tape recorder to make sure the tape is properly read. 
When you read a program back into memory from tape, it destroys the pro­
gram currently in memory, so it is important that the program is saved right 
the first time. One way people usually get around this problem is to make two 
or three copies of a program in one shot. Since CSAVE is a command that can 
also be used as a statement, you could type CSAVE:CSAVE:CSAVE and the 
computer would record the program in memory three times on the tape. An­
other thing found on a cassette tape circuit is the ability to write a "header" 
that contains the program name for identification. The computer can search 
through the tape until it finds the correct program name and then read the 
program itself into memory. 

Some machines place a one or two second "leader" tone on the tape be­
fore the actual program data. This leader tone is used to get the circuits in the 
computer synchronized with the information on the tape itself. The leader 
tone guarantees that the computer will lock onto the incoming data stream 
when it occurs. 

A drawing of how a BASIC program appears on the cassette tape is shown 
in the next illustration. 

LEADER TONE PROGRAM 
NAME 

BASIC PROGRAM 

42 

I 
CHECKSUM BEGINNING 

OF ANOTHER 
PROGRAM 

In the floppy disk we don't have to be concerned about not getting a good 
copy of our program. This is because most floppies have such good circuits 
and low error rates. Also, the floppy will store a program very fast and load it 
back into RAM just as fast. Typical load time for a 8K byte BASIC program 
from floppy disk is under one second. The commands SAVE and LOAD are 
used with floppy disk instead of CSAVE and CLOAD. 

BASIC COMMAND AIDS 

Perhaps this section should just be called "making life easier on the compu­
ter." Given the fact that there is substantial power resting under our finger tips 
in the way of the internal processing ability of the computer, manufacturers of 
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BASIC have developed several commands for helping in the program devel­
opment stage. These commands vary from computer to computer, but for the 
most part they are much alike. Of all of the commands, only NEW is really 
necessary, so let us begin with it. 

NEW or SCRATCH 

The purpose of the NEW or SCRATCH command is to completely remove 
(erase) the current BASIC statements in memory. Recall that you can have 
only one program in memory at a time (not counting any machine language 
programs). Therefore, there will be times when you need to erase the old 
program and enter a new program. NEW, when typed in at the command 
level, causes every statement and line in the computer to be removed or 
scratched. Some versions of BASIC call the NEW command SCRATCH or just 
SCR. 

Usually you use NEW after you have made a copy of the BASIC program 
you are working on (remember CSAVE). Once you have a copy CSAVEd you 
can use NEW to enter and develop a new program. 

NEW is also used when you are just trying some simple statements out, 
perhaps for practice or teaching. 

AUTO 

Line numbers may be generated automatically by the AUTO command. 
What AUTO does is provide automatic insertion of line numbers when you 
are entering program lines into the computer. AUTO saves you having to type 
a line number manually. It is useful when you have a long program to enter 
and already know what the line numbers are to be. The format of AUTO is: 

AUTO initial line, Increment 

/ \ 
This tells what line This says what spacing 
number to begin with. to use between lines. 

As an example, suppose you want line numbering to begin at 100 and have 
an increment of 10: 

AUTO 100,10 
100 INPUT X,Y 
110 PRINT SQR(X/\2 + Y/\2) 
120 C 
OK 

AUTO will continue to number automatically until a Control/( is typed, 
which will return BASIC to the command level. If the initial line is omitted, it 
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is assumed to be 10; and if the increment is omitted, it is also assumed to be 
10. For example: 

AUTO 
10 PRINT "THIS IS A TEST" 
20/\C 
OK 

What if AUTO generates a line that already exists in a program currently in 
memory? Usually the computer will print an asterisk, warning the user that 
any input will replace the existing line. 

CLEAR 

CLEAR is the BASIC command that sets all program variables to zero. You 
would use CLEAR when you are developing a program. After the program is 
test run, the variables assume certain values that are not what they were when 
the program started. Now if you want to return the program and have all the 
variables reset to zero, you will have to type CLEAR, before you type RUN. 
On some computers typing RUN also clears all variables to zero. Of course, it 
is good programming practice to make all variables start out at their initial 
values inside the program itself. You can do this before you execute any pro­
gram statements that use the variables. 

For example, if you see statements like this at the beginning of a program 
you can be almost sure that variables are set by the program: 

10 LET A=0: LET B1 =0: LET Z=0 

The command CLEAR expr is used to set the string space to the value spec­
ified by the expression expr. The string space is the amount of memory set 
aside by BASIC to hold the total length of any and all string variables and 
constants in the program. Usually string space defaults from 50 to 100 bytes 
when BASIC is first used. You should not confuse setting aside string space 
with DIMensioning a string array. DIM simply allocates space for string ar­
rays. CLEAR expr sets aside string space for undimensioned strings, strings that 
do not use arrays. 

FRE(0) 

If you type the command FRE(0) (on some computers the command MEM 
does the same thing) BASIC will print out how much memory space remains 
unused by the program currently in memory. This is useful if you want to 
know how much memory your computer has before you start to write your 
program, and will also let you figure out how large your program is. 
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For instance, if you have a program named "BIGPROG" on a cassette tape, 
the following sequence of commands will tell you how long the program is: 

NEW 
PRINT FRE(0) 
14510 
CLOAD"BIGPROG" 
OK 
PRINT FRE(0) 
1105 

Now you know that BIGPROG must be 13405 bytes long, because with no 
program in memory there are 14510 bytes of free space, and after you load 
BIGPROG there are only 1105 bytes left. The difference, 14510 less 1105, is 
the size of the program. Actually, a program will use some more bytes when 
you RUN it, for storing variables, so that just because a program fits in mem­
ory when you first load it, doesn't necessarily mean that it will fit when you 
start to run it. Also, if you reserve space for strings, this will be subtracted 
from the available memory. 

CONT 

CONT is a BASIC command that means CONTinue. Its purpose is to con­
tinue program execution after a Control/C has been typed or a STOP or END 
statement was executed. When CONT is typed execution resumes at the 
statement where the break occurred. 

CONT is useful in debugging, especially where an "infinite loop" is sus­
pected. An infinite loop is a series of statements from which there ·is no es­
cape. Typing Control/C causes a break in execution and puts BASIC in the 
command level. Direct mode statements (such as PRIND can then be used to 
print out intermediate values. Execution can then be restarted by typing the 
CONT command, or by executing a direct mode GOTO, which causes 
execution to resume at the specified line number. However, if you change the 
program or the variables and try to CONT the program you will get a CANT 
error. 

Some BASICs call the CONT command just CON. The manual with the 
BASIC language will explain the proper way. 

DELETE 

DELETE is for eliminating specific lines from your program. We have 
learned already that you can eliminate any line in a program by simply typing 
the line number and following it with a carriage return. DELETE allows us to 
eliminate several successive lines at one time. The most general form of DE­
LETE is: 
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DELETE beginning line number-ending line number 

This form of DELETE will make the computer eliminate all lines from the 
specified beginning line number to the specified line number. You can also 
type: 

DELETE-line number 

This will delete all lines of the current program, from the beginning line of 
the program to the specified line number. 

In some computers the DELETE command is just DEL. Whatever the case, 
be careful when using DELETE so that you do not accidentally delete your 
entire program. 

EDIT 

The EDIT command allows editing of a specified line without affecting 
other lines. The EDIT command usually has a powerful set of subcommands 
that allows the deleting of only specified items of text in a line, or the inser­
tion of specified text, or the replacement of specified text with other text. 

On some computers, instead of EDIT cursor control editing is provided. 
Instead of using special subcommands, cursor editing allows you to position 
the cursor with keyboard keys over text you wish to alter and directly type 
over the old text. You can then copy the old text by moving the cursor 
through the rest of the statement line. Cursor editing is easier to use, but is not 
as powerful as command editing. 

RENUM or REN 

The RENUM command allows all your program lines to be "spread out" so 
that a new line or lines may be inserted between existing lines. We use 
RENUM when a program has lines in it which are too close together, or 
simply do not follow any order. The format of RENUM is: 

RENUM start.Initial line, Increment 

Here start is the new number of the first line to be resequenced. If start is 
omitted it is assumed to be 10. Initial line is the line number at which re­
sequencing will begin. Lines less than the initial line will not be renumbered. 
If the initial line is omitted, the whole program will be resequenced. Incre­
ment is the value of the increment between lines to be resequenced. If incre­
ment is omitted, it is assumed to be 10. Some examples of REN UM are: 
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RENUM Renumbers the whole program to start at line 10, with an in­
crement of 1 O between line numbers. 

REN UM 100,100 Renumbers the whole program to start at line 100 
with an increment of 100. 

REN UM 6000,5000, 1000 Renumbers ~he lines from 5000 up so they 
start at 6000 with an increment of 1000. 

With REN UM, all line numbers appearing after a GOTO, GOSUB, ON ... 
GOTO, ON ... GOSUB will be properly changed to reference the new line 
number. 

Note that REN UM cannot be used to change the order of program lines (for 
example, REN UM 15,3 when the program has three lines numbered 10, 20, 
and 30), nor to create line numbers greater than the maximum permitted in 
your version of BASIC (65529). 

Also, if a line number appears after one of the statements above but does 
not exist in a program, an UNDEFINED LINE XXXX IN YYYY will usually be 
printed. 

Debug Commands 

Whenever you write a program you will undoubtedly discover that the 
program does not work exactly as you planned. This may be discovered when 
the program runs and produces an error message instead of what you ex­
pected. Most of the time the error messages are sufficiently informative to let 
you find the error and correct it. For example, the message *** REOIMEN­
SIONED ARRAY is fairly self explanatory and means you have attempted to 
redimension an array that was previously dimensioned. So all you have to do 
is find the second DIM statement in the program and eliminate it (unless, of 
course, it was purposely redimensioned; in which case you have to figure out 
another way to accomplish the goal). But often we get errors that are not so 
easy to find and fix. Things like a program that keeps branching to the wrong 
location and produces a secondary error because of this. Or errors due to 
using several levels of nested loops and having the wrong index on the asso­
ciated NEXT statements. 

To solve these kinds of problems BASIC provides several special commands 
called the "debugging" commands. The number and type of the debugging 
commands varies with different computers, but there are several commands 
that are fairly typical and appear on many of the home computers, including: 

TRACE(or TRON)----'---Tums on a "trace" flag and prints every line number 
the program executes. 

NOTRACE (or TROFF)--'----Tums off a trace flag. 
DSP X & NODSP X) Turns on and off a "display" flag which prints the 

line number and value of variable X wherever it is 
executed in the program. 
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Trace and Notrace (TRON and TROFF) 

TRACE (called TRON in some BASICs) is a command that places the com­
puter in the tracing mode. What TRACE does, in effect, is cause the computer 
to print every line number that is encountered as the program executes. Be­
cause the line numbers appear along with all the normal information the 
program displays, brackets around the line numbers tell us that they are line 
numbers. So what TRACE does is follow the program flow as it executes, 
showing you how the branches are made and to where the program is being 
directed. In essence, the trace is like a running road map of the line numbers 
the program is following as it cycles along. You can use the line numbers to 
check that the program is following the course you expect. 

For example, suppose you have this program and find that it is hanging up 
somewhere and not completing its function. What we do is type TRACE 
which places the computer in the trace mode and then type RUN to start the 
program. Here is what happens: 

TRACE 
RUN 
{1} {5} {10} {50} {60} {70} {100} {110} {120} {100} {110} {120} {100} {110} 
{120} {100} {110} {120} {100} {110} {120} {100} {110} {120} {100} {110} 
{120} {100} {110} {120} {100} {110} {120} {100} {110} {120} {100} {110} 
{120} .............. . 

What we can tell from this display of trace is that the I ines 100, 110, 120 
keep repeating over and over. We only showed a portion of the TRACE, but 
you would eventually see the screen full of the numbers 100, 110, and 120. 
This obviously points to the fact that the program is caught in an "infinite 
loop," repeating the same code over and over. TRACE has pointed to the lines 
at fault, so we can use LIST to examine the code like this: 

LIST 100-120 
100 1=1+2 
110 IF 1=9 THEN RETURN 
120 GOTO 100 

Take a close look at the program. The variable I is incremented by 2, tested 
for being equal to 9, and if it is RETURN. If it is not equal to 9, it loops back 
to line 100 and increments again. That seems fine, but what if the value of the 
index I was an even number like O or 2 when the loop started. The values of I 
would be 0, 2, 4, 6, 8, 10, 12, 14, etc. Because the index I never equalled 
exactly 9, the loop repeated way beyond what we wanted. All we have to do 
to fix things is to change the comparison inside the IF ... THEN statement so 
it causes a branch if we exceed the value of 9, like this: 
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110 IF I= >9 THEN RETURN 

Now we have solved a program "bug" with the aid of the TRACE mode. 
Since we are done and do not want the line numbers caused by TRACE any­
more, we use an associated command called NOTRACE (or TROFF in some 
BASICs). 

NOTRACE simply turns off the TRACE flag and stops the generation of line 
numbers to appear on the screen. 

There are other similar uses for TRACE, but all fall into the area of tracing 
the path of the program execution as the program runs. 

DSP 

The DSP command, pronounced DSPlay, is used to print out the actual 
value of a variable and the line number where it is executed. The format of 
DSP is: 

DSP var 

where var is a variable which appears in the program and which is to be 
displayed. What variable does is cause the line number and the value of var 
to be printed out each time the computer finds it in its execution path. What 
this does is allow us to see how the values of some variables are changing 
without using a separate PRINT statement for it everywhere it appears in the 
program. 

For example, in our previous "infinite loop" program section we could 
have typed, DSP I and run the program to cause this effect: 

DSP I 
RUN 
100 1=2 
100 1=4 
100 1=6 
100 1=8 
100 1=10 
100 1=12 

Here we see how DSP works. The value of I and what it equalled each time 
it was incremented was printed out in a long column. Note the printing of I 
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would continue until we got an overflow error or stopped the computer with 
a Control/C. 

Now it is obvious that the variable I never equalled the value of 9, and we 
can fix the program even faster. 

We often use DSP as a statement rather than a command. For example: 

999 DSP X 

when line 999 is executed the DSPLAY flag will be turned on and all sub­
sequent lines where the variable X appears and actually changes the value of 
X or redefines it, will be printed out. 

When we want to turn the display flag off we use NODSP var, where var is 
the same variable that appeared in a previous DSP command or statement. 
There is no limit to the number of DSP commands or statements you have in 
effect at the same time. Since the variable is actually printed out with the 
value, we can tell commands from statements. In the case of several DSP 
commands the variables following them will be printed in the order in which 
they are executed. Thus you will get a mix of variables in the display and will 
have to visually sort them out. Sometimes we forget where the DSP statement 
appears inside a program, and this makes turning the DSP flag off rather 
difficult. That is why it is better to keep the DSP as a command rather than a 
statement. No.te also that RUN clears the DSP mode, so to restart a program 
without turning DSP var off, use a GOTO or CONT command in the im­
mediate mode to start the program up again. 

VIDEO PLOTTING WITH TAB 

We can do some pretty neat graphing with TAB and equations. For example 
suppose we wanted to print out a simple equation such a Y=X. Consider that 

BASIC COMMANDS 
ma Ke wot\de.\".f v\ 

~YO'jramrnin9 ! 
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the X axis is down the screen (0 is at top) and the Y axis is across the screen (0 
at the left). Now consider what happens with this program: 

10 FOR X=1 TO 15: Y=X 
20 PRINT TAB(Y) "•" 
30 NEXT X 
RUN 

Here we have a FOR ... NEXT loop which increments through 15 values 
of X. The variable Y is set to equal the value of X and then we TAB Y spaces to 
the right and print an asterisk character. Since the equation is Y=X we get a 
slanted line. Although the slant isn't 45 degrees as would be expected, we still 
get a straight line. The reason the slant isn't 45 degrees is because the vertical 
spacing on the terminal doesn't equal the horizontal spacing. Usually there 
are two to three times as many horizontal column positions as there are verti­
cal positions. The typical terminal or crt screen is 80 columns by 24 lines, as 
shown in the illustration at the top of page 190. 

Frequently we see formats of 40 by 40, 64 by 24, and so on. The point is 
that the spacing is not equal and there will be some distortion in your graphs. 

In the example Y=X we have a "linear" equation. Linear equations pro­
duce straight lines of different angles and different offsets on the screen. But, 
we also can print curved-line graphs. Consider the equation Y=X*X/10. Can 
you tell how the RUN of this program would look? 

10 FOR X=1 TO 10 
20 Y=X"X/10 
30 PRINT TAB(Y) "•" 
40 NEXT X 

What happens is that the equation Y=X*X/10 generates decimal fractions 
between O and 10. When X is 1, X* X/10 is 0.1 and because we can only tab 
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0.79 

23.0 23,79 

an integer number of spaces, TAB(Y) is zero. A table of the values of X, 
X*X/10, and TAB(Y) are as follows: 

X Y (X*X/10) TAB (Y) 
1 0.1 0 
2 0.4 0 
3 0.9 0 
4 1.6 1 
5 2.5 2 
6 3.6 3 
7 4.9 4 
8 6.4 6 
9 8.1 8 

10 10.0 10 

A RUN of the program produces this graph: 

What Is Your SIN? 

NOTE HOW THE PLOT SEEMS 
/ TO CURVE TO THE RIGHT. 

We can take advantage of some of the more powerful BASIC numeric func­
tions in our graphing. For example the trigonometric functions SIN, COS, and 
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ATN may be easily used to create harmonic curves for biorythms, music 
analysis, modulation studies, and so on. Let us consider the SIN function that 
we learned earlier produces the trigonometric sine of the angle specified as its 
argument. So we could use the formula Y=SIN(X) to calculate the value of the 
Y coordinate we want to TAB out to. Since X is expected to be in radians 
rather than degrees for the trig functions, we will make X vary from Oto 6.28 
which is one full circle in radians. We will use a FOR ... NEXT loop with a 
variable STEP size to control the number of points of the curve that are displayed. 

To make things even more interesting we will make the string that gets 
PRINTed out a message. Remember this message can be any characters on the 
keyboard you wish. Here is the program: 

0 REM - SIN CURVE 
10 INC=.3 
20 FOR X=0 to 6.28 STEP INC 
30 Y=SIN(X) 
40 Y=V-20+20 
50 PRINT TAB(Y) "MITCH" 
60 NEXT X 

Note that we changed Y in statement 40 to Y* 20+ 20. This is because 
Y=SIN(X) produces decimal fractions between -1 and +1 and we cannot 
TAB a negative number of spaces. So we simply multiply Y by 20 so the 
numbers are - 20 to + 20 and then add 20 so the numbers are offset to 0 to 
40. Since the screen width varies with different BASICs we could increase the 
width to 80 by writing Y=40*Y+40. 

Here is a RUN of the SIN CURVE program. 

MITCH 
MITCH 
MITCH 

MITCH 

MITCH 

MITCH 

MITCH 

MITCH 
MITCH 

MITCH 
MITCH 

MITCH 
MITCH 

MITCH 

MITCH 

MITCH 
MITCH 

MITCH 
MITCH 

MITCH 
MITCH 
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USING A LINEPRINTER 

If you have a lineprinter connected to your computer you can use it in 
much the same way you use your video screen-to print the output of your 
programs, and to list them. The printer has the advantage of creating a per­
manent record, but it is much slower than the video screen. 

The statements you use to output information to the printer are very similar 
to those used with the video screen. These statements are LUST, which is 
similar to LIST, LPRINT, which is similar to PRINT, and LPRINT USING, 
which is similar to PRINT USING, which will be discussed in Chapter VI. 

LUST 

This statement, usually used in the command mode, will cause your pro­
gram to be listed on the lineprinter. If you try to execute this statement when 
you don't have a lineprinter, or when the printer isn't ready to receive data 
(perhaps because it's not turned on), you may get an error message, or your 
computer may "hang up," that is, go into an endless loop until you reset it. 
All the variations in the ways to use LIST apply also to LUST. For example, the 
following statements are all valid: 

LUST 10 
LUST 50-100 
LUST 1~ 
LLIST-500 

list on the printer only line 1 O 
list on the printer lines 50 to 100 
list on the printer all the lines following 1000 
list on the printer all the lines up to 500 

With certain combinations of computers and printers a problem can arise 
when a program line to be listed is longer than the number of characters the 
printer can print on one line. Sometimes the printer will come to the end of 
the line and keep typing in the same place, without going on to the next line. 
Also, sometimes the printer will go back to the beginning of the same line and 
type over it, again and again. These and similar problems can be caused by 
"misunderstandings" between the computer and the printer. (For instance, the 
computer may assume that the printer will always execute a line feed every 
time it sends a carriage return, while the printer assumes that if the computer 
wants a carriage return it will send one.) Sometimes the problems can be 
solved by resetting switches in the printer; other times the "driver" routine in 
the BASIC interpreter, which tells the printer what to do, may have to be 
modified. 

LPRINT 

LPRINT is used in exactly the same way that PRINT is, and you can do all 
the things with LPRINT that you have already learned with PRINT. LPRINT 
will send your output to the printer in just the same way PRINT sends it to the 
screen. 



For example, the following statements are all valid: 

LPRINT 2+2 
LPRINT A$, B, C$, D 
LPRINT TAB(10); B$ 
LPRINT "ENTER YOUR NAME"; 
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One of the main differences between LPRINT and PRINT is that the number 
of characters you can put on a single line is sometimes longer on a printer 
than it is on the video screen. You will have to keep this in mind if you want 
your output to the lineprinter to be formatted in a particular way. Another 
difference is that on many printers a line will not be printed until it is full (that 
is, if you have an 80 column printer, nothing will be printed until 80 char­
acters have been sent), or until a linefeed has been sent to the printer. This 
means that if you execute a statement like 

LPRINT"HELLO, THERE."; 

it will not be printed right away. To make the printer print it, you will have to 
send enough text to fill up the line on the printer, or else execute another 
LPRINT statement (without a semicolon) to cause a carriage return. 

REVIEW QUESTIONS 

1. Write a program, using PEEK, which will print a "map" of a 512-byte 
section of memory: that is, for each byte of memory it will print an "X" 
if the byte is occupied (not zero) and a "-" if it is empty (equal to 
zero). 

2. If you use INP to read data into an input port from a device that tells 
you whether a number of lights are turned on or off in your house, how 
many lights can you find out about with one INP instruction? 

3. What is the difference between "CALL 1000" and "GOSUB 1000?" 
Does the 1000 mean the same thing in both cases? 

4. Does the word "LOAD" in "CLOAD" mean that you are loading a 
program or data? Does it mean you are loading into memory or onto 
tape? 
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S. What will happen if you are running the following program: 

10 PRINT"CAT", 
20 GOTO 10 

and you then break into the program with "control/(" or "BREAK", 
and then you type 

10 PRINT"DOG", 
CONT 







CHAPTER 

6 

Advanced BASIC 

When you buy something-whether it's an automobile, a stereo system, or 
a condominium-you can either make do with a basic no-frills model, or you 
can add extra features to make it a little more luxurious or easier to use. The 
same is true of programming languages. 

With the BASIC statements you have learned so far in this book you can 
write programs to do almost anything you want. But you may have found 
yourself, every so often, in situations where you said, "This is a little 
awkward-if only there were a way to do it more easily." 

This chapter will cover some of these "luxury" features: BASIC statements 
that will help you write simpler, clearer programs, more easily, with more 
elegantly presented output. Not every version of BASIC has all of these fea­
tures, but if yours does, you will enjoy learning to use them, and after a time 
you will probably find them indispensable. 

Of course, as with other luxuries, there is a price to pay for the added 
convenience. One possible problem is the "transportability" of programs 
from one machine to another. Suppose you write a program on a machine 
with some of the advanced BASIC statements we are about to describe, and 
you use these statements in your program. later you might want to give this 
program to a friend. What happens if your friend's computer is a simpler 
model, which doesn't understand the advanced statements? The program 
wouldn't run. In this case, we say the program is not "transportable" from 
your machine to his. In most cases, of course, you are writing for a specific 
machine, so this is not a problem. 

These luxury features might also cause a problem in your pocketbook. In 
most personal computers the instructions which tell the computer how to 
decode BASIC statements are kept in a part of the machine called ROM, for 
Read Only Memory. The more BASIC statements the machine must under­
stand, the bigger the ROM has to be. And the more RO,'.v\ there is, the more 
the computer tends to cost. Fortunately, the cost of computer memories is 
coming down-and that makes the "luxury" statements we are about to de­
scribe one of the best deals around. 
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In this chapter we'll be talking about six different categories of BASIC 
statements. 

Under PROGRAM CONTROL we'll cover WHILE ... WEND, an elegant way 
to do loops; ELSE, an extension of IF ... THEN conditional statements; and DEF 
FN, which lets you define your own functions. 

The INPUT/OUTPUT section will include LINE INPUT, which gives you a 
more flexible way to handle keyboard input; PRINT USING, an amazingly 
powerful way to format output; INKEY$, which takes you into the heart of the 
keyboard input process; and several other functions. 

In ADVANCED STRING FUNCTIONS we'll cover INSTR, which lets you 
search for a word in a sentence; MID$, which will alter the middle of a string; 
STRING$, which will create a long string with a very short statement; and 
SPC(n) and SPACE$ which create strings of spaces. 

Under CREATIVE ERROR HANDLING we'll talk about ON ERROR GOTO, 
RESUME, ERROR, ERR, and ERL, which all work together to make it possible 
for you to actually recover from your errors, and even make some errors of 
your own, on purpose! 

In DEFINING AND CONVERTING VARIABLE TYPES you'll learn about the 
different ways BASIC stores numbers, and how you can control the process 
using DEFINT, DEFSNG, DEFDBL, DEFSTR, and CDBL, CINT, CSNG. 

Finally, in MISCELLANEOUS BUT USEFUL, you'll learn how VARPTR lets 
you look into the inner workings of BASIC, how OCT$, HEX$, &H and &O 
can convert from one number system to another, and how SWAP lets you 
exchange two variables. 

PROGRAM STRUCTURE 

The longer and more complex your programs become, the more important 
it is to pay attention to the overall structure of the program. Have you ever 
written a long program and then, a month (or even a week) later, looked at it 
again and been mystified by parts of it? If so, you are not alone. Almost 
everyone who programs has found himself at one time or another saying, 
"Now what in the world did I mean by that?" 

A well-structured program is easy for the programmer himself to understand 
(and, therefore, easy to change later if necessary) and is also easy for someone 
else to understand. (And sooner or later you will be writing programs that 
other people will want to use-and modify.) 

What do we mean by "well structured?" One of the most important char­
acteristics of a well-structured program is that it is divided into separate func­
tional units. That is, the program consists of a number of distinct sections, 
each of which performs a specific well-defined function. look back at the 
TIC-TAC-TOE program of Fig. 3-8. Here, the different sections of the program 
are separated by REM statements, and each section is also described by a 
REM statement, such as CLEAR ARRAY AND ZERO VARIABLES or CHECK 
FOR OPENING MOVE. 
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Also, some sections of the TIC-TAC-TOE program consist of subroutines, 
like DISPLAY BOARD (lines 7000-7020). Subroutines are a good way to di­
vide your program into functional units, because you know that every time 
you "call" (execute a GOSUB to) the subroutine from the main program, it 
will do exactly the same thing. Once you've written a subroutine and gotten it 
to work, you can forget about it and go on to other parts of your program. 

Another way to separate the different parts of your program is with 
FOR ... NEXT loops (see Chapter 2), because you know that whatever instruc­
tions are between the FOR and the NEXT will always be executed the same 
way, the number of times specified in the FOR statement. 

The section which follows will introduce some BASIC statements which, 
like GOSUB and FOR ... NEXT, make it easier to write your program in sepa­
rate functional units, thus creating a well-structured program that is easy to 
read, understand, debug, and modify. 

WHILE ... WEND-Easy Looping 

WHILE... WEND means, "WHILE something is true, execute the statements 
between the WHILE and the WEND." (WEND indicates the END of the 
WHILE ... WEND loop.) 

In Chapter 2 you learned how to repeat an operation a certain number of 
times, by using either an IF statement and a GOTO or a FOR ... NEXT loop. 

As an example, let's write some routines to find the factorial of a number. 
(Recall that the factorial of a number is simply the number multiplied by all 
the numbers smaller than itself. For example, the factorial of 5 equals 5 * 4 * 
3 * 2 * 1, or 120.) 

WHILE b1scu1t < 5 
eat biscuit 
b1scu1t b1scu1t • 1 

WEND 

1-------~ --------- -----
WMILE-WEND 
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Here's the program using an IF statement and a GOTO: 

10 INPUT"NUMBER"; N 
20 F=1 
30 F=F•N 
40 N=N-1 
50 IF N>0 THEN GOTO 30 
60 PRINT"FACTORIAL IS"; F 

Try it! The program works all right, but using the IF statement and the 
GOTO means that in order to figure out what statements are going to be 
repeated N times in the loop, we have to read down to the IF statement, and 
then search back up to the line number it references. This isn't hard in a short 
loop, but for long loops in larger programs it can be very confusing. Many 
programmers today try to avoid the use of GOTO statements for this reason. 

Perhaps you've been on the kind of treasure-hunt where you find a note 
that says, "Look for the next clue in a hollow tree," and when you find the 
hollow tree there's a note saying, "Go to the fourth fence-post from the road." 
Using too many GOTOs is a little like a treasure-hunt: you're never quite sure 
what you're doing or where you're going next. 

Here's the same program using a FOR ... NEXT loop: 

10 INPUT"NUMBER"; N 
20 F=1 
30 FOR J = N TO 1 STEP -1 
40 F=F"J 
50 NEXT J 
60 PRINT"FACTORIAL IS"; F 

That's not bad. The FOR and NEXT statements clearly set off what's going 
to be done in the loop. But notice how we've had to introduce a new variable 
J just to count how many times to do the loop. The more variables in a pro­
gram, the harder it is to understand, so this is a step in the wrong direction. 

Using WHILE ... WEND both does away with the need for a counting vari­
able, and makes for a clearer program. Here's how the program looks using 
WHILE ... WEN0: 

10 INPUT"NUMBER"; N 
20 F=1 
30 WHILE N>0 
40 F=F"N 
50 N=N-1 
60 WEND 
70 PRINT"FACTORIAL IS"; F 
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The N>0 following the WHILE in line 30 is the third essential element of 
the WHILE ... WEND loop, besides the WHILE and the WEND. When the 
computer gets to the WHILE statement in the program it remembers the ex­
pression N>0. It then executes the statements down to the WEND. When it 
gets to the WEND it evaluates the expression following the WHILE, N>0 in 
this case, to see if it is true. If it is, it goes back up to the WHILE and executes 
all the statements in the loop again. If the expression is not true, it goes to the 
next statement following WEND. 

In this example, as long as N>0, the WHILE ... WEND loop will keep mul­
tiplying the product F by the number N, and then reducing N by one. When 
N=0, the process stops. 

The WHILE ... WEND loop makes for a more readable program, since we 
can see immediately that the statements between WHILE and WEND will be 
executed repeatedly as long as N>0. (Indenting the lines between the WHILE 
and the WEND makes it even easier to follow.) There are no GOTOs and no 
unnecessary variables. 

ELSE-An Alternative to THEN 

ELSE is an optional addition to an IF ... THEN statement. It means, "IF the 
expression following the IF is not true, THEN do the statements following the 
ELSE." 

You learned about IF ... THEN conditional clauses in Chapter 2. The idea 
there was, IF the premise (the expression following IF) is true, THEN the 
statements following the THEN will be executed. Otherwise nothing happens, 
and control goes to the next program line. 

\ F ptof its up 
THEN get-b!1-t-aise 

ca I1-mommJ· 

IF THEN ELSE 
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For example, suppose we want to use IF ... THEN to print an appropriate 
greeting: "Good Morning" if the time is before noon, and "Good Afternoon" 
otherwise. Assume T is the hour (in 24-hour time). We could write: 

10 IF T<12 THEN PRINT "GOOD MORNING!" 
20 IF T=>12 THEN PRINT "GOOD AFTERNOON!" 

But the expression T=>12 in line 20 seems as if it should be 
unnecessary-after all, all it does is to say the opposite of T<12 in line 10. 
And it makes the program harder to read. 

We can get rid of it if we rewrite the program this way: 

10 IF T<12 THEN PRINT"GOOD MORNING" : GOTO 30 
20 PRINT"GOOD AFTERNOON" 
30 (next program line) 

But now the program is harder to understand because of the GOTO we had 
to add. It seems like we can't win! 

However, by using ELSE we can let the program do one thing if the premise 
is true, and something ELSE if it is false: 

10 T<12 THEN PRINT "GOOD MORNING!" 
ELSE PRINT "GOOD AFTERNOON!" 

Isn't that easier to read? 

An IF ... THEN ... ELSE statement can also be used as the result of another 
IF ... THEN ... ELSE statement. Here's an example that prints an appropriate 
greeting depending on your age: 

10 INPUT "ENTER YOUR AGE IN YEARS"; AG 
20 IF AG<18 THEN PRINT "HI, KID!" 

ELSE IF AG<65 THEN PRINT "HI!" 
ELSE PRINT "HI, POPS!" 

Notice the way the lines are indented to match up the corresponding 
THENs and ELSEs. This also makes the listing easier to read (although it takes 
up more memory). 

Finding Prime Numbers 

Here's a program that uses both WHILE ... WEND and ELSE statements. The 
program will tell you whether a number you type in is a prime number, and if 
not, what its divisors are. A prime is a number that can only be divided by 
itself and one. Mathematicians consider prime numbers to be the fundamental 
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building blocks for our number system, and they are important in such fields 
as cryptography-the use of codes for transmitting information. 

10 PRINT'"PRIME NUMBER FINDER. TYPE OTO TERMINATE." 
20 WHILE N<>0 
30 INPUT'"NUMBER'"; N 
40 1=2: NP=0 
50 WHILE I < = SQR(N) 
60 IF NII - INT(N/I) = 0 

THEN PRINT N '"IS DIVISIBLE BY" I : NP=1 
70 1=1+1 
80 WEND 
90 IF N=0 THEN PRINT '"FINISHED." 

ELSE IF NP=1 THEN PRINT N '"IS NOT A PRIME." 
ELSE PRINT N "'IS A PRIME.'" 

100 WEND 
110 STOP 

As you can see, we've tried something new here. Look at all those WHILEs 
and WENDs. What we've done is to nest one WHILE ... 
WEND loop inside another, just as we nested one FOR ... NEXT loop inside 
another in Chapter 3. The outer WHILE ... WEND loop, from line 20 to line 
100, has a very sirr:iple job: it waits to see if you've typed 0, which terminates 
the routine. If so, control goes to the statement following the loop, in this case 
the STOP at line 110 .. 

The inner WHILE ... WEND loop, from line 50 to line 80, has a more com­
plex function. Starting with 1=2, it checks to see if N is exactly divisible by I. 
How does it do this? In line 60 it divides N by I. Then it takes the integer part 
of N/I, using the INT function. (Recall that INT has the effect of chopping off 
any digits to the right of the decimal place.) Then it subtracts these two valu­
es. If the difference is zero, then N is exactly divisible by I, and is therefore 
not a prime number. 

For example, suppose that N is 10 and I is 2. When we substitute these 
values in N/I we get 10/2, which is exactly 5: there are no digits to the right of 
the decimal point. Now the integer part of 5 is also exactly 5. So N/I is equal 
to INT(N/I), and when we subtract them the result is zero. When the program 
figures this out in line 60 it will print "10 IS DIVISIBLE BY 2." It will also set a 
variable NP (for "Not Prime") to one. (A variable used in this way is some­
times called a "flag.") This is a way the program can "remember" that the 
number is not a prime. Then it will increase I by one and do the same calcu­
lation again. 

This time I will be 3. 10 divided by 3 is 3.33333, which certainly does have 
digits to the right of the decimal point. When the program evaluates INT(N/I) 
it will get 3 exactly, which is not the same as 3.33333. The difference is, 
therefore, not zero, and the program will not print the "is divisible by" mes­
sage, nor will it set the NP flag to one. 
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The program keeps dividing N by larger and larger values of I to see if it is 
exactly divisible by any of them. When it reaches a value of I which is equal 
to the square root of N, it knows it can stop. Why? Because all the divisors 
larger than the square root, when divided into the number, will yield answers 
smaller than the square root, and the program will have already tried all these 
numbers. For example, the square root of 12 is 3.4641. We divide by 2, and 
then by 3. But we don't need to divide by 4, since 12 divided by 4 equals 3, 
and we've already divided by 3. 

Once the inner WHILE ... WEND loop is finished, the program prints the 
appropriate message: if N=0 it knows that the user typed 0 to terminate the 
program, so it types "FINISHED." If N is not zero, then it checks to see if the 
NP ("not prime") flag is set. If it is-as the result of N being exactly divisible 
by one of the values of I-then it prints the number and "IS NOT A PRIME:' 
If the NP flag is not set, the program prints the number and "IS A PRIME." 

DEF FN-Adding to BASIC's Vocabulary 

DEF FN stands for "DEFine FuNction." 

An example would be: DEF FN XX(A,B) = A * B. This BASIC statement 
means that we are defining the function XX to be A times B. XX can be any 
one- or two-character name, like other BASIC variables. The variables A and 
B are called the "arguments" of the function. These "arguments" are used in 
an interesting way-we'll get back to them later. 

DEF FN 
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Once you've defined a function (like XX), using a DEF FN statement some­
where at the beginning of your program, you can use it any time you want 
throughout your program, the same way you use the built-in BASIC functions 
like SIN, AND, or LEFT$. 

How do you use the function in your program? With a statement like C=FN 
XXU,K). What this statement does is to take the values of J and K, multiplies 
them (because the function XX has already been defined as one that multip­
lies its two arguments together), and assigns the result to the variable C. Let's 
put this all together in a little program: 

10 DEF FN XX(A,B) =A• B 
20 J=3 
30 K=4 
40 C=FN XX(J,K) 
50 PRINT C 

If you RUN this program you should get a 12 printed out on the screen, 
because 12 is the product of 3 times 4. 

But now we can almost hear you saying, "Wait a minute! How can you use 
A and 8 in the definition of the function, and J and K when you want to 
evaluate it later?" 

Good question. The answer is this: the arguments used when the function is 
defined do not have to be the same as those used when it is "called" (evalu­
ated) later in the program. 

The arguments used in the DEF FN statement are what are sometimes 
called "dummy variables." That means that they are used only in the de­
finition, and actually never take on any values. They make it clear what vari­
ables are going to be used, and how the function that is being defined acts on 
them, but they are not used at all outside of the definition. In fact, if you use A 
and 8 somewhere else in your program as regular variables, and then execute 
a DEF FN statement that uses A and 8, the values you originally assigned to A 
and 8 wi 11 not be changed. 

On the other hand, the variables you use to call the function later in your 
program are regular BASIC variables whose values will be used to calculate 
the function. You can use different variables as arguments every time you call 
the function. You can call it once with J and K, the next time with L and M, 
and so on-whatever your program requires. The values of whatever vari­
ables you put in the parentheses will be used to calculate the function. 

This is a very useful feature of DEF FN, because it means that, unlike a 
subroutine, you do not have to always use the same set of variables to per­
form a function. 

As an example of what we mean, look back at the "Enhanced Loan Pro­
gram" in Fig. 2-3 of Chapter 2. Line numbers 5000-5020 of this program 
contain a "round-off" routine, which is called as a subroutine with a GOSUB 
5000 from lines 1314 and 1534. Here's the subroutine: 
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5000 REM •• ROUND OFF SUBROUTINE 
5010 LET X = (INT(100"(X+.005)))/100 
5020 RETURN 

Let's change this round-off subroutine to a "defined function;' using DEF 
FN. At the beginning of the program we will put the statements 

900 REM •• ROUND-OFF FUNCTION 
910 DEF FN RO(X) = (INT(100"(X+.005)))/100 

Here the DEF FN statement defines the function RO (for Round Off), of the 
dummy variable X, to be equal to (INT (l00*(X+.005)))/100. 

We can now delete the subroutine (lines 5000:5020) since the new func­
tion definition takes its place. We can also delete lines 1312, 1316, 1532 and 
1536. They were needed because the old subroutine had to round off a vari­
able called X, while now, since we are using a defined function, we can 
operate on any variable name we want. Then we change lines 1314 and 
1534: 

1314 A=FN RO(A) 
1534 I1=FN RO(l1) 

What happens now when we RUN the program? First, the program 
encounters the DEF FN statement. It doesn't compute anything here; it simply 
remembers that RO is now a defined function and what the function is. Later, 
the program will get to line 1314, which is A=FN RO(A). Seeing the FN RO, 
it goes back and looks up the definition of RO in line 910-and finds it is the 
Round Off function. It knows it has to perform this function on whatever 
variable is in the parentheses following RO in line 1314-in this case A. So it 
uses the X in the definition on line 910 as a pattern for doing this. Every 
operation that is shown being done on X in line 910, the program will now 
actually do to A. First it will add .005 to A, because it sees that was done to X 
in the definition. Then it will take the integer part of the result, and so forth. 
The result is that A is rounded off as we wanted. 

Similarly the program will round off the variable 11 when it gets to line 
1534. 

Notice how we have not only shortened the program by five lines, we have 
also made it more readable, since FN RO is more easily recognized as the 
"Round Off" function than is GOSUB 5000. 

The above example used only one argument, X. But DEF FN can use any 
number of arguments. Here's an example of a program using two arguments. 
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This program computes the area of a triangle, using the relationship that the 
area of a triangle is equal to half of its base times its height. 

10 DEF FN AT(B,H) =B• H / 2 
20 INPUT"BASE"; B1 
30 INPUT"HEIGHT"; H1 
40 PRINT"AREA IS"; FN AT(B1,H1) 
RUN 
BASE?10 
HEIGHT? 5 
AREA IS 25 

Here, the function AT (area of triangle) has the arguments B and H (for base 
and height) and is defined as B * H /2 in line 10. When we "call" the func­
tion in line 40, we do so with the variables Bl and Hl, whose values we 
obtained in the INPUT statements on lines 20 and 30. In a longer program we 
might "call" the function AT again with variables 82 and H2, or any other 
names we like. 

Notice that we don't have to assign the value which the function AT calcu­
lates to a variable before we can PRINT it-we simply include the function in 
the print statement as we could with any other variable or expression. 

ADVANCED INPUT/OUTPUT 

So far you have used INPUT and PRINT to permit your program to com­
municate with the human being who is sitting at the keyboard using it. This 
section will describe some statements which will extend the flexibility and 
ease of typing data into the computer, and of reading it out on the screen. 

These statements will be particularly important when you write "serious" 
programs-for instance, for business applications-which involve large 
amounts of numerical data. They will also be helpful for programs which may 
be used by people who do not know very much about computers or pro­
gramming, as in a typical office. In this section you will learn how to easily 
format the output of tables and lists, how to make better-looking screen dis­
plays, and how to help ensure that the data typed in by the users of your 
program will not cause an inadvertent "crash" or program failure. 

LINE INPUT - Typing Anything You Like 

LINE INPUT means "INPUT a LINE of characters (usually up to 255 char­
acters), which can include commas, colons, and quotes. Assign this string to a 
single variable." 

In many situations INPUT is the only statement you need to type informa­
tion into your computer from the keyboard. But sometimes it can be a little 
awkward. 
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So far in the examples in this book, the input to programs has been in the 
form of numbers or one-word character strings. But suppose you are writing a 
program that requires complete sentences for input, like "Eliza." "Eliza" is a 
game program that pretends to be a psychiatrist. It asks if you have any prob­
lems, and you answer it in conversational English. For example, you might 
type in "My family doesn't understand me." 

The trouble with using the INPUT statement in this situation is that if you 
include a comma in the sentence you are typing in, all the words following 
the comma will be chopped off, because INPUT will think they belong to a 
different variable. (The same is true of colons.) 

Here's an example of what can happen: 

10 PRINT"TELL ME YOUR PROBLEM." 
20 INPUT AS 
30 PRINT AS 
RUN 
TELL ME YOUR PROBLEM. 
?WELL, I DON'T GET ALONG WITH MY BOSS. 
WELL 

Notice how the computer has "forgotten" all of the input sentence follow­
ing "WELL." You can avoid this problem if you always enclose your input in 
quotes, but that can get tedious after a while. Also, the question mark, which 
INPUT always prints before your input, looks out of place here. 

Substituting LINE INPUT A$ for INPUT A$ solves these problems. 

10 PRINT"TELL ME YOUR PROBLEM." 
20 LINE INPUT A$ 
30 PRINT AS 
RUN 
TELL ME YOUR PROBLEM. 
WELL. I DON'T GET ALONG WITH MY BOSS. 
WELL, I DON'T GET ALONG WITH MY BOSS. 

Now the program "remembers" the entire input sentence. With LINE 
INPUT you can input any characters you want, including leading blanks, 
commas, colons, and quotes, and they will all be assigned to the variable A$. 
Only pressing "Return" (or "Enter") can terminate the input line you are typing 
in. LINE INPUT also does not automatically output the question mark as a 
prompt. 

If you want you can use a "prompt string" in LINE INPUT. (This is similar 
to the prompt string with INPUT -see Chapter 2.) Let's combine lines 10 and 
20 from the above program. The result is: 

10 LINE INPUT"TELL ME YOUR PROBLEM."; A$ 
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This will work just the same as lines 10 and 20 did in the above program. 
One of the most important uses for LINE INPUT is to make sure that even if 

you make a mistake typing in your input, you will receive an error message 
that you can understand, so that you will know how to corrrect your mistake. 

For example, let's look back at the Metric Conversion Program in Fig. 2-1. 
Suppose you are new to computers and are trying to use this program. You 
RUN the program, and get the same output as is shown on page 80. But now, 
because you are unsophisticated, you type "TWO" instead of "2." What will 
happen? 

The INPUT statement is waiting for a numeric variable, either 1,2,3, or 9. 
When it sees the "TWO" it will immediately print: 

?REDO 
? 

Now, what will you make of this? You may figure out that REDO means to 
try again, but you probably will not know exactly what your mistake was. 
Let's fix up the program to give a more self-expanatory error message. 

First, change line 2070 to read: 

2070 LINE INPUT"ENTER YOUR SELECTION"; S$ 

Then add these lines: 

2075 IF S$="ONE" OR S$="TWO" OR $$='THREE" OR S$="NINE" 
THEN PRINT"PLEASE DO NOT SPELL OUT THE NUMBERS. USE 

THE DIGITS 1,2,3, OR 9." : GOTO 2070 
2077 S= VAL(S$) 

Now if you spell out the numbers you will get an error message that is 
readily understandable. Similarly, LINE INPUT can be used to "trap" other 
kinds of input errors ("trap" means to catch an error before it can cause 
trouble), such as inputting two variables where only one is expected. 

You have probably noticed something else here: since the input of a LINE 
INPUT statement is always assigned to a string variable (A$ in this example), 
if we want to turn it back into a number we have to change its type, using the 
ASC function as we did in line 2077. 

PRINT USING-Super Output Formatter 

PRINT USING means, "PRINT a number of variables, USING the format 
which is specied by a special variable in the statement." 
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PRINT USING is a very powerful and versatile statement for making your 
output look good, especially if you are displaying data in tabular form. Here's 
an example of a PRINT USING statement that will print out three variables: 

PRINT USING X$; A,B,C 

The tractor was 
great, but it was 

PRINT USING that 
really Ii ned 
thin9s up . 

.n......./All!lft 

PRINT USIN& 

A, B and C can be any variables, just as in a regular PRINT statement. It's 
the string variable preceding the semicolon (X$ in this case) that gives the 
statement its power. What X$ does is to specify the format in which the vari­
ables A,B,C will be printed. How does it do that? Suppose we write the fol­
lowing program: 

10 INPUT A 
20 XS = "$$##.##" 
30 PRINT USING XS; A 

What are all those funny-looking characters in the X$ string? Let's examine 
them one by one and see what they do. 

$$ means, "print a dollar sign just to the left of the left-most digit of the 
variable." 
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# means, "print one of the variable's digits here." So ## means, "print 
two digits here." 

. (a period) means, "put a decimal point in this position in the variable." 

You can think of the X$ string as a pattern for how the output is going to 
look on the screen. When the program gets to the PRINT USING statement it 
fills in the value of the variable, using the positions shown in X$. In the 
example above, X$ is saying, "print a dollar sign, then two digits, then the 
decimal point, then two more digits." Try running the program. 

RUN 
9 
$9.00 
.1 
$0.10 
4.055 
$4.06 

Isn't that the slickest thing you've ever seen? The program not only puts the 
dollar sign in the right place, it performs a round-off function too! 

Imagine the trouble it would be to do all the formatting shown above using 
regular PRINT statements. Here's how we might try to get the dollar sign as 
close to the number N as possible if we expected up to four digits: 

10 INPUT"NUMBER"; N 
20 IF N<1 THEN PRINT" 
30 IF N<10 THEN PRINT" 
40 IF N<100 THEN PRINT" 
50 PRINT"$"; 
60 PRINT N 
70 GOTO 10 

READY 
>RUN 
NUMBER? .01 

NUMBER? .1 

NUMBER? 1 

NUMBER?10 

NUMBER? 100 

$ .01 

$ .1 

$ 1 

$ 10 

$ 100 
NUMBER? 1000 

$ 1000 

$";: GOTO 60 
$";: GOTO 60 
$";: GOTO 60 
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Well, at least the decimal points line up! But no matter what we do we 
can't get the dollar-sign right up against the left-most digit, because BASIC 
(except in a PRINT USING statement) always leaves room for a minus sign to 
the left of the number, whether the number is negative or not. So even if we 
went to the trouble to add a round-off routine to the above program, we still 
wouldn't be able to do what a PRINT USING statement does. And, of course, 
our program would be much more cumbersome. 

Let's see how PRINT USING might be used in an actual program. Go back 
to the Enhanced Loan Program of Fig. 2-3. If you typed it in and ran it on your 
computer, you may have noticed some problems with the format of the out­
put. First, the numbers don't line up-the decimal points aren't all in the 
same column. Then, although the numbers are all in dollars, there are no 
dollar signs; and sometimes there is only one digit to the right of the decimal 
point. Not only that, but on some computers there is no room for five variable 
fields on the screen when they are separated by commas, so that the row 
"wraps around" to the next line on the screen, making a real mess. And, to 
top it off, if the computer has to output a very small number, as it does in the 
last column, it changes to something called "exponential notation," which 
looks rather unsightly in this sort of table. (See Appendix F for a discussion of 
expontential notation). 

Modify the program in Fig. 2-3 like this: 

1705 X$="### $$###.## $$###.##$$###,###.## $$###,### .##" 
1710 PRINT USING XS; J,I1,P,B,T 

Also, delete the round-off subroutine at 5000 and all the references to it, 
since PRINT USING does its own rounding off. RUN the program. (An exam­
ple of output from this modified program is shown in Fig. 6-1.) 

Wow! Everything is in neat columns, the dollarsigns are where they should 
be, numbers are rounded off, and there are even commas to separate the 
hundreds column from the thousands column. (That's what the commas are 
for in X$.) What determines the spacing of the columns? The columns are 
separated by the same number of spaces that appear in X$. 

There are a lot more clever things you can do with PRINT USING, such as 
formatting string variables. However, the characters used to specify what to 
do can vary from one computer to the next, so we won't describe them here. 
What you've learned so far should give you an idea of how useful this state­
ment can be. 

INKEY$-Finer Control of the Keyboard 

INKEY$ means, "/Nput a single KEYstroke from the keyboard." It is not 
necessary to terminate this function with "return" (or "enter"). 
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AMOUNT OF LOAN 5000 
ANNUAL INTEREST RATE .09 
TERM IN YEARS 4 
MONTHLY PAYMENT IS $124.43 

MONTH INTEREST PRINCIPLE BALANCE TOTAL-INT 
1 $37.50 $86.93 $4,913.07 $37.50 
2 $36.85 $87.58 $4,825.49 $74.35 
3 $36.19 $88.24 $4,737.26 $110.54 
4 $35.53 $88.90 $4,648.36 $146.07 
5 $34.86 $89.56 $4,558.79 $180.93 
6 $34.19 $90.24 $4,468.56 $215.12 
7 $33.51 $90.91 $4,377.65 $248.64 
8 $32.83 $91.59 $4,286.05 $281.47 
9 $32.15 $92.28 $4,193.77 $313.61 

10 $31.45 $92.97 $4,100.79 $345.07 
11 $30.75 $93.67 $4,007.12 $375.82 
12 $30.05 $94.37 $3,912.75 $405.88 
13 $29.35 $95.08 $3,817.67 $435.22 
14 $28.63 $95.79 $3,721.87 $463.85 
15 $27.91 $96.51 $3,625.36 $491.77 
16 $27.19 $97.24 $3,528.12 $518.96 
17 $26.46 $97.97 $3,430.16 $545.42 
18 $25.73 $98.70 $3,331.45 $571.15 
19 $24.99 $99.44 $3,232.01 $596.13 
20 $24.24 $100.19 $3,131.83 $620.37 
21 $23.49 $100.94 $3,030.89 $643.86 
22 $22.73 $101.70 $2,929.19 $666.59 
23 $21.97 $102.46 $2,826.73 $688.56 
24 $21.20 $103.23 $2,723.51 $709.76 
25 $20.43 $104.00 $2,619.51 $730.19 
26 $19.65 $104.78 $2,514.72 $749.83 
27 $18.86 $105.57 $2,409.16 $768.70 
28 $18.07 $106.36 $2,302.80 $786.76 
29 $17.27 $107.16 $2,195.64 $804.03 
30 $16.47 $107.96 $2,087.68 $820.50 
31 $15.66 $108.77 $1,978.91 $836.16 
32 $14.84 $109.59 $1,869.33 $851.00 
33 $14.02 $110.41 $1,758.92 $865.02 
34 $13.19 $111.24 $1,647.68 $878.21 
35 $12.36 $112.07 $1,535.61 $890.57 
36 $11.52 $112.91 $1,422.70 $902.09 
37 $10.67 $113.76 $1,308.95 $912.76 
38 $9.82 $114.61 $1,194.34 $922.58 
39 $8.96 $115.47 $1,078.87 $931.53 
40 $8.09 $116.34 $962.53 $939.62 
41 $7.22 $117.21 $845.32 $946.84 
42 $6.34 $118.09 $727.24 $953.18 
43 $5.45 $118.97 $608.26 $958.64 
44 $4.56 $119.87 $488.40 $963.20 
45 $3.66 $120.76 $367.63 $966.86 
46 $2.76 $121.67 $245.96 $969.62 
47 $1.84 $122.58 $123.38 $971.46 
48 $0.93 $123.38 $0.00 $972.39 

Fig. 6-1. Sample output after modifying Loan program of Fig. 2-3. 



214 

When you are entering numbers or string data from the keyboard you usu­
ally type in the characters, and then, since the program has no other way of 
telling when you're done, you press "return" (or enter") to tell it to start 

INKEY$ 
processing the number or string. This works well in the usual case where 
several characters must be typed for each input. But what about the situation 
where a one-character input is all that's necessary? If you know you're going 
to type only one character and the program knows you're going to type only 
one character, then having to press "return" after you type it is just a nui­
sance. 

Take, for example, the Metric Conversion program in Fig. 2-4. The program 
begins by giving you a "menu" of four choices. It prints: 

1 - INCHES TO CENTIMETERS 
2 • POUNDS TO KILOGRAMS 
3 • QUARTS TO LITERS 
9 • TO END THE PROGRAM 

Then it executes line 2070, which is 

2070 INPUT "ENTER YOUR SELECTION"; S 

You then respond with a number, say 1 if you want to convert inches to 
centimeters. After you type the number you press "return." But really, why 
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should you have to press "return?" Since the only expected inputs are one 
digit long (either 1,2,3 or 9), why not let the program go straight to the con­
version routine you've selected as soon as you've typed the number? Of 
course, you can't do that if you use INPUT or LINE INPUT, which will wait 
forever for "return" to be pressed before they will go on with the rest of the 
program. However, using INKEY$, it is possible to eliminate the need for 
pressing "return." 

Let's change line 2070 to use INKEY$: 

2065 PRINT"ENTER YOUR SELECTION"; 
2070 S$=1NKEY$ : IF S$="" THEN GOTO 2070 
2075 PRINT S$ : 5= VAL(S$) 

As you can see, there are important differences between using INKEY$ and 
using INPUT. First, INKEY$ is not a complete BASIC statement as INPUT is; it 
is a BASIC variable. More exactly, it is a one-character string variable. So the 
first thing we do is to let the variable that we want to examine, 5$ in this case, 
be equal to (take on the value of) INKEY$. We do this in the first part of line 
2070, after we have printed out the ''ENTER YOUR SELECTION" message in 
line 2065. (We have to print this prompt message in a separate statement 
because it is not possible to put a prompt string in INKEY$.) 

So far so good. You probably expect that the next thing we'll do is to 
analyze 5$ to see if it is 1, 2, 3 or 9. But not so fast! What happens if, when 
the program gets to line 2070, the user hasn't typed anything yet? Actually, 
this is a pretty good bet, since the time that elapses between line 2065, when 
the program prints "ENTER YOUR SELECTION" and line 2070, when it first 
checks for your input, is less than a millisecond. Unless you have very good 
reaction time, there won't be anything typed on the keyboard for INKEY$ to 
read. In this case there is no point in the program trying to analyze the 
input-there isn't any input yet. What we want to be able to do is wait until 
some key is pressed. That's what the second part of line 2070 does: if INKEY$ 
= " " THEN GOTO 2070. The two quote marks with nothing between them 
mean "no character." (This is sometimes called the "nl!II string.") It is the 
same as saying that nothing was typed. So the statement says: "If nothing was 
typed, go execute line 2070 again." Since the first part of line 2070 simply 
reads the keyboard, the program will continue to execute this line until a 
character is typed on the keyboard-in other words, until INKEY$ becomes 
something other than the null string. 

Once a character is typed, INKEY$ takes on the value of that character, the 
program finds that 5$ is no longer equal to " ", and goes on (finally!) to the 
next line number, 2075. In this line the first thing we do is to print the 
character-since INKEY$ does not print (or "echo") the character it has got­
ten from the keyboard, and the user would probably feel uncomfortable about 
typing something and not seeing it appear on the screen. Then we change the 
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string character S$ to a numerical value S, using the VAL function, so that the 
value of S can be analyzed by lines 2081 to 2089. (Refer to the section on 
string functions in Chapter 4 for a description of ASC.) 

Menu-selection routines such as this are typical situations where the IN­
KEY$ function is useful. Another place where INKEY$ is useful is where you 
have to read a large amount of text on the screen, and the program needs you 
to signal when you are done with each screenfull so it can print out the next 
one. 

You could write: 

1000 INPUT"PRESS RETURN TO CONTINUE"; X 

but then the "return" key is the only key that will work. 
Instead, let's use INKEY$: 

1000 PRINT"PRESS ANY KEY TO CONTINUE:"; 
1010 IF INKEY$="" THEN GOTO 1010 

After printing the prompt in line 1000, the program will wait-in line 
1010-until some key, no matter what, is pressed before continuing on with 
the rest of the program. Now, even someone who doesn't know where the 
"return" key is can read the next screenfull of instructions. 

In the above example, since we don't care what key was pressed and, thus, 
don't need to store the character, we don't need to assign INKEY$ to another 
variable like S$-we can check directly to see if it is equal to the null string 
and, if not, proceed with the rest of the program. 

INKEY$ is also useful in game programs, where you might want to move 
something (a spaceship, for example) around the screen using the arrow (or 
cursor control) keys. The exact instructions for doing this kind of thing usually 
depend on what kind of graphics capability your computer has, but for a 
simple example see the "Mini Space Invaders" game in the description of 
SPACE$ later in this chapter. 

INPUT$-Reading More Keystrokes 

INPUT$(N) means, "INPUT N keystrokes from the keyboard (or other de­
vice)." It is not necessary to terminate this function with "return" (or "enter"). 

INPUT$ is like INKEY$ (see the preceding description) in that it reads the 
keyboard and does not need to be terminated by "return." However, where 
INKEY$ will read only one character, INPUT$ will read any number of char­
acters (up to 255). Exactly how many characters it will read is specified by the 
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number N in the parentheses following the INPUT$. INPUT$ will wait until 
this many characters have been typed before it goes on to the next statement. 

Here's an example of how we might use INPUT$. Suppose we are writing a 
program in which we want to type in the day of the week. We then want to 
assign to a variable DW (Day of the Week) a number from 1 to 7 depending 
on the day. 

·Now, it's not really necessary to wait for the complete word (like 
"Wednesday") to be typed out. The first two letters are sufficient to determine 
which day we have in mind. (One letter isn't enough because Saturday and 
Sunday both start with "S" and Tuesday and Thursday both start with T.) 

So we can write the following routine: 

100 PAINT"PLEASE TYPE THE DAY OF THE WEEK" 
110 DA$=INPUT$(2) 
120 IF OA$="SU" THEN OW=l 
130 IF DA$="MO" THEN DW=2 
140 IF DA$="TU" THEN DW=3 
150 IF DA$="WE" THEN DW=4 
160 IF DAS="TH" THEN DW=S 
170 IF DAS="FR" THEN DW=6 
180 IF DAS="SA" THEN DW=7 
190 PAINT"THANK YOU." 

The program waits, in line 110, for us to type two letters. When we do, the 
program goes on to analyze the letters, without waiting for the rest of the 
word, and interrupts us (if we are still typing) with a "THANK YOU" message. 

One difference to notice between INPUT$ and INKEY$ is that INPUT$ al­
ways waits for N characters to be typed, even if N is 1. It never returns the 
null string (as INKEY$ does), so we don't have to check for the null string and 
keep executing the statement again and again until we find a different char­
acter, as we do with INKEY$. 

For example, if we want the program to pause until we press any key, we 
can write 

1000 PRINT"PRESS ANY KEY TO CONTINUE:"; 
1010 INPUT $(1) 

This is simpler than the corresponding example shown in the description of 
INKEY$. 

The greatest usefulness of INPUT$ is in reading data from other devices 
than the keyboard, such as a telephone modem. This is because (like INKEY$) 
INPUT$ will accept any ASCII input without printing it, including control 
codes, backspaces, and so on. In communications over a telephone modem 
these control codes may have different meanings than they do in normal 
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BASIC. For example, receiving a "return" character doesn't necessarily mean 
that the message is over. Using INPUT$ permits the program to analyze these 
characters and take appropriate action, rather than letting the regular INPUT 
statement do all the analyzing. However, using INPUT$ in this way is com­
plex and varies from one machine to another. For further information you 
should read the manuals for your own computer. 

POS-Where Is the Cursor? 

POS(N) means, "the horizontal POSition of the cursor." 

This function will return a number between 1 and whatever the width of 
your display screen is (from 1 to 64 on the TRS-80 Mod I or Ill, from 1 to 40 
on the Apple 11, etc). This number tells you how many characters along the 
current line the cursor is positioned. (It gives no information on the vertical 
position of the cursor-that is, which line the cursor is on.) The "N" in par­
entheses after the POS is a "dummy" argument: it doesn't matter what 
number you put there. 

Since whatever you PRINT on the screen or INPUT from the user will be 
written starting at the screen location where the cursor is positioned, this 
function can be a useful one for making sure that input and output on the 
screen looks the way you want it to. 

Suppose for example that your program is PRINTing a list of numbers of 
different sizes from an array "A," numbers like 403,629, 7.4, 0.000043 and 
so on. What we want to do is to PRINT as many of these numbers as we can 
on the same line, but when we get to the end of the line we don't want the 
number to be "split," with half the number on one line and half on the next 
line. Since the PRINT statement doesn't care if it splits a number this way, 
we'll use the POS function to make sure that every number is printed with all 
its digits on the same line. 

Let's assume that none of the numbers will have more than 8 characters, 
including the decimal point, and that we will separate each pair of numbers 
with a space. Also, we'll suppose that we start off with 50 numbers in our 
array "A," and that the screen is 40 characters wide. 

10 FOR J=1 to 50 
20 PRINT A(J); 
30 PRINT""; 
40 IF POS(0) > 31 THEN PRINT 
50 NEXT J 

For each of the 50 numbers that we are going to print, we first print the 
number, and then a space, in lines 20 and 30. By ending both these PRINT 
statements with semicolons, we keep our output on the same line. Since the 8 
characters of the number, plus 1 for the space in between, makes nine, we 
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want to make sure that we are no closer than 9 characters to the edge of the 
screen when we print each number. This will ensure that there's room to print 
the number without splitting it at the edge of the screen (This is called "wrap 
around."). 

We do this in line 40, which asks if POS(0) (the cursor position) is greater 
_than 31 (since 40 minus 9 is 31 ). If it is, we execute a PRINT statement, which 
has the effect of causing a linefeed-that is, moving the cursor down to the 
next line. If POS(0) is not greater than 31, we simply continue to print the next 
number, on the same line. The loop continues on in this way until all SO 
numbers have been printed. 

ADVANCED STRING FUNCTIONS 

When most people think of computers they probably think of machines 
whose purpose is to perform numerical calculations. It's true that computers 
got their start as "number crunchers" -devices to do numerical calculations 
as rapidly as possible. Early programming languages, like FORTRAN, were 
oriented almost exclusively toward numbers, and had only a primitive ability 
to deal with anything else. 

Over the years, however, people began to realize that computers could be 
used to process other sorts of data besides numbers, like pictures, and sound, 
and words. Pictures (computer graphics) and music can be implemented to 
varying degrees on a variety of personal computers, but the BASIC statements 
used vary a great deal from one machine to another. 

However, the manipulation of "character strings" (letters, words and 
sentences) is considerably more standardized amor.g the different versions of 
BASIC. 

String-handling capabilities are useful in business programs for handling 
data which is mostly text-oriented, such as mailing lists and inventory control. 
But they have also made possible the use of computers for a variety of other 
kinds of programs: educational, entertainment, and even artistic. There are, 
for example, the "Adventure" games, in which, using short sentences (like 
"GO NORTH"), you attempt to find your way out of various mazelike castles, 
haunted houses, and so forth. Then there is the famous "Eliza" prograr,-;, 
which imitates a psychiatrist (see the section under LINE INPUT for a brief 
description of this program); there is a growing number of programs that write 
short stories or poetry, and there are interactive computer stories in which you 
can "take part" in the story, talk to the other characters, and influence the 
plot. 

In this section we will cover some BASIC functions that make manipulating 
strings faster and easier and, thus, help promote the writing of these types of 
programs. 

INSTR-Searching for Strings 

INSTR means, "Look for one string IN another STRing." 
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INSTR is a very useful and powerful function, usually used to look for the 
occurrence of a specific wqrd or name in a sentence or data file. It has this 
general form: 

X=INSTR(N,S$,WS) 

This statement will look for the string W$ (which might be a word) in the 
string S$ (which might be a sentence), starting at character position N in string 
S$. It will return the character position in the string S$ at which the match 
begins, or return O if no match is found (that is, these numeric values will be 
assigned to the variable X). The N is optional; if it is left out, the entire string 
5$ will be searched. Either 5$ or W$ can be replaced with string constants­
that is, actual strings enclosed in quotes, like "MITCH." 

As an example, let's go back to the "psychiatrist" program referred to in the 
description of LINE INPUT in this chapter. This program first asks if the user 
has any problems he wants to discuss, then waits for a reply. Let's say that, if 
the user then types in a sentence that contains the word "MOTHER," the 
program (playing the role of a psychiatrist) will respond "TELL ME MORE 
ABOUT YOUR FAMILY." 

Here's how, using INSTR, we can accomplish this: 

10 PRINT"TELL ME YOUR PROBLEM." 
20 LINE INPUT S$ 
30 IF INSTR(S$,"MOTHER") THEN GOTO 100 
50 PRINT"PLEASE GO ON." : GOTO 20 

100 PRINT"TELL ME MORE ABOUT YOUR FAMILY." : GOTO 20 

Lines 10 and 20 are the same as in the example under LINE INPUT. Line 
30, using INSTR, searches the input sentence S$ for the word "MOTHER." If 
it finds it, control branches to line 100. If this word is not found, the program, 
not knowing what else to say, prints "PLEASE GO ON." 

While this program is perhaps not quite so clever as a real psychiatrist, it 
does give you an idea how INSTR can be used. 

Notice that INSTR only detects the first occurrence of a word in a sentence 
(or a string in another string). If you want to see whether the word occurs 
more than once, you will have to search the sentence again, starting just past 
the point where the first match was fou,,d. That's where the variable N in the 
INSTR function comes in handy. 

Here's a program that will count how many times the word "the" appears 
in a sentence that you type in: 



10 LINE INPUT "TYPE SENTENCE: "; S$ 
20 W$="THE" : N=1 : J=0 
30 P=INSTR(N,S$,W$) 
40 IF P<>0 THEN J=J+1 : N=P+1 : GOTO 30 
50 PRINT"THE WORD < THE > APPEARED" J "TIMES." 
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In this program the variable J counts how many times "THE" has been 
found in the string S$; P is the position in S$ where a match is found; and N 
is the starting position of the search in S$. 

N starts at 1 (the character position at the beginning of the sentence) and J 
starts at 0, since we haven't yet counted any THEs. Then, in line 30, we 
examine the input sentence S$ (which was typed in line 10), starting at posi­
tion N (1 in this case) to see if the word "THE" occurs in the sentence. If a 
match is found, P will be the position of the match in S$, and P<>0 will be 
true, so we increment J U= J+ 1 ), and set N equal to P+ 1; that is, just past the 
starting position of the match. Then we go back to line 30 to search again. 
When no more matches are found, P=0, and control goes to line 50 where 
the total number of matches is printed out. 

A Substitute for INSTR 

If your computer doesn't have the INSTR function, you can perform the 
same function using a subroutine and two of the string functions you learned 
earlier: MID$ and LEN (see Chapter 4). The main difference in operation is 
that the subroutine will be slower than the built-in INSTR function. 

This subroutine will search the string 5$ for the occurrence of W$. It will 
return with the variable P equal to the position where the match was found in 
5$, or with P=0 if no match was found. (Note: the single quote (') has the 
same meaning as a REM.) 

1000 LS=LEN(SS) : LW=LEN(WS) '-FINO LENGTHS OF WORD AND SENTENCE 
1010 FOR P=1 TO LS-LW '---STEP THROUGH S$ 
1020 IF W$ = MIDS(S$,P,LW) THEN RETURN ·---LOOK FOR MATCH 
1030 NEXT P '---MOVE TO NEXT POSITION IN S$ 
1040 P=0 : RETURN '---DIDN'T FIND IT, SO RETURN 

After finding the lengths of S$ and W$ with the LEN function in line 1000, 
we start with the pointer P set to the first position in the string 5$-namely 1. 
Then, in line 1020, we check to see if the string W$ is identical to the string 
MID$(S$,P,LW)-that is, the string in S$ which is LW characters long (the 
length of the word we are searching for) and which starts at position P. If it 
isn't, we increment P by one (in the NEXT P statement in line 1030) and 
compare W$ to the next group of LW characters. If we do all the values in the 
FOR ... NEXT loop without finding a match, we set P=0 and return. If we do 
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find a match in line 1020, then we RETURN, with P still set to the position 
where the match occurred. The reason the FOR ... NEXT loop only goes up to 
LS-LW is that when we get so close to the end of the sentence S$ that the 
word W$ won't fit anymore, then there is no point in looking further. Thus, if 
our word W$ is 6 characters long, there is no point in looking closer than 6 
characters to the end of the sentence S$ for the word, since it won't fit. The 
character position at this point is the length of the sentence minus the length 
of the word, or LS-LW. 

Let's use this subroutine in the psychiatrist program shown above, instead 
of the INSTR function. All we need to do is to add the subroutine and change 
line 30 to read: 

30 W$="'MOTHER" : GOSUB 1000 : IF P <> 0 THEN GOTO 100 

This can be a very useful subroutine if you're dealing with a lot of strings 
and your version of BASIC doesn't have the INSTR function. Try it! 

SPACE$-AII Spaced Out 

SPACE$(N) means, "Print N spaces on the screen (or printer)." 

SPACE$(N) is a string variable equal to N spaces. You can use it in a PRINT 
statement or anywhere else you would use a string variable. If you PRINT 
STRING$(5), then 5 spaces will be printed on the screen. N itself can be a 
numerical variable or even an expression. That is, you can also use either of 
the following lines to print 5 spaces: 

10 N=5 : PRINT SPACE$(N); 

10 PRINT SPACE$(3+2); 

SPACE$ is useful for formatting output in a variety of situations. For exam­
ple, here's how SPACE$ can be used to center a title in the middle of the 
screen. Assume your screen is 80 characters wide. (If it isn't, change the 80 in 
line 20 to the appropriate value). 

10 T$="BASIC PROGRAMMING PRIMER" 
20 N = (80-LEN(T$))/2 
30 PRINT SPACE$(N); TS 

In line 10 we let T$ represent the title. The title is LEN(T$) characters long, 
which leaves 80 minus LEN(T$) spaces left over on the line. To center the title 
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we want half these spaces to precede the title and half to follow it (although 
we don't need to worry about the ones that follow); so we divide 80-LEN(T$) 
by 2. Then we print that many spaces (in line 30) and then the title itself, and, 
presto, the title is centered. 

"Micro Space Invaders" 

Here's a very simple game program that also uses SPACE$. Although it is 
not so exciting as an arcade game, it does pretty well for such a short pro­
gram. 

This is how the game works. When you RUN it, the numbers 1 through 5 
appear at the top of the screen. These numbers represent five sectors of the 
galaxy. Soon an asterisk appears below eine of the numbers. This asterisk 
represents the hostile space invader's ship. You try to shot down the ship with 
a phasor torpedo by pressing the appropriate number key: "2" if the ship 
appears in sector 2, "3" if it appears in sector 3, and so forth. When you press 
a number key a plus sign appears below the corresponding number. Unfortu­
nately, you don't have much time to hit the right key, because the hostile ship 
is approaching at Warp Factor eleven. If you aren't fast enough, the program 
responds with the message "YOU TOOK TOO LONG," your own ship is 
partially destroyed, and you lose a point. If you are quick enough, but hit the 
wrong key (thus blasting a sector of the galaxy where there is no hostile ship), 
the program says "A MJSS," and you lose a point. Only if you press the right 
key in the time available do you score a hit on the hostile ship and add a 
point to your score. The program keeps track of your score for you. 

Here are some examples of the game's output: 

2 3 

+ 
A HITII 
YOUR SCORE IS 1 

4 5 

PRESS SPACE BAR TO CONTINUE. 

2 3 4 

+ 
A MISS. 
YOUR SCORE IS 0 

5 
• 

PRESS SPACE BAR TO CONTINUE. 

2 3 4 

YOU TOOK TOO LONG. 
YOUR SCORE IS -1 

5 

PRESS SPACE BAR TO CONTINUE. 
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This is the program listing. If the program goes too fast for you, you can 
change the 30 in line 70 to a larger number. If it's too slow, change 30 to a 
smaller number. 

10 REM ---- INITIALIZE 
20 X=RND(5) : CLS 
30 PRINT" 1 2 3 4 5" 
40 REM - PRINT THE ASTERISK 
50 PRINT SPACE$ (X • 5); "•" 
60 REM---- START THE TIMING LOOP 
70 FOR J=1 TO 30 
80 A$=INKEY$ 
90 REM ---- IF NO KEY PRESSED, GO TO "NEXT" 

100 IF A$="" THEN GOTO 170 
110 REM---- IF KEY PRESSED, PRINT PLUS 
120 A=ASC(A$)-48 : PRINT SPACE$ (A• 5); "+" 
130 REM ---- IF NUMBER PRESSED IS SAME AS X 
140 IF A=X THEN PRINT "A HIT!!" : S=S+1 : GOTO 210 
150 REM ---- NUMBER PRESSED IS NOT X 
160 PRINT "A MISS." : S=S-1 : GOTO 210 
170 NEXT J 
180 REM---- NO KEY PRESSED IN TIME 
190 PRINT "YOU TOOK TOO LONG." : S=S-1 
200 REM ---- PRINT SCORE AND DO AGAIN 
210 PRINT "YOUR SCORE IS"; S 
220 PRINT "PRESS SPACE BAR TO CONTINUE."; 
230 IF INKEY$=" "THEN GOTO 20 ELSE GOTO 230 

Here's how the program works. The variable X represents the segment of 
the galaxy where the hostile ship will appear. X is determined by using the 
random number function RND in line 20. In line 30 the numbers from 1 to 5 
are printed at the top of the screen. Then the asterisk is printed under the 
number specified by X. How? By using the SPACE$ variable to print a number 
of spaces equal to X times 5, and then printing the asterisk following the 
spaces. (X is multiplied by 5 because the numbers 1 through 5 at the top of 
the screen are 5 spaces from each other.) 

Now the program starts a FOR ... NEXT timing loop between lines 70 and 
170. The first thing the program does in the loop is to use the INKEY$ func­
tion to see if a key has been pressed on the keyboard. (Refer to the discussion 
of INKEY$ earlier in this section.) If not (A$=" "), then it goes to the NEXT J 
statement in line 170. This counts as one pass through the loop, leaving 29 
passes to go (assuming the loop variable in line 70 is 30). Starting the loop 
again, the program again checks the keyboard-and again, and again. Each 
time it checks and finds nothing there it lowers the loop variable J by one. 

While all this is going on you are trying to figure out, in your slow human 
way, what key to press. Let's say you press a key before the timing loop is 
over. In line 80, A$ is set to the character that you pressed. In line 120 we 
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convert it from a string character to a number by using the ASC function and 
then subtracting 48 (since, in the ASCII code, the character "0" (zero) is rep­
resented by 48, "l" by 49, and so on). Now, in line 120, we print the plus 
sign, spacing it over A times 5 spaces (just as we did with the asterisk in line 
120). 

If A equals X we print "A HIT!!" and increment the score S by one. If A is 
not equal to X, we print "A MISS" and decrement the score. And if we exit 
from the loop without any key at all being pressed, we print "YOU TOOK 
TOO LONG" in line 190 and decrement the score. 

No matter which of the above outcomes took place, the program now 
prints "HIT SPACE BAR TO CONTINUE," and waits for you to digest the 
results of the last play and hit the space bar. When you do, it starts over, 
picking a new value of X. 

SPC-Another Way to Space Out 

SPC(N) means, "Print N spaces." SPC(N) can only be used in a PRINT (or 
LPRINT) statement. 

SPC(N) performs much the same function as SPACE$(N): it saves you the 
time required to type a row of spaces and also shortens your program. The 
difference is that SPACE$ (which was described previously) is itself a variable 
which can be used in such statements as X$=SPACE$(5), while SPC(N), on 
the other hand, is a function which must be used in a PRINT (or LPRINT) 
statement. In this respect SPC(N) is like the TAB(N) function: they are both 
used as formatting aids inside of PRINT statements. 

This sample program will print a title with three spaces between each of the 
words: 

10 PAINT "WAR"; SPC(3); "AND"; SPC(3); "PEACE" 

STRINGS-Stringing Things Out 

STRINC$(N,X$) means "This variable is equivalent to a STRING of N char­
acters, each of which is the character represented by X$." 

Here's an ·example of the use of STRING$: 

10 X$="-" 
20 PAINT STAING$(10,X$) 
AUN 



226 

When you RUN this program it prints a string of 10 dashes, because the 
variable X$ has been set to a dash. You could achieve the same result with 
this statement: PRINT STRING$(10,"-"). N can be any number from 1 to 
255, or it can be a numeric variable (like J) or expression (I ike J* N+ 2). X$ can 
be any string variable, but if it is longer than one character, only the first 
character will be used in STRING$. 

STRING$ is very much like SPACE$ (described above), except that SPACE$ 
is equivalent to a string of N spaces, while STRING$ is equivalent to a string 
of N characters, which may be any character. (They must all be the same 
character, of course.) 

Like SPACE$, STRING$ is useful for formatting output on the screen (or on a 
printer); but it is more versatile. For instance, STRING$ can be used to pro­
duce quick graphs of data or mathematical functions. 

For example, here's a short program that draws a graph of the square of a 
number. The square of a number is the number multiplied by itself. The 
square of 3 is 9, the square of 10 is 100, and so on. Note that CLS means 
"Clear Screen" and causes the entire contents of the screen to be erased. 

10 CLS 
20 FOR X=1 TO 14 '----USE 14 LINES ON THE SCREEN 
30 Y= (XA2) / 4 '----SET Y EQUAL TO SQUARE OF X 
40 PRINT X; TAB(7) '----PRINT THE NUMBER X, TAB OUT TO 7 
50 PRINT STRING$(Y,"•") ·----PRINTY ASTERISKS 
60 NEXT X 
70 GOTO 70 '----STAY HERE UNTIL BREAK 

If you type in this program and RUN it, you'll get a picture on your screen 
that looks like Fig. 6-2. 

1 
2 • 
3 •• 
4 •••• 

5 
6 
7 
8 
9 

10 

••••• ......... 

•••••••••••••••• 
.................... 
•••••••••••••••••••••••• 

11 ••••••••••••••••••••••••••••• 
12 ••••••••••••••••••••••••••••••••••• 
13 ••••••••••••••••••••••••••••••••••••••••• 
14 •••••••••••••••••••••••••••••••••••••••••••••••• 

Fig. 6-2. Result of program to draw a graph of the square of a number. 

If you're used to reading graphs you'll notice that this one is turned side­
ways compared with a typical graph. Here, the X-axis starts at the upper left-
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hand corner and runs down the left-hand side of the screen (from 1 to 14), 
and the Y-axis runs from left to right horizontally across the screen. The length 
of each line of stars (asterisks) represents the value of Y. 

But, you may ask, if the square of the number 2 is 4, why aren't there 4 
stars beside the 2? And 9 stars beside the 3? The answer is that in order to fit 
the square of 14, which is 196, on the screen, we had to "scale down" the 
values of X by dividing them by four. So every line of stars has only one 
quarter as many stars as the number it represents (rounded off to a whole 
number of stars, of course, since the computer won't print part of a star). 

How does the program make this graph? Most of the program is a 
FOR ... NEXT loop, in which the loop variable X runs from 1 to 14. Each time 
the program goes through the loop it finds the square of X (which is the same 
as raising it to the power of 2, or X /\ 2). Then, as we mentioned, we divide 
the result by four so the stars will fit on the screen. The program then prints 
the numerical value of X and TABS out 7 spaces so each row of stars will start 
in the same column. The important part of the program comes in line 60, 
where STRING$(Y,"*") lets us print a line of exactly Y stars. 

When the printing of the graph is done (the FOR ... NEXT loop is finished) 
the program goes into a "pause" in line 70 by continuously executing GOTO 
70. This pause keeps the program from printing anything else (like "READY" 
or "OK") after the graph is printed. Printing something else might cause the 
whole screen to scroll up, thus losing the top line of the graph. 

MID$ (on the left)-Easy String Modification 

MID$(A$,P,N) = R$ means, "Replace the MIDdle of string A$ with string 
R$, for a length of N characters, starting at position P in A$." (This definition 
only applies when MID$ is on the left of the equal sign. When it's on the right, 
see the description of MID$ in the String Functions section of Chapter 4.) 

Let's illustrate this definition with an example: 

10 A$:"THE CAT ATE THE CHICKENS." 
20 MID$(A$,5,3) = "DOG" 
30 PRINT A$ 
RUN 
THE DOG ATE THE CHICKENS 

We start off with a string A$: "THE CAT ATE THE CHICKENS," and in line 
20 we use MID$ to change the word CAT to DOG. So when we RUN the 
program, the modified version of A$ will be printed out in line 30. In line 20 
the A$ (in the parentheses following the MID$) means that A$ is the string to 
be modified. The 5 means that the modification will start at the 5th character 
position in A$, since, in this example, the letter "C" in "CAT" is 5 letters from 
the start of the string A$. (The first character in the sentence, "T," is in posi-
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tion 1.) The last item in the parentheses, the 3, means that 3 characters will be 
replaced. The string on the right of the equal sign, "DOG," is the new string 
that will be placed in A$. 

Don't confuse MID$ when it is used on the left of the equal sign with MID$ 
when it is used on the right. As you learned in Chapter 4, MID$ used on the 
right of the equal sign is a way of creating a new string variable which con­
sists of the middle of the old one. For example, if A$="THE CAT ATE THE 
CHICKENS," and you execute the statement B$=MID$(A$,5,3), then B$ will 
be equal to the string "CAT" (which starts at the 5th character of A$ and is 3 
characters long), but the string A$ will not be changed at all. 

When would you want to use MID$ on the left of the equal sign? Imagine 
this situation: You have used your computer to write a long letter to someone 
named JANE. This letter might be stored in your computer's memory, or it 
might be stored on tape or disk. In this example the way it is stored doesn't 
matter, since we will only examine a small part of the letter. Let's assume the 
sentences that make up the letter are in the computer's memory in the form of 
string variables. After you have written the letter, you decide that you want to 
also send the same letter to someone named MARY. (Perhaps there's more 
than one lady in your life.) Unfortunately, the name JANE appears many times 
in the letter, so that it will be tedious and time-consuming to change it every 
time to the name MARY. You decide to write a program which will do the 
changes automatically. (This will not only permit you to change JANE to 
MARY, but also to ANNE, or LISA, or whatever other lady you are thinking 
about at the moment.) 

To show you how this program works we have added a line at the begin­
ning of the "change the name" routine which will read a string variable L$ 
directly from the keyboard, and another line at the end to print out the result; 
but if you were really modifying a long letter as we describe, there would of 
course be many strings to modify. These would have to be assigned to the 
string L$ one at a time to be modified. For simplicity we don't show this part 
of the routine. 

What the following program does is to let you type in a sentence in which 
the name JANE can appear as often as you want. Then the program looks 
through the sentence, which has been assigned to the string variable L$, and 
changes every occurrence of the name JANE to MARY. 

10 LINE INPUT "TYPE INPUT SENTENCE"; L$ 
20 P=INSTR(L$,"JANE") 
30 IF P<>0 THEN MID$(L$,P,4) = "MARY" : GOTO 20 
40 PRINT L$: GOTO 10 
RUN 
SWEETEST JANE, MOST LOVELY JANE, YOU ARE THE ONLY ONE FOR ME. 
SWEETEST MARY, MOST LOVELY MARY, YOU ARE THE ONLY ONE FOR ME. 
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That's a short routine to do so much, isn't it? It can be so short because 
INSTR (see the description of INSTR earlier in this section) and MID$ are such 
powerful BASIC statements. 

Let's find out how it works. After reading in the sentence L$, we use the 
INSTR statement to see if the sentence contains the word "JANE." If "JANE" 
is found, then Pis set to the place where the match begins, and we go to line 
20, which uses the MID$ statement to replace the word "JANE" with the 
word "MARY," starting at position P (where "JANE" begins) and replacing 4 
letters. Then we go back to line 20. Here we execute the INSTR statement 
again, but this time, since we have changed the first "JANE" to "MARY," we 
won't find that particular "JANE" again. If, however, "JANE" occurs more 
than once, it will find the next occurrence. The MID$ in line 30 will then 
change this "JANE" to "MARY" and go back to line 20 to search again. The 
process will continue until all the "JANEs" in L$ have been changed to 
"MARYs", at which point the INSTR statement will return P=0. When P=0 
the MID$ statement will not be executed, and the program will continue to 
line 40 to print out the modified version of L$. 

Of course, you must be careful using this program: if JANE and MARY ever 
compare their letters, you could be in big trouble! 

DEALING WITH ERRORS-CREATIVELY 

Until now you may have assumed that if an error occurred in your program 
BASIC would, as inevitably as death and taxes, exit from the program, print 
out an error message (like "SYNTAX ERROR"), and revert to the BASIC 
monitor mode with a "READY" or "OK" message. This is what BASIC nor­
mally does. The process works all right while you are developing and debug­
ging a program, since you get immediate feedback on any mistakes you've 
made, and can then make the needed corrections. But once the program is 
finished, and in the hands of a user, error messages are not so useful. The last 
thing you want the user to have to deal with is the sudden appearance of a 
phrase like "OVERFLOW ERROR IN LINE 290" on the screen, followed by 
the program "bombing" (ceasing to operate, and returning to the monitor 
mode). 

Some errors are not caused by the programmer, but may be the result of 
bad input on the part of the user, so that even a correctly written program is 
no assurance that errors will not occur when the program is run. Is there some 
way that we can keep errors from "bombing" the program? The answer to 
that question is the subject of this section. 

ON ERROR GOTO and RESUME-Confronting Your Errors 

ON ERROR GOTO N means "ON the occurrence of any kind of ERROR, 
GOTO line number N and execute the routine there, without causing an error 
message." 
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RESUME M means "The error has been handled, so RESUME the regular 
program, at line number M." 

ON ERROR GOTO and RESUME, taken together, provide a way for the 
programs you write to take over the job of processing errors from the BASIC 
monitor mode. ON ERROR GOTO provides a way to transfer control from 
your program to the routine you write to handle errors, and RESUME provides 
a way to get back to the program. 

As an example, we'll look again at the program for finding factorials that 
we introduced in the WHILE ... WEND section. Here it is. 

10 INPUT"NUMBER"; N 
20 F=1 
30 F=PN 
40 N=N-1 
50 IF N>0 THEN GOTO 30 
60 PRINT "FACTORIAL IS"; F 
70 GOTO 10 

We'll use the version of the program with an IF statement and a GOTO, 
rather than the WHILE ... WEND loop, so that even if your computer doesn't 
have the WHILE ... WEND function you can still try out the example. 

If you typed in this program earlier and experimented with it, you probably 
found that it worked fine for comparatively small values of N: say up to about 
33. (The exact number will vary from one computer to another.) When you 
tried to input a larger number, 34 for example, the program "bombed," 
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BASIC printed "OV ERROR" or "OVERFLOW IN 30" or some similar error 
message, and then reverted to the monitor mode with a "READY" or "OK" 
message. (In some versions of BASIC an error only occurs here when the 
variables F and N are integers. For more information on the difference be­
tween integers and other variables, see the section on "Variable Types" later 
in this chapter.) 

Here's how the results of running the factorial program might have looked 
if you had typed in some large numbers: 

NUMBER? 32 
FACTORIAL IS 2.63131E+35 
NUMBER? 33 
FACTORIAL IS 8.68332E+36 
NUMBER? 34 
OVERFLOW IN 30 
READY 

What's going on here? Why do we get an error message? Well, the problem 
is that your computer can only handle numbers up to a certain size, and the 
factorial of a number like 34 is a really huge number-in fact, it is 37 digits 
long! When numbers get this large, BASIC says "I give up, it's too big for me, 
help!" That's what the "OVERFLOW" error message means: that a number 
was too large for BASIC to handle. 

So, if you used this factorial routine in a program that someone else was 
going to use, then every time they attempted to type in too large a number, 
BASIC would print the error message and bomb the program-and the user 
might wish that he had used someone else's program instead of yours. 

Is there a way to avoid having the program bomb when the numbers get 
too big? There certainly is: by using ON ERROR GOTO and RESUME. Let's 
modify the program like this: 

5 ON ERROR GOTO 100 
10 INPUT"NUMBER"; N 
20 F=1 
30 F=PN 
40 N=N-1 
50 IF N>0 THEN GOTO 30 
60 PRINT"FACTORIAL IS"; F 
70 GOTO 10 

100 REM---- ERROR-CATCHING ROUTINE 
110 PRINT"TOO LARGE A NUMBER TO COMPUTE FACTORIAL." 
120 RESUME 10 

As you see, we've inserted a new line 5, "ON ERROR GOTO 100." This 
line tells BASIC, "Don't do anything now, but if an error occurs in the pro-
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gram, don't print the message and bomb the program; just go to line 100 and 
start executing the instructions there." It's important to realize that this line 
has no immediate effect on the program-in fact, it has no effect at all unless 
an error occurs. 

We've also added the new lines 100 to 120. These lines deal with any error 
that occurs. (If no errors occur, this routine will never be executed.) This kind 
of routine is often called an "error-trapping" routine, since its purpose is to 
"trap" errors before they can do any harm. In this particular case, the only 
thing that the routine does-if an error occurs and control passes to the 
routine-is to print a message "TOO LARGE A NUMBER TO COMPUTE 
FACTORIAL!' This tells the user of the program that he can't expect the com­
puter to handle the factorial of the number N that he typed in: it's too large. 

Then, to return to the main program, the error-trapping routine executes the 
RESUME 10 instruction in line 120, to return control to line 10. RESUME not 
only takes you back to the main program, it also has the effect of "resetting" 
the ON ERROR GOTO statement, so that when the next error is detected 
control will pass again to the error-trapping routine. If you returned to the 
main program without using RESUME (with a GOTO, for example), then 
when the next error occurred BASIC would handle it in the "normal" way, by 
taking over, bombing the program, and printing an error message. 

RESUME can be followed-as it is here-by the line number in the main 
program to which you want control to return from the error-trapping routine. 
You can also say "RETURN O;' or simply "RETURN." These statements will 
cause BASIC to go back and resume execution of the program at the same 
line in which the error occurred. If you do this, you have to be sure the error 
has been corrected before you execute the RESUME. Otherwise, control will 
go back to the line with the error in it, and since the error is still there, BASIC 
will head right back to the error-trapping routine, creating an endless loop. 
(You could avoid this, for example, by having the error-trapping routine reset 
N to the largest value BASIC can handle.) You can also say "RESUME NEXT," 
which will cause control to resume at the line following the line in which the 
error occurred. 

Try out the program. It works fine, doesn't it? No matter how large a 
number you type in, the program answers it with "TOO LARGE A NUMBER 
TO COMPUTE FACTORIAL;' and goes right back to ask "NUMBER?" again. 

There are, however, some possible pitfalls in the use of ON ERROR GOTO, 
things that could cause trouble if you're not aware of them. 

One such pitfall is this: once an error occurs, and you're in the error­
trapping routine, you shouldn't let another error happen before you go back 
to the main program with the RESUME statement. If you do, the error-trapping 
routine will not trap it-control will return to BASIC which will bomb the 
program and print out its own error message in the usual way. 

Another possible pitfall is that once you've executed the ON ERROR 
GOTO statement, then any error, no matter what it is or where it is in the 
program, will cause control to go to the error-trapping routine. This is true 
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even of errors you make in direct statements in the monitor mode. For in­
stance, if you typed LISP instead of LIST to list your program, control would 
go immediately to your error-trapping routine, even though your program 
wasn't even running at the time. The best way to avoid these problems is to 
execute the statement "ON ERROR GOTO 0" when you no longer expect the 
particular error that your error routine is intended to trap. This statement has 
the effect of cancelling your original ON ERROR GOTO N statement, so that 
errors will cause the normal BASIC error messages instead of going to your 
routine. We'll give an example of how to do this in the next section, on ERR 
and ERL. 

ERR and ERL-What Was the Error, and Where Did it Happen? 

ERR means "What was the number of the error?" 
ERL means "On what line number did the error occur?" 

ERR and ERL have similar functions, so we will describe them together 
here. They are both typically used in an error-trapping routine to give the 
routine information about the error. (For a discussion of error-trapping, see the 
last section, ON ERROR GOTO and RESUME.) Often, they are used simply to 
ensure that the error which occurred is the one you expected (the one the 
error-trapping routine is designed to deal with) and not a more serious unex­
pected error. 

To create such an "unexpected" error, try making a typing mistake in one 
of the lines of the factorial program described in the last section. For example, 
change the word INPUT in line 20 to INPIT. Now RUN the program. What 
happens? You would expect BASIC to recognize the error, halt execution of 
the program, print "SYNTAX ERROR," and then wait in the command mode 
for you to tell it what to do. But no-it prints out "TOO LARGE A NUMBER." 
Why? Because in line 5 you told it, "ON ERROR GOTO 100," and that's 
what it does faithfully-no matter what the error is-until you tell it to do 
otherwise. And while this is what you want if the error is really caused by 
inputting too large a number, it isn't very useful if the error is something else, 
like writing INPIT instead of INPUT. 

Let's change the error-trapping routine so that it is a little more 
discriminating-that is, so that it can respond differently to different errors. 
We'll have it not only check that the error is the same kind of error that we 
expected (that is, the same error number), we'I I also have it check that the 
error took place on the same program line that we expected it to. To do this, 
we add line 105, making the program look like this: 

5 ON ERROR GOTO 100 
10 INPUT"NUMBER"; N 
20 F=1 
30 F=F-N 
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40 N=N-1 
50 IF N>O THEN GOTO 30 
60 PRINT"FACTORIAL IS"; F 
70 GOTO 10 

100 REM -- ERROR-TRAPPING ROUTINE 
105 IF ERR <>6 OR ERL <>30 THEN ON ERROR GOTO 0 
110 PRINT"TOO LARGE A NUMBER." 
120 RESUME 10 

Now, when an error occurs, the error-trapping routine first checks to see if 
ERR (the error number) is equal to 6, which is the number of the OVERFLOW 
error. (This number may be different on different computers. You can check 
the BASIC manual for your computer to see what number to use.) Then, it 
checks to see if ERL (the line number where the error occurred) is equal to 30, 
which is the line number where we expect the overflow error to occur (since 
this is where the factorials-which may cause overflow-are generated by 
multiplication). If either of these conditions is not true, then the routine knows 
that an unanticipated error has taken place, one which the routine cannot 
deal with itself. At this point, in order to turn control back over to the BASIC 
monitor so that the proper error message can be printed out, the routine exe­
cutes an "ON ERROR GOTO 0" statement. This has the effect of cancelling 
the "ON ERROR GOTO 100" statement in line 5, and control then goes back 
to the BASIC monitor, which prints the appropriate error message. Notice that 
control does not go to line number 0. 

tOR I 110 loo:> 
PRINT''! SCREWED UP" 

NeXTI 

ERROR 
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ERROR-Stirring Up Trouble 

ERROR N means, "Make BASIC think that ERROR number N has oc­
curred." 

This statement has the effect of imitating (simulating) an error, so that BASIC 
thinks one has taken place, when in fact no error has occurred. Now why 
would we want BASIC to think that an error had taken place? The usual rea­
son is that we want to test an error-trapping routine. (See the preceding dis­
cussion of ON ERROR GOTO, RESUME, and ERR and ERL.) Let's try out this 
idea, using the Factorial program with the error-trapping routine from the last 
section. We'll make only one change in this program: we'll leave off the part 
of line 105 that says "OR ERL < > 30." The reason for this will be explained 
later. 

5 ON ERROR GOTO 100 
10 INPUT"NUMBER"; N 
20 F=1 
30 F=F•N 
40 N=N-1 
50 IF N>0 THEN GOTO 30 
60 PRINT"FACTORIAL IS"; F 
70 GOTO 10 

100 REM---- ERROR-TRAPPING ROUTINE 
105 IF ERROR<>6 THEN ON ERROR GOTO 0 
110 PRINT"TOO LARGE A NUMBER TO COMPUTE FACTORIAL." 
120 RESUME 10 

RUN the program. When you type in a number which is too large, the 
program will "trap" to the error-handling routine in line 100 and print "TOO 
LARGE A NUMBER." Now, instead of actually causing an error by inputting 
too large a number, let's just "imitate" an error. Break into the program by 
typing "break" (or "control-C" or "control-break") so that BASIC halts 
execution of the program and returns to the monitor mode, printing "READY" 
or "OK." 

Now type "ERROR 6" (or whatever number is the overflow error on your 
computer). Lo and behold, the error-trapping routine is executed in exactly 
the same way as it was when we typed in too large a number. So we have 
checked out the operation of the error-trapping routine without having a real 
error take place. Of course, in this example it's easy to generate a real error 
by typing too large a number, so that the ERROR statement isn't essential to 
checking out the error-trapping routine. But some errors are difficult to cause 
when you want them-those relating t6'malfunction of a tape or disk unit, for 
example-and in these cases ERROR is a very useful function. 

Notice that the reason we had to delete the "OR ERL < > 30" part of line 
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105 is that, if we imitate the error in command mode by typing "ERROR 6" as 
explained above, then the error is no longer taking place in line 30. So, if the 
routine checks to see that it did happen in line 30 and finds that it didn't, it 
will come to the mistaken conclusion that an unanticipated error has oc­
curred and will execute the ON ERROR GOTO O part of the statement, which 
will cause BASIC to print "OVERFLOW" instead of the "TOO LARGE A 
NUMBER" message that we want. 

ERROR Used as an Extended Form of GOSUB 

ERROR can also be used in another way, one the designers of BASIC prob­
ably didn't think of. In the following program we will use ERROR not to 
imitate an error, but almost as if it were a normal GOSUB statement. The 
advantage of using ERROR Instead of GOSUB is that when an ERROR state­
ment is executed, ERR is automatically set to the error number N {specified by 
the number N in "ERROR N"), and ERL is set to the line number where the 
error occurred. It can be very useful for a subroutine to be able to figure out 
the line number from which it was called, and it can also be useful to be able 
to pass an "argument" {a number with different values) to the subroutine from 
the program which calls it. 

Here's a program which shows how this might be done. The program asks 
for the user's name and age. If the name is longer than 15 characters it prints 
"PLEASE USE A SHORTER NAME." If the age is less than 3 years or greater 
than 80, it assumes the user has made a nonserious reply and prints "PLEASE 
BE HONEST." {If you really are more than 80 or less than 3 years old, you can 
change line 50 accordingly!) 

10 ON ERROR GOTO 80 
20 INPUT"PLEASE ENTER YOUR LAST NAME"; LN$ 
30 IF LEN(LN$) > 15 THEN ERROR 38 
40 INPUT"AND YOUR AGE"; AG 
50 IF AG<3 OR AG>80 THEN ERROR 38 
60 PRINT"THANK YOU." 
70 STOP 
80 REM---- ERROR-TRAPPING ROUTINE 
90 IF ERR <> 38 THEN ON ERROR GOTO O 'UNEXPECTED ERROR 

100 IF ERL=30 THEN PRINT"USE A SHORTER NAME." : RESUME 20 
110 IF ERL=50 THEN PRINT "PLEASE BE HONEST." : RESUME 40 
120 ON ERROR GOTO O 'UNEXPECTED LINE NUMBER 

In this program we use the ERROR statement to branch to the "error­
trapping" routine at line 80 if either the name typed in is too long, or the age 
typed in is less than 3 or more than 80. Neither of these conditions is really an 
"error," of course. We are simply using the error-handling statements to per­
mit the routine to figure out which part of the main program called the 
routine. 
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Let's go through this step by step for the case of the user typing in an 
inappropriate age: 120, for example. 

The first line of the program makes BASIC aware that, in the event of an 
error, control should go to line 80. Then the program asks for the user's last 
name and his age. If, when he is asked his age, the user types (for example) 
120, then in line 50 the program will see that AG is greater than 80 and will 
go on to the next part of the statement, which is ERROR 38. (Actually, any 
valid error number could be used here.) Executing this statement takes us 
immediately to the error-trapping routine on line 90. There, on line 90, we 
first verify that the error is the one we expect (that is, number 38). If it isn't, 
we assume a "real" error (that is, one we hadn't anticipated, such as a syntax 
error) has taken place, and execute the ON ERROR GOTO O statement so that 
control will return to BASIC to deal with the error in the normal way. How­
ever, if the error is number 38, we then go on to check what line number it 
occurred on using the ERL function. In this case, it occurred on line number 
50, so we will execute the second part of line 110, which is 

PRINT"PLEASE BE HONEST." : RESUME 40 

Control will then go back to line 40, where the user will again be asked his 
age. If the error routine has not been called from either of the expected line 
numbers, 30 or 50, then the routine goes on to execute the "ON ERROR 
GOTO 0" statement. in line 120, which will return control to BASIC to deal 
with a normal error. 

When To Use an Error-Trapping Routine 

To summarize this section, we can say that you probably won't need to use 
any of the error-trapping terms we have been discussing when you are writing 
and debugging your program. In fact, in these stages of program development, 
error-trapping routines might even be a disadvantage, since you want BASIC 
to tell you about any errors in your program. 

However, to make a finished program as "user-proof" as possible, it can 
often be an advantage to include an error-trapping routine to deal with all the 
errors which you can imagine being made by users of the program. No matter 
what the user of your program does, it is almost always better to have the 
program keep running and deal with the error itself, rather than bombing and 
turning control back over to BASIC. This way you can print the kind of error 
message you want to, rather than letting a BASIC error message reveal to the 
user that you have failed to foresee something the program or the user might 
do. 

And if your error-trapping routine can't figure out what sort of error the user 
made, it can always print out some sort of outrageous general-purpose error 
message, like "WE REGRET TO INFORM YOU THAT YOU HAVE VIOLATED 
SECTION 6SJ7 OF THE COMPUTER USER'S GUIDE. CONSIDERING THE 
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DEGREE OF YOUR INCOMPETENCE WE HAVE NO CHOICE BUT TO TER­
MINATE THIS PROGRAM. GOODBYE!" 

Of course there is no "SECTION 6SJ7" (and no ''COMPUTER USER'S 
GUIDE" either, for that matter). But perhaps the user of your program will be 
so demoralized by this message that he will fail to notice that you have not 
anticipated whatever error it was that caused the message! (Actually we're 
just kidding about this. In fact, it might not be such a good idea for your 
program to completely take over the error-handling process, since then in the 
event of a malfunction in the user's computer he would have no way to find 
out about it-all he'd get would be your error message!) 

VARIABLE TYPES-INTEGERS, SINGLE AND DOUBLE PRECISION, 
STRINGS 

In Chapter 1 you learned the difference between string variables (like A$) 
and numeric variables (like A). You learned that the names of string variables 
are followed by a dollar sign, and that the value of a string variable is always 
a string of alphanumeric characters (such as "CAT" or "12 O'CLOCK"); and 
you learned that a numeric variable is not followed by a dollar sign and that 
it's value is a numeric quantity like 2 or 10 or 6.123. In the program examples 
we have used so far you have not needed to know more than these two kinds 
of variables, numeric and string. However, the BASIC interpreter in your 
computer has been making at least one other distinction: it has been dividing 
numeric variables into two types, integers and single-precision variables. Let's 
explain the difference between these two kinds of variables. 

Briefly, an integer is a number with no digits to the right of the decimal 
point. That is, it is a whole number, with no fractional part. Thus, 1 O and 2 
and -9 and 4096 are integers, while 4.7 and 2/3 and 0.002 are not. And so, 
not surprisingly, an integer variable is one whose value is an integer. On most 
personal computers there is another restriction: the value of an integer vari­
able must not be any larger than 32767 nor any smaller than - 32768. 

What are single-precision variables? Here the answer depends to some ex­
tent on which computer you are using. On a typical personal computer a 
single-precision variable is one whose value consists of 6 or 7 digits (with the 
decimal point anywhere) and whose range (size) is between about 1 E + 38 and 
1E-38. (These two numbers are written in exponential notation. If writing 
numbers this way is new to you, turn to Appendix F, "Exponential Notation.") 

It's easy to see how many digits your version of BASIC is working with. Just 
type this line, in command mode: 

PRINT 1/3 
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The computer will respond with a string of 3s: 

.333333 

Since 1 divided by 3 produces an infinite string of 3s following the decimal 
point, we can see at once just how many digits BASIC is working with just by 
counting the number of 3s in this example. In this case, we can conclude that 
our computer's single-precision routines are using 6 digits (if seven 3s had 
been printed out, our computer would be using seven digits, and so on). 

Let's write a simple program to demonstrate the definition of single­
precision variables. 

10 J=2.3456789 
20 PRINT J, 
30J=J•10 
40 GOTO 20 

We start with a number J which is 8 digits long. We print it, multiply it by 
10, print the result, multiply the result by 10, and so on and so on. If you type 
in this program and RUN it, your computer should print out something like 
that seen in Fig. 6-3. 

READY 
RUN 
2.34568 
23456.8 
2.34568E+08 
2.34568E+12 
2.34568E+16 
2.34568E+20 
2.34568E+24 
2.34568E + 28 
2.34568E+32 
2.34568E+36 

OVERFLOW IN 30 
READY 
> -

23.4568 
234568 
2.34568E+09 
2.34568E+ 13 
2.34568E + 17 
2.34568E+21 
2.34568E+25 
2.34568E + 29 
2.34568E+33 
2.34568E+37 

234.568 
2.34568E +06 
2.34568E+10 
2.34568E+14 
2.34568E+18 
2.34568E+22 
2.34568E+26 
2.34568E +30 
2.34568E+34 

2345.68 
2.34568E +07 
2.34568E + 11 
2.34568E + 15 
2.34568E+19 
2.34568E+23 
2.34568E + 27 
2.34568E+31 
2.34568E+35 

Fig. 6-3. Large numbers in exponential notation. 

The first thing to notice about Fig. 6-3 is the first number the computer 
printed out: 2.34568, instead of the 2.3456789 that we entered. Our variable 
J has been rounded off so it is only 6 digits long, instead of the 8 we typed in. 
What happened to the other 2 digits? Well, unless someone tells it otherwise, 
your computer always assumes that the variables and the numbers you use in 
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your programs are single precision. And since a single-precision number can 
only have 6 digits (at least in the computer :.ised for this example), two are 
chopped off. Actually, there's no use in even typing in more than 6 digits­
anything more than that will be lost. 

The second thing to notice about this output is that once the numbers reach 
a certain size, they are printed out in exponential notation. Actually, BASIC 
stores single-precision variables in exponential form no matter what size their 
values are. It prints out the smaller numbers in the "normal" way (as 4123 
instead of 4.123E+ 3, for example) merely as a convenience to the human 
using the computer. 

In exponential notation, part of the variable is used for storing the mantissa 
(the six digits written before the E) and part is used to store the exponent (the 
two-digit number following the E). If the mantissa gets too big, some of the 
digits are just chopped off as we saw, but if the exponent gets too big, the 
computer can't store the number at all and has to print an error message. 
That's what's happening in the printout: when the program tries to multiply 
2.34568E+ 37 by 10, the error message "OVERFLOW IN 30" results and the 
program stops. Why? Because the exponent of a single-precision value cannot 
be any larger than about 37. (Actually, it's between 37 and 38. This depends 
on your computer. Remember, however, that when a number's exponent is 
38, then the number is 38 digits long! Since such large numbers are not often 
encountered, the fact that the computer can't deal with them is not such a 
serious limitation.) Here's what 2.34568E+ 38 looks like written out: 

234,S68,000,000,000,000,000,000,000,000,000,000,000 

Here's another program. This one generates numbers that get smaller and 
smaller, since we divide by 10 each time we print out the number (instead of 
multiplying, as in the example above). We have had to add a line to STOP the 
program (line 30) when BASIC starts to think that J is zero. This is because 
BASIC, instead of causing an error message when the exponent goes from 
- 38 to - 39, simply decides that a number that small is the same as zero and 
would continue to print out zeros from then until doomsday if we didn't stop 
the program. 

10 J=2.75 
20 PRINT J, 
30 IF J=0 THEN STOP 
40 J=J/10 
50 GOTO 20 

Fig. 6-4 shows the output from the program. 



READY 
>RUN 

2.75 
2.75E-04 
2.75E-08 
2.75E-12 
2.75E-16 
2.75E-20 
2.75E-24 
2.75E-28 
2.75E-32 
2.75E-36 

BREAK IN 30 
READY 

> -

.275 
2.75E-05 
2.75E-09 
2.75E-13 
2.75E-17 
2.75E-21 
2.75E-25 
2.75E-29 
2.75E-33 
2.75E-37 

.0275 
2.75E-06 
2.75E-10 
2.75E-14 
2.75E-18 
2.75E-22 
2.75E-26 
2.75E-30 
2.75E-34 
2.75E-38 

2.75E-03 
2.75E-07 
2.75E-11 
2.75E-15 
2.75E-19 
2.75E-23 
2.75E-27 
2.75E-31 
2.75E-35 
0 

Fig. 6-4. Small numbers in exponential notation. 

Here's what 2.75E-38 looks like written out: 

o.ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,000,0275 
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Let's summarize the differences between an integer variable and a single­
precision variable. An integer variable must lie in the range between + 32767 
and - 32768 and must be a whole number, with no fractional part (that is, no 
digits to the right of the decimal point). A single precision variable, on the 
other hand, can have any value between about 1 E+ 37 and 1 E-38, but can 
have only six or seven digits. 

When Should You Use Integers, and When Single Precision? 

As you have probably guessed, integer and single-precision variables are 
useful for different kinds of things. Integers are good for counting small num­
bers of discrete items such as how many oranges in a sack or how many 
months in a year-things that have no fractional part. Single-precision num­
bers are good for measuring continuous quantities that are not necessarily 
whole numbers, like how fast your car is traveling or how long a table is. 

Why not always use single precision? After all, any number that can be 
expressed as an integer can also be expressed as single precision, (The reverse 
is not, of course, true.) Integers have two advantages-they're small, and 
they' re fast. 

Integers are small in the sense that they take up less room in your compu­
ter's memory than single-precision variables do. An integer value is stored in 
two bytes, while a single-precision value requires 4 or 5 bytes (or more), 
depending on your particular computer. So if you have a large program and 
not much memory space in your computer, it pays to use integer variables 
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wherever possible. (For a further description of how computers store variables 
read Appendix C, "When Programs Get Too Big.") 

The second reason to prefer integers over single-precision variables is 
speed. Say you have a program with a FOR ... NEXT loop in it, like this: 

10 FOR J=1 TO 2000 

(other program lines here) 

100 NEXT J 

If you don't tell it otherwise, BASIC assumes that all variables are single 
precision, including the J in the FOR ... NEXT loop. But, when BASIC is actu­
ally executing a FOR ... NEXT loop, it needs J to be an integer so it can use it 
for counting. So every time the FOR statement is executed (2000 times in the 
example) BASIC changes J from a single-precision variable to an integer vari­
able, increments the loop, and then changes it back so it is available to other 
statements inside the loop as a single-precision variable. Naturally all this 
changing back and forth takes time. So, if you want your FOR ... NEXT loops 
to run as fast as possible, use integer variables. 

BASIC c1lso performs arithmetic faster on integers than it does on single­
precision variables. Actually, your BASIC interpreter has a complete set of 
routines for doing arithmetic with integers (add, subtract, multiply and divide) 
and another set of routines for doing arithmetic on single-precision variables. 
(There is a third set, too, for double precision, which we will discuss later.) 
Since integer variables are only two bytes long, instead of four or five, the 
routines to do arithmetic on them are much faster than the corresponding 
routines for single precision. So, if you have a lot of arithmetic to do, it pays 
to speed it up by using integers, provided of course that the numbers you are 
operating on lie between 32767 and - 32768. 

But how do we get a variable to be an integer, if BASIC assumes all 
numeric variables are single precision? We'll find that out in the next section. 

Type Declaration Characters 

Type declaration characters are special symbols which are written im­
mediately after a variable name to specify which of four types the variable is. 
These four types, and the character that specifies each one, are: 

• Integer, indicated by a percent sign (%). 
Examples: A%, Z3%. 
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• Single Precision, indicated by an exclamation point (!). 
Examples: B!, Q4!. 

• Double Precision, indicated by a number sign (#). 
Examples: D#, P9#. 

• String, indicated by a dollar sign ($). 

Examples: F$, S7$. 

In the last section we talked about the advantages of making variables be 
integers in some cases, and single-precision variables in others. But how do 
we force a variable to be one of these types? One way is with "Type Declara­
tion Characters." This long name simply means that we add one of the special 
characters listed above to the variable name to force the variable to be a 
particular type. You already learned to use the type declaration character for 
strings in Chapter 1: it's a dollar sign. So you know that while Al is a numeric 
variable, A 1 $ is a string variable. 

Integer and single-precision variables also have type declaration characters. 
(Let's abbreviate them to T.D.C.s from now on.) There is also a fourth T.D.C., 
for double-precision variables, which we will cover in the next section. The 
T.D.C. for integers is a percent sign (%), and the T.D.C. for single-precision 
variables is an exclamation point (!). If you want to specify the type a numeric 
variable is going to be (integer or single-precision), all you have to do is add 
the appropriate T.D.C. to the name every time you write it. Thus, A% and 
B2% are integer variables, and A! and B2! are single-precision variables. The 
T.D.C. actually becomes part of the name and can be used to distinguish two 
variables which would otherwise have the same name. Thus, H2% and H2! 
are completely different variables and can both be used in the same program. 
BASIC will keep them separate. 

As an example of how to use T.D.C.s, and also as a demonstration of the 
advantages. of using integers in certain situations, let's look at the following 
loop: 

10 FOR J=1 TO 2000 
20 NEXT J 

Because BASIC assumes that every variable is single precision unless told 
specifically otherwise, it will treat the loop variable J as single precision. But 
because it needs J to be an integer to use it as a loop variable, it will convert it 
to an integer each time it needs to increment it in the loop. This takes time, 
and makes the program run slower. To see just how much slower, do this: run 
the program, and time it. If you have a stopwatch you can time it very accu­
rately, but the second hand on your watch will do. Write down how long it 
took. (On our computer it took 1 0 seconds.) 
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Now, change the program like this: 

10 FOR J%=1 TO 2000 
20 NEXT J% 

We've changed J to an integer variable by adding the percent sign. Now try 
running the program and timing it. It should be substantially faster than the 
example where J is a single-precision variable. (On our computer it took only 
7 seconds.) 

Since variables are single precision unless otherwise specified, we don't 
often have to use the exclamation point (!) T.D.C. to force a variable to be 
single precision. Sometimes it is useful though, as we'll see in the section 
coming up, on DEFINT, DEFSNG, etc. 

Double-Precision Variables-When Six Digits Are Not Enough 

Double Precision is a type of BASIC variable which can represent numbers 
with more significant digits than can integer or single-precision variables. 

What do you do if you need to write a program which deals with numbers 
that have more significant digits than the six or seven digits that single­
precision variables provide? For example, suppose you're in real estate and 
you've just earned a five percent commission on a house you sold for 
$1,234,567.75. (The house is in Beverly Hills.) You need to know to the 
penny just what your commission is. Write the following program: 

10 P=.05 
20 SP=1234567.75 
30 C=P • SP 
40 PRINT C 

Here, P is the percentage of your commission, SP is the selling price, and C 
is the commission you are trying to find. When you RUN the program you 
will get something like $61728.4. (This may be slightly different on different 
computers.) Well, this is a lot of money, but it is the wrong answer. In fact, the 
program doesn't even print out the last digit (the penny's digit). 

How can we get a completely accurate answer? BASIC has another variable 
type we haven't used yet, called "double precision." As the name implies, 
double precision gives us more digits in our answer than does single precision 
(actually more than twice as many). 

To see the difference between single and double precision, write the follow­
ing little program: 



10 A=1 
20 8=3 
30 PRINT A/8 
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If you run this program you'll get an answer like .333333. As you can see, 
this answer is correct to six digits. (This is similar to the example in the de­
scription of single precision in the last section.) 

Now let's change this program to double precision. The type declaration 
character (T.D.C.) for double precision is the number sign (#), so we'll rewrite 
the program this way: 

10 A#=1 
20 8#=3 
30 PRINT A#/8# 

RUN that, and what do you get? 

.3333333333333333 

Sixteen digits! That's a lot of precision. We could handle the national debt, 
to the nearest penny, with that many digits. 

Now we're ready to figure the commission in our real estate problem. We'll 
modify the program this way: 

10 P#=.05 
20 SP#=1234567.75 
30 C#=P# • SP# 
40 PRINT C# 
RUN 
61728.38841982465 

We can easily round off this number to $61728.39. Now our answer is 
correct to the nearest penny-in fatt, we had a lot more precision than we 
needed for this particular problem. 

Double precision is most used in financial programs involving large 
amounts of money, and in scientific and engineering problems. Even if you 
don't need sixteen digits of precision too often, it's nice to know they're there 
when you need them. 

Naturally, there is a price to pay for using double precision. Just as single­
precision variables are both slower and take up more room in the computer's 
memory than do integer variables, so double precision is slower and takes up 
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more space than single precision. It requires eight bytes to store the value of a 
double-precision variable, twice that of a single-precision variable, which is 
itself twice as large as an integer. So, if you want to save memory space and 
computing time, don't use double precision unless it's absolutely necessary. 

Fig. 6-5 presents a summary of the four variable types. 

Variable Type Declar- Example Example of Range of Bytes of Memory 
Type otion of Values Values Used by 

Character Variable Variable 

STRING $ A$ "CAT" strings from 0 1 byte per 
82$ "CHICKEN" 10 255 chars chorocter, 
ZZ$ "12 P.M." plus 6 bytes 

"4.234" for name. 

INTEGER % A% 12 from -32768 2 byres for 
82% 30000 lo 32767 value, plus 
ZZ% -207 3 bytes for 

0 name 

SINGLE ! A! 12.45 mantissa: 4 bytes for 
PRECISION 82! 999999.9 6 digits. value, plus 

ZZ! 3.2E+19 exponent: 3 bytes for 
-17.4 -38 to +38 name 

DOUBLE # A# 12.45 mantissa: 8 bytes for 
PRECISION 82# 7. 7777777777777 16 digits. value, plus 

ZZ# 1. 24932434342E-9 exponent: 3 bytes for 
-o. 234567892332 -38 10 +38 name 

Fig. 6-5. Summary of BASIC variable types. 

DEFINT, DEFSNG, DEFDBL and DEFTR-Defining Variable Types 

DEF/NT L means, "Define all variables beginning with the letter L to be 
integer variables." 

DEFSNC L means, "Define all variables beginning with the letter L to be 
single-precision variables." 

DEFDBL L means, "Define all variables beginning with the letter L to be 
double-precision variables." 

DEFSTR L means, "Define all variables beginning with the letter L to be 
string variables." 

The type declaration characters discussed in the last section accomplish 
their purpose of specifying which type a variable will be, but they also add an 
extra character to the variable name. So, if you are typing in a long program, 
you may find it inconvenient and time-consuming to be constantly inserting 
dollar signs, percent signs, and so on into your listing. In many programs, for 
example, almost all the variables are defined as integers, which means a lot of 
percent signs to type. 

Fortunately, BASIC comes to our rescue with a clever labor-saving device: 
the type declaration definitions "DEF---" (here DEF--- stands for DEFINT, DE­
FSNG, DEFDBL or DEFSTR). These statements let you define-in one 



247 

statement-a whole group of variables to be of a particular type (integer, 
single precision, etc.). Once defined in this way you no longer have to use the 
type declaration characters (!, % , #, and #) after each instance of the variable 
name. 

For instance, DEFINT I\! means that all variables whose names start with the 
letter N are now defined to be integer variables. So every time you write such 
a variable name in your program, like N, or N2, or NZ, BASIC will assume it 
is an integer. Similarly, DEFDBL Z defines all variables beginning with the 
letter Z to be double-precision variables, and DEFSTR Q defines all variables 
beginning with the letter Q to be strings. DEFSNG S defines all variables 
beginning with the letter S to be single precision, but since BASIC assumes a 
variable is single precision unless told otherwise, it isn't usually necessary to 
use a DEFSNG statement. (We say the "default" variable type is single preci­
sion.) 

You can also use a list of letters or a range of letters in a DEF statement. For 
example, DEFDBL A,G,P defines all variables starting with the letters A or G 
or P to be double precision, while DEFINT 1-N defines all variables whose 
names start with I, J, K, L, M or N to be integers. (In the FORTRAN programm­
ing language the variables I, J, K, L, M and N all default to integer variables. 
Some BASIC programmers follow this tradition by starting their programs with 
DEFINT I-NJ. 

Another common statement near the beginning of programs that use mostly 
integer variables is DEFINT A-Z. This defines all variables in the program to 
be integer, no matter what letter they begin with. Using this statement ensures 
that all FOR ... NEXT loops will use integer variables, and that all arithmetic will 
be done with integer variables. Since using integers cuts down on memory 
space and increases speed, this statement buys you a lot of benefit for very 
I ittle effort. 

But what happens if you want to use, say, a string variable in a program 
after you have already used the DEFINT A-Z statement? Easy: just use a type 
declaration character after the string variable name.Type declaration char­
acters always take precedence over DEF--- statements; that is, no matter how 
you have defined a variable with a DEF--- statement, as soon as you use "!" 
or "#" o~ "$" or "%" after the name, BASIC will override the DEF--- state­
ment and assign the variable to whatever type the character indicates (! for 
single precision, % for integer, and so on). 

In the following program, for example, the variable A will be an integer 
variable, 8 will be a single-precision variable, P will be double precision, and 
Q will be a string. 

10 DEFINT A-L: DEFDBL M-Z 
20 A= 1/3 
30 Bl= 1/3 
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40 P = 1/3 
50 0$ = "1/3" 
60 PRINT A, B!, P, 0$ 

When you RUN this program you'll get 

0 .333333 .3333333432674408 

A is zero because it is defined as an integer type in the DEFINT A-L state­
ment, and 1/3 rounded to the nearest integer is zero. B! is single precision, 
because even though variables beginning with "B" are defined to be integers 
by the DEFI NT A-L statement, the type declaration character "!" takes prece­
dence over the DEFINT statement; and the single-precision representation of 
1 /3 has six digits. P is double precision because it is defined that way in the 
DEFDBL M-Z statement. Thus, P has 16 digits, but only six of them are accu­
rate because BASIC used the single-precision division routine to divide 1 by 
3, and then assigned the result to a double-precision number. (For more on 
arithmetic with different variable types see the next section on CINT, CSNG 
and CDBL.) Q$ is a string, because even though all variables beginning with 
the letter Q are defined to be double precision by the DEF DBL M-Z statement, 
the type declaration character "$" takes precedence over the DEFDBL state­
ment. Q$ is not an arithmetic expression at all, but simply the string "1/3." 

Array variables can also be any of the four variable types described above. 
(See the description of arrays and array variables in Chapter 3.) Their type can 
be defined with the type declaration characters !, % , #, and $, or it can be 
defined with a DEF--- statement. The program which follows provides an 
example of array variables whose type is defined with DEF--- statements. 

Word Scrambling Program 

In this program, to avoid having to type in the type declaration characters 
each time we use a variable name, we will use the statements DEFSTR A-G 
and DEFINT H-Z. This specifies that all variables whose names start with 
letters from A to G will be strings, and all variables whose names start with 
letters from H to Z will be integers. 

The purpose of the program is to print out all the possible arrangements of 
letters in a word you type in. For instance, if you type in "CAT" the program 
will print out "CAT ACT TCA CTA ATC TAC." You can type in a word of any 
length, but look out! The number of possible arrangements of letters in a word 
is equal to the factorial of the number of letters. (For a discussion of factorial 
see the WHILE ... WEND section in this chapter.) So, large words will have a 
great many arrangements: A five-letter word will have 120, and a six-letter 
word will have 720. 
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In Fig. 6-6, for example, are all 120 ways the letters can be arranged in the 
five-letter word 'STONE." 

STONE SNOET TSOEN OTSNE OESNT NESTO 
STNOE ENSOT SENTO OSNTE TONES NETSO 
NTOSE NOTES SNTEO SETON TOENS TESNO 
OESTN NTEOS NOEST SEOTN EONTS SONET 
OETSN OSTNE NOSET SOTEN SNTOE SOENT 
SNETO ONSTE NSEOT NTESO SNOTE NTOES 
STNEO ONTSE TEONS NTSEO ETSON NETOS 
STENO SOETN TENOS OENST OTESN EEOTS 
NSOET STOEN TOSNE SEONT OTSEN NTSOE 
NESOT ESNTO SONTE SENOT TENSO OTNSE 
ONTES NSTEO ESTON EOTNS SETNO TSEON 
TNEOS ONEST ESOTN NOETS ENOST TEOSN 
TSONE ONSET OSTEN NSTOE EOSNT ENSTO 
TSNOE SNEOT TNESO NSOTE OTNES ENTSO 
TNOSE ETONS TNESEO TESON OTENS ETSNO 
EOSTN ETNOS EONST TOESN OENTS OSNET 
EOTSN SOTNE ESONT TOSEN TNSOE OSENT 
NSETO NOSTE ESNOT ETNSO TONSE TNOES 
TSNEO NOTSE EOTNS ESTNO STEON ENTOS 
TSEND OSETN ONETS NEOST ETOSN ENOTS 

Fig. 6-6. Arrangements of the word "stone." 

Notice the words STENO, ONSET, TONES, and NOTES; and some words 
that might make good company names, like ETSON, TENSO, and OSNET. 

This program might be useful for thinking up product or company names, 
given a certain group of letters (it is said that "Exxon" was invented this way), 
or for helping with crossword puzzles, or games such _as anagrams and 
scrabble. 

The program makes use of an unusual feature-a "recursive subroutine." A 
recursive subroutine is one which calls itself-that is, there is a GOSUB to 
the subroutine inside the subroutine itself! In this case for example, the sub­
routine starts at line 200 and goes on to line 360, but inside the subroutine, at 
line 240, there is a GOSUB 200. We'll explain how this works below. Recur­
sion is a powerful technique in some circumstances for making programs 
simpler, shorter, and more efficient. The idea of recursion isn't hard once you 
get used to it, but figuring it out the first time may require you to put on your 
thinking cap. Fig. 6-7 shows the program. 

How the Program Works-We'll talk about the "normal" parts of the pro­
gram first, and save the recursive subroutine until last. 

After defining the variable types as we discussed above, and clearing the 
screen, the program INPUTs, from the user, the word to be rearranged, and 
then figures out how long it is with the LEN statement in line 50. Using this 
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10 ' ---- WORD SCRAMBLING PROGRAM 
20 CLS : DEFSTR A-G : DEFINT H-Z 
30' 
40 ' ---- INPUT SECTION 
50 INPUT"WORD"; B : L=LEN(B) 
60 DIM A(L), Z(L) 
70' 
80 ' ---- PUT LETTERS IN ARRAY A 
90 FOR N=1 TO L 

100 A(N)=MID$(B,N,1) 
110 NEXT N 
120' 
130 ' ---- MAIN PROGRAM 
140 J=L 
150 GOSUB 200 
160 STOP 
170' 
180 ' ---- RECURSIVE SUBROUTINE 
190' 
200 IF J=1 THEN GOSUB 390 : RETURN ' ---- PRINT & RETURN 
210 Z(J)=1 'INITIALIZE LOOP 
220 ' -------------START OF LOOP-------------
230 J=J-1 'REDUCE LENGTH OF SUBSTRING 
240 GOSUB 200 'GOSUB TO ITSELF 
250 J=J+1 'INCREASE LENGTH OF SUBSTRING 
260 GOSUB 330 'ROTATE J CHARACTERS 
270 Z(J)=Z(J)+1 'INCREMENT LOOP 
280 IF Z(J) < J+1 THEN GOTO 230 'LOOP DONE? 
290 ' --------------END OF LOOP--------------
300 RETURN 
310' 
320 ' ---- SUBROUTINE TO ROTATE J CHARS IN ARRAY A 
330 N=J : AT=A(N) 
340 A(N)=A(N-1) 
350 N=N-1 
360 IF N=1 THEN A(N)=AT: RETURN 

ELSE GOTO 340 
370' 
380 ' ---- SUBROUTINE TO PRINT WORD FROM CHARS IN ARRAY A 
390 FOR Y=1 TO L 
400 PRINT A(Y) ; 
410 NEXT Y 
420 PRINT" "· 
430 RETURN 
440' 
450 END 

Fig. 6-7. Word scrambling program. 

length L it then sets up two, one-dimensional arrays that are L units long. 
Notice that because of the variable definition statements in line 20, the array 
"A" is a string array, and the array "L" is an integer array. In the next section 
of the program (lines 80 to 110), the program assigns the letters in the original 
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word to the array "A'' -that is, it puts each letter in a different cell of the 
array, using the FOR ... NEXT loop in lines 90 to 110. 

There are two "normal" (nonrecursive) subroutines in the program. The 
one from lines 390 to line 410 simply prints out the letters in array "A." This 
subroutine is used after every time the letters are rearranged by the rest of the 
program, so that the new arrangement is printed out on the screen. 

The purpose of the other nonrecursive subroutine is to rotate the letters in 
the array. What does "rotate" mean? Let's demonstrate this by taking the 
word "CAT" and rotating its letters one character to the right. We get "TCA." 
The C moved one character to the right, the A moved one character to the 
right, but the T didn't have any place to go, so it "wrapped around" and 
appeared on the left of the word. Fig. 6-8 shows this process. 

Fig. 6-8. Rotating a word. 

C I A I T I 
~ 

T C A 

ORIGINAL 
ARRANGEMENT 

ROTATED ONE 
LETTER TO THE RIGHT 

This subroutine will rotate either all of the letters in the array, or only some 
of them, depending on the value of the integer variable J. That is, if the word 
typed into the program was five letters long, this subroutine could rotate 
either all five letters, or the first two letters, or the first three, or the first four. 

How does this rotation subroutine work? Say, for example, that we're going 
to rotate three letters (either a three-letter word or the first three letters of a 
longer word). In this case J equals 3. When we start the subroutine we let N 
equal 3 as well. In line 330 we take the letter in the last array cell of the three 
cells we're going to rotate-this is A(3)-and temporarily store its value in 
variable AT. Then, in line 340, we store A(N-1) in A(N). Since at this point 
N=J and N-1 =2, this is equivalent to putting the letter that was in cell A(2) 
into cell A(3). Then, in line 350 we reduce the value of N by one, making it 2. 
Since in line 360 we find that N is not equal to 1, we go back to line 340 and 
execute it again, only this time N is 2 so we are transferring the contents of 
A(2) into A(1 ). We reduce N by one, and this time when we get to line 360, N 
is 1, so we set the first cell of the array, A(l ), equal to the value was stored 
temporarily in AT. In this way, the contents of every cell have been moved 
one place to the right, and the rightmost cell has been moved around to the 
leftmost cell. Different numbers of cells can be rotated the same way. 

The recursive subroutine, which is the heart of the program, uses these 
"normal" subroutine in the following way: 
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Suppose you input a one-letter word. After storing the word in array A, the 
main program will call the recursive subroutine from line 150, having set J 
equal to the length of the word (1 in this case). When the recursive subroutine 
executes the IF statement in line 200, J is equal to 1, so it will call the print 
subroutine with a GOSUB 390. Then the recursive subroutine returns to the 
main program, which STOPs 'in line 160. In this case, the recursive subroutine 
never had a chance to call itself. And, since the word had only one letter, 
there was only one way to arrange it, so we're done. 

Now suppose we type in a two-letter word. This time when we get to line 
200, J is equal to 2, so we pass by the rest of line 200 and enter a loop. The 
purpose of the loop is to cause all the statements in the loop (between lines 
220 and 290) to be executed J times. The loop uses the counting variable ZO) 
to do this. We must use an array variable here to do the counting, because 
later, when we have a three-letter word, we're going to start another loop 
with a different J while the first loop is still counting. In fact, for larger words, 
we'll have many loops, all counting at the same time, and all using the same 
part of the program, the lines from 220 to 290. The only way we'll keep 
straight what is happening is that each loop will have a different value of) 
and, therefore, a different counting variable ZU). Fig. 6-9 shows the relation­
ship of (1) the size of the word or part of a word we're working on, (2) the 
value of J, and (3) the value of the counting variable ZU). 

And now-if you're still with us-comes the interesting part. In line 230 
we say J=J-1, so that now we are only dealing with the first letter of our 
two-letter word. Then (watch this!) we call the very subroutine that we're still 
in! But this time, when we enter the subroutine at line 200, J is equal to 1, so 
we do just what we did when we were talking about a one-letter word: print 
the word and then return. But this time when we return we are still in the 
subroutine: we come back to line 250. Here we increase ) by one so it is 2 
again, and then call the rotate subroutine to rotate the two letters. Then we 
check the counting variable to see if we have done all the above things twice, 
and since we haven't, we go back to line 230 to do them once more. When 
we have done them twice we will exit from the loop and go to line 300, 
which will RETURN us to the main program, where we'll STOP in line 160. 

So, twice the program will first print and then rotate the two letters. The 
result is that the two possible combinations of the two letters are printed out. 

Now, suppose you input a three-letter word. The program will call the re­
cursive subroutine, which will do the following, three times: first it will set J 
equal to 2, then it will call itself, and do with the first two letters of the word 
just what we described for two-letter words: that is, it will print the word, 
rotate the two letters, print the word again, and rotate the two letters again. 
Then it will return from the J= 2 version of the routine, increase ) to 3 again, 
and rotate all three letters one place to the right. The subroutine will, as we 
said, do the above things three times. Then it will return to the main program. 
So if there were two combinations of letters for two-letter words, now for 
three-letter words there will be three times as many, (since we have just done, 



MAIN """ 
J = • 
GOSUB --­
STOP 

MAIN 
PROGRAM 

I 
COUNTING VARIABLE 

2(3) = I . ----- FOR FIRST LOOP 

J = 2 
GOSUB ----, I 

COUNTING VARIABLE 
2(2) = I . ...--- FOR SECOND LOOP 

J = 3 
ROTATE 3 CELLS J = I 

2(3) = 2 

J = 2 
GOSUB -------,► 

J = 3 
ROTATE 3 CELLS 

::~::E=-i 
I' ~''." ~ ~ { m~i, 
GOSUB ___J 
J = 2 

2(3) = 3 

ROTATE 2 CELLS 

J = 2 
GOSUB ___ ..., 

RETURNS WHEN I 2(2) = 3 I ----LOOP DONE TWICE 

J = 3 
ROTATE 3 CELLS RETURN 

I 2(3) = 4 I- RETURNS WHEN LOOP 
DONE THREE TIMES 

RETURN 

FIRST LEYEL 
SUBROUTINE 
3-leller WORD 

SECOND LEVEL 
SUBROUTINE 
21eller WORD 

Fig. 6-9. Loops and counting variables. 

THIRD LEVEL 
SUBROUTINE 
Heller WORD 
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three times, the same thing we did for two-letter words) which makes six 
possible combinations; and thus all six combinations of the word will be 
printed out. For a diagram of this process for three-letter words, see Fig. 6-10. 

For four-letter words the subroutine will do the following, four times: first, it 
will do just what it does with three-letter words-print out the word with the 
first three letters arranged in all possible ways. Then second, it will rotate all 
four letters. When it has executed these two steps four times, it is done. Since 
three letters can be arranged in six possible ways, and we have done each of 
these six arrangements four times (rotating all four letters four times), we've 
covered all 24 possible arrangements! 

And so on, for five letters, or six, or however many you have time to watch 
being printed out. 
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GET 3-LETTER WORD 
PUT LETTERS IN ARRAY 
CALL SUBROUTINE (J=3) 

MAIN PROGRAM 

SUBROUTINE 

J = J - I 
CALL SUBROUTINE (J = 21 

SUBROUTINE 

DO THIS 
3 TIMES 

DO THIS 
2 TIMES 

J = J + I 

J = J - I 
CALL SUBROUTINE (J = I) 

since J = I 
PRINT WORD 

RETURN 

J = J + I 

SUBROUTINE 

ROTATE FIRST 2 LETTERS 

RETURN 

ROTATE All 3 LETTERS 

RETURN 

fig. 6-10. Diagram of word scrambling program for a three-letter word. 

Recursive procedures such as this are important in computer programming, 
and also in many other fields, such as music, art, and mathematics. 

CINT, CSNG, and CDBL-Converting Variable Types 

CINT(A) means "Convert variable A to an integer variable." 
CSNC(A) means "Convert variable A to a single-precision variable." 
CDBL(A) means "Convert variable A to a double-precision variable." 

These three functions are used to change any of the three numeric variable 
types (integer, single precision, or double precision) to either of the other two 
types. 

Before we describe how to use these functions, you should be aware that 
BASIC does many conversions of variables from one type to another which 
the programmer may not even be aware of. For instance, suppose there is a 
single-precision variable A which has a value of 3.33333. Now, suppose you 
execute the statement TAB(A). You can't TAB over to a fractional position, so 
BASIC automatically converts A to an integer with a value of 3. (A's original 
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type and value are not altered, of course.) Similarly, if you use a single­
precision variable J as the counting variable in a FOR ... NEXT loop, BASIC 
will convert it to an integer before using it as a counter. 

BASIC also does automatic conversions when it operates on arithmetic ex­
pressions which include different variable types. To see what we mean, type 
in this program: 

10 A#=G.123456789 
20 B%=8 
30 PRINT A# • B% 
40 C = A# • B% : PRINT C 

When you RUN this you'll get: 

48.987654312 
48.9877 

Since both results are obtained by multiplying the same two numbers, 
6.123456789 and 8, together, why aren't they the same? Well, A# is defined 
as a double-precision variable by the # sign, and 8% is defined as an integer 
by the % sign. When they are multipled together BASIC carries out the mul­
tiplication operation using an arithmetic routine which is as precise as the 
most precise variable to be operated on. Single precision is more precise than 
integers, double precision is more precise than single precision. (For more 
discussion of the precision of different variable types, see the section "Vari­
able Types" in this chapter.) In this case, since one of the variables is double 
precision, the multiplication will be carried out using a double-precision 
multiply routine. So BASIC first converts 8% to double precision, then carries 
out the multiplication. If we simply print the result, as in line 30, we'll get a 
double-precision answer, with up to 16 digits of precision-in this case, 
48.987654312. (There aren't sixteen digits shown here because BASIC chops 
off trailing or nonsignificant zeros.) 

However, BASIC will also automatically convert a number to match the 
type of the variable it is being assigned to, giving it more or less precision as 
necessary. So in line 20, when we say "C = A# * 8%," we are assigning a 
double-precision number (the result of the multiplication) to a single-precision 
variable C. (BASIC assumes that a variable is single precision unless told 
otherwise.) BASIC will therefore change th.is number to single precision before 
assigning it to C, so that when we print C, as in line 40, we'll get 48.9877, a 
single-precision number. 

The terms "precision" and "accuracy" are sometimes confused. Roughly 
speaking, precision means how carefully you measure something, and accu­
racy means how close you come to the right answer. A quantity may be 
known precisely but not accurately, or accurately but not precisely. 
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For instance, suppose you use a ruler to measure, say, a pencil. You put the 
eraser end of the pencil at the 1-inch mark on the ruler, and read the length 
where the point is at 6 and 23/32 inches on the ruler. You then write down 6 
and 23/32 as your answer. Unfortunately, you forgot to subtract the 1 that you 
started with: the pencil is actually 5 and 23/32 inches long. So, your answer 
has a precision of 1 /32 of an inch, but it is only accurate to 1 inch. 

On the other hand, maybe you toss the ruler down casually alongside the 
pencil for a quick estimate and see that the pencil is about five and one-half 
inches long. This answer only has a precision of ½ or maybe ¼ inch, but it is 
more accurate than the answer in the previous example. 

Keep this distinction in mind when you are thinking about using variables 
of different precision in your programs. Just because you use, say, a double­
precision number, doesn't necessarily mean that your answers will be accu­
rate to 16 digits. For your answers to be accurate the input to your program 
must be equally accurate. (Your program must be correct, too, of course.) 
Doing very precise calculations with numbers that weren't that accurate to 
start with is one of the mistakes that gave rise to that well-known expression 
in the computer world: "Garbage In, Garbage Out." 

BASIC is usually very clever at changing the precision of numbers in such a 
way that we don't even need to think about it. Sometimes, however, we will 
find it useful to force BASIC to change the precision of numbers when it 
wouldn't otherwise do so. That's what the functions CINT, CSNG, and CDBL 
are for. 

For example, suppose we are writing a program that uses integer variables 
A% and B%. At some point in the program we want to multiply these two 
variables together and print the answer, but we want this answer to be correct 
to the last decimal place. This is no problem if A% and B% have small values, 
so that their product (the result of multiplying them together) is still in the 
range of integer variables (from 32767 to -32768). But what happens if A% 
and B% are so large that their product is no longer in this range? Try out this 
program: 

10 A%=32111 
20 B%=23999 
30 PRINT A% • 8% 
40 C# = A% • B% : PRINT C# 
50 PRINT CDBL(A%) • CDBL (8%) 

You should get the following results: 

7.70632E+08 
770631872 
770631889 
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We set A% and 8% to 32111 and 23999, which are in the range for inte­
gers, but as you can probably see, when we multiply them together the result 
will be out of that range (greater than 32767). Can we still find a way to 
multiply them and print out an answer correct to the last decimal place? Our 
program attempts to do this in three different ways. 

First, in line 30, we try multiplying them and printing out the answer direct­
ly. What happens? Since the answer is too big to be an integer, BASIC (with­
out our permission!) converts it to single precision, and since the number is 
too large to print in the normal fashion in single precision, BASIC prints it in 
exponential notation. (For an explanation of exponential notation, see Ap­
pendix F.) The result, 7.70632E+08, has only six digits of precision, and since 
we can guess that when we multiply two 5 digit numbers together we will 
need 9 or 10 digits of precision, we know that some of the digits have been 
chopped off; so, this approach is not adequate. 

All right, let's try converting the answer to double precision and printing 
that out, as in line 40. Here C# is defined as double precision by the # sign, 
and, ·sure enough, when we print it out we get nine digits, which is, in fact, 
the number of digits in the answer. The only trouble is, the last two digits are 
wrong! Why is this? Well, BASIC multiplied the two numbers together using 
the precision of the most precise number. Since both A% and B% are inte­
gers, BASIC starts by using the integer multiply routine. But then it finds that 
the result is too big to be an integer!-What does BASIC do now? It goes back, 
changes both variables to single precision, and multiplies them again, using 
the single precision multiply routine. Then, since C# is double precision, it 
converts the single precision answer to double precision and assigns it to C#. 
But, since this answer started off as single precision, with only six significant 
digits, converting it to double precision doesn't really make it any more pre­
cise. The last two digits were lost in the multiply routine and can't be re­
claimed. True, nine digits are printed out, but the last two have no meaning. 
So, we still haven't gotten the correct answer. What now? 

CDBL to the rescue! (It's pronounced "C-Double.") In line 50 we convert 
both A% and B% to double precision using CDBL. Then we multiply them 
together. This time, BASIC uses the double precision multiply routine, since 
both numbers are double precision, and-it works! The double-precision 
routines can handle up to 16 digits, so they can handle 9 with room to spare. 
Our answer is finally correct to the last decimal place. 

CINT (pronounced "C-lnt") converts either single- or double-precision 
variables to integer variables. The value of the number to be converted must 
be in the range 32767 to -32768 or an OVERFLOW error will occur. CINT is 
similar to the INT function you learned about in Chapter 2. The difference is 
that CINT turns a single- or double-precision variable into an integer variable 
by rounding off the fractional part, while INT removes the fractional part of 
any number without changing its variable type. 

CINT is useful when you have a single- (or double-) precision number 
which you want to also use as an integer (so you can do some operations on 



258 

it with fast integer arithmetic, for example). To create the integer version of, 
say, a double-precision variable, you can write V%=CINT(V#). Now you 
have two variables of different types, one double precision and one integer, 
and appropriate operations can be carried out on either one of them. Simi­
larly, CSNG can create single-precision variables out of either integer or 
double-precision variables. 

MISCELLANEOUS, BUT USEFUL 

This section describes a group of advanced BASIC functions, which, al­
though they don't fall neatly into any of the categories discussed earlier, can 
be dispensable in certain situations. 

VARPTR-BASIC Looks Into Memory 

VARPTR means, "Return the PoinTeR to a particular VARiable in the com­
puter's memory." 

For example, A=VARPTR{C#) will assign to A a number which is the first of 
a series of what are called memory "addresses" which contain the numerical 
value of the double-precision variable C#. (VARPTR is pronounced "var­
pointer.") Similarly, B=VARPTR(D$) will assign to B a number which is the 
first of a series of addresses containing data about D$. 

Before we can describe how VARPTR is used, we need to explain a little 
about how BASIC stores variables in your computer's memory. 

As you know, the computer's memory is divided into units called "bytes." 
Each byte is 8 bits long, so a byte can have any of 256 possible values, from 0 
to 255. (This is explained in more detail in Appendix A, "Numbering Sys­
tems.") Each byte has a separate "address" -a number (usually between 0 
and 65535, although in 16-bit computers address can go up to 262, 143)-so 
that BASIC can tell one byte of memory from another. The value of each 
BASIC variable is stored in memory, and, depending on which type the vari­
able is (integer, single- or double-precision, or string), it takes up a different 
number of bytes. Fig. 6-11 is a representation of each of the four variable 
types stored in memory. We'll cover this figure in more detail below. 

When writing ordinary BASIC programs you don't usually need to know 
where your variables are stored in memory or how many bytes each one 
requires. BASIC takes care of these "housekeeping" chores without any help 
from the programmer. However, if you are writing an assembly-language or 
machine-language program to work with your BASIC program, then you may 
need to know more about variable storage. (For a discussion of assembly­
language programming, see the section on CALL and USR in Chapter 5.) 

Suppose, for example, that you want an assembly-language program to take 
a particular string variable, already generated in your BASIC program, check it 
for lowercase letters, and convert any that it finds to uppercase. (Or you might 
want to count the number of words in a string or remove carriage returns. 
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Assembly language can do all sorts of things.) For your assembly-language 
program to do this, it must know where the string is: that is, it must know its 
address in memory. You can tell it where the string is by using VARPTR to find 
the string in your BASIC program, and then by "passing" (that is, com­
municating) the information to the assembly-language program with USR. The 
instructions to do this might look like this: 

10 S$="THIS IS THE STRING." 
20 A=VARPTR(S$) 
30 D=USR1(A) 

Of course, you have to know what to do with the address A inside your 
assembly-language program, and that is beyond the scope of this book. 

However, even if you aren't going to use assembly language, VARPTR can 
be an interesting tool for exploring the inner workings of how BASIC stores 
numbers and text. (This discussion applies to Microsoft BASIC. Other BASICS 
will vary somewhat, but the principles will be the same.) 

Let's figure out how variables are stored, using VARPTR. We'll start with 
integers, which are the simplest of the four types of variables. Type in this 
program: 

10 J% = 3 
20 V = VARPTR(J%) : PRINT V 
30 PRINT PEEK(V) 
40 PRINT PEEK(V+1) 

We start by setting an integer variable,)%, equal to a value of 3. Then we 
set V equal to the VARPTR of)%. That is, VARPTR(Jo/o) will return the address 
of the first byte where the value of Jo/o is stored, and assign it to V, which we 
then print out. But integers require two bytes of storage. Why? Because one 
byte contains 8 bits, which is only enough for representing values up to 255. 
Two bytes, however, have 16 bits, which is enough for values up to 256 times 
256, which is 65536. Actually, one bit is used as a "sign bit" to indicate 
whether the number is positive or negative, so that the range of values is cut 
in half: from 32767 to -32768. (See the description of two's complement 
arithmetic in Appendix A, for a further explanation of this.) In any case J% is 
stored in two bytes. We have found the address of the first byte, and the 
second byte is located in memory immediately after the first one, in address V 
plus 1. 

Now that we know where our variable Jo/o is stored, we can look at its value 
using the PEEK function, which returns the contents of a particular memory 
location. (For a discussion of PEEK see Chapter 5.) In line 30 of our example 
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program we use the PEEK function to look at the first byte of J%, and in line 
40 we look at the second byte. 

Let's RUN the program and see what happens. In line 20 we will find the 
address where J% is stored. This address will vary a great deal, depending not 
only on what kind of computer you are using and how much memory you 
have, but also on whether you already have other programs in memory. Let's 
say this address turns out to be 26000. (All numbers in this discussion are 
decimal numbers.) We assign this number to V. Next we PEEK into V, which 
is an address with a value of 26000, and then we PEEK into the next address, 
V+ 1, which is 26001. We print out the values stored in these two addresses: 

RUN 
26000 
3 
0 

The 26000 is the address of the first byte where J% is stored, the 3 is the 
contents of the first byte, and the O is the contents of the second byte. Since 
the value we set J% to was 3, we can deduce that the address 26000 contains 
the lower part of J% (the 3), and 26001 contains the upper part, which is 0. 
We call the lower part of the number the "least significant byte," or LSB, and 
the upper part we call the "most significant byte," or MSB. The LSB holds the 
lower 8 bits of the number, and the MSB holds the upper 8 bits. 

To get a feel for this, try changing the value of J% and running the program 
again. For values of)% up to 255 you will find that this value appears, unal­
tered, in the LSB, while the MSB remains zero. But when you set)% to 256 
and RUN the program, something different happens. Now the LSB is 0, and 
the MSB is 1. Why? Because the LSB was "full" when it contained a value of 
255, so that adding one more caused it to become zero, with 1 to "carry" 
into the MSB. This is just like what happens when you add a 1 to a 9: the 9 
(the one's column) is already full, so adding a 1 causes it to become 0, and a 
1 to appear in the next column over. Fig. 6-12 shows how this works. What 
happens if)% is 257? The LSB will be 1, and the MSB will remain 1. If)% is 
258, then LSB= 2 and MSB= 1. As we count upward the MSB will remain at 1 
until J% is 512 (which is 2 times 256), at which point it will become 2. When 
)% is 32767, both the LSB and the MSB will be full and trying to add one 
more will cause an OVERFLOW error. 

lolololololololol INTEGER VARIABLE 
WITH A VALUE OF 255 

+I ADD ONE 

1°1°1°1°1°1°1°1°1 
IT NOW HAS 
A VALUE Of 256 

Fig. 6-12. Carrying a bit from the LSB to the MSB. 
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We summarize this in Fig. 6-13. 

Value of J% MSB LSB 
0 0 0 

1 0 1 
2 0 2 

254 0 254 
255 0 255 
256 1 0 
257 1 1 
258 1 2 
510 1 254 
511 1 255 
512 2 0 
513 2 1 
514 2 2 

32765 127 253 
32766 127 254 
32767 127 255 
32768 (cannot be represented) 

Fig. 6-13. Integer representation of numbers. 

Every time we add 256 more units to the LSB, we increase the value of the 
MSB by one. This gives us a rule (sometimes called an "algorithm") for figur­
ing out the value J% if we know the values of the LSB and the MSB: 

J% = LSB + (MSB " 256) 

So, if you PEEK into memory and find the LSB and the MSB of a particular 
integer, you can find the decimal value of the integer by multiplying the MSB 
by 256 and then adding the LSB. Similarly, if you know the decimal value of 
an integer, you can find the values of the LSB and the MSB: 

MSB = INT U%/256) 
LSB = J% -(MSB " 256) 

The other variable types are more complex and require more bytes of 
memory storage than integers do. 

Single-precision variables require four bytes (five on some computers), ar-
ranged this way: 

Y = LSB of mantissa 
V+ 1 = Next most significant byte (NMSB) of mantissa 
V+ 2 = MSB of mantissa, with one sign bit 
V+ 3 = exponent, with one sign bit 

(For a discussion of "mantissa" and ·"exponent;' refer to Appendix F, Expo­
nential Notation.) 
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Double-precision variables require 8 bytes of memory, arranged like this: 

V = LSB of mantissa 
v+ 1 = NMSB of mantissa 
V+2 = NMSB of mantissa 
V+ 3 = NMSB of mantissa 
V+4 = NMSB of mantissa 
v+s = NMSB of mantissa 
V+6 = MSB of mantissa 
V + 7 = exponent 

(Remember, the actual storage arrangements of single- and double­
precision variables vary somewhat from one version of BASIC to another, so 
for more precise information you should consult the manuals for your own 
computer.) • 

String variables are stored somewhat differently than numeric variables. In­
stead of pointing to the string itself, VARPTR returns the first of three address­
es, the first of which i!i the length of the string, and the last two of which are 
in turn pointers to the actual location of the string in memory. 

V = length of string 
V+ 1 = LSB of address where string starts 
V+ 2 = MSB of address where string starts 

To show how VARPTR is used to find a string in memory, let's look at the 
following program, which will find a string and print it out by PEEKing at the 
values of the characters it finds in memory. 

10 S$ = "THIS IS THE STRING" 
20 V = VARPTR(S$) 
30 L = PEEK(V) 
40 A .. PEEK(V+1) + ( 256 • PEEK(V+2) ) 
50' 
60 FOR J=1 TO L 
70 PRINT CHA$ ( PEEK(A+J-1) ); 
60 NEXT J 

This program first finds the variable pointer V for the string 5$. Then it finds 
L, the length of the string, which is stored in the first address pointed to by V. 
The second and third addresses pointed to by V contain the address where the 
string starts. We reconstruct this address by multiplying its MSB by 256 and 
adding the LSB. The result is A. To print out the string, we set up a loop to 
count through the number of characters; L, in the string. The first character is 
at address A, the second at A+ 1, and the last at A+ L-1. We PEEK at each 
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location, then change the numeric value we find there to a string value with 
the CHR$ function, and print it out. 

Fig. 6-14 shows how the pointers are arranged for a string variable. 
-

('.., 

VARPTR j 26950 18 (LENGTH) 26829 

26950 1 26951 205 (LSB) 7 26830 

26952 104 (MSB) 26831 

T 

H 

I 

26832 s 
26833 (SPACE) 

26834 1 

26835 s 

"" ~ 

,_ -
NOTE: 

26829 = 205 + (256 • 104) 
(ETC) 

Fig. 6-14. String variable storage. 

VARPTR returns a value, 26950, which is a pointer to the three locations 
that hold: first, the length of the string, which is 18 (in 26950); second, the 
LSB of the address, which is 205 (in location 26951 ); and last, the MSB of the 
address, which is 104 (in location 26952). We can calculate the actual ad­
dress where the string starts by multiplying the MSB of the address by 256 and 
adding the LSB, which gives us 26829. Remember that all these addresses will 
be different, depending on what computer you're using, how much memory it 
has, and what programs are already in memory. 

Also, keep the following in mind: when using VARPTR, you should place 
the VARPTR statement as close as possible in your program to the place where 
the value it returns will be used. For instance, it should go immediately before 
the USR statement, if you are going to use the value it returns in an assembly­
language routine. The reason for this is that BASIC is constantly changing the 
storage locations of the string variables in memory. It does this when you 
change the length of a string variable in your program, and it also occasion­
ally does it all by itself to compact existing strings into the smallest possible 
space. So, if you use VARPTR to get an address in one part of your program, 
and then do some string variable operations before you make use of the ad­
dress, it might well have changed before you use it! 
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HEX$, OCT$, &H and &0-Hexadecimal and Octal Conversions 

HEX$(N) means, "Convert the decimal number N to HEXadecimal nota­
tion." 

OCT$(N) means, "Convert the decimal number- N to OCTal notation." 
&Hnnnn means, "Convert the hexadecimal number nnnn to decimal nota­

tion." 
&Onnnn means, "Convert the octal number nnnn to decimal notation." 

(In the above definitions "N" represents either a decimal number or a vari­
able which has the value of that number. "nnnn" represents a hexadecimal or 
octal number, but cannot be a variable.) 

These four functions are used to convert numbers back and forth between 
hexadecimal (or octal) notation and decimal notation. They are very useful 
functions, especially if you will be using any assembly-language routines with 
your BASIC program, but, unfortunately, not all versions of BASIC have all 
four of them. For a discussion of hex ("hex" is a shortened form of "hexadec­
imal") and octal numbers, read Appendix A, "Numbering Systems." 

HEX$ (or OCT$) takes the value of a numeric variable or constant and turns 
it into a string variable which is the hex (or octal) equivalent of that value. For 
example, if you execute the statement PRINT HEX$(255), your computer will 
print FF, which is the hex equivalent of the decimal number 255. 

Here's a program that will print the first 16 decimal numbers and their hex 
equivalents: 

10 FOR D=0 TO 15 
20 HS=HEXS(D) 
30 PRINT D; HS 
40 NEXT D 

RUN 
0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 7 
8 8 
9 9 

10 A 
11 B 
12 C 
13 D 
14 E 
15 F 
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HEX$ and OCT$ are useful if you want to see what the hex or octal repre­
sentation of a number is. However, you can't use the converted form of the 
number in numerical calculations, since it is a string variable. In other words, 
an expression like " PRINT HEX$(127) + 2" is not legal. 

&H and &O convert the hex or octal representations of numbers into dec­
imal form. (This is the opposite of HEX$ and OCT$.) A limitation of &H and 
&O is that they work only with constants, not variables. In other words, you 
can write $H7FF0, where 7FF0 is a hexadecimal number, but you can't write 
&HX, where X is a variable whose value is a hexadecimal number. This re­
stricts the use of &H and &O to situations where you know when you write 
your program what values you will want to convert. You can't, for example, 
use &H and &O to convert values you type into a program with an INPUT 
statement. 

&H is often used for converting addresses, since addresses are frequently 
expressed in hex form. For example, if you want to PEEK into the hex memory 
address 7 ABO, you don't need to convert 7 ABO to its decimal equivalent 
(which is 31488). You can simply write: 

PRINT PEEK (&H7AB0) 

&H is also useful if you want to POKE a machine-language routine into 
memory. You don't need to convert the hex values the routine was originally 
written in into decimal values, if you use &H. For example, suppose that you 
want to POKE a five-byte routine into memory starting at location 7 ABO. The 
five bytes are 7 A, 2B, 3C, 00, and FF. This program will do it: 

10 FOR J=-0 TO 4 
20 READ B 
30 POKE B, &H7ABO + J 
40 NEXT J 
50 DATA &H7A,&H2B,&H3C,&HOO,&HFF 

In this program we READ the first value, 7 A (hex), from the I ist of DAT A 
items, then POKE it into address 7 ABO (hex). The next time through the loop 
we read the next item, 2B, and POKE it into address 7 ABO plus 1, which is 
7AB1. The process continues until all five values have been POKEd in. 

OPTION BASE-Saving Array Space 

OPTION BASE means, "Use the OPTIONal BASE for arrays, instead of 0." 

When ·you create an array you use the DIM statement, which establishes 
how many elements array will have. (Refer to Chapter 3 for an explanation of 
arrays.) For example, DIM A(4) sets up an array with five elements: (AO), A(l ), 
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A(2), A(3), and A(4). The zero element, A(0) in this case, is always the first 
element of an array. Many times when you set up an array this is just what 
you want; it is convenient to have the array values start at the zero element. 
However, there are situations when it is more convenient for the array to start 
at the first element, A(l). For instance, in the TIC-TAC-TOE progra;n described 
in Chapter Three, a 3 by 3 array "A" is used to represent the TIC-TAC-TOE 
board. So it will be easier to visualize, the subscripts discussed in the program 
run from 1 to 3 (instead of 0 to 2). However, since a DIM A(3,3) statement is 
used to set up the array, it is actually a 4 by 4 array, because each of the two 
dimensions has subscripts running from 0 to 3, making 4 elements in each 
dimension, for a total of 16. These unused elements represent a waste of 
memory space. 

This is not a serious problem in one-dimensional arrays, which have only 
one zero element. But in multidimensional arrays there can be many more 
wasted elements since the number of zero elements increases rapidly with the 
dimension of the array and the number of elements in it. In the TIC-TAC-TOE 
program referred to above, only 9 elements (3 by 3) are used out of 16 (4 by 
4), so that 7 are wasted. In a 20 by 20 by 20 three-dimensional array, which 
has 8000 elements, there are 1141 zero elements! If they are not used, this 
represents a considerable loss of memory space. 

The purpose of OPTION BASE is to avoid wasting these elements. In the 
example of the TIC-TAC-TOE program, we could add the following statement 
to the program: 

9 OPTION BASE 1 

This statement tells the BASIC interpreter to make the first element in all 
arrays 1 instead of zero. When we then execute the DIM A(3,3) in line 10, an 
array will be set up with two dimensions, each with subscripts running from 1 
to 3 (instead of from O to 3 as before), so that there will be 9 elements instead 
of 16. 

In some circumstances you might even want to start your array elements 
with a number greater than one. For example: 

10 OPTION BASE 10 
20 DIM A(12) 

wil I set up an array with three elements: A(lO), A(l 1), and A(l 2). 

SWAP-Exchanging Two Variables 

SWAP means "SWAP (exchange) the values of two variables." 
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Here's how we would exchange the values of two variables, A and B, if we 
did not have the SWAP statement on our computer: 

10 T=A 
20 A=B 
30 B=T 

First, in line 10, we assign the value of the variable A to another variable, T, 
which acts as temporary storage. Then we assign the value of B to the variable 
A in line 20; and finally, in line 30, we take the old value of A, which we had 
temporarily assigned to T, and assign it to B. 

However, using the SWAP statement, all we have to say is: 

10 SWAP A,B 

Here one statement does everything three statements did above, and we 
don't have to use an additional variable for temporary storage. 

IN CONCLUSION 

Congratulations! If you have read this far, and if you have understood most 
of what you read, and experimented with the various BASIC functions on your 
ow'1 computer as you encountered them in this book, then you are well on 
your way to becoming an expert programmer. 

All you need to do now is remember the old adage, "Practice makes per­
fect." Programming is a unique field in that the more you program, the better 
you get at it, even if you do not have a teacher to watch over your progress. 
This is because your computer is one of the best teachers you could ask for. If 
you make a mistake, it will let you know. If you are a slow learner, it will be 
patient with you. And when you've finally gotten everything right, it will re­
ward you with a program that does just about anything you want it to. 

There is another adage, "The pen is mightier than the sword." Adapting this 
to modern times, we might say that information is more powerful than energy 
or physical force. The evidence for this is everywhere; computers, the most 
sophisticated processors of information, are becoming more and more impor­
tant in almost every part of our lives. And now, with your newly gained 
knowledge of programming, you are in an excellent position to join the com­
puter revolution, and wield a tool that is even mightier in our day than the 
pen has been since ancient times. 
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REVIEW QUESTIONS 

1. What are three ways to make programs do loops? 

2. In this example A and B are variables that can be either true (equal to 
1) or false (equal to zero). You can type in either a zero or a one for A 
and B. Will this program print out accurate statements about the truth 
of A and B? 

10 INPUT A, B 
20 IF A THEN IF B THEN PRINT"BOTH TRUE" ELSE 
PRINT"A TRUE, B FALSE" ELSE PRINT"A FALSE" 

3. What are two advantages of using DEF FN instead of a subroutine? 

4. What are two differences between LINE INPUT and INPUT? 

5. Is there any keyboard character you can NOT use in the string you 
type into a LINE INPUT statement? 

6. In the following program, if you hold the" A" key down, will a series of 
"A''s be printed? 

10 IF INKEY$ = "A" THEN PRINT "A" : GOTO 10 
20 STOP 

7. What value will P have after you run this program? 

10 S$="CATCATCAT" : W$="CAT" 
20 P=INSTR(4,S$,W$) 

8. What happens if you execute this statement? 

10 PRINT STRING$(500, "*") 

9. Will this program print the message "CATS DEVOUR MICE"? 

10 A$="CATS EAT MICE" 
20 MID$(A$,6,6)= "DEVOUR" 
30 PRINT A$ 

10. What's the difference between RESUME and RESTORE? 

11. What's the difference between ON ERROR GOTO O and RESUME? 
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12. What are two advantages of using integers instead of single-precision 
variables? What are the disadvantages? 

13. How many bytes of memory are used by integers? Single-precision 
variables? Double-precision variables? Strings? 

10 PRINT HEX$(255), OCT$(63), &HFF, &077 

14. Tell what will be printed out if you run the following program. 

10 PRINT HEX$(255), OCT$(63),&HFF,&077 

15. Exercise, for extra credit: Write a program which uses a recursive sub­
routine to find the factorial of a number. 
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Rubik's Cube Program 

This chapter describes a program which will "model" or simulate the 
Rubik's cube on your computer. If you are not familiar with Rubik's cube, 
well-where have you been? Rubik's cube is by far the most famous puzzle 
of the century, and is an object of study and fascination to mathematicians, 
computer scientists, small children, and just about everyone else who has an 
inquiring turn of mind. 

What is the value of a program about the Rubik's cube to someone who is 
learning BASIC? What we hope to do in this chapter is to give you an idea 
how to go about using your computer to solve a fairly complicated problem, 
starting with a rough plan of what you want to accomplish, and ending up 
with a working program. Along the way we will explore such topics as "top 
down" and "bottom up" program design, flowcharting, and the use of differ­
ent data representations to "model" real-world situations. Our aim is that 
when you finish this chapter you will feel confident about attacking pro­
gramming jobs that before seemed too large or too complicated. You will also 
end up with a program which is a lot of fun, can be used for serious study of 
Rubik's cube, and will amaze your friends! 

Where did the Rubik's cube come from? Erno Rubik is a teacher of architec­
ture and design in the Hungarian city of Budapest. The idea for the cube 
came to him when he was trying to find a way to help his students visualize 
three-dimensional shapes. Rubik's cube is a 3 by 3 by 3 matrix, any face of 
which (front, back, left, right, top and bottom) is free to rotate with respect to 
the remaining five faces. Each face starts off being a single color, but after a 
few twists of the various faces the colors become hopelessly scrambled, and 
the puzzle then consists of getting the cube back to its original configuration, 
a task which may take weeks (if you can do it all). The difficulty of the puzzle 
can be appreciated when you realize that there are 
43,252,003,274,489,856,000 possible ways to arrange the cube, and only 
one of them is correct. 

All this is practically impossible to describe to someone who has not seen a 
cube, but it is self-evident once you have one in your hands. If you find this 
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discussion confusing, you should hurry out and buy a cube before reading 
further. 

What do we want our program to do'? Essentially, we would like to put a 
picture of the cube on the computer screen, and then, by typing in com­
mands, be able to rotate whatever face we select. It would also be nice if the 
computer could remember the series of rotations ("moves") that a lead to a 
particular configuration, and be able to retrace a number of moves if we find 
we have made a mistake. And, of course, we want to be able to restore the 
cube to its original unscrambled state whenever we want. With these 
capabilities we will be able to explore simple configurations without always 
having to deal with a hopelessly scrambled cube. 

Our program will not "solve" the cube-that is, restore a scrambled cube 
to its original state without human intervention. While this task is entirely 
practical, and has in fact been accomplished by many programs, it involves a 
complex set of algorithms which are beyond the scope of this book. 

NAMING THE PARTS OF THE CUBE 

In order to talk about the cube we need to agree on what to call its various 
parts. Look at Fig. 7-1. The cube is composed of smaller cubes. Let's call 
these smaller cubes "cubies." 

When you hold a Rubik's cube in your hand, different amounts of each of 
these cubies are visible, depending on where they're situated on the cube. 
There are 8 corners to the cube, with a cubie occupying each corner. You can 
see 3 faces of each of these "corner" cubies. Let's call the faces of the cubies 
"facelets," to distinguish them from the faces of the cube itself, which we'll 
continue to call "faces." (These names are taken from Douglas Hofstadter's 
excellent article on Rubik's Cube in the March 1981 issue of Scientific Ameri­
can.) 

fACELE~ 

CUBIE 

CUBE 

Fig. 7-1. The parts of the cube. 

EDGE CUBIE 
2 FACELETS 
VISIBLE 

CORNER CUBIE 
3 FACELETS 
VISIBLE 
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There are also 6 cubies which we can call "center" cubies-they occupy 
the center of each of the 6 faces of the cube, so they each have just one 
facelet showing. And finally there are 12 "edge" cubies, each with 2 facelets 
visible. This is a total of 54 visible facelets (since 8 * 3 plus 6 * 1 plus 12 * 2 
is 54). This makes sense, since there are 6 faces on the cube, each with nine 
facelets, which is also 54 (3 * 3 * 6). 

Next we need to agree on what to call the six faces of the cube, so we can 
distinguish one face from another. On a real cube, of course, the faces are 
different colors, but there is no standardized coloring method, and in a com­
puter program, where we will never rotate the entire cube at once (the way 
you can turn a real cube around in your hands), it is better to use names that 
relate to the positions of the faces. The names we will use are front, back, left, 
right, up, and down; which we will usually refer to by their intials F, B, L, R, 
U, and D. We could have used "top" and "bottom" instead of "up" and 
"down," but then we would have had two words starting with "B" ("back" 
and "bottom"). We could also have compromised with "top" and "down", 
but that might cause confusion if someone saw a ''top" and then wondered 
where the corresponding "bottom" was. 

Let's also review what happens when you rotate one of the faces of the 
cube. There are six faces, each of which can be rotated in three different 
ways. You can turn a face a quarter-turn (90 degrees) clockwise, you can turn 
it a quarter-turn (90 degrees) counter-clockwise, or you can turn it two 
quarter-turns clockwise (which is half a turn, or 180 degrees, and the same as 
turning it two quarter-turns counter-clockwise). Let's imagine rotating a face, 
say the front, one quarter-turn clockwise, as shown in the diagram of Fig. 7-2. 

When you do this, all the facelets on the F face move around to new posi­
tions, still on the F face. Also, the three facelets on the L face which are 
adjacent to the F face, move up to new positions on the U face (still adjacent 
to the F face). Similarly, three facelets on the o·face move to the L face, three 
facelets on the R face move to the D face, and three facelets on the U face 
move to the R face. 

Try this with a real cube. Later, when we start writing the program, it will be 
important to have a clear understanding of what is involved in the rotation 
process. 

INITIAL PLANNING DECISIONS 

In order to plan how to write our program we need to make some decisions 
about what we want it to do, and how we want it to do it. 

The Picture on the Screen 

The most obvious question is: how will we display a three-dimensional 
cube on a two-dimensional computer screen? If you think about it, you can 
probably imagine several ways to go about this. 
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Fig. 7-2. Front face rotated one-quarter turn clockwise. 

We could use two side by side pictures, one showing, for example, the 
front, upper, and right sides, while the other shows the lower, back, and left 
sides. Such a display might look like that shown in Fig. 7-3. 

Fig. 7-3. Two side-by-side cubes. 

We could "unfold" the cube like a cardboard box and show the unfolded 
and flattened faces joined by their corners. That might look like that shown in 
Fig. 7-4. 
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We could use an "exploded" view, in which each face retains its same 
position, but is moved far enough from the other faces so that we have an 
unobstructed view of it. The three diagrams of Fig. 7-5 show how the faces 
are moved apart to achieve this representation. 

None of these three approaches is perfect. In the first approach, showing 
two pictures, it is hard to visualize how the two pictures joi.n together, and 
hard to imagine what will happen when we rotate a face of the cube. In the 
second approach it is hard to visualize how the separated edges join together, 
especially those farthest from each other, like the left side and the back. The 
exploded view overcomes these difficulties, although it does have an abstract 
quality that takes a little getting used to. 

The exploded view seems promising, but before we decide to use it in our 
program, lets see how it looks on the computer screen. To do this in a simple 
way we'll simply write the following short program. 

100 CLS 
110 PRINT" 
120 PRINT" L 
130 PRINT" L / 
140 PRINT"L / L 
150 PRINT"/ L / 

U / U / U" 
U / U / U" 

U/U/U B B 

160 PRINT"L / L 
170 PRINT"/ L / 
180 PRINT"L / 
190 PRINT"/ 
200 PRINT" 
210 PRINT" 
220 PRINT" 
230 PRINT" 
240 PRINT" 

F F 

F F 

F F 

250 PRINT STRING$(40, "-") 
260 PRINT"COMMAND: "; 
270 GOTO 270 

B B 

B B 
F 

F 

F DI DI D 
D I D I D 

DID ID" 

B" 

B" 
R" 

B R /" 
R / R" 
/ R /" 
R / R" 
/ R /" 
R /" 
I" 

In this program the CLS in line 100 clears the screen, and the PRINT state­
ments simply reproduce all the characters and spaces that appear between the 
quote marks. The STRING$ statement in line 250 prints a line of 40 dashes 
(see the section on STRING$ in Chapter 6). Line 260 prints the word "COM­
MAND" on the screen as a prompt to the user to type in his input. (The user 
can't really input anything in this trial program, of course, but in the real 
program he'll type instructions to the program following "COMMAND.") Fi­
nally, line 270, by constantly going to itself, "freezes" the dispiay so that 
BASIC will not print "READY" or "OK." 

Depending on the size of the letters and the line spacing on your particular 
computer screen, you will get a display something like Fig. 7-6 when you run 
the program. 
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u u u 

u u u 

u u u 

L L L F F F R R R B B B 

L L L F F F R R R B B B 

L L L F F F R R R B B B 

D D 0 

D D D 

0 D D 

Fig. 7-4. Unfolded cube. 

Compare this display with the exploded view in Fig. 7-5. It may seem con­
fusing at first, but after you look at it for a time it begins to make sense. 
(Remember that you are looking at the outside of the front, right, and top 
faces, but at the inside of the back, left, and down faces: that is, you are 
seeing them as they would be seen from inside the cube.) We'll use this dis­
play in our program. 

We've chosen the size of the display to be 40 characters wide and 16 lines 
high, since some computers have only a 40 column width and others can 
only display 16 lines. This way, the display should be adaptable to most 
computers. 

Representing the Cube With an Array 

The second major decision we must make is how to go about representing 
the cube in the computer program. That is, what sort of "data structure" in 
the program will we use to hold the information about the configuration of 
the cube? The cube is a 3 by 3 by 3 stack of cubies, so that the first idea you 
might have is to use a 3 by 3 by 3 BASIC array, with each array cell represent­
ing one cubie. (This would be something like stacking up three of the 3 by 3 
arrays you used for the TIC-TAC-TOE board in Chapter 3.) 

However, we've already seen that the corner cubies have three facelets and 
the edge cubies have two. And these cubies have different orientations, de­
pending on how they're rotated. For example, suppose we rotate the cubie at 
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Fig. 7-5. Exploded view of cube. 

"up right front" down to the position at "down left front," as shown in Fig. 
7-7. 

It is still the same cubie, but now two of its three facelets are facing in 
different directions. Clearly, we need to keep track not just of where each 
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Fig. 7-6. The screen display. 

cubie is, but which way all its facelets are oriented. How could we do this in 
a simple 3 * 3 * 3 array? The answer is, it wouldn't be easy. 

One solution is to use a 5 by 5 by 5 array instead of a 3 by 3 by 3. Why do 
that? Well, with a larger array we can use a whole bunch of cells in the array 
to represent one cubie: a corner cubie can be represented by 8 cells, and an 
edge cubie by four. This way, when we rotate a face of the cube, we rotate 
two "slices" of the array instead of one, and now there are enough cells 
representing each cubie so that we can keep track of its orientation. Fig. 7-8 
shows how this would look. Don't worry if you don't understand all the de­
tails-of the array representation. As it turns out, we're not going to use arrays 
to represent the cube. We are showing them here because it is useful to see 
how the planning process can include the exploration of various alternatives. 
Our reasons for discarding the array approach will be clear soon. 

Imagine rotating the "up right front" cubie one half turn down to the 
"down left front" position. This is represented by rotating the front two slices 
of the 5 by 5 by 5 array in Fig. 7-5. Note how, when the eight array cells that 
represent the "up right front" cubie move down to the "down left front" 
position, the orientation of the facelets is preserved. 

To get an idea what might be involved in using a 5 * 5 * 5 array to repre­
sent the cube, let's write a short program to rotate one face of the cube one­
quarter turn clockwise. For simplicity we'll rotate only the inner 3 by 3 array, 
representing the facelets on the particular face we are rotating. We won't 
worry, for the moment, about the facelets on the adjacent faces. Fig. 7-9 
shows the array and the program steps needed to rotate it. 

Since the array is going to hold letters representing faces of the cube (F, B, 
U, D, L, R), we use a string array rather than a numeric array. (We could also 
have used a numeric array and stored ASCII representations of the letters.) 
BASIC operates on one array element at a time, but since we will be moving 
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Fig. 7.7. "f" face turned one-halfturn counterclockwise. 
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groups of three-array elements at a time (representing a row of facelets), we 
will need to use FOR ... NEXT loops which count up to three to move each 
row of array cells to its new position. 

We start by putting the top row (elements 1, 2, and 3) into a temporary 
variable T$. This keeps them from being "written over" and lost in step (b) 
when we move the left-hand row (elements 7, 4, and 1) into the top row. We 
continue to work around the array, moving the bottom row elements into the 
left column, the right column elements into the bottom row, and finally the 
top row elements, which were stored in T$, into the left column. 

Of course, when we really rotate a face of the cube, we need to change not 
only the face itself, but the cells adjacent to it on four other faces. So, as you 
can see, it will take quite a few program steps to perform a rotation. And there 
are six faces, each of which will require a separate rotation routine. Might 
there be an easier way to represent the cube in our program? 
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Fig. 7-8. Using a 5 by 5 by 5 array to represent the cube in the computer program. 
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{ 
200 FOR J = I TO 3 

(a) 210 T$ (J) = A$(J.1) 
220 NEXT J 

{ 
230 FOR J = I TO 3 

(bl 240 A$ (J.1) = ASU.4-JJ 
250 NEXT J 

{ 
260 FOR J = 1 TO 3 

(c) 270 A$ (l,J) = A$ (J.3) 
280 NEXT J 

{ 
290 FOR J = l TO 3 

(d) 300 A$ (J.3) = A$ (3.4·J) 
310 NEXT J 

{ 
320 FOR J = I TO 3 

(e) 330 AS (3.J) = TS (J) 
340 NEXT J 

Fig. 7-9. Rotating a 3 by 3 portion of the array. 

Representing the Cube With Strings 

Let's try another approach, just to see how it works out. Think of each face 
of the cube as being represented, not by array elements, but by a single string 
variable. The question then is, which facelets will correspond to which char­
acters in the string? If we make a clever decision about how to do this, it 
might make the rest of the program easier. Since we'll be rotating the faces of 
the cube, it makes sense to arrange the string so that rotations are as easy as 
possible. In this case, we'll try winding the string around the outside cells of 
the face, like a snake chasing its tail. That looks like it might be easy to rotate. 

Something to note here is that the middle cell of each face never moves, no 
matter how you twist its face or any of the other faces; so, we don't need to 
worry about rotating the six middle cells of the cube or even about represent­
ing them in the computer program. For this reason our string only needs to be 
eight characters long. Fig. 7-10 shows how we use a string to represent a face 
of the array and also shows a program that will rotate the face one-quarter 
turn clockwise. The colored lines represent the "snake chasing his tail." Note 
that the first character in the string is always in the same place (the top left­
hand corner) even though the characters which make up the string (numbers 
in this case) move around. 

Compare this program with the one in Fig. 7-9 which rotated the face using 
arrays. The program using strings is much shorter. Using LEFT$ and RIGHT$ 
statements we simply took the last two characters of the string and put them at 
the beginning of the string, then took the first six characters and put them at 
the end. This is equivalent to rotating the face of the cube, since, as far as the 
program is concerned, the string and the face of the cube are the same thing. 
The BASIC string functions (RIGHT$, MrO$, etc.) are very powerful in certain 
situations-in this case, their ability to operate on groups of characters at one 
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8 4 

7 6 5 

FS = "12345678" 

(A) Before rotation. 

10 F$="12345678" 
20 PRINT F$ 
30 F$=RIGHT$(F$,2)+ LEFT$(F$,6) 
40 PRINT F$ 

>RUN 
12345678 
78123456 
READY 
> • 

ROTATING 
1/4 TURN 
CLOCKWISE 
GIVEs----

7 

6 

5 

8 I 

2 

4 3 

FS = "78123456" 

(B) After rotation. 

This statement is all that is needed to 
perform the rotation. 

Fig. 7-10. Using a string to represent a face of the cube. 

time, instead of a single character at a time as we must do with arrays, makes 
our rotation routine much shorter and easier to understand. 

Based on this comparison, it seems reasonable to conclude that using 
strings to represent the cube will probably be easier than using an array, so 
that is what we will do. 

"Bottom Up" Program Design 

The discussions above, on how to represent the cube on the screen and on 
whether to use arrays or strings to represent the cube in our program, are an 
example of what is called "bottom up" program design. By bottom up we 
mean that we start with the details of the program, such as actual lines of 
code, rather than with generalities. Writing brief sections of code, as we have 
done above, lets us explore how well certain approaches are likely to work 
out. However, there is a danger that if we concentrate too hard on such de­
tails we will lose sight of the overall design of the program. And writing a 
solid, error-free program in a minimum amount of time is actually more 
dependent on the overall program design than it is on the details of coding. 
Usually in planning a program you need to think both about how to actyally 
write the code (Bottom Up planning) and, at the same time, about the overall 
program design (which is called Top Down planning). But, the emphasis 
should be on overall program design. We'll discuss that next. 
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Flowcharting and "Top Down" Program Design 

"Top Down" simply means that we start planning the program with the 
most general concepts we can think of and work our way down to the spec­
ific details. These general concepts that we start with should be expressed in 
plain English and should not be dependent on the actual details of writing the 
program. Let's see how to go about this. 

We'll assume that we want the program to display a picture of the cube, 
and that we also want the program to get input from the keyboard about what 
face of the cube the user wants to rotate. Which of these shall we do first? It 
seems like it would be nice to start with a picture of the cube in its initial, 
unmessed-up state. So now we have two things we want to do, and we can 
put them in order as shown in Fig. 7-11. 

DISPLAY 
CUBE 

fig. 7-11 . A simple flowchart. 
~ 

~ET KEYBOARD 
INPUT 

What we've drawn here is a simple flowchart. You already learned how 
flowcharts represent programs in Chapter 3; here we will show how they can 
be used as an aid in program design. 

Once the program finds out which face the user wants to rotate, it should 
actually carry out the rotation. Let's assume that the user will specify which 
face is to be rotated by typing its initial: F, B, U, D, L, or R. Adding this to our 
flowcliart, it now appears as shown in Fig. 7-12. 

As you recall from Chapter 3, we put decisions in diamond-shaped boxes 
to distinguish them from other program actions. The "yes" and "no" outside 
the decision diamond show which way program control will go depending on 
the result of the decision in the box. 

We'll also assume that we want the program to be able to: (1) print out the 
sequence of moves we've made so far; (2) go back a move if we want; and (3) 
restore the cube to its original state. Specifically, if the user types "P" we'll 
print out all the moves; if she types "S" (for "subtract") we'll go back one 
move (that is, "undo" the last move on the list and remove it from the move 
list); and if she types an exclamation point(!), we'll reinitialize the cube to its 
original state. (We chose the exclamation point because it is unlikely to be 
typed by mistake. It might be depressing to have your cube reinitialized just 
when you were in the middle of a complex series of moves!) Let's add these 
functions to the flowchart as shown in Fig. 7-13. 
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DISPLAY CUBE 

GET KEYBOARD INPUT 

YES 

ROTATE FACE 
OF CUBE 

Fig. 7-12. Additions to simple flowchart of Fig. 7-11. 

Once we've performed a particular function, we probably want to go back 
and display the cube again, then wait for further input from the keyboard. 
Also, before we display the cube for the first time, there will probably be 
some variables to set to certain initial values, and so on, as there usually are 
at the beginning of a program. And finally, if the user types something the 
program doesn't understand, it should print an error message. We have in­
cluded these functions in Fig. 7-14. 

Fig. 7-14 shows, in a general way, what we want the program to do. It is 
the "master" (most important and most general) flowchart for the program, 
and we will refer to it many times as we write the program. A diagram like 
this is extremely helpful in the creation of a program. You should always draw 
one before you begin writing any but the simplest programs. 

Where it seems practical, it is also good to break up the main sections of 
the program-which are represented by boxes in the master flowchart-into 
additional flowcharts. In this case, most of the boxes represent functions that 
are already so simple they can't be broken down much more. However, we 
already know that there are 6 faces of the cube, and that each face will need 
at least one separate routine to rotate it, so we can show this in a box which is 
the "inside view" of the "Rotate Faces" box in the master flowchart. This is 
shown in Fig. 7-15. 

In fact, we can even go a little farther in this direction. When you rotate a 
face of the cube a quarter turn you have two choices of which way to turn 
it-clockwise or counterclockwise. Turning it counterclockwise a quarter turn 
is the same as turning it three quarter turns clockwise, but doing something 
three times is tedious, so we'll allow the user to make two different kinds of 
moves-clockwise, which we'll represent by a plus sign (+), and coun­
terclockwise, which we'll represent by a minus sign(-). (We could introduce 
another move, two quarter turns clockwise-which is the same as two quar-



DISPLAY CUBE 

GET KEYBOARD INPUT 

YES 
ROTATE FACE 

OF CUBE 

PRINT OUT ALL 
MOVES MADE 

SO FAR 

"UNDO" THE LAST 
MOVE. AND REMOVE 
IT FROM MOVE LIST 

GO START OVER 

Fig. 7-13. More additions to flowchart. 
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ter turns counterclockwise-but the gain here isn't so great, and it compli­
cates the program, so we'll leave it out.) 

In order to rotate a face of the cube, the user will type the letter represent­
ing the face, followed by a plus or minus sign. So F+ means to rotate the front 
face one quarter turn clockwise, L - means to rotate the left face one quarter 
turn counterclockwise, and so forth. 

Now we can finish the flowchart for the "rotate faces" part of our diagram. 
Remembering that a quarter turn clockwise is the same as three quarter turns 
counterclockwise, we'll have the program simply do three clockwise rotations 
whenever the user asks for one counterclockwise rotation. This way we can 
cut the number of rotation routines we need in half. The result is shown in 
Fig. 7-16. 

Notice how we have used a variable SF to "remember" whether the user 
typed a plus or a minus sign. This makes for a simpler program than including 
a separate input routine for the plus or minus sign in each of the six separate 
routines for the six faces. 
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INITIALIZE 
VARIABLES 

DISPLAY CUBE 

GET KEYBOARD INPUT 

NO 

PRINT 
"ILLEGAL COMMAND" 

YES 

THIS BOX EXPANDED 
IN FIG. 7-15 

I 
ROTATE FACES 

OF CUBE 

PRINT OUT ALL 
MOVES MADE 

SO FAR 

"UNDO" THE LAST 
MOVE. AND REMOVE 
IT FROM MOVE LIST 

Fig. 7-14. The master flowchart. 

Let's "walk through" the flowchart with a specific example. Suppose the 
user types "F+ ." Looking back to the master flowchart in Fig. 7-14, we see 
that after initializing variables and displaying the cube, the program will wait 
for the user to type a letter. If this letter is F, B, L, R, U or D the program will 
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Fig. 7-15. "Inside view" of the "rotate faces" box in master flowchart of Fig. 7-14. 

then go to the box labelled "rotate faces of cube." In this case the letter is F, 
so it goes to this box (which represents, of course, a section of the program). 
This box is shown in detail in the flowchart of Fig. 7-16, so we continue with 
the program at the top of this chart. Here we see that the program will wait for 
a second character-to be typed on the keyboard. Since the character is a plus 
sign, the program will set varible SF to 1, and then go on to figure out exactly 
which letter was typed. Since it was F, it will take the "yes" exit from the "F" 
diamond, and then encounter the "is SF= 1" diamond, from which it will also 
take the "yes" exit. This leads to the box labelled "rotate face F once," which 
is just what we wanted to have happen. The program then exits from the 
"rotate faces" section of the flowchart, and returns to the master flowchart, 
where it goes back to display the cube and wait for further keyboard input. 
Try "walking through" the flowchart using a different input, like D-. 
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OTATE FACES" 

ENTER FROM 
MASTER FLOWCHART 

GET SECOND CHARACTER 
FROM KEYBOARD 

PRINT 
"ILLEGAL COMMANo·· 

..__ _____ ROTATE FACE .. B .. 
THREE TIMES 

(Similarly for Faces L R and U) 

'-------..i ROTATE FACE .. 0 .. 
THREE TIMES 

EXIT TD 
MASTER FLOWCHART 

Fig. 7-16. Details of the "rotate faces" program section. 
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WRITING THE PROGRAM 

We are now ready for the next step in the programming process, which is 
(at last!) actually writing sections of code to correspond to the boxes in our 
flowcharts. In general, we will try to use subroutines to correspond to each 
box in our flowchart. This will make it easier to keep clear in our minds what 
is happening. 

The first thing we'll do is to write the main part of the program. The pro­
gram lines in the "Main Program" will correspond closely to the boxes in the 
master flowchart. The function of the main program is simply to link together 
the other parts of the program, such as the "display" section and the "rotate 
faces" section. The simpler we keep the main part of the program, the easier 
it will be to see how all the other parts are related to each other. 

The Main Program 

Fig. 7-17 shows the main program. What the main program mostly does is 
to call subroutines. First (line 160), it calls a subroutine to display the cube. 
Then, it gets a character from the keyboard, using the INKEY$ function, in 
lines 170 and 180. (For a description of how INKEY$ is used, see Chapter 6.) 
If the key is an exclamation point, the program (in line 190) will simply go 
back to the beginning at line 30, reinitialize itself, and start again. (There is a 
complete listing of the program in Fig. 7-22 but don't look at it yet. It might 
seem a little too forbidding if you're not prepared for it. Remember the tor­
toise and the hare, and take it slow and easy. You'll get there!) 

140 ' ---------MAIN PROGRAM---------
150' 
160 GOSUB 640' 
170 A$=INKEY$ : IF A$="" THEN GOTO 170 ' 
180 PRINT A$; 
190 IF A$="!" THEN GOTO 30' 
200 IF A$=F" OR A$="B" OR A$="L" OR A$="R" OR 
A$="U" OR A$="O" THEN GOSUB 270 : GOTO 160 ' 
210 IF A$="S" THEN GOSUB 380 : GOTO 180 ' 
220 IF A$="P" THEN GOSUB 490 : GOTO 160 ' 
230 GOSUB 1450: GOTO 180' 

Fig. 7-17. The main program. 

DISPLAY 
GET INPUT 

RESTART 

ROTATE FACE 
GO BACK ONE 
PRINT MOVES 
ILLEGAL INPUT 

At this point you might have a question: if we haven't written the sub­
routines yet, how do we know what line numbers to give them? How do we 
know, for instance, to write "GOSUB 270" when we want to call the "rotate 
face" subroutine in line 200? The answer to this, of course, is that after writ­
ing the program we used a RENUM function to renumber all the program 
lines so that they would be a uniform 10 apart. (REN UM is a function which 
is available in some versions of BASIC or on some operating systems, which 
permits you to renumber some or all of the lines in your program. It can be 
very useful for "cleaning up" the line number sequence in a program after it 
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has been developed, as we have done here, and it is also helpful when you 
find you absolutely have to put 10 new lines of code between, say, line 600 
and line 602.) 

When we first sat down to write the main program we used some conser­
vative guesses about how big the subroutines were going to be and assigned 
them numbers accordingly. Specifically, we guessed that no subroutine would 
be longer than 100 lines, so we started the main program at 10, the first 
subroutine at 1000, the second subroutine at 2000, the third at 3000, and so 
on. This way we could start writing the more general parts of the program 
first, and still know where the subroutines (which are less general and had not 
yet been written) would be located. After the program was written and de­
bugged, we renumbered it. 

But let's get back to our discussion of the main program. 
If the user did not type an exclamation point, the program will branch to 

different subroutines, depending on what character was typed by the user. In 
line 200, if the user types any of the letters that represent faces of the cube 
(F,B,L,R,U,D) control goes to a subroutine to rotate the face. 

If the user types an "S" (line 210) a subroutine will be executed which has 
the effect of "undoing" the last move the user made. (We'll explain how this 
works in the next section.) If the user types a "P" (line 220) the program will 
branch to a subroutine (at line 490) which will print out all the moves that 
have been made so far. And if the computer doesn't recognize the character 
the user typed, it branches to a subroutine at 1450 which prints "ILLEGAL 
COMMAND." After executing any of these subroutines, the program always 
returns to the beginning of the main program at line 160. 

That's all there is to the main program! Notice how each part of it corre­
sponds to a box in the master flowchart. The rest of the overall program con­
sists of subroutines that are called from the main program, and some initial 
definitions and statements at'the beginning of the program. 

The Move List 

We've mentioned the subroutines, activated by typing "S" and "P," to go 
back a move, and to print out all the moves made so far. How do these 
routines work? They both operate on a string array, initialized with a DIM 
SK$(200) statement, which we'll call the "move list." Whenever we perform a 
rotation of a cube face (a "move"), the program stores that move on the move 
list. If, for example, the user types "D+ ," the program will not only rotate the 
"down" face of the cube a quarter turn clockwise, it will also add the string 
"D+" to the string array SK$. A pointer, which is a numeric variable L, points 
to the next available cell of SK$, so that the program knows where to put the 
move. L is incremented after each move. 

If the user types "P," the program will branch to a subroutine to print out 
all the moves on the move list from 1 to L. 

If the user types "S," the program will branch to a subroutine which will do 
the inverse of the last move on the list and then "remove" that move from the 
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list by decrementing the pointer L. For example, if the last move the user 
typed in was R+, and the user now types "S," the subroutine at 380 will take 
the last move on the move list (R+), change the sign of the move from R+ to 
R-, perform an R- on the cube, and finally remove the R+ from the move 
list by executing an L= L-1. Turning any face of the cube a quarter turn 
clockwise and then a quarter turn counterclockwise, leaves it the way it was 
before the first move was performed. Executing the move and then executing 
it again with the sign changed has the same effect. 

We'll discuss the operation of the move list in more detail as we encounter 
the various sections of the program. 

The Display Routine 

Unfortunately, the time has now come to bite the bullet. The display 
routine (as you can see if you look ahead to Fig. 7-20), is by far the messiest­
looking part of the whole program. A casual glance at it will probably con­
vince you that you'll never be able to understand it. Fortunately, it is not 
really that difficult, if you take it one step at a time. We need to get the 
display routine working before we start work on the rotation routines, so that 
we can use it to see if the rotation routines are doing what they're supposed 
to. 

First, let's look at the actual screen display in Fig. 7-18. In Fig. 7-18A, we 
show the cube in its initial state, and in Fig. 7-18B, we show it after the move 
R +. Notice how al I the edges adjacent to the R face have moved one face 
clockwise from their original positions. (Compare these views with Fig. 7-5 to 
see how the cube is "exploded" to arrive at this picture.) 

Now, while this exploded view may make sense to us humans (because in 
our visual imaginations we can "put the cube back together'' when we look 
at this view), to the computer it seems like a hopeless jumble of symbols and 
spaces strewn all over the screen. Computers like things to be in orderly lists 
or arrays, and this view is certainly not that. That's why the display program is 
so messy looking. Because the display, from the computer's point of view, has 
no regularities, we find that our program has to plot each facelet separately, 
without the help of the FOR ... NEXT loops or subroutines which we might 
have used, if we had chosen a display with a more regular pattern. (Even so, 
the advantages of the "exploded" display more than make up for the messi­
ness of the display routine.) 

In order to write the display routine we need to agree on how to number 
the facelets on each face, so both we and the computer will know what to 
call each facelet. Look back at Fig. 7-10. Here we numbered the cells of a 3 
by 3 face clockwise, from 1 to 8, starting at an arbitrary corner. (Remember 
that we don't need to number the center facelet, since the center facelets 
never change their positions.) Following this procedure, we will now number 
all six faces of the cube, starting at arbitrarily chosen corners. The result is 
shown in Fig. 7-19._ This is an important diagram, since it shows us how to 
refer to every single facelet on the cube (number 3 on face B, for example). 
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Fig. 7-18. Display of cube on computer screen. 
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Before we can display the cube we need to set all the facelets to their initial 
values-that is, we want each face to be all the same "color" (that is, have 
the same letter, like F or R). As we discussed earlier, we will not actually use 
colors, but letters which stand for the name of the face where a particular 
facelet started out. Initially then, all the facelets on the front or "F" face will 
be assigned a letter "F," all the facelets on the right face will be assigned a 
letter "R," and so forth. Later, when faces of the cube have been rotated, the 
R facelets may not all be on the R face, the D facelets may not all be on the D 
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face, and so on, just as the original colors move to new faces on a real cube 
when it is rotated. 

The program sets the initial values of the facelets in program lines 70 to 
120, which look like this: 

50 ' ------INITIALIZE CUBE FACE STRINGS------
60. 
70 F$=STRING$(8,"F") 
80 B$=STRING$(8,"B") 
90 l$=STRING$(8,"L") 

100 R$=STRING$(8,"R") 
110 U$=STRING$(8,"U") 
120 D$=STRING$(8,"D") 
130' 

Now we're ready to attack the actual code of the display routine. In the first 
line of the routine, line 640, we position the cursor at the upper left-hand 
corner of the screen, without clearing the screen, using a PRINT@ 0, ""; 
statement. (This statement works on a TRS-80. Many computers use other 
statements' to position the cursor without clearing the screen, such as "LO­
CATE" or "HPOS" and "VPOS." If you adapt this program for your compu­
ter, you should use whatever statement works with your version of BASIC.) 
We could simply clear the screen at this point, but repositioning the cursor 
without clearing the screen makes for a display that changes more smoothly 
from one move to the next. 

Refer to the display in Fig. 7-18 and the numbering system in Fig. 7-19. The 
display is printed in lines on the screen, using PRINT statements, just as if it 
were text. Each program line contains one PRINT statement and corresponds 
to a line on the screen display. Tlie first PRINT statement, in line 650, is the 
first line to be printed on the screen. Here it is: 
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650 PRINT STRING$ (14, " ") 
MID$(U$,3,1) "/" MID$(U$,4,1) "/" MID$(U$,5,1) 

From Fig. 7-18 we can see that the first line of the display contains three 
facelets of the "U" face of the cube. These facelets are in the row of the "U" 

620 '·-·-···-·-·DISPLAY ROUTINE-····-·-···· 
630' 
640 PRINT@ 0, " "; 
650 PRINT STRING$(14, " ") 
MI0$(U$,3, 1) " / " Ml0$(U$,4, 1) " / " MID$(U$,5, 1) 
660 PRINT" " MID$(L$,5,1) 
" " MID$(U$,2, 1) " / U / " MID$(U$,6, 1) 
670 PRINT " " MID$(L$,6, 1) " / " 
MID$(U$,1,1) "/" MID$(U$,8,1) •• /" MID$(U$,7,1)" " 
MID$(8$,5, 1) " " MID$(8$,4, 1) " " MID$(8$,3, 1) 
680 PRINT MI0$(L$,7,1) "/" MIO$(L$,4,1) 
STRING$(18, " ") STRING $(9,"-") 
690 PRINT"/ L /" STRING$(18," ") 
MI0$(8$,6,1)" B " MID $(8$,2,1) 
700 PRINT MID$(L$,8,1) "/" MID$(L$,3,1) 
STRING$(18, " ") STRING$(9,"·") STRING$(?," ") 
MID$(R$,3,1) 
710 PRINT"/" MID$(L$,2,1) "/" STRING$(18," ") 
MID$(8$,7,1)" "MID$(8$,8,1)" "MID$(8$,1,1)" " 
MID$(R$,2, 1) " /" 
720 PRINT Ml0$(L$,1,1)" / " 
MID$(F$,7,1)" "M10$(F$,8,1)" "MID$(F$,1,1) 
STRING$(20," ") 
MID$(R$, 1, 1) " / " MID$(R$,4, 1) 
730 PRINT"/ " STRING$(9,"·") STRING$(20," ") "/ R /" 
740 PRINT STRING$(6,'" ") 
MID$(F$,6,1)" F" MID$(F$,2,1) 
STRING$(20," ") 
MID$(R$,8, 1) " / " Ml0$(R$,5, 1) 
750 PRINT STRING$(6, " ") STRING$(9,'"·") STRING$(20," ") 
"/" MID$(R$,6,1) "'/" 
760 PRINT STRING$(6," ") 
MID$(F$,5,1)" "MID$(F$,4,1)" " Ml0$(F$,3,1) 
STRING$(6," ") 
MID$(D$,5,1) " I " MID$(0$,4,1) " / " MI0$(0$,3,1 " " 
MID$(R$,7,1) "/' 1 

770 PRINT STRING$(18, " ") 
MID$(0$,6,1) "/ D /" MID$(D$,2,1) 
STRING$(8, " ") "/" 
780 PRINT STRING$(15," ") 
MID(D$,7,1)" /" MID$(0$,8,1) "/" Ml0$(0$,1,1) 
790 PRINT STRING$(40,"-") 
800 PRINT "COMMAND: "; 
810 RETURN 

Fig. 7-20. Display routine listing. 
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face which is closest to the 11811 face, and from Fig. 7-19 we can see that these 
facelets are numbered 3, 4, and 5. So, in program line 650 we first print a 

. string of 14 spaces, to move the cursor over to where the "U" face is on 
display. Then, using the MID$ function, we print the contents of the third 
character of the string U$, (the string U$ represents the "U" face) and then 
we print a space, a slash, and another space to separate this facelet from the 
next one. Similarly, we print the contents of the fourth and fifth characters of 
the string U$; with slashes between them. (For a review of how MID$ works, 
see Chapter 4.) 

That's really all there is to the display routine. Each line in the display is 
transformed into a separate PRINT statement, in the same way we described 
for line 650. The complete listing for the display routine is shown in Fig. 7-20. 
Many lines are longer than line 650, because on the display they cover parts 
of two or even three faces. Line 670, for example, prints facelet 6 from face 
"L," facelets 1, 8, and 7 from face "U," and facelets 5, 4, and 3 from face 
"B." 

This routine is an example of what might be called the "brute force" 
method of programming. It is not particularly elegant or concise, but it gets 
the job done, slowly munching its way through the display one line at a time. 

Getting Ready to Rotate 

If the main program discovers that the user has typed one of the letters that 
corresponds to a face of the cube, it immediately branches to the "Get Direc­
tion to Rotate Face" ·subroutine at line 270. This subroutine is actually the 
"outermost" or highest of three levels of subroutines that we will use in rotat­
ing the faces. Here it is: 

250 '-------GET DIRECTION TO ROTATE FACE·------
260' 
270 A2$=INKEY$ : IF A2$=" " THEN GOTO 270 ' 
280 PRINT A2$; 
290 IF A$="-" THEN SF=0 : GOTO 320' 
300 IF A2$="+" THEN SF=1 : GOTO 320' 
310 GOSUB 1450 : RETURN ' 
320 L=L+1 ' 
330 GOSUB 550 ' 
350' 

GET SIGN 

SET SIGN FLAG 

ILLEGAL INPUT 
INCREMENT POINTER 
GO ROTATE 

The purpose of this subroutine is to figure out which way the user wants to 
rotate the cube face. It does this in an INKEY$ statement and assigns the 
character typed in to the variable A2$. This happens in lines 270 and 280. If 
you want a clockwise rotation you type"+." When the routine finds a"+" it 
sets the SF variable (for "sign flag") to one, in line 290. If you want a coun­
terclockwise rotation, you type "- ," and the routine sets SF to zero, in I ine 
300. If you don't type either of these two characters, the routine branches to 



298 

the "ILLEGAL COMMAND" routine and returns. If"+" or "-" was typed, 
the routine increments the pointer L, in line 440, which shows how many 
"moves" there have been so far, and then calls the rotation subroutine, which 
is located at line 550. 

Look back at Fig. 7-16. It is an expanded view of the "Rotate Faces" box 
from the master flowchart. As you recall, the idea here was that one coun­
terclockwise rotation is the same as three clockwise rotations. We can trans­
late this diagram into a subroutine which consists of the series of program 
statements from line 550 to line 600. Each of the lines in this routine deals 
with a separate face; otherwise, the lines operate in exactly the same way. For 
example, here is line 550: 

550 IF AS="F" THEN 
IF SF=1 THEN GOSUB 850 : SK$(L)="F+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 850 : NEXT J : 
SK$(L)="F-" : RETURN 

This line first uses an IF statement to find out if the letter typed in was an 
"F." If it was not, control goes to the next line. If it was an "F," the control 
goes to another IF statement on the same line (see the discussion of nested IF 
statements in the ELSE section of Chapter 6). This second IF statement deter­
mines whether SF is 0 or 1, that is, whether you requested clockwise or coun­
terclockwise rotation. If SF is 1, you want clockwise rotation and we execute 
the THEN part of the statement, which has two parts. The first part goes to the 
rotation subroutine at 850, which carries out the actual rotation of the "F" 
face. The second part puts the string "F+" into the array SK$, which holds the 
list of moves made so far. 

If you requested counterclockwise rotation, the ELSE part of the inner IF 
statement is executed. This also consists of two parts. The first part is for the 
FOR ... NEXT loop which counts from 1 to 3. Inside the loop is the GOSUB 
to the Rotate Face "F" routine at line 850. So, this routine will be called three 
times, thus rotating the face clockwise three times, which is the same as rotat­
ing it counterclockwise once. The second part of the ELSE statement then puts 
the string "F-" into the array SK$. 

After all this we then RETURN to the "Get Direction" routine, and from 
there RETURN immediately to the main program. The statements from line 
numbers 560 to 600 perform the same function for the other five faces of the 
cube. This part of the program is shown in Fig. 7-21. 

Notice that the routine from line SS0 to line 600 is the second level of 
subroutine in the "Rotate Faces" part of the master flowchart. The first level, 
as we mentioned above, is the routine in which we get the"+" or"-" sign, 
from line 270 to 340. The first level subroutine calls the second level, and the 
second level calls the third level, which is composed of the six routines, from 



530 '-------FIND FACE TO BE ROTATED AND CALL ROUTINES------
540' 
550 IF A$="F" THEN 
IF SF=1 THEN GOSUB 850 : (SK$(L)="F+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 850 : NEXT J : 
SK$(L)="F-" : RETURN 

560 IF A$="B" THEN 
IF SF=1 THEN GOSUB 950 : SK$(L)="B+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 950 : NEXT J : 
SK$(L)="B-" : RETURN 

570 IF A$="L" THEN 
IF SF=1 THEN GOSUB 1050 : SK$(L)="L+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 1050 : NEXT J : 
SK$(L)="L-" : RETURN 

580 IF A$="R" THEN 
IF SF=1 THEN GOSUB 1150: SK$(L)="R+": RETURN 

ELSE FOR J=1 TO 3: GOSUB 1150: NEXT J: 
SK$(L)="R-" : RETURN 

590 IF A$="U" THEN 
IF SF=1 THEN GOSUB 1250 : SK$(L)="U+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 1250 : NEXT J : 
SK$(L)="U-'' : RETURN 

600 IF A$="D" THEN 
IF SF=1 THEN GOSUB 1350 : SK$(L)="D+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 1350 : NEXT J : 
SK$(L).="D-" : RETURN 

610' 

Fig. 7-21. Program listing of six rotation subroutines. 
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line 950 to 1410, which actually carry out the rotation for each of the six 
faces. We'll describe this third or "lowest" subroutine level next. 

The Rotation Routines 

Now, at last, we are finally getting to the rotation of the cube faces. Starting 
from the "top down," we have reached the lowest level: that is, the most 
specific, least general part of the program design. Here we will write the code 
to actually carry out the rotation operations. We are, in fact, at the same place 
we were when we investigated the details of actual coding in the "bottom 
up" approach. 

Let's review what is necessary to carry out a rotation. As an example, imag­
ine that we are gqing to rotate the "R" face of the cube one quarter turn 
clockwise. Refer here to Fig. 7-19. This diagram, if you study it carefully, 
should make it clear what we need to do to rotate each face of the cube. 
When we rotate the "R" face, not only will the facelets on face "R" each 
move two positions clockwise, but the following four other transfers will take 
place on the adjacent faces: 

(1) "F" facelets 1, 2, 3 will go to the "U" face, positions 5, 6, 7. 
(2) "D" facelets 1, 2, 3 will go to the "F" face, positions 1, 2, 3. 
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(3) "B" facelets 1, 2, 3 will go to the "D" face, positions 1, 2, 3. 
(4) "U" facelets 5, 6, 7 will go to the "B" face, positions 1, 2, 3. 

Now, how can we get the program to do all this? We've already written a 
little routine to rotate the 8 facelets on the "R" face itself, as shown in Fig. 
7-10. (This routine has no effect on the adjacent faces.) Since we're going to 
be using MID$ statements a lot, we'll translate the program line in Fig. 7-10 
which actually carries out the rotation into a form using MID$ statements 
instead of LEFT$ and RIGHT$: 

R$ • MIO$(R$,7,2) + MIO$(R$,1,8) 

What about the transfers of the facelets on the adjacent faces, in steps (1) to 
(4) above? Let's write a statement that will do the transfer of the three facelets 
shown in step (1 ). That is, move the contents of position 1 on the "F" face to 
position 5 on the "U" face, move the contents of position 2 on the "F" face 
to position 6 on the "U" face, and move the contents of position 3 on the "F" 
face to position 7 on the "U" face. Here's the statement: 

Step 1. 

Isn't that easy? The use of string-handling functions lets us move three 
facelets in a single statement. (If the use of MID$ on the left side of the equal 

MID$ (F$.1.3) 

FS 

__,,......,-THIS ARROW REPRESENTS 
.,,..,..,.--- THE STATEMENT l MID$ (U$.5.3) "' MID$(F$.1.3) 

us 11 I 2 I 3 I 4 I 5 I 6 I 7 I s 1-- ~~~s s~~~~s~;Ts y MIDIIUS.5.3) 

THESE NUMBERS REPRESENT 
THE CHARACTER POSITIONS 
IN THE STRING THE ACTUAL 
CHARACTERS OCCUPYING THE 
POSITIONS WILL BE THE LETTERS 
B.F.L.R.U. OR D 

THE STATEMENT 
MID$ (U$.5.3) "' MID$ F$.1.3) 
TAKES THE CHARACTERS 
FROM CHARACTER POSITIONS 
1.2.3 IN F$ AND PUTS THEM IN 
CHARACTER 5.6.7 OF US 

Fig. 7-22. Transferring three characters from string F$ to string U$. 



301 

sign is not familiar to you, read the appropriate section in Chapter 6.) What 
this statement does is to transfer three characters from the string F$, starting at 
position 1, into three character spaces in string U$, starting at position 5. 

The diagram in Fig. 7-22 shows how three characters (representing three 
facelets) are transferred from string F$ to string U$. 

If the version of BASIC on your computer does not include the use of MID$ 
on the left side of the equal sign, you can translate these statements into ones 
that use MID$ only on the right. These equivalent statements are more cum­
bersome, but they will work just as well. For example, suppose you have the 
statement (from line 1290) using MID$ on the left: 

MID$(B$,3,3) •MID$(L$,5,3) 

We can rewrite this as: 

B$= MID$(B$, 1,2)+ MID$(L$,5,3)+MID$(B$,6,3) 

The diagram in Fig. 7-23 shows how this works. 

MID$ (L$.5.3) 

LS 

Fig. 7-23. Converting MID$ statements. 
MIDS (B$.1.2) ~0$ (BS.6.3) 

Now (except for one small problem) we can write similar statements to do 
the other transfers in steps (2), (3) and (4): 

MID$(F$,1,3)•MID$(0$,1,3) Step 2. 
MID$(0$,1,3)•MID$(B$,1,3) Step 3. 
MID$(B$,1,3)•MID$(U$,5,3) Step 4. 
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The small problem is this: if, in step (1 ), we go right ahead and write the 
contents of the F facelets 1, 2, and 3 into the U positions 5, 6, and 7, we will 
be destroying the contents of these variables; that is, we will no longer know 
whether the U positions 5, 6, and 7 contained R's, B's, L's, or what, since we 
will have "written over" them with the contents of the F positions. So, in step 
(4), when we are ready to transfer the contents of these U positions into B 
positions 1, 2, and 3, we wouldn't really be transferring the contents of the U 
positions; we'd be transferring the contents of the F positions. This would be a 
major foulup. 

To avoid this problem the first thing we do is to save the contents of these 
three F positions in a "temporary" string variable called T$, instead of writing 
them to the U positions. Then, when the other steps have been finished and 
the contents of the U positions have been safely transferred to the B positions, 
we put the contents of T$ back into the U positions. A diagram of the process 
is shown in Fig. 7-24. 

It's like four people (call them F, U, Band D) sitting in four chairs arranged 
in a circle. If they all decide to move one place to the right, someone (say F) 

/ 
,. 

0 ---0 
© 

\ 
0 

0 

Fig. 7-24. Saving contents of "f" positions in a temporary string variable, T$. 
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will have to stand up. Then the person on F's right (who is D) moves into F's 
chair, the person on D's right (who is B) moves into D's chair, the person on 
B's right (who is U) moves into B's chair, and finally F, who has been in 
temporary storage (standing up) can sit down again in the vacant chair, which 
is U's. 

The program steps to do this look like this: 

1130 '---------ROTATE FACE "R"---------
1140' 
1150 R$=MID$(R$,7,2)+M1D$(R$,1,6)--..---Rotate face "R" itself. 
1160 T$=MID$(F$,1,3) 
1170 MID$(F$,1,3)=MID$(D$,1,3) I 
1180 MID$(D$,1,3)=MID$(B$,1,3) -----Rotate adjacent faces. 
1190 M1D$(B$, 1,3)= MID$(U$,5,3) 
1200 MID$(U$,5,3)=T$ 
1210 RETURN 
1220' 

That's all we have to do to rotate the R face, and it is almost all we have to 
do for the other five faces. The only additional problem arises when we have 
to do a transfer which involves the three character positions 7, 8, and 1 (as in 
the upper row on the front face, for example). Since two of these characters 
are on the end of the string and one is on the beginning, the transfer will 
require two different equalities using MIO$ statements, one to transfer posi­
tions 7 and 8, and the other to transfer position 1. 

For instance, to transfer D positions 7, 8, and 1 to L positions 7, 8, and 1, 
we would have to write: 

MID$(L$,7,2)= MID$(D$7,2) : MID$(L$,1, 1 )= MID$(D$, 1,1) 

What happens in line 870 in the section to rotate face F is diagrammed in 
Fig. 7-25. 

Fig. 7-25. Transferring "D" positions to "L" 
positions. 

MID$ (LSJ.11 MIDS (LS.7,2) 
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MIDS (DS.1.1) 

..___, 

j 
,___ 

.._____., 
MID$ (DS.7,2) 



304 

Similarly, line 1270, in the section to rotate face U, puts the contents of the 
R positions 1, 2, and 3, into F positions 7, 8, and 1. This is shown in Fig. 7-26. 

MIDS (R$.1.2) 7 I MID$ (R$.3.1) 

~ 

sl1l2l3l4lslsl1lsl .._,,__,,.__., 
I I 

,........__ 
~ 

sl1l2l3l4I s I s I 7 I s I 
'-v-' 

MIDS (F$.1.1) 

~ 

MIDS (F$.7.2) 

Fig. 7-26. Transferring "R" positions to "F" positions. 

MI_D$(F$,7,2)=MID$(R$,1,2) : MID$(F$, 1,1)=MID$(R$,3, 1) 

The rotation of all six faces is carried out in a similar way by the routines 
from line 830 to 1410. (Refer to the listing of the entire progrr1m in Fig. 7-27.) 

10 '--------INITIALIZE--------
20' 
30 CLS : CLEAR 1000 : DIM SK$(200) : L=0 
40' 
50 ' -------INITIALIZE CUBE FACE STRINGS-------
60' 
70 F$=STRING$(8,"F") 
80 B$=STRING$(8,"B") 
90 L$=STRING$(8,"L") 

100 R$=STRING$(8,"R") 
110 U$=STRING$(8,"U") 
120 D$=STRING$(8,"D") 
130' 
140 '--·-·----MAIN PROGRAM---------
150' 
160 GOSUB 640 • DISPLAY 
170 A$=INKEY$ : IF A$=" " THEN GO TO 170' GET INPUT 
180 PRINT A$; 
190 IF A$="!" THEN GOTO 30' RESTART 
200 IF A$="F" OR A$="6" OR A$="L" OR A$="R" OR 
A$="U" OR A$="O" THEN GOSUB 270 : GOTO 160 ' ROTATE FACE 
210 IF A$="S" THEN GOSUB 380 : GOTO 160' GO BACK ONE 
220 IF A$="P" THEN GOSUB 490 : GOTO 160' PRINT MOVES 
230 GOSUB 1450: GOTO 160' ILLEGAL INPUT 
240 • 
250 '·-·-·---·GET DIRECTION TO ROTATE FACE-----·-·-

Fig. 7-27. Complete Rubik's Cube program listing. 



260' 
270 A2$=INKEY$ : IF A2$=" " THEN GOTO 270 ' 
280 PRINT A2$; 
290 IF A2$="-" THEN SF=0 : GOTO 320' 
300 IF A2$="+" THEN SF=1 : GOTO 320 
310 GOSUB 1450 : RETURN ' 
320 L=L+1 ' 
330 GOSUB 550 ' 
340 RETURN 
350' 
360 ' ---------00 INVERSE OF LAST MOVE ON LIST----------
370' 
380 A$=SK$(L) ' 
390 IFL<1 THEN GOSUB 1450 : RETURN ' 
400 IF RIGHT$(A$,1)="-" THEN SF=1 
410 IF RIGHT$(A$,1)="+" THEN SF=0 
420 A$=LEFT$(A$,1)' 
430 GOSUB 550 ' 
440 L=L-1 ' 
450 RETURN 
460' 
470 '---------PRINT MOVE LIST---------
480' 
490 CLS : IF L>0 
THEN FOR K=1 TO L: PRINT SK$(K)" "; : NEXT K 
500 LINE INPUT" 
PRESS -ENTER- TO CONTINUE"; 2$ : CLS 
510 RETURN 
520' 

305 

GET SIGN 

SET SIGN FLAG 

ILLEGAL INPUT 
INCREMENT POINTER 
CO ROTATE 

GET MOVE FROM LIST 
LIST EMPTY 
SET FLAGS TO INVERSE 

GET FACE 
GO ROTATE 
DECREMENT POINTER 

530 '---------FIND FACE TO BE ROTATED AND CALL ROUTINES---------
540' 
550 IF A$="F" THEN 
IF SF=1 THEN GOSUB 850: SK$(L)="F+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 850 : NEXT J : 
SK$(L)="F-" : RETURN 

560 IF A$="B" THEN 
IF SF=1 THEN GOSUB 950 : SK$(L)='B+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 950 : NEXT J : 
SK$(L)="B=" : RETURN 

570 IF A$="L" THEN 
IF SF=1 THEN GOSUB 1050 : SK$(L)="L+" : RETURN 

ELSE FOR J=1 TO 3 : GOSUB 1050 : NEXT J : 
SK$(L)="L-" : RETURN 

580 IF A$="R" THEN 
IF SF=1 THEN GOSUB 1150: SK$(L)="R+": RETURN 

ELSE FOR J=1 to 3 : GOSUB 1150 : NEXT J : 
SK$(L)="R-" : RETURN 

590 IF A$="U" THEN 
IF SF=1 THEN GOSUB 1250: SK$(L)="U+": RETURN 

ELSE FOR J=1 TO 3 : GOSUB 1250 : NEXT J : 
SK$(L)="U-" : RETURN 

Fig. 7-27 -cont. Complete Rubik's Cube program listing. 
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600 IF A$="D" THEN 
IF SF=1 THEN GOSUB 1350 : SK$(L)="D+" : RETURN 

ELSE FOR J-1 TO 3 : GOSUB 1350 : NEXT J : 
SK$(L)="D-", : RETURN 

610' 
620 '---------DISPLAY ROUTINE---------
630' 
640 PRINT@ 0," "; 
650 PRINT STRING$(14," ") 
M1D$(U$,3,1) "/" M1D$(U$,4,1) "/" M1D$(U$,5,1) 
660 PRINT" " MID$(L$,5,1) 

"MID$(U$,2,1) "/ U /" MID$(U$,6,1) 
670 PRINT" "MID$(L$,6,1) "/ " 
MID$(U$,1,1) "/" MID$(U$,8,1) "/" MID$(U$,7,1)" " 
MID$ (B$,5,1)" " M1D$(B$,4,1)" " MID$(B$,3,1) 
680 PRINT M1D$(L$,7,1) "/" M1D$(L$,4,1) 
STRING$(18, " ") STRING$ (9,"-") 
690 PRINT"/ L /" STRING $(18," ") 
MID$(8$,6,1) " B " MID$(B$,2,1) 
700 PRINT M1D$(L$,8, 1) " / " MID$(L$,3, 1) 
STRING$(18," ") STRING$(9,"-") STRING$(?," ") 
MID$(R$,3, 1) 
710 PRINT"/" MID$(L$,2,1) "/" STRING$(18," ") 
M1D$(B$,7,1)"" MID$(B$,8,1)" " M1D$(B$,1,1)" " 
MID$(R$,2, 1) " /" 
720 PRINT M1D$(L$,1,1) "/ " 
MID$(F$,7,1)"" MID$(F$,8,1)" " MID$(F$,1,1) 
STRING$(20," ") 
MID$(R$,1,1) "/" MID$(R$,4,1) 
730 PRINT"/ " STRING$(9,"-") STRING$(20," ") "/ R /" 
740 PRINT STRING$(6," ") 
MID$(F$,6,1)" F " MID$(F$,2,1) 
STRING$(20," ") 
MID$(R$,8, 1) " / " M1D$(R$,5, 1) 
750 PRINT STRING$(6," ") STRING$(9,"-") STRING$(20," ") 
"/ " MID$(R$,6, 1) " /" 
760 PRINT STRING$(6," ") 
MID$(F$,5,1)"" MID$(F$,4,1)" "MID$(F$,3,1) 
STRING$(6," ") 
M1D$(O$,5, 1) " / " MID$(D$,4, 1) " / " M1D$(D$,3, 1) 
M1D$(R$,7,1) "/" 
770 PRINT STRING$(18," ") 
MID$(D$,6, 1) " / D / " MID$(D$,2, 1) 
STRING$(8," ") "/" 
780 PRINT STRING$(15," ") 
MID$(D$,7,1) "/" M1D$(D$,8,1) "/" MID$(D$,1,1) 
790 PRINT STRING$(40,"-") 
800 PRINT "COMMAND: "; 
810 RETURN 
820' 
830 '---------ROTATE FACE "F"---------
840' 

Fig. 7-27 -cont. Complete Rubik's Cube program listing. 



850 F$=MID$(F$,7,2)+MID$(F$, 1,6) 
860 T$=MID$(L$,7,2)+MID$(L$,1,1) 
870 MID$(L$,7,2)=MID$(D$,7,2): MID$(L$,1,1)=MID$(D$,1,1) 
880 MID$(D$,7,2)=MID$(R$,7,2): MID$(D$,1,1)=MID$(R$,1,1) 
890 MID$(R$,7,2)=MID$(U$,7,2): MID$(R$,1,1)=MID(U$,1,1) 
900 MID$(U$,7,2)=MID$(T$,1,2): MID$(U$,1,1)=MID$(T$,3,1) 
910 RETURN 
920' 
930 '---------ROTATE FACE "8"---------
940' 
950 8$=MID$(8$,7,2)+MID$(8$, 1,6) 
960 T$=MID$(L$,3,3) 
970 MID$(L$,3,3) =MID$(U$,3,3) 
980 MID$(U$,3,3)=MID$(R$,3,3) 
990 MID$(R$,3,3)=MID$(D$,3,3) 

1000 MID$(D$,3,3)=T$ 
1010 RETURN 
1020' 
1030 '---------ROTATE FACE "L"---------
1040' 
1050 L$=MID$(L$,7,2)+MID$(L$, 1,6) 
1060 T$=MID$(F$,5,3) 
1070 MID$(F$,5,3)=MID$(U$, 1,3) 
1080 M ID$(U$, 1,3) = MID$(8$,5,3) 
1090 MID$(8$,5,3)=MID$(D$,5,3) 
1100 MID$(D$,5,3) = T$ 
1110 RETURN 
1120 ' 
1130 '---------ROTATE FACE "R"---------
1140 ' 
1150 R$=MID$(R$,7,2)+MID$(R$,1,6) 
1160 T$=MID$(F$,1,3) 
1170 MID$(F$,1,3)=MID$(D$,1,3) 
1180 MID$(D$,1,3)=MID$(8$,1,3) 
1190 MID$(8$, 1,3) =MID$(U$,5,3) 
1200 MID$(U$,5,3)=T$ 
1210 RETURN 
1220' 
1230 '---------RATE FACE "U"---------
1240' 
1250 U$=MID$(U$,7,2) + MID$(U$, 1,6) 
1260 T$=MID$(F$,7,2)+MID$(F$, 1, 1) 
1270 MID$(F$,7,2)=MID$(R$, 1,2) : MID$(F$, 1, 1 )=MID$(R$,3, 1) 
1280 MID$(R$, 1,3)=MID$(8$,3,3) 
1290 MID$(8$,3,3)=MID$(L$,5,3) 
1300 MID$(L$,5,3)=T$ 
1310 RETURN 
1320' 
1330 '---------ROTATE FACE "D"---------
1340' 
1350 D$=MID$(D$,7,2)+MID$(D$,1,6) 
1360 T$=MID$(F$,3,3) 

Fig. 7-27 -cont. Complete Rubik's Cube program listing. 
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1370 MID$(F$,3,3)=MID$(L$, 1,3) 
1380 MID$(L$,1,2)=MID$(B$,7,2): MID$(L$,3,1)=MID$(B$,1,1) 
1390 MID$(B$,7,2)=MID$(R$,5,2): MID$(B$,1,1)=MID$(R$,7,1) 
1400 MID$(R$,5,3)=T$ 
1410 RETURN 
1420' 
1430 '---------COMMAND NOT UNDERSTOOD---------
1440' 
1450 PRINT" -- ILLEGAL COMMAND."; 
1460 FOR J=1 TO 500 : NEXT J 
1470 RETURN 

Fig. 7-27 -cont. Complete Rubik's Cube program listing. 

And that, believe it or not, is really all there is to the whole program! It 
wasn't so hard, was it? At least it wasn't so complicated as it sounded when 
we first presented the problem. Understanding-and writing-long programs 
is largely a matter of breaking them down into separate pieces, each of which 
is small enough to be easily understood. The hardest, most interesting, and 
most creative part of programming is not usually writing the actual program 
lines; it is planning the structure of the program in such a way that each 
different program function is cleanly separated from the others, yet works 
together with them to produce the desired result. 

The complete program listing, showing how all the parts fit together, is 
shown in Fig. 7-27. Type it into your computer, and try it out! If you get 
frustrated trying to solve the cube, you might buy one of the books that de­
scribes a systematic approach to finding a solution. A good one is The Simple 
Solution to Rubik's Cube, by James G. Nourse. Using our program with the 
book can be a lot easier than trying to use a real cube. You have a list of the 
moves you've made so far, you can go back any number of moves, and, if 
you're hopelessly lost, you can unscramble the cube in a millisecond with a 
single push of the "!" key! Happy cubing. 



APPENDIX 

Numbering 
Systems 

A 

"What's one and one and one and one and one and one and one 
and one and one and one?" 
"I don't know;' said Alice. "I lost count." 
"She can't do addition," said the Red Queen. 

(Lewis Carroll, Through the Looking Class) 

No one knows when the first number was recorded, but most likely it dates 
back to Biblical times. Among the oldest system of numbers was that of the 
Chinese, which was first based on a system of laying sticks in patterns and 
later was based on symbols drawn with pen and ink (Fig. A-1). 

ll Ill I I I I 11111 T TT 1ff W 
2 4 8 

(A) Chinese "stick" number system. 

;,. - ~ ff - --- 4 

;t ~ I\ ti _,_ 
9 10 

(B) Chinese "pen-and-ink number systems. 

Fig. A• 1. First number systems. 

Calculating in these number systems was exceedingly difficult. This was 
because each time the basic numerals were exceeded, a new numeral had to 
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be invented. In Roman numerals, when you needed to count above 100, you 
used a C, and above 1000 an M. The real problem came when these numbers 
h~d to be multiplied. The actual process of counting took place on counting 
boards, such as the Chinese abacus, where answers were converted back to 
the notation system. 

Our current decimal system is much more streamlined than those of the 
ancient civilizations. We only have to learn the 10 basic symbols and the 
positional notation system in order to count to any number. For example, 
what is the meaning of the number 256? In positional notation, the value of 
each digit is determined by its position. The four in 4000 has a different value 
than the 4 in 400. Thus, in 256 we have three digits, and each must be 
"interpreted" in light of where it is in order and relation to the other digits. 
We learn that the rightmost digit is interpreted as the number of "ones," the 
next to the left as the number of "tens," and the next digit as "hundreds." The 
general formula for representing numbers in the decimal system using posi­
tional notation is: 

which is expressed as a1a:ia3 ... an, where n is the number of digits to the left 
of the decimal point. Therefore, 

256 = (2 X 102) + (5 X 101
) + (6 X 10°) 

= 2 hundreds + 5 tens + 6 ones 

In the decimal system we use 10 as the basic multiplier. We call 10 the 
base or radix. Most of recorded history shows mankind counting in the dec­
imal system (base 10). However, it is not difficult to imagine a race of one­
armed people who used the quinary system (base 5). We see examples of the 
duodecimal system in clocks, rulers, the dozen, and so on. 

THE BINARY SYSTEM 

Although the seventeenth-century German mathematician Leibnitz was 
given most of the credit for invention of the binary number system with a base 
of 2, it was probably the ancient Chinese who realized the simple and natural 
way of representing numbers as powers of 2. 

Early computers used relays and switches as their basic elements. The op­
eration of a switch or a relay is itself binary in nature. A switch can either be 
on (1) or off (0). Modern computers use transistors like those found in televi­
sions and radios. These components can be arranged to be in one or two 
"states": on or off. As a matter of fact, the more distinctly different the two 
states, the more reliable the computer's operation. 
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The idea is to make the devices work in such a manner that even slight 
changes in their characteristics will not affect the operation. The best way of 
doing this is to use a bistable device, which has two states. 

If a bistable device is in stable state X, an energy pulse will drive it to state 
Y; and if the bistable component is in stable state Y, an energy pulse will 
drive it to state X. It is easy for a bistable component to represent the number 
0 or 1: 

Counting 

stable state X = 
stable state Y = 0 

The same type of positional notation used in the decimal system is used in 
the binary. Since there are only two possible states for a numeral, either we 
count the position value or we don't count it. The general rule is: The binary 
number a,aia3 ... an is expressed in decimal as: 

Therefore, the binary number 11010 is converted to decimal as follows: 

N = a,2s-1 + a22•-1 + a32J-1 + a422-1 + as21-1 
= a.16 + a28 + a34 + a42 + a51 

Substituting the values for a1, a2, a3, a4, and a5 : 

11010 = (1 X 16) + (1 X 8) + (0 X 4) + (1 X 2) + (0 X 1) 
=16+8+0+2+0 
= 26 (decimal system) 

Table A-1 lists the first 20 binary numbers. 

Table A-1. The First 20 Binary Numbers 

Decimal Binary Decimal Binary 

1 1 11 1011 
2 10 12 1100 
3 11 13 1101 
4 100 14 1110 
5 101 15 1111 
6 110 16 10000 
7 111 17 10001 
8 1000 18 10010 
9 1001 19 10011 

10 1010 20 10100 
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A simpler way to convert binary numbers to decimal is to use a weighting 
table (Fig. A-2). This is simply a reduction of the expansion formula just pre­
sented. Write down the value of the positions in the binary number over the 
binary digits, arrange them as an addition, and add them. 

24 23 

1 0 

22 21 20 !WEIGHT TABUI 

I 0 I BINARY NUMBER) 

E 
POSITION 

OIGIT COEfflCIENT 

X = 
0 X 0 

= X 4 = 4 

= 0 X 8 = 
X 16 = 16 

DEC I MAL NUMBER • 21 

Fig. A-2. Binary-to-decimal conversion using the weighting method. 

Frequently we will want to convert in the opposite direction, from decimal 
to binary. For this method we repeatedly divide the decimal number by 2, 
and the remainder after each division is used to indicate the coefficients of the 
binary number to be formed. Fig. A-3 shows the conversion of 4710 to binary. 
Note that decimal 47 is written 47 10 and that binary numbers are given the 
subscript 2 if there is danger of confusing the number systems. 

4710 • ? BINARY 

~ ~ 
2 fT7'""" = 23 

2 )23 II 

2 Jll = 
2 /5 = 2 

2)2 = 
2 JI 0 

I O 1 1 1 1 

THEREFORE 4710 • 1011112 

Fig. A-3. Decimal-to-binary conversion using the division method. 

Fractional numbers are treated in the same manner as in the decimal sys­
tem. In the decimal system: 

0.128 = (1 X 10- 1) + (2 X 10- 2) + (8 X 10- 3) 

In the binary system: 

0.101 = (1 X 2- 1) + (0 X 2- 2) + (1 X 2- 3) 
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Binary Addition and Subtraction 

Addition in binary is as easy as addition in decimal, and follows the same 
rules. In adding decimal 1 + 8, we get a sum of 9. This is the highest-value 
digit. Adding 1 to 9 requires that we change the digit back to O and carry 1. 
Similarly, adding binary O + 1, we reach the highest-value binary digit, 1. 
Adding 1 to 1 requires that we change the 1 back to a O and carry 1, i.e., 1 + 
1 = 10. Thus, for example, add binary 101 to 111: 

1012= S,o 
+~= Z1L 

11002 = 12,0 

The four rules of binary addition are: 

0 + 0 = 0 
0 + 1 = 1 
1 + 0 = 1 
1 + 1 = 0, carry 1 

Here are some examples: 

101 
+ 110 

1011 

5 
6 

11 

11 .01 
101.11 

1001.00 

3¼ 
5¾ 

9 

Subtraction is just inverted addition. It is necessary to establish a conven­
tion for subtracting a large digit from a small digit. This condition occurs in 
binary math when we subtract a 1 from 0. The remainder is 1, and we borrow 
1 from the column to the left. Just as in decimal subtraction, if the digit on the 
left is a 1, we make it a zero, and if it's a zero, we make it a 1. The rules for 
binary subtraction are: 

0 - 0 = 0 
1 - 0 = 1 
1 - 1 = 0 
0 - 1 = 1, borrow 1 

Here are two examples: 

10000 
11 

1101 

16 
- 3 

13 

110.01 6¼ 
- 100.1 - 4½ 

1 .11 1¾ 
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Binary Multiplication and Division 

There are only four basic multiplications to remember in the binary system, 
instead of the usual 100 we memorize in the decimal system. The binary 
multiplication table is: 

0 XO= 0 
1 X O = 0 
0 X 1 = 0 
1 X 1 = 1 

The following examples illustrate how easy binary multiplication is compared 
with decimal. The rule to remember is: "copy the multiplicand if the multip­
lier is a 1, and copy all O's if the multiplier is a 0. Then add down, as in 
decimal multiplication." 

Binary Decimal Binary Decimal 
1100 12 1.01 1.25 

X 1010 X 10 X 10.1 X 2.5 

0000 120 101 625 
1100 1010 250 

0000 11.001 3.125 
1100 

1111000 

Binary division is also very simple. Division by zero is forbidden (meaning­
less), just as in decimal division. The binary division table is: 

1 = 
1 

Examples of binary division are: 

Binary 
101 

101)11001 
101 

101 
101 

Decimal 
5 

ms 
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Because of the difficult binary additions and subtractions that result when 
the numbers are large, octal or hexadecimal notation is often used. 

Representing Binary Numbers 

Information in digital computers of today is processed by the switching and 
storing of electrical signals. Computers operating in the binary number system 
need represent only one of two values (1 and 0) at a time. A single wire can 
be utilized for this purpose. A method for representing a binary digit on a 
signal line is shown in Fig. A-4A. In this method a small positive voltage is 
used to represent a 0, and a larger positive de voltage is used to represent a 1. 

Much importance is placed on the actual voltage values used to represent 
the binary digit. Usually, the circuitry used to transmit and receive these 
signals determines the range of voltages. The most ideal circuit is one in 
which the two logic levels are far apart (Fig. A-4B). 

Note that the "1" signal is positive with respect to the "O" signal. This 
convention could also have been reversed, i.e., the most negative signal called 
a "1" and the more positive signal a "O". (See Fig. A-4C.) Usually, one con­
vention is chosen by the designer and then used throughout the computer. 

+5 V 

3,3 t 
V, .... 
5 
> 

0,2 ! 
0 0 

V, 

:; 
0 
> 

(A) Binary digit representation {TTL). (B) Binary digit representation (CMOS) 

0 .....------------

·0. 75 

~ 
0 
> 

·U 

·2 

(C) Binary digit representation-negative logic (ECL). 

Fig. A-4. Representing binary numbers. 
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Pulse Representation of Binary Numbers 

Binary digits are often transmitted and received as a burst of pulses. Fig. 
A-SA shows a system in which a positive pulse represents a 1 and a negative 
pulse a 0. The signal line remains at some in-between value when no pulse is 
being sent. This technique is used frequently in magnetic recording, and is 
called return-to-zero (RZ) encoding. 

V'I 

~o 
> 

TIME -

(A) RZ method of representing binary digits. 

V'I 

~ 0 
> 

0 

TIME -

(B) NRZ method of representing binary digits. 

Fig. A-5. Pulse representation of binary numbers. 

A more popular technique is shown in Fig. A-6B. A 1 is represented by a 
pulse, and a Oas no pulse. The receive circuitry must keep in synchronization 
with the incoming signal in order to know when a binary digit is occurring. 
This technique is called non-return-to-zero (NRZ) encoding. 

Serial and Parallel Transmission 

So far, methods of representing and transmitting a single binary digit have 
been illustrated. We will find that it is often necessary to transmit complete 
binary numbers, which is accomplished by transmitting each binary digit over 
its own wire. Thus, an n-digit binary number would require n wires or signal 
lines. This is called parallel transmission. Fig. A-6A illustrates an 8-bit binary 
number (10010101) being transmitted over eight parallel lines. In such a sys­
tem each line is assigned a different weight, based on the positional notation 
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of the binary number system. The leftmost binary digit is assigned the weight 
of 2°- 1

, where n is the number of binary digits (8 in this case). 
The other method of transmitting binary data is called serial transmission. In 

this method the signals representing the binary digits are transmitted one at a 
time in sequence, usually starting with the rightmost digit (Fig. A-68). This 
method requires some synchronization in order to distinguish several O's or 
1 's that follow each other in a sequence. 

z6 

STORAGE 

Negative Numbers 

25 24 zl z0 

0 0 

(A) Parallel transmission. 

100010010010 

(B) Serial transmission. 

Fig. A-6. Parallel and serial transmissio11. 

The normal way to express a negative number is to place a minus sign in 
front of the number. When a negative number is subtracted from a positive 
number, we change the sign and add. For example, 256 - (-128) = 256 + 
128 = 384. 

Digital computers use binary storage devices to store and represent binary 
digits. Seven such devices can represent the binary numbers from 0000000 to 
1111111 (0 to 12710). However, if we wish to increase the range to include 
the negative numbers from 0000000 to -1111111, we need another binary 
digit, or bit. This bit is called the sign bit and is placed in front of the most 
significant digit of the binary number. 

The convention for the sign bit is: If the sign bit is 0, the number is positive; 
and if the sign bit is a 1, the number is negative. The remaining digits form the 
absolute value of the number. This numerical storage mode is called signed 
binary. Fig. A-7 A shows signed binary numbers from + 127 to -127, and the 
signed binary number line is shown in Fig. A-78. 
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-127 

llllllll 

INTIGER 

+127 

+126 

+3 

+2 

+I 

0 

-1 

-2 

-3 

-126 

-127 

SIGNED BINARY CODE 

s b7 b6 b5 b4 b3 bz bl 

0 0 

0 0 

0 0 

0 0 

1 0 

I 0 

I 0 

I I I 

I 1 I 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

I I 

1 I 

0 

0 

0 

0 

0 

0 

0 

I I 

I 0 

I 

0 

0 1 

0 0 

0 1 

1 0 

1 I 

I 0 

I I 

(A) Seven-bit magnitude table. 

-I +l +127 

cromoo , s-s-• 
lromll Ollll lll 

(8) Signed binary number line (seventh-bit magnitude). 

Fig. A-7. Signed binary code. 

Signed binary, although frequently used, has a few minor flaws that make it 
less flexible than other codes for negative numbers. Any arithmetic operation 
requires checking the sign bit and then either adding or subtracting the nu­
merical values, based on the signs. 

The Use of Complements 

The use of complemented binary numbers makes it possible to add or sub­
tract binary numbers using only cirCl!itry for addition. To see how negative 
numbers are used in the computer, consider a mechanical register, such as a 
car mileage indicator, being rotated backwards. A five-digit register approach­
ing and passing through zero would read as follows: 



00005 
00004 
00003 
00002 
00001 
00000 
99999 
99998 
99997 
etc. 
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It should be clear that the number 99998 corresponds to - 2. Furthermore, 
if we add 

00005 
+ 99998 

1 00003 

and ignore the carry to the left, we have effectively formed the operation of 
subtraction: 5 - 2 = 3. 

The number 99998 is called the ten's complement of 2. The ten's comple­
ment of any decimal number may be formed by subtracting each digit of the 
number from 9, and then adding 1 to the least significant digit of the number 
formed. For example: 

normal 
subtraction 

Two's Complement 

89 
- 23 

66 

ten's complement 
subtraction 

89 89 
- 23 + 77 - -

)1 66 
LoRoP CARRY 

The two's complement is the binary equivalent of the ten's complement in 
the decimal system. It is defined as that number which, when added to the 
original number, will result in a sum of zero, ignoring the carry. The following 
example points this out: 

1101 
0011 

)1 0000 
L_IGNORE CARRY 

number 
two's complement 

sum 
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The easiest method of finding the two's complement of a binary number is 
to first find the one's complement, which is formed by setting each bit to the 
opposite value: 

11011101 
00100010 

number 
one's complement 

The two's complement of the number is then obtained by adding 1 to the 
least significant digit of the one's complement: 

11011101 
00100010 

+1 

00100011 

number 
one's complement 
add one 

two's complement 

The complete signed two's complement code is obtained for negative 
numbers by using a 1 for the sign bit, and two's complement for the mag­
nitude of the number. Fig. A-8A shows the signed two's complement code, 
and its number line is shown in Fig. A-88. 

In contrast to the signed binary code, in the signed two's complement code, 
numbers can be added without regard to their signs and the result will always 
be correct. The following examples should make this clear: 

00001 01 5 1111 011 -5 1111011 -5 
+1111110 + (-2) + 0000010 + ( + 2) + 1111110 + (- 2) 

r 1 0000011 3 11111101 
L-1GNORE 

(-3) ~1 1111001 (-7) 
L_IGNORE 

Notice that it is impossible to add +64 to +64 in a 7-bit code and + 128 to 
+ 128 in an 8-bit code. Also note that in comparing the two systems, signed 
binary and two's complement, the largest negative two's complement number 
that can be represented in 8 bits is -128, while in signed binary it's -127. 
Changing a negtive integer from signed binary to two's complement requires 
simply complementing all bits except the sign bit, and adding 1. 

Binary-Coded Number Representation 

Since computers operate in the binary number system, while people use the 
decimal system, it was only natural that some intermediate system be devel­
oped. Computers, and some calculators and "intelligent" instruments, use a 
binary-coded decimal system. In such systems, a group of binary bits is used 
to represent each of the 10 decimal digits. 

The binary-coded decimal (bed) system is called a "weighted binary code" 
with the weights 8, 4, 2, and 1, as shown in Table A-2. Notice that 4 binary 
bits are required for each decimal digit, and that each digit is assigned a 
weight: the leftmost bit has a weight of 8; the rightmost bit a weight of 1. 



INTEGER 

+127 

+126 

+3 

+2 

+I 

0 

-1 

-2 
-3 

• -126 

-127 

-128 

-128 

COOE 
SIGNED 2 's COMPLEMENT 

s b7 b6 b5 b4 b3 b2 bl 

0 I I I I I I 

0 I I l I I 0 

0 0 0 0 0 0 I I 

0 0 0 0 0 0 I 0 

0 0 0 0 0 0 0 I 

0 0 0 0 0 0 0 0 

I I I I I 

I I I I 0 

I I I I I 0 I 

10000010 

10000001 

10000000 

(A) Seven-bit magnitude table. 

+127 
s-..s--,-ll ... ll_ll_l __ (XK)(XX)OO ____ OOOCXX)...,,-1-~s ~1111 

-1 0 •I 

(B) Two's complement number line. 

Fig. A-8. Signed two's complement code. 
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There's a slight problem with using 4 bits to represent 10 decimal values. 
Since 24 = 16, the 4 bits could actually represent 16 values. However, the 
next choice down, 3 bits, allows only 23, or 8, possible digits, which is in­
sufficient. To represent the decimal number 127 in bed, 12 binary bits are 
required instead of seven if we use pure binary: 

1 
0001 

2 
0010 

7 
0111 

The bed system has another property that makes it less flexible for binary 
computation in the computer. The difficulty lies in forming complements of its 
numbers. As was pointed out, it is common practice to perform subtraction by 
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complementing the subtrahend and adding 1. When the bed 8-4-2-1 system is 
used, the complement formed by inverting all the bits may produce an illegal 
bed digit. For example, complementing the bed number 0010 (210) gives 1101 
(1310), which is not a bed code. 

To solve this problem, several other codes have been developed. For 
example, the excess-three code is formed by adding 3 to the decimal number 
and then forming the bed code. For example: 

4 number 
+ 3 add for excess-three 

7 
7 = 0111 convert 7 to bed 

Table A-2 also shows the excess-three codes for the 10 decimal digits. Now 
the complement of the excess-three code doesn't form any illegal bed digits, 
i.e., 1010 or above. 

The excess-three code is not a weighted code, since the sum of the bits 
does not equal the number being represented. On the other hand, the bed 
8-4-2-1 code is weighted but forms illegal complements. 

A weighted code that does form legal complements is the 2-4-2-1 code in 
Table A-2. 

Table A-2. Binary-Coded Number Representation 

2-4-2-1 
Coded Binary 

Binary- Excess-3 Weight of Bit 

Decimal Coded Coded 
Digit Decimal Binary 2 4 2 I 

0 0000 0011 0 0 0 0 
l 0001 0100 0 0 0 1 
2 0010 0101 0 0 1 0 
3 0011 0110 0 0 1 1 
4 0100 0111 0 1 0 0 

5 0101 1000 1 0 1 l 
6 0110 1001 1 1 0 0 
7 0111 1010 1 l 0 1 
8 1000 1011 1 1 1 0 
9 1001 1100 1 1 1 1 

OCTAL NUMBER SYSTEM 

It is probably quite evident by now that the binary number system, although 
nice for computers, is a little cumbersome for human usage. For example, 
communicating binary 11011010 over a telephone would be "one-one­
zero-one-one-zero-one-zero," which is quite a mouthful. Also, it is easy to 
make errors when adding and subtracting large binary numbers. The octal 
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(base 8) number system alleviates most of these problems and is frequently 
used in the microcomputer literature. 

The octal system uses the digits O through 7 in forming numbers. Table A-3 
shows octal numbers and their decimal equivalents. 

Table A-3. First 13 Octal Digits 

Decimal Octal Binary Decimal Octal Binary 

0 0 0 7 7 111 
1 1 1 8 10 1000 
2 2 10 9 11 1001 
3 3 11 10 12 1010 
4 4 100 11 13 1011 
5 5 101 12 14 1100 
6 6 110 13 15 1101 

Octal numbers are converted to decimal numbers by using the same ex­
pansion formula as that used in binary-to-decimal conversion, except that 8 is 
used for the base instead of 2. 

(octal) 167 = (1 x 82) + (6 x 81) + (7 x 8°) 
(1 X 64) + (6 X 8) + (7 X 1) 

= 64 + 48 + 7 
119 (decimal) 

A weighting table (Fig. A-9) is a quick way to convert octal values to decimal. 

OCTAL WEIGHTING TABLE 
lOCTAI. NUMBER) 

I 1 

.... -------~T 
POSITIONAL CODE 

X = 7 
X = « 
X 64 = 64 

DECIMAi. NUMBER = 119 

Fig. A-9. Octal-to-decimal conversion. 

The primary use of octal is as a convenient way of recording values stored 
in binary registers. This is accomplished by using a grouping method to con­
vert the binary value to its octal equivalent. The binary number is grouped by 
threes, starting with the bit corresponding to 
2° = 1 and grouping to the left of it. Then each binary group is converted to 
its octal equivalent. For example, convert 11110101 to octal: 

110 
6 

101 binary number 
5 octal equivalent 
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The largest 8-bit octal number is 3778, and the largest 7-bit octal number is 
1778. Negative octal numbers in 8-bit signed two's complement cover 377a 
(-1 10) to 2008 (-128,o). 

Conversion from decimal to octal is performed by repeated division by 8 
and using the remainder as a digit in the octal number being formed. Fig. 
A-10 illustrates this method. 

137610 • ?OCTAL 

QUOTIENT ~ 

8~ 172 0 

8 fm" 21 

:771 8 }2t 
sp 0 

0 

THEREFOR£ 13761o • 25«lg 

Fig. A-1 O. Decimal-to-octal conversion. 

Addition in Octal 

Octal addition is easy if we remember the following rules (which we will 
find also apply to hexadecimal): 

1. If the sum of any column is equal to or greater than the base of the 
system being used, the base must be subtracted from the sum to obtain 
the final result of the column. 

2. If the sum of any column is equal to or greater than the base, there will 
be a carry, equal to the number of times the base was subtracted. 

3. If the result of any column is less than the base, the base in not sub­
tracted and no carry will be generated. 

Examples: 

octal decimal octal decimal 
5 5 35 29 

+3 3 +63 = +51 -
8 10 8 

-8 -8-8 

10 = 8 1 2 0 80 

Octal Subtraction 

Octal subtraction can be performed directly or in the complemented mode 
by using addition. In direct subtraction, whenever a borrow is needed, an 8 is 
borrowed and added to the number. For example: 



20228-1234 8=? 

20228 

12348 

5668 
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Octal subtraction may also be performed by finding the eight's complement 
and adding. The eight's complement is found by adding 1 to the seven's 
complement. The seven's complement of the number may be found by sub­
tracting each digit from 7. For example: 

377a -261a =? 
a) 777 

- 261 (second number) 

516 7's complement 
+1 

51 7 8' s complement 

b) 377 (first number) 
+ 51 7 8' s complement of 261 

9 9 14 
-8-8-8 

1 1 6 = 1168 

Octal Multiplication 

Octal multiplication is performed by using an octal multiplication table (see 
Table A-4) in the same manner as a decimal table would be used. All addi­
tions are done by using the rules for octal addition. For example: 

octal 
17 = 

x6 = 
1 11 2 

-0-8-0 

1 3 2= 1328 

178 X6 8 =? 
decimal 

15 
X6 

90 

177 a X 27 a = ? 
octal decimal 
177 127 

X27 

1371 
376 

5 11 13 1 
-0-8-8-0 

5 3 5 1=5351 8 

X23 

381 
254 

2921 

Numbers are multiplied by looking up the result in the table. The result of 
any product larger than 7 (the radix or base) is carried and then octally added 
to the next product. The results are then summed up by using octal addition. 

/ 
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Table A-4. Octal Multiplication Table 

X 0 1 2 3 4 s 6 7 

0 0 0 0 0 0 0 0 0 

1 0 l 2 3 4 5 6 7 

2 0 2 4 6 10 12 14 16 

3 0 3 6 11 14 17 22 25 

4 0 4 10 14 20 24 30 34 

s 0 5 12 17 24 31 36 43 

6 0 6 14 22 30 36 44 52 

7 0 7 16 25 34 43 52 61 

Octal Division 

Octal division uses the same principles as decimal division. All multiplica­
tion and subtraction involved, however, must be done in octal. Refer to the 
octal multiplication table. Some examples: 

62a + 2a = ? 

31 = 31 8 = 25,o 
2~ 

6 

02 
2 

0 

THE HEXADECIMAL SYSTEM 

144 8 + 2a = 

1 OO,o = 50,o = 62a 

1 714 8 + 22a = ? 

66 = 66 8 = 54,o 
22)1714 

154 

154 
154 

Hexadecimal is another important and often-used computer number sys­
tem. "Hex" uses the radix 16 and, therefore, has 16 digits. The first 10 digits 
are represented by the decimal digits O through 9, and the remaining six are 
indicated by the letters A, B, C, D, E, and F. There is nothing special about 
these letters, and any other letters could have been used. Table A-5 shows the 
first 16 hexadecimal digits. 
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Table A-5. First 16 Hexadecimal Digits 

Binary Hexadecimal Decimal 

0000 0 0 
0001 1 1 
0010 2 2 
0011 3 3 
0100 4 4 
0101 5 5 
0110 6 6 
0111 7 7 
1000 8 8 
1001 9 9 
1010 A 10 
1011 B 11 
1100 C 12 
1101 D 13 
1110 e 14 
1111 F 15 

Binary numbers are easily converted to hex by grouping the bits in groups 
of four, starting on the right, converting the results to decimal, and then con­
verting to hex. For example: 

1000 
8 
8 

1010 
10 
A 

1101 
13 
D 

binary 
decimal 
hex=8AD 16 

As you can probably tell, hex is preferred over octal whenever the binary 
number to be represented is 16 bits or more. This is because the hex code is 
more compact than the octal equivalent. 

Conversion from hexadecimal to decimal is straightforward but time­
consuming. The expansion formula, or a weighting table with an intermediary 
hex-to-decimal conversion, is used as shown in Fig. A-11. 

HEX WEIGHTING 

C HEX NUMBER 

12 15 DECIMAL EQUIVAlINT 

I L,::" 
~12 

X 
X 
X 

POSITIONAL 
VALUE 

16 
256 

Fig. A-11. Hexadecimal-to-decimal conversion. 

= 15 
== 192 
= 768 

mio 

Conversion from decimal to hex is performed by repeatedly dividing by 16 
and converting the remainder to a hex digit. The quotient becomes the next 
number to divide. This is shown in Fig. A-12. 
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975 • ? 16 

QUOTIENT REMAINDER REMAINDER 
IN DECIMAL IN HEX 

975/16 60 15 

i711 60/16 3 12 
3/16 0 3 

3 C F 

Fig. A-12. Decimal-to-hexadecimal conversion. 

Hexadecimal Addition 

Addition in hex is similar to the addition procedure for octal, except the 
hex digits are first converted to decimal. For example: 

3CF + 2AD = ? 
+ 2AD = + 2 10 13 

3CF 3 12 15 

6 23 28 
-0-16-16 

6 7 12 =67C 

Subtraction in Hexadecimal 

Subtraction in hex may be accomplished by either the direct or the com­
plement method. In the direct method, the hex digits are converted to 
decimal. If a borrow is required, 16 is added to the desired number and the 
digit borrowed from is decreased by 1. In the complement method, the six­
teen's complement of the subtrahend is determined and the two numbers are 
added. The sixteen's complement is found by adding 1 to the fifteen's com­
plement. The fifteen's complement is found by subtracting each of the hex 
digits from F. For example: 



FFF = 
lCE 

280 - lCE = ? 
15 15 15 

- 1 12 14 

14 3 1 
+ 1 

14 3 2 
2B0= + 2 11 13 

1 16 14 15 
/ -16 -0 -0 

G.nore carry 

Hexadecimal Multiplication 

second number 

1 S's complement 

16's complement 
first number 

EF (answer) 
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Direct hex multiplication is rather tedious and time-consuming. This is be­
cause there are 256 entries in a hex multiplication table. The best method is 
to convert to decimal by using the expansion polynomial and then convert 
back from decimal to hex after computation. 
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Numerical Conversion 

DECIMAL-HEXADECIMAL-OCTAL-BINARY-ASCII NUMERICAL CONVERSION 

DEC HEX OCT Binary ASCII Key• 
X,o X,e x. p Xi 

0 00 00 0 000 0000 NUL CTRL /1 
1 01 01 l 000 0001 SOH CTRL /A 
2 02 02 l 000 0010 STX CTRL/B 
3 03 03 0 000 0011 ETX CTRL/C 
4 04 04 l 000 0100 EOT CTRL/0 
5 05 05 0 000 0101 ENQ CTRL /E 
6 06 06 0 000 0110 ACK CTRL /F 
7 07 07 1 000 0111 BEL CTRL /G 
8 08 10 1 000 1000 BS CTRL /H, BACKSPACE 
9 09 11 0 000 1001 HT CTRL /1, TAB 

10 0A 12 0 000 1010 LF CTRL /J, LINE FEED 
11 OB 13 l 000 1011 VT CTRL /K 
12 oc 14 0 000 1100 FF CTRL /L 
13 OD 15 1 000 1101 CR CTRL /M, RETURN 
14 OE 16 1 000 1110 so CTRL /N 
15 OF 17 0 000 1111 SI CTRL /0 
16 10 20 1 001 0000 OLE CTRL /P 
17 11 21 0 001 0001 DC! CTRL /Q 
18 12 22 0 001 0010 DC2 CTRL/R 
19 13 23 1 001 0011 DC3 CTRL/S 
20 14 24 0 001 0100 DC4 CTRL /T 
21 15 25 1 001 0101 NAK CTRL/U 
22 16 26 1 001 0110 SYN CTRL IV 
23 17 27 0 001 0111 ETB CTRL /W 
24 18 30 0 001 1000 CAN CTRL/X 
25 19 31 l 001 1001 EM CTRL/Y 
26 IA 32 1 001 1010 SUB CTRL/Z 
27 18 33 0 001 1011 ESC ESC, ESCAPE 
28 lC 34 1 001 1100 FS CTRL < 
29 10 35 0 001 1101 GS CTRL/ 
30 1 E 36 0 001 1110 RS CTRL /= 
31 1 F 37 1 001 1111 us CTRL /-
32 20 40 1 010 0000 SP SPACEBAR 
33 21 41 0 010 0001 ! ! 
34 22 42 0 010 0010 .. .. 
35 23 43 1 010 0011 # # 
36 24 44 0 010 0100 $ $ 
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DECIMAL-HEXADECIMAL-OCTAL-BINARY-ASCII NUMERICAL CONVERSION 

DEC HEX OCT Binary ASCII Key• 
X,o x,. x. p X__a 

37 25 45 1 010 0101 ½ ½ 

38 26 46 1 010 0110 & & 

39 27 47 0 010 0111 ' ' 
40 28 50 0 010 1000 ( ( 

41 29 51 1 010 1001 ) ) 

42 2A 52 1 010 1010 • • 
43 28 53 0 010 1011 + + 
44 2C 54 1 010 1100 
45 2D 55 0 010 1101 - -
46 2E 56 0 010 1110 
47 2F 57 1 010 1111 I I 
48 30 60 0 011 0000 0 0 
49 31 61 1 011 0001 1 1 
50 32 62 1 011 0010 2 2 
51 33 63 0 011 0011 3 3 
52 34 64 1 011 0100 4 4 
53 35 65 0 011 0101 5 5 
54 36 66 0 011 0110 6 6 
55 37 67 1 011 0111 7 7 
56 38 70 1 011 1000 8 8 
57 39 71 0 011 1001 9 9 
58 3A 72 0 011 1010 : : 

59 38 73 1 011 1011 ; ; 

60 3C 74 0 011 1100 < < 
61 3D 75 1 011 1101 = = 
62 3E 76 1 011 1110 > > 
63 3F 77 0 011 1111 ? ? 

64 40 100 1 100 0000 @ @ 
65 41 101 0 100 0001 A A 
66 42 102 0 100 0010 8 8 
67 43 103 1 100 0011 C C 
68 44 104 0 100 0100 D D 
69 45 105 1 100 0101 E E 
70 46 106 l 100 0110 F F 
71 47 107 0 100 0111 G G 

72 48 110 0 100 1000 H H 
73 49 111 l 100 1001 I I 

74 4A 112 1 100 1010 J J 
75 48 113 0 100 1011 K K 

76 4C 114 l 100 1100 L L 

77 4D 115 0 100 1101 M M 
78 4E 116 0 100 1110 N N 

79 4F 117 l 100 1111 0 0 

80 50 120 0 101 0000 p p 

81 51 121 1 101 0001 Q Q 

82 52 122 1 101 0010 R R 
83 53 123 0 101 0011 s s 
84 54 124 1 101 0100 T T 

85 55 125 0 101 0101 u u 
86 56 126 0 101 0110 V V 

87 57 127 l 101 0111 w w 
88 58 130 1 101 1000 X X 

89 59 131 0 101 1001 y y 

90 5A 132 0 101 1010 z z 
91 58 133 l 101 1011 r [ 
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DECIMAL-HEXADECIMAL-OCTAL-BINARY-ASCII NUMERICAL CONVERSION 

DEC HEX OCT Binary ASCII Key• 
x,. x,. x. p x. 
92 SC 134 0 101 1100 I I 
93 50 135 1 101 1101 l l 
94 SE 136 1 101 1110 

. . 
95 SF 137 0 101 1111 - -
96 60 140 0 110 0000 
97 61 141 l 110 0001 a a 
98 62 142 1 110 0010 b b 
99 63 143 0 110 0011 C C 

100 64 144 1 110 0100 d d 
101 65 145 0 110 0101 e e 
102 66 146 0 110 0110 f f 
103 67 147 l 110 0111 g g 
104 68 150 l 110 1000 h h 
105 69 151 0 110 1001 i i 
106 6A 152 0 110 1010 i i 
107 68 153 1 110 1011 k k 
108 6C 154 0 110 1100 I I 
109 60 155 l 110 1101 m m 
110 6E 156 1 110 1110 n n 
111 6F 157 0 110 1111 0 0 

112 70 160 l 111 0000 p p 
113 71 161 0 111 0001 q q 
114 72 162 0 111 0010 r r 
115 73 163 1 111 0011 s s 
116 74 164 0 111 0100 I I 
l 17 75 165 l 111 0101 u u 
118 76 166 1 111 0110 V V 

119 77 167 0 111 0111 w w 
120 78 170 0 111 1000 X X 

121 79 171 1 111 1001 y y 
122 7A 172 l 111 1010 z z 
123 78 173 0 111 1011 R R 
124 7C 174 l 111 1100 I I 
25 70 175 0 111 llOi T T 

126 7E 176 0 111 1110 - -
127 7F 177 l 111 1111 DEL DEL, RUBOUT 

P = Parity bit; "1" for odd number of l's, "0" for even nun:iber of l's. 
*Those key sequences consisting of "CTRL / " are typed in by simultaneously pressing the CTRL 
key and the key indicated. These sequences are based on those defined for the Diablo 1640 
keyboard. These key sequences may be defined differently on other keyboards. 

ASCII DEFINITIONS 

ACK (Acknowledgment)-Used as a genera( "yes" answer to various queries, but it also some-
times indicates "I received your last transmission and I'm ready for your next." 

ASCII-American Standard Code for Information Interchange. 
BEL (Be//J-Activates a bell, beeper, or other audible alarm. 
85 (Backspace)-Moves the carriage, print head, or cursor back one space or position. 
CAN (Cance/J-lndicates that the material in the previous transmission is to be disregarded. The 

amount of material is decided by the user. 
CR (Carriage Return, or Return)-Moves carriage, print head, or cursor back to beginning of line. 

On most terminals, the RETURN key causes both a CR and a FF (Form feed). 
DC1-DC4 (Device Conrro/sJ-These are used to control the user's terminal or similar devices. 

There are no standard functions assigned, except that DC4 frequently means "stop." The 
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CCITT suggests a number of possible assignments; in general, they prefer using the first two 
controls for "on," and the last two for "off," and DC2 and DC4 to refer to the more important 
device. In some systems, these codes are labeled XON, TAPE, XOFF, and TAPE, respectively. X 
means "transmitter," and TAPE and TAPE means "tape on" and tape off." These labels are 
found on the keytops of some terminals. 

DEL (Delete)-Used to delete a character. It is called RUBOUT on some terminals. It is not 
strictly a control character since it is not grouped with the other ASCII control characters. The 
DEL function has binary all-ones bit pattern ( 1111 11112), and the reason for this is historic: the 
only way to erase a bit pattern punched into paper tape was to punch out all the holes so that 
the resulting pattern was equivalent to a null. ASCII still considers DEL equivalent to a null, 
although many operating systems use it to erase the preceding character. 

OLE (Data Link Escape)- This control function uses a special type of escape sequence specifi­
cally used for controlling the data line and transmission facilities. 

EM (End of Medium)- This is used to indicate the end of paper tape (or other storage medium) or 
that this is the end of the material on the medium. 

ENQ (Enquiry)- This is usually used for requesting identification or status information. In some 
systems, this code is called WRU-"Who are you?" 

EOT (End of Transmission)-Code used to mark end of transmission after one or more messages. 
ESC (Escape)-This code marks the beginning of an escape sequence. An escape sequence con­

sists of a series of codes which, as a group, have a special meaning, usually a control function. 
On some terminals, ESC is called ALT MODE. 

ETB (End of Transmission 8/ockJ-This code is used when it is desired to break up a long mes­
sage into blocks. ETB is used to mark block boundaries. The blocks usually have nothing to do 
with the format of the message being transmitted. 

ETX (End of TextJ-This code is used to mark the end of a text. See SOH. This code was originally 
called EOM, "End Of Message," and may be labeled as such on some terminals. 

FF (Form Feed)-Advance to the top of next page. 
FS, CS, RS, US (File, Croup, Record and Unit Separator)- These are a set of codes that are used 

as "information separators" for delimiting portions of information. There is no standard usage, 
except that FS is expected to refer to the largest division, and US to the smallest. 

HT (Horizontal Tab)-Used to lab carriage, print wheel, or cursor to the next predetermined stop 
on the same line. It is usually up to the user to decide where the horizontal tab stops are to be 
positioned. 

LF (Line Feed)- This code moves the carriage, print head, or cursor down one line. Most systems 
combine CR (carriage return) with LF, and new line is then called new line (NL). 

NAK (Negative Acknowledgment}-Used to indicate "no" in answer to various queries. It is 
sometimes defined as "I received your last transmission, but it had errors and I'm awaiting a 
retransmission." 

NUL (Null}- This code is used mainly as a space filler. See also SYN. 
SI (Shift ln)-Used after a SO code to indicate that codes revert to normal ASCII meaning. 
SO (Shift Out)-lndicates that bit patterns to follow will have meanings outside the standard 

ASCII set and will continue lo do so until SI is entered. 
SOH (Start Of Heading)- This code is used to mark the beginning of a heading, when headings 

are used in messages along with text. Headings usually slate the name and location of an 
addressee. This code was originally called SOM, "Start Of Message." 

STX (Start of Text}-Used as a marker for beginning of text and end of heading (if used). Was 
originally called EOA, ''End Of Address." 

SUB (SubstirureJ-lndicates a character that is to be used to take the place of a character known 
to be wrong. 

SYN (Synchronous ldle)-Some high-speed data communications systems use synchronized 
clocks at the transmitter and receiver ends. During idle periods, when there are no bit patterns 
to enable the receiver's clock lo track the transmitter's, the receiver may drift out of sync. Every 
transmission following an idle period is therefore replaced by three or four SYN characters. The 
SYN code has a bit pattern that enables the receiver not only to lock onto the transmitter's 
clock, but also to determine the beginning and end points of each character. SYN characters 
may also be used to fill short idle periods to maintain synchronization, hence the name. 

VT (Vertical Tab)-Used to tab the carriage, print head, or cursor to the next predetermined stop 
(usually a line). 
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Often when writing a big program you may encounter an error statement in BASIC such as 
"OUT OF MEMORY." This indicates that your program is too large for the amount of memory 
space provided by the memory chips in your computer. How large is too large? Well, if your 
computer has 16K of memory (that is 16K bytes) and the BASIC interpreter itself consumes 12 K 
bytes, then your application program cannot take up more than 16K-12K, or 4 K bytes. To 
determine the number of bytes consumed by your application program you can use the FRE (free) 
or MEM (memory) function like this: 

PRINT FRE(O) 
1024 
OK 

The FRE function returns the number of bytes "unused" by the current program. Thus, for our 
16K machine with a 12K interpreter we have 1024 bytes of our 4096 bytes unused are still 
available, and our program is then 4096-1024, or 3072 bytes long. 

This is all nice, but there is a Murphy's law that states: 

FOR EVERY "K" BYTES OF AVAILABLE RAM MEMORY IN A COMPUTER, A PROGRAM 
WILL EXCEED THIS AMOUNT BY 256 BYTES. 

Thus, you will eventually be faced with the prospect of either buying more memory chips for 
your computer or figuring out how to shorten your program. 

Here are 8 "space-slashing" techniques you can apply to help keep the program smaller and 
save valuable memory space. 

1. Use multiple statements per line. There is a small amount of overhead (5 bytes) associated 
with each line in the program. Two of these five bytes contain the line number of the line in 
binary. This means that no matter how many digits you have in your line number (re­
member, minimum line number is 0 or 1 and maximum is usually 65529), it takes the same 
number of bytes. Putting as many statements as possible on a line will cut down the number 
of bytes used by your program. A single line can usually contain up to 254 characters. 

2. Delete all rem statements. This is only a good idea if you don't want anyone to understand 
how your program works. Each REM statement uses at least one byte of memory plus the 
number of bytes in the text of the REM statement. For example, the statement 
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100 REM PROGRAM WRITTEN BY RAMON PEABODY 

uses up 5+ 1 + 33 or 39 bytes. 
In the statement 

200 1=1+1: REM INCREMENT INDEX 

the REM uses 18 bytes of memory including the colon before REM. The "'" symbol used 
here would consume one less byte because no colon is required. 

3. Use integers instead of single-precision reals. Integer variables are stored in 5 bytes; single 
precisions are stored in 7 bytes. Thus, use integer variables in FOR ... NEXT loops and 
whenever large accurate numbers are not needed. Particularly, use integer arrays instead of 
real-single precision arrays to save space consumed by arrays. 

You can force a variable to be an integer variable using a DEFINT statement at the be­
ginning of your program, or the% sign after the variable name as in A% or A%(1,J). DEFINT 
1-N would make all variables beginning with the letters, I, J, K, L, M, N integer variables. 

4. Use variables instead of constants. Suppose you use the constant 3.14159 ten times in your 
program. If you insert a statement 

10 Pl=3.14159 

in the program, and use Pl instead of 3.14159 each time it is needed, you will save 40 
bytes. This will also result in a speed improvement, as explained in Appendix G. 

5. A program does not have to end with an END statement. This will save seven bytes. 
6. Reuse the same variables. Do not do this if you wish absolute clarity in your programs. If 

you have a variable "S" that is used to hold a temporary result in one part of the program 
and you need a temporary variable later in your program, use "S" again. Or if you have 
many separate FOR ... NEXT loops, the same index may be used over in each loop. Or, if you 
are asking the terminal user to give a YES or NO answer to two different questions at two 
different times during the execution of the program, use the same temporary variable A$ to 

store the reply. 
7. Use GOSUBs. These can be used to execute sections of program statements that perform 

identical actions. 
8. Remember to use the zero elements of matrices. For example X(0), BET A (OJ, etc. If you 

have a ten-element array required by a program use DIM ARRAY(9) and call the first ele­
ment ARRA Y(0) and the last element ARRA Y(9). 

STORAGE ALLOCATION IN MICROSOFT BASIC 

In order to fully understand how Microsoft BASIC stores variables in memory, here is a break­
down of the bytes consumed by various BASIC number and string variables. 

There are two kinds of numeric variables in BASIC-simple variables such as X, Y, ALPHA and 
Z9, and array variables such as X(5), ALPHA(l 99) and BETA(X). The actual numbers in both 
simple and array variables may be one of three types-integer, single precision, or double preci­
sion. 
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Table C-1. Simple Variables 

SIMPLE VARIABLES NUMBER OF BYTES REQUIRED 
Integer 5 bytes (3 for name, 2 for value) 
Single precision 7 bytes (3 for name, 4 for value) 
Double precision 11 bytes (3 for name, 8 for value) 
String 6 bytes (3 for name, 1 for length, & 2 for pointer) 

Table C-2. Array Variables 

ARRAY VARIABLES NUMBER OF BYTES REQUIRED 

Integer (# of elements) •2 + 6 + (# of dimensions) •2 bytes 
Single precision 

,, 
•4 + 6 + " •2 ,, 

Double precision " •a+ 6 + " •2 II 

String 
,, 

•3 + 6 + " •2 ,, 

Thus, the simple integer variable takes up only 5 bytes per variable, while double-precision 
variables take up 11 bytes each. Use integers wherever possible to save memory space. 

In arrays, very many memory bytes can be used up. From Table C-2 we see that in the case of a 
single-precision array we consume 12 bytes for each element as follows-two bytes for the 
variable name, two bytes for the size of the matrix, two bytes for the number of dimensions, and 
two bytes for each dimension along with four bytes for each matrix element. Thus the array A(9) 
takes up 1o•12 = 120 bytes. , 

Integer array (XY%(a,b,c ... )) variables use only 2 bytes for each matrix element, so only 1 O 
bytes are required for each matrix variable. The integer array A%(9) takes up 1 o• 1 0= 100 bytes. 

String variables use one byte of string space for each character in the string, in addition to the 
numbers computed from Tables C-1 or C-2. This is true whether the string variable is a simple 
string variable like A$, or an element of string matrix, such as COST$(2,3). 

When a new function is defined by a DEF statement, 6 bytes are used for the definition. 
Reserved words such as FOR, GOTO, or NOT, and the names or the intrinsic functions such as 
COS, INT, and $TR$ take up only one byte of program storage. All other characters in programs 
use one byte of program storage each. 

When a program is being executed, space is dynamically allocated on the stack (the stack is a 
special area of memory that is used by the BASIC interpreter to keep track of GOSUB and GOTO 
branches, as well as nested FOR ... NEXTs) as follows: 

• Each active FOR ... NEXT loop uses 17 bytes. 
• Each active GOSUB (one that has not returned yet) uses 5 bytes. 
• Each p,renthesis encountered in an expression uses 6 bytes per set, and each temporary 

result calculated in an expression uses 12 bytes. 
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Whenever you create programs that contain long complex mathematical equations and func­
tions, or programs with long FOR ... NEXT loops (such as those found in sorting arrays), you are 
likely to run into a speed problem. Although the computer runs at microsecond rates, the BASIC 
interpreter takes many steps to "understand" the statement it is to execute, and many more steps 
to set things up so the statement can be executed. 

The following list of hints can be used to improve the execution time of your programs. Notice 
that some of these hints are the same as those used to decrease the space used by your program 
(see Appendix C). This means that in many cases you can increase the efficiency of both the 
speed and the size of your programs at the same time. 

1. Use variables instead of constants. (This is the most important speed hint of all.) It takes 
more time to convert a constant to its floating point representation than it does to fetch the 
value of a simple or matrix integer variable. This is especially important within FOR ... NEXT 
loops of other code that is executed repeatedly. 

2. For variables used often, define them at the beginning of a program. Variables which are 
encountered first during the execution of a BASIC program are allocated at the start of the 
"variable table" (a special table BASIC sets up to tell the line number of a variable's first 
definition). This means that a statement such as 10 X=0: Y=4; Z=8, will place X first, 
Y second, and Z third in the variable symbol table (assuming line 10 is the first statement 
executed in the program). Later in the program, when BASIC finds a reference to the. vari­
able X, it will search only one entry in the symbol table to find X, two entries to find Y, and 
three entries to find Z. 

3. Use next statements without the index variable when possible. NEXT is somewhat faster 
than NEXT I because no check is made to see if the variable specified in the NEXT statement 
is the same as the variable in the most recent FOR statement. 

4. Frequently referenced lines should be placed at the beginning of the program. During pro­
gram execution when BASIC encounters a new line reference such as GOTO 100 it scans 
the entire user program starting at the lowest line until it finds the referenced line number. 
Therefore, frequently referenced lines should be placed as early in the program as possible. 

5. In FOR ... NEXT loops use integer variables instead of single-precision variables. It takes 
much longer to increment a single-precision variable in a loop than an integer variable. 
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E 

BASIC LANGUAGE REFERENCE 

The following list contains all the BASIC keywords, statements, commands, and functions listed-for 
the most part-in alphabetical order. (For the sake of logical clarity some keywords have been grouped 
in logical rather than alphabetical order.) Each keyword is exploined with typical programming notation 
showing the exact syntax of the keyword, a description of how the keyword works, and an example of 
how it appeors in a progrom statement. 

In order to differentiate the commands, statements, functions, etc., we have used the labels below to 
indicate the different types of keywords. 

Commands ........................................ C 
Statements ............................•............ S 
Numeric Functions ............................•.... NF 
String Functions .................................... SF 
Logical Functions ................................... LF 
Special Variables .................................. SV 
Format Control .................................... FC 

In the descriptions certain words ore abbreviated for clarity. Their meanings are as follows: 

Abb,.viation Full v.brd 
expr expression 

var variable 
num number 
incr increment 
str$ string 
list list 
line line 

---------"A"---------

ABS (expr) 

Returns the absolute value of expr. (NF) 

300 IF ABS(X)> 5 THEN 400 

Meaning 
A constant, variable, or group of 
constants or variables connected 
optionally by mathematical operators 
(+,- •, /). 

A BASIC variable. 
Usually an integer constant, 
A number, usually an integer. 
A BASIC string variable or constant. 
A list of constants and/or variables. 
A BASIC line number. 

AND (exprl and expr2) 

Returns the logical value TRUE if both exprl and 
expr2 are TRUE; otherwise returns FALSE. If exprl 

and expr2 are pure numerical (nonrelational) ex­

pressions, then ANO returns a bit-by-bit AND op-
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erotion of the bytes representing exprl ond expr2. 

(LF) 

100 IF A>B AND C<D THEN 500 

ASC(str$) 

Returns the decimol ASCII volue of the ftrst 

chorocter of str$. (NF) 

300 IF ASC(A$)>25 THEN 500 

ATN(expr) 

Returns the orctongenl of expr. Expr is ossumed to 
be expressed in rodions in the range -Pl/2 to Pl/2. 

(NF) 

200 PRINT ATN(X) 

AUTO num,incr 

Sets the outomotic line numbering mode to stort at 

line number num and lo increment line numbers by 

incr. To exit from AUTO, type Control/C. (C) 

AUTO 100,10 

---------"C" ---------

CALL expr 

Causes BASIC progrom to branch to 
mochine-longuoge subroutine at memory 

locotion specified by the value of expr. 

When subroutine is terminated by a RE­
TURN stotement, execution continues ot the 

next line ofter the CALL. (S) 

200 IF A<500 THEN CALL PR+6 

CDBL var 

Converts varioble vor to double-precision vorioble. 

(S) 

20 CDBL A 

CHR$(expr) 

Returns a single character corresponding lo the 

ASCII code specified by value of expr. (ASCII 

codes ore listed in Appendix B.) (SF) 

300 PRINT CHR$(X+3) 

CINT var 

Converts variable var lo integer variable. (S) 

20 CINT A 

CLEAR expr 

Sets all program voriobles to zero. Optional expr 

sets data ond string spoce to value of expr. (C) 

CLEAR 200 

CLOAD str$ 

Reads a program into memory from cossette tape 

with name sir$. (C) 

CLOAD "TEST" 

CSAVE str$ 

Soves the current program in memory on cassette 

lope with nome str$. (C) 

CSAVE "TEST" 

CONT 

CONTinues program execution ofter a halt caused 
by a STOP or END statement, or ofter Control/C 

hos been typed. (C) 

CONT 

COS(expr) 

Returns the cosine of expr, where expr is assumed 

to be expressed in radians. (NF) 

300 PRINT COS(X) 

CSNG var 

Converts variable var to single-precision variable, 
(S) 

20 CSNG A 

---------"D'' ---------

DATA<list> 

Supplies volues to be assigned to voriobles by 

READ statements. List elements ore separated by 

commas. (S) 

30 DATA 10,20,30,"FIRST","SECOND" 



READ<list of variables> 

Assigns values listed in DATA statements to 

numeric or string variables. Values ore assigned in 

sequence beginning with the first value in the first 
DATA statement. (S) 

40 READ X,Y,Z,A$,B$ 

RESTORE 

Allows data in DATA statements to be reREAD. 

Next READ statement ofter a RESTORE begins as­
signing values from the first DATA statement 

again. (S) 

200 RESTORE 

DEF FNV<list of voriobles>=expr 

Defines a user defined function with name FNV, 
where V is a variable name. Variables specified in 

the list ore dummy variables. (S) 

200 DEF FNAVE(A,B,C)=(A+B+C)/3 

DEFINT letter! -letter2 

All variables beginning with letter! through letter2 

ore defined as integer type variables. (S) 

50 DEFINT A-N 

DEFSNG letter! -letter2 

All variables beginning with letter! through letter2 

ore defined as single-precision type variables. (S) 

60 DEFSNG P-S 

DEFDBL letter1-letter2 

All variables beginning with letterl through letter2 

ore defined to be double-precision type variables. 

(S) 

70 DEFDBL T-V 

DEFSTR letter! -letter2 

All variables beginning with letterl through letter2 

ore defined to be string type variables. (S) 

80 DEFSTR W-Z 
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DELETE num 1-num2 

DELETEs lines numbered num 1 through num2 from 

the program currently in memory; DELETEs only 
num 1 if num2 not specified. (C) 

DELETE 10-50 

DIM varl(num1,num2, .. ),var-
2(num1 ,num2, .. ), ... ,str$(num), .. 

Allocates space for array variables and DIMen­

sions these orroys. The values of the nums set the 
number of elements in a given dimension (up to a 

maximum of 255). (S) 

20 DIM A(5, 10,3),B(3,3),Z$(10) 

---------UE" ---------

EDIT num 

Allows EDITing of line number num without affect­

ing other lines in the program. (C) 

EDIT 100 

END 

Stops program execution. Sends carriage return 

and BASIC's prompt character to screen. (S) 

500 END 

ERL 

A variable which is automatically set to the value 

of the line number at which a fotol error hos been 
flogged by the BASIC interpreter. (SV) 

IF ERL<200 THEN RESUME 500 

ERR 

A variable which is automatically set to the value 

of any fatal error flogged by the BASIC interpre­

ter. (SV) 

IF ERR = 10 THEN RESUME 500 

ERROR num 

Causes the BASIC interpreter to oct os if error 

number num hos occurred. (C) 

ERROR 20 
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EXP(expr) 

Returns the value of e (the bose of natural 

logarithms) raised to the expr-th power. Expr must 

lie in the range between 0 and 87.3365. (NF) 

300 PRINT EXP(COS(X)) 

--------- "F" ---------

FIX (expr) 

Returns the integer portion of expr. (NF) 

100 FIX(X/23) 

FOR var = exprl TO expr2 STEP expr3 

Begins FOR ... NEXT loop. Initializes var to exprl, 

then increments it by amount expr3 each time all 

statements through the corresponding NEXT are 

executed. Continues looping until var is equal to or 

greater than expr2 at which time execution is con­
tinued with the statement following the corre­
sponding NEXT. ($) 

FOR M = 20 TO 50 STEP 2 

NEXT varl ,var2, . .. 

Ends FOR ... NEXT loop. Vari is the variable of most 
recent loop, vor2, next most recent, etc. NEXT 

without a variable terminates most recent loop. (S) 

400 NEXT M 

FRE(0) 

Returns the number of unused bytes in memory. 0 

is a dummy argument. (C) 

FRE(0) 

--------- "G" ---------

GOSUB line 

Branches to BASIC subroutine starting at line 
number specified by line. ($) 

250 GOSUB 5000 

RETURN 

RETURN ends a subroutine and causes execution to 

resume at the statement after the line which called 
the subroutine. (S) 

350 RETURN 

GOTO line 

Causes program execution to continue on line 

specified by the value of line. (S) 

200 GOTO 1000 

---------"H" ---------

HEX$(var) 

Returns a digit string whose numerical value is 

equal to the hexadecimal equivalent of var. (SF) 

200 A$ = HEX$(X) 

---------"I-''---------

IF expr THEN statement 

IF expr is TRUE then execute statement (if state­

ment itself is a number then GOTO line number); 

otherwise continue execution on to next line. (S) 

300 IF A> B THEN PRINT B 

400 IF X>lO THEN 250 

IF expr THEN statementl ELSE statement2 

Like standard IF ... THEN except that when expr 

is FALSE statement2 is executed. (S) 

250 IF X>20 THEN 500 ELSE PRINT "ERROR" 

INP(expr} 

Reads a byte from port number specified by expr 
(which mu,t lie in the range 0-255). (S) 

300 Z = INP(T+3) 

INPUT (list of variables) 

Enters data into memory from keyboard device 

and assigns it in order to the variables on the list. 
Multiple numeric inputs are separated by commas; 

string inputs must be separated by carriage re­

turns. (S) 

300 INPUT A,B,C,0$,E$ 

INKEY$ 

A one character string variable which allows entry 

of a character from the keyboard without the 

necessity of following with a carriage return. (SV) 

400 A$ = INKEY$ 



345 

INPUT$(num) LUST num1-num2 

A multiple character string variable which allows Some as LIST only output directed to lineprinter. 

entry of num characters from the keyboard without (C) 
the necessity of following with o carriage return. 
(SV) LUST 25-250 

400 A$ = INPUT$(5) LPRINT 

INSTR(num,strl $,str2$) See entry under PRINT. 

Searches for the string str2$ embedded in strl $ 

ond returns the numerical position of the first 

match, or O if no match is found. Optional offset 

num sets the position for starting the search in 

strl $. (NF) 

300 IF INSTR(X,A$,B$)>0 THEN PRINT "GOT IT" 

INT(expr) 

Returns the greatest integer less than or equal to 

expr. (NF) 

200 Z = INT(lOO) 

--------- "L" ---------

LEFT$(str$,expr) 

Returns the leftmost expr characters of sir$. (SF) 

250 C$ = LEFT$(W$,8J+"XYZ" 

LEN(str$) 

Returns the length of str$. (NF) 

300 IF LEN(N$)>20 THEN PRINT "TOO LONG" 

LET vor=expr 

Assigns var the value of expr. (S) 

150 LET X = Y+COS(Z) 

LINE INPUT "prompt strin9";str$ 

PRINTs out the (optional) prompt string and as­
signs oil input from the keyboard to sir$ until o 

carriage return is entered. (S) 

100 LINE INPUT "ENTER YOUR NAME,AGE";D$ 

LIST num1-num2 

LISTs the current program in memory from line 
number num l through line number num2. LIST 

alone lists the entire program. (C) 

LIST 25-250 

--------"M" --------

MID$(str$,expr1 ,expr2) (on the right of = 's) 

Returns o string expr2 characters long from within 
sir$, beginning with the exprl-th character of str$. 

(SF) 

150 S$ = MID$("ABCDEFGHIJKLMN", X + 3,5) 

MID$(str1 $,exprl ,expr2) = str2$ (on the left of 
= 's) 

Beginning with the exprl-th character of str1$, 

replace the next expr2 characters by str2$. (SF) 

150 MID$(A$,X,Y+2) = B$ 

MOD (exprl MOD expr2) 

Returns the remainder of exprl divided by expr2. 

(NF) 

200 IF (X MOD 2) = 0 THEN PRINT "EVEN" 

---------"N" --------

NEW 

Deletes the current program in memory and 

CLEARs oil variables. Used before entering o new 

program. (C) 

NEW 

NEXT 

See entry under FOR. 

NOT expr 

Returns opposite truth value of expr. If expr is nu• 

mericol performs bit-by-bit complement on the 

byte representing expr. (LF) 



346 

---------"O" 

ON expr GOSUB num1,num2,num3, . .. 

Branches to BASIC subroutine specified by the 
expr -th number of the list num 1,num2,num3 . 
(S) 

300 ON ABS(X) GOSUB 101,102,103,104,105 

ON expr GOTO num1,num2,num3, ... 

Some as ON ... GOSUB except that branch is 
absolute. (S) 

300 ON ABS(X) GOTO 101,102,103,104,105 

ON ERROR GOTO line 

On the occurrence of any error, transfers com­

mand to the statement number specified by line. 
(S) 

250 ON ERROR GOTO 69 

OR (exprl OR expr2) 

Returns TRUE if either exprl or expr2 is TRUE. If 
exprl and expr2 ore pure numerical (nonrelo­

tionol) expressions, then OR returns the results of a 
bit-by-bit OR operation performed on the bytes 
representing the values of exprl and expr2. (LF) 

200 IF A<5 OR B>l0 THEN PRINT "GOOD WORK" 

OUT exprl ,expr2 

Sends byte specified by expr2 to port specified by 
exprl. (S) 

150 OUT P,A+5 

"P'' 

PEEK(expr) 

Returns the value of memory location with address 
specified by expr. Expr must lie in the range 

0-65535. (NF) 

200 IF PEEK(l)>lOO THEN GOSUB 500 

POKE exprl ,expr2 

Stores the byte specified by expr2 -which must 

lie in the range 0-255 -in memory location spec­

ified by the value of exprl -which must lie in the 

range 0-65535. (S) 

150 POKE 4*M+1,240 

POP 

Increments nested GOSUB return stock address by 
1. (S) 

400 POP 

POS(N) 

Returns the current column position of the screen 

cursor; leftmost position equals 0. N is a dummy 
argument. (NF) 

100 CU = POS(Z) 

PRINT vor, .. ,expr, .. ,str$, .. 

Outputs data specified by list starting at the pre­

sent cursor position. (S) 

500 PRINT X,Y,Z,A+3,B$ 

LPRINT . .. 

Some as PRINT except that output is directed to 
the lineprinter. (S) 

500 LPRINT X,Y,Z,A+3,B$ 

PRINT@expr 

Begin PRINTing at column number specified by 

expr. (S) 

200 PRINT@ X + 3 

PRINT USING str$,expr 

PRINTs the value of expr in formal specified by 
sir$ .(S) 

250 PRINT USING "$$##.##'', SA 

--------- "R" ---------

RANDOMIZE 

See entry under RND. 

READ ... 

See entry under DATA. 

RESTORE 

See entry under DATA. 

RENUM num1,num2,incr 

Renumbers all line numbers in current program 

beginning with line number num2. The new se-



quence begins with num 1 ond lines ore in­

cremented by incr. If num2 is omitted entire pro­

gram is renumbered; if incr is omitted, then incre­

ment is 10. (C) 

RENUM 400,300,50 

RESUME num 

RESUMES program execution al line number num 

ofter o holt generated by error trapping routine. If 

num is omitted, RESUMEs or next statement ofter 

error. (C) 

RESUME 500 

RETURN 

See entry under GOSUB. 

RIGHT$(str$,expr) 

Returns the rightmost expr characters of str$. (Sf) 

200 PRINT RIGHT$(A$,5) 

RND(expr) 

Returns o (pseudo) random number between 0 

ond 1. If expr < 0, RND returns o new sequence 

of numbers; if expr = 0, RND returns the last 

number aver again; if expr > O, RND returns the 

next number of the current sequence. (NF) 

500 IF RND(l)>.S THEN 700 

RANDOMIZE 

Resets the random number generator to produce a 

new sequence of (pseudo) random numbers. (S) 

400 RANDOMIZE 

RUN num 

Begins execution of program currently in memory 

at line number num. If nvm is omitted begins at 

lowest line number, (C) 

RUN 250 

---------"S" ---------

SGN(expr) 

Returns the sign of the value of expr: -1 if expr < 
0 ; 0 if expr = O; and 1 if expr > 0. (NF) 

200 X = INT(X + .s"SGN(X)) 
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SIN(expr) 

Returns the sine of expr. Expr is assumed to be 

expressed in radians. (NF) 

200 IF SIN(X) > .3 THEN 250 

SPACE$(expr) 

Returns a string of blanks expr spaces long. (SF) 

150 X$ = A$ + SPACES$(! + 5) 

SPC(num) 

Used only to format output in PRINT statement. 

PRINTs o string of blanks num spaces long. (FC) 

200 PRINT SPC(10);A$ 

SQR(expr) 

Returns the square root of expr. Expr must be > 0 

or =0. (NF) 

250 Z = SQR(X*Y) 

STOP 

STOPs program execution; prints BREAK IN LINE 

nnn (nnn is line number at which program 

STOPped) and returns to command level. (S) 

500 STOP 

STR$(expr) 

Returns the string representation of the valve of 

expr. (SF) 

300 PR$ = "$" + STR$(PR) 

STRING$(expr,str$) 

Returns a string expr characters long made up 

from the first character of sir$. (SF) 

200 PRINT STRING$(A,B$) 

SWAP varl,var2 

Exchanges the values of varl and vor2. Both must 

be of the same variable "type" or an error will 

result. (S) 

300 SWAP A$,B$ 
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SYSTEM 

Couses on exit from BASIC system ond tronsfers to 

operating system. (C) 

SYSTEM 

---------''T" ---------

TAB(expr) 

Used to formot output in PRINT stotement. Causes 

PRINTing to occur at column specified by value of 
expr. leftmost position is 0. (FC) 

250 PRINT TAB(l);A$;TAB(I+ 10);8$ 

TAN(expr) 

Returns the tangent of expr, where expr is as­
sumed to be expressed in rodians. (N FJ 

300 IF TAN(X) > 1 THEN 500 

TRON 

Turns on the trace flag which causes BASIC to print 

each line number os thot line is executed. (C) 

TRON 

TROFF 

Turns off the troce flog. (C) 

TROFF 

---------"U" ---------

USR(expr) 

Calls a machine language subroutine at oddress 

specified by USRLOC ond posses it the volue of 
expr. (S) 

200 USR(X.100) 

USRLOC 

A special location in memory which contoins the 

starting oddress of o user's machine-languoge 
subroutine which will be called by USR. (S) 

---------"V" ---------

VAL(str$) 

Returns the numericol volue of the digit string sir$. 

If sir$ is not a digit, string returns 0. (NF) 

250 IF VAL(X$) < 25 THEN 500 

VARPTR(var) 

Returns the memory oddress of the vorioble vor. 
(NF) 

AD=VARPTR(Y) 

VTAB(expr) 

Couses verticol TAB expr lines downword. (SJ 

200 VTAB(l+5) 

---------"W" ---------

WAIT port,num 

Bit pattern in port specified by volue of port is 

ANOed with value specified by num ond execution 

is halted until logical TRUE results. (S) 

300 WAIT 255,4 

WHILE expr 

Begins WHILE ... WEND loop. If expr is TRUE exe­

cute all statements until the following WEND 
statement ond continue looping until expr becomes 

FALSE; if expr is FALSE jump to stotement following 
WEND. (SJ 

200 WHILE A < 200 

WEND 

Terminotes a WHILE ... WEND loop. (S) 

500 WEND 

WIDTH num 

Sets the width of the PRINT line to num columns. 

(C) 

WIDTH 45 
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--------- "X" --------- -----"MISCELLANEOUS"----­

&H str$ XOR (exprl XOR expr2) 

Exclusive OR. Returns the value TRUE if exprl and 
expr2 have different logical values, otherwise re­

turns FALSE. If exprl and expr2 ore pure numeri­

cal (nonrelationol) expressions, then XOR returns 

the results of a bit-by-bit Exclusive OR operation 

on the bytes representing the values of exprl and 
expr2. (LF) 

Returns the decimal equivalent of the numerical 

value of str$, where sir$ is assumed to be ex­
pressed in hexadecimal. (NF) 

200 PRINT PEEK (&H7AB0) 

&O str$ 

IF A<5 XOR B<5 THEN 450 
Returns the decimal equivalent of the numerical 

value of str$, where str$ is assumed to be ex­
pressed in octal. (NF) 

300 PRINT &0177 

VARIABLE TYPE DECLARATION CHARACTERS 

Character 

$ 

% 

# 

D 

Example 
A$,Z1$ 

%Al,B% 

A!, Al! 

A#,Zl# 

A# 1.2345678901 

D 12 

Typical Values 

"JOHN" 

"1+1+?" 

-14,345,6009 

1,-.123,25.3067 

-300.12345678 

3. 141592653589 

1.0000010001234 

1.2345678901 

X 1012 

Definition 

String variable type may 

contain up to 255 characters. 

Integer variable type-

whole numbers with absolute 

value less than 32767. 

Single-precision variable 

type containing six 

significant digits. 

Double-precision variable 

type containing 14 to 16 
significant digits. 

Double-precision variable 

type with scientific 

notation. 





Exponential (Scientific) 
Notation 

APPENDIX 

F 

Exponential notation, which is also sometimes called scientific notation, is 
a way of representing numbers that are too large or too small to write con­
veniently in the ordinary way. When your computer prints out numbers with 
an E in the middle of them, like 4.78245E+ 10, it is using exponential nota­
tion. In this appendix we will describe what exponential notation is, why it is 
useful, and how to convert between exponential and "normal" notation. 

Computers are cap~ble of storing and performing arithmetic on very large 
(and very small) numbers. Just how large a number can a computer store? 
Would you believe one billion billion billion billion? That certainly sounds 
large, but it's no problem for your computer. What would a number this big 
actually look like written down? Let's figure it out. Think for a minute about 
the number "one thousand." It is written as a 1 followed by 3 zeros: 1000. A 
million, which is a thousand times a thousand, or one thousand thousand, is a 
one with 6 zeros: 1,000,000. And a billion, which is a thousand times a 
million, or one thousand million, is a one with nine zeros after it: 
1,000,000,000. 

Perhaps you've noticed something here: When we multiply large numbers 
like one thousand and one million together, we can easily find the answer just 
by adding up how many zeros there are in the numbers. So, one thousand, 
with 3 zeros, times one thousand, with 3 more zeros, equals one million, with 
6 zeros (since 3 plus 3 is 6); and one thousand, with 3 zeros, times one 
million, with 6 zeros, is one billion, which has 9 zeros (since 3 plus 6 is 9). 

Using this idea, let's figure out how many zeros there are in one billion 
billion billion billion. Since we've already decided that there are 9 zeros in 
one billion, we can add 9 zeros to 9 more zeros and conclude that there are 
18 zeros in one billion times one billion, which is a billion billion. There must 
be 18 plus 18 or 36 zeros in a billion billion times a billion billion, which is a 
billion billion billion billion. So there's our answer: a computer can hold the 
number one billion billion billion billion, which is a one followed by 36 
zeros. Printed out, it looks like this: 
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1,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo,ooo 

To give yourself an idea just how big numbers like this really are, consider 
this: the universe is thought to be about 14 billion years old. That's 4.2 
hundred million billion seconds. The speed of light is about 300,000 
kilometers per second, which is 300 billion millimeters per second. (A mil­
limeter is about the thickness of the lead in a pencil.) Multiplying the age of 
the universe in seconds by the speed of light in millimeters per second, we 
arrive at the conclusion that if a ray of light had started out at the beginning of 
the universe, it would have covered a distance, up to the present, of 126 
billion billion billion millimeters. (Which, written out, is: 

126,000,000,000,000,000,000,000,000,000.0 mm.). 

That's still a good bit smaller than the size of the numbers your computer 
can store. 

"That's all very well," you may be saying, "but how could I type in a 
number with all those zeros, or read it out again? I would probably make a 
mistake and type in the wrong number of zeros, or not count correctly how 
many there are on the screen." 

That's a good point. To simplify the reading and writing of large numbers, 
mathematicians invented a whole new way of writing numbers, called expo­
nential notation. The idea behind exponential notation is this: instead of writ­
ing down all the zeros in a big number, we just write down how many zeros 
there are. How many zeros in a thousand? Three. In exponential notation you 
write the number of zeros after the letter "E," (which, of course, stands for 
"Exponential"). So, for one thousand we write 1 E+ 3. (The 1 before the E 
means one (1) thousand, and we'll explain the plus sign later.) How do we 
write one million? It has 6 zeros, so we write 1 E+6. How do we write one 
billion billion billion billion? Easy: we know it has 36 zeros, so we write 
1 E+ 36. That's a lot more practical than writing out all those zeros, isn't it? 
This way of writing numbers-exponential notation-is how your computer 
stores single- 'and double-precision numbers, and how it prints out numbers 
that are too large to print normally. 

The number which follows the E in exponential notation, and represents the 
number of zeros in the number, is called the "exponent" of the number. 

If you want to see your computer print out a number in exponential nota­
tion, type the following (in command mode): 

This is ten thousand (which has 4 zeros) times ten thousand (another 4 
zeros) so your computer should respond with: 
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which represents one hundred million, a number with 8 zeros. You can ex­
periment with this, typing in different values and seeing how BASIC responds. 

But, you say, suppose I want to talk about a more complicated number? Do 
I always have to talk about one (1) of something, like one thousand or one 
million? Could we represent 2.75 million in exponential notation, for in­
stance? No problem. To represent 2.75 million we just write 2.75E+6. If we 
wanted to represent one hundred and twenty-five thousand (125,000), we 
would write l.25E+ 5. Six hundred (600) would be 6E+ 2, and so on. This 
number, which goes to the left of the E in exponential notation, is called the 
"mantissa." It is written with its first digit to the left of the decimal place, and 
any other digits to the right. 

As you can see, a number written in exponential notation has three parts: 
first, the mantissa, which is the original number, but written with the decimal 
place to the right of the leftmost digit; second, the exponent, which is the 
number of zeros in the number; and third, a letter "E" to separate the man­
tissa and the exponent. 

Seems pretty easy, but actually there's something we have to be careful of. 
Until now we have referred to the exponent (the number on the right of the E) 
as representing how many zeros there are in the number. Actually, this was a 
slight simplification. What the exponent really represents is how many digits 
(which may or may not be zeros) there are to the right of the first (leftmost) 
digit in the number. For instance, as we said above, 2.75 million (or 
2,750,000), is 2.75E+6 in exponential notation. We write 6 after the E, not 
because there are 6 zeros in the number (there are 4) but because there are 6 
digits following the 2, which is the left-most or "most significant" digit. 

Another way to think of the exponent is this: it tells you how many times 
you must multiply the mantissa (the number on the left of the E) by ten. Why 
is this true? Because multiplying a number by ten is the same as adding a zero 
on the right of the number. Or, if the number is a decimal fraction-with 
zeros to the right of its decimal point-we can say that multiplying by ten is 
the same as moving the decimal point to the right one place. 

Using this idea, let's figure out what 4.234E+4 is in normal numbers. 4.234 
times 10 is 42.34. Multiply by ten again and you get 423.4, and a third time is 
4234. Multiply by ten a fourth time and you get 42340, which is the number 
as we would normally write it, in nonexponential notation. We've multiplied 
4.234 by ten 4 times, which moved the decimal point 4 places to the right. 
Ten times ten times ten times ten is ten thousand (10 * 10 * 10 * 10 = 10000) 
or 1 E+4. So 42340 is 4.234 times ten thousand, or 4.234E+4. 

Let's convert 9,321,000 to exponential notation. That's 9 million and a bit 
left over. How do we write one million in exponential notation? One million 
is a thousand times one thousand, and since one thousand is 10 multiplied by 
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itself 3 times, a million is 10 multiplied by itself 6 times. For any number of 
millions, whether 1 million, 2 million, or 9 million, we take the number of 
millions and multiply it by ten, 6 times. So 9,321,000 = 9.321 * 10 * 10 * 10 
* 10 * 10 * 10. And, of course, the easy way to write this is 9.321 E+ 6. 

Let's compress these examples into some simple rules for converting to and 
from exponential notation. 

RULE 1: To convert the "normal" representation of a number larger than 1 
to exponential notation, (a) move the decimal point to the left until there is 
only one digit to the left of the decimal point; (b) chop off any trailing zeros 
on the right of the number; (c) write an E after the number and follow it with a 
plus sign; and (d) after the E and the plus sign write down how many times 
you had to move the decimal point. 

For example. 

36000 

3 ~ 
4 3 2 1 

3.6E+4 

start with this 

move the decimal point until only 1 digit is still on 
the left 

erase any trailing zeros and write E and the exponent 

RULE 2: To convert from exponential notation to normal representation, (a) 
move the decimal point to the right the number of times indicated by the 
exponent, filling in any zeros that are necessary, (b) erase the E and the plus 
sign and the exponent. 

For example, 

8.7654E+3 

8~4 E+3 
1 2 3 

8765.4 

start with this 

move the decimal point the number of times indicated by 
the exponent 

erase the E and the exponent 

Small numbers, as well as large ones, can be represented by using expo­
nential notation. How small? Would you believe one billion billion billion 
billionth? That's a decimal point followed by 35 zeros and a 1, like this 

0.000000000000000000000000000000000001 
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In exponential notation we would write: 1 E- 36. (This is where you find out 
about the plus sign that we promised earlier we would explain.) As you can 
see, with large numbers the sign of the exponent is positive, and with small 
numbers it is negative. But 1 E-36 is a very very small number. For con­
venience, let's think about something larger, like one one-hundredth, or 0.01. 
In exponential notation this is 1 E-2. How do we know that? Well, for one 
thing, we'd have to move the decimal place 2 places to the right in order for 
the 1 to be to the left of the decimal point. Also, where a positive exponent 
means to multiply the number by ten the number of times indicated by the 
exponent, a negative exponent means to divide it by ten that many times. If 
we divide 1 by 10 once we get 0.1, and if we divide it again we get 0.01. 
That's two divisions by ten, so the exponent must be a negative 2. Other 
examples of negative exponents are: 

0.00275 is 2.75E-3 
0.99999 is 9.9999E-1 
0.000512 is 5.12E-4 
0.00000002 is 2E-8 

We can now write down two more rules, this time for handling exponential 
notation with small numbers: 

RULE 3: To convert a number which is smaller than one to exponential 
notation, (a) move the decimal point to the right until there is one digit to the 
left of the decimal poin't, (b) write an E and a minus sign after the number, and 
(c) after the minus sign, write how many times you had to move the decimal 
point. 

For example: 

start with this .000275 

~7 5 
1 2 3 4 

move the decimal point until there is only one digit to its left 

2.75E-4 add the E and the negative exponent. 

RULE 4: To convert a number which is smaller than one, from exponential 
notation to normal representation, (a) move the decimal point to the right the 
number of places indicated by the exponent, adding zeros if necessary, (b) 
erase the exponent. 

9.99E-3 

~-99E-3 
3 2 1 

start with this 

move the decimal point 
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.00999 erase the E and the exponent. 

Now we need to talk about something that can be quite confusing: negative 
numbers in exponential notation. -The thing to keep in mind here is: Don't 
confuse negative exponents with negative numbers! The sign of the exponent 
and the sign of the number (which is the same thing as the sign of the man­
tissa of the number) are two entirely different things. So far we have talked 
only about positive numbers-that is, numbers greater than 0. These positive 
numbers can be either large numbers with an exponent greater than 0, or 
small numbers, with an exponent smaller than zero. (Actually, to have a posi­
tive exponent a number doesn't have to be all that large: if it is greater than 
one it has a positive exponent, it it is smaller than one it has a negative 
exponent.) 

Similarly, a negative number-that is, one less than zero-can either be 
"large" and have an exponent greater than zero; or it can be small, and have 
an exponent less than zero. 

Table F-1 summarizes these combinations. 

Table F-1. Ranges of Numbers in Exponential Notation 

Example Sign of Sign of Number in Range of 
of Number Exponent Exponential Numbers 
Number Notation 

478 + + 4.78E+2 very large 
positive 
to +1 

.0478 + - 4.78E-2 +1 to 0 

-.0478 - - -4.78E-2 Oto -1 

-478 - + -4.78E+ -1 to 
very large 
ne~ative 

All we're really saying here is that a very large number (which, because it is 
large, has a positive exponent) can be either positive or negative; and that a 
very small number (which, because it's small, has a negative exponent) can 
also be either positive or negative. 

Your computer is one of the best teachers of exponential notation. Type in 
some large numbers, do some arithmetic with them in the command mode, 
experiment a little, and pretty soon you'll find exponential notation almost as 
easy as the regular "old fashioned" way of writing numbers. 
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G 

ANSWERS TO REVIEW QUESTIONS 

CHAPTER 1 

1. Only (a). Negative and fractional line numbers are illegal, as are 
numbers greater than 65535. 

2. They're all correct, at least on most computers. Refer to the LLIST in­
struction in the section on lineprinters for more information. 

3. Neither of them; (a) will put too many spaces between the words, and 
(b) won't put any. 

4. (a) evaluates to 3, while (b) (c) and (d) evaluate to 2. Since BASIC does 
division and multiplication before it does addition and subtraction, you 
need to put parentheses around the "2+ 2" in (a) if you want the addi­
tion to take place before the sum is divided by 2. 

5. (a), (b), (d). FL, F2 and FLAG are legal in most versions of BASIC (al­
though only the first two characters of FLAG will be recognized by the 
program). Variable names must start with a letter, so 2F isn't legal, and 
they cannot contain anything but letters and numbers, so F* is illegal. 

6. It's not valid. You can't use quotes inside a string, since they are al­
ready used to delimit the string. 

7. Before the program is run, no value is assigned to Q (unless your ver­
sion of BASIC sets it to zero automatically). After the program is run, Q 
will be assigned a value of 3, meaning that the Q storage box holds a 
value of 3; but it is never "equal" to 3 in a mathematical sense. (Note 
that it is perfectly acceptable to remove the LET from this sort of state­
ment. The LET is optional.) 

8. No. Since the "=" in a "LET" statement means to assign a value (to 
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the right of the "=") to a variable (on the left of the "="). It doesn't 
make sense to try to assign a variable name to a constant. 

9. (a). Line 10 is an error because "IF" is a reserved word and therefore 
cannot be used as a variable name. Line 20 is all right. Line 30 is all 
right too, because IF$ is not the same name as IF. Line 40 is wrong 
because it tries to assign a numerical value to a string variable. 

10. 10 INPUT A,B,C,D,E 
20 PRINT E;" ";D;" ";C;" ";B;" ";A 

(The spaces between the letters are necessary to separate the words.) 

CHAPTER 2 

1. It will cause an error message, since you can't count downward in a 
FOR ... NEXT loop without specifying "STEP -1" or some other nega­
tive number. 

2. It will go through the loop 20 times, printing 0, 0.5, 1.0, 1.5, and so 
on. Fractional STEPs are perfectly all right. 

3. If you type O it won't GOTO any line number, but will simply fall 
through to line 30 and print "NEVER SAY DIE." If you type 1 it will go 
into an endless loop since 20 is the line the ON GOTO statement is 
on. If you type 2 it will go to line 40 (the second line in the list) and 
print "SAY DIE." 

4. Yes. The equal sign in a conditional (IF) statement is the same as a 
mathematical equal sign. It is not the same as the equal sign in an 
assignment (LET) statement. Therefore, it is correct to put the variable 
name on the right and the constant on the left. 

5. It will print the word "CAT." Each subroutine will call the next one, 
until the one at 300 prints "C," then returns to the one at 200, which 
prints "A" and returns to the main program at 110, which prints "T." 

6. No. The first expression evaluates to 2, because INT takes the next 
smallest integer for negative numbers, while the second expression 
evaluates to 1. 

7. Try it! 

8. If you run a program with this statement in it, it will probably spend a 
long time executing the statement. This is because the statement will 
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continue to loop back on itself until the random number it generates is 
exactly .5000000, and there are millions of other possibilities. 

9. An interesting question. The program will run for a long time without 
appearing to do anything, and then you will get an "out of memory" 
error message. Why? Because every time you execute a GOSUB, 
BASIC has to store the return address someplace. Then when you exe­
cute a RETURN, it gets rid of the return address. In this program, be­
cause of the GOTO 10 in line 120, the RETURN is never executed, 
and BASIC has to keep storing more and more return addresses, one for 
each time it executes the GOSUB. Since it never executes a RETURN, 
memory will eventually fill up with return addresses, clogging the 
memory. 

10. 255 times. Since string variables can't be any longer than that, you will 
then get a "string too long" error message when you try to add the 
256th character to 5$. 

CHAPTER 3 

1 . BASIC needs to set aside memory for an array before it starts to assign 
values to the elements of the array. This makes it easier for BASIC to 
find a particular array element. DIM is used for this purpose. 

2. No. It is perfectly possible, and often useful, to figure out how big your 
array will be after the program is running. 

3. Counting the zero elements, there are five elements in each dimension, 
for a total of 5 times 5 times 5, or 125. 

4. You will probably get an "out of memory" error, since 21 times 21 
times 21 times 21 is 194,481 which is larger than most personal com­
puter memories. 

5. You will get an error message, since negative subscripts are not legal in 
BASIC. 

6. The answer depends on which version of BASIC you are using. In Mic­
rosoft BASIC you will have the same number of strings as there are 
elements in the array (six in this case), and each string can be as long 
as you like (up to 255 characters). In some other BASICs you will get 
an error message, because in string arrays only one dimension is 
allowed, which is the length of the string. 
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7. 10 N=1 
20 FOR 1=1 TO 4 
30 FOR J=1 TO 3 
40 FOR K=1 TO 2 
50 X(l,J,K) = N 
60 N=N+1 
70 NEXT K 
80 NEXT J 
90 NEXT I 

8. 110 FOR 1=1 TO 4 
120 FOR J=1 TO 3 
130 FOR K=l TO 2 
140 PRINT X(l,J,K) 
150 NEXT K 
160 NEXT J 
170 NEXT I 

CHAPTER 4 

1. This program will work fine, printing out "l 2 3" just as you 
want it to. The lesson here is that you can put a DAT A statement any­
where in your program, either before or after the READ statement. In 
fact, you don't even need to execute the DAT A statement for it to 
work. 

2. It's valid, but not useful. What it really says is: "If either O or 1 is equal 
to 1 (that is, if either of them is "true"), then print "TRUE." Since 1 is 
always 1, "TRUE" will always be printed. 

3. BASIC has a certain order in which it performs operations. In arithme­
tic, for example, it always does division and multiplication before it 
does addition and subtraction. In logic it does AND before it does OR. 
In this program B and C are both O (false), so "BAND C" is also false. 
However, A is 1 (true), so "A ORB AND C" is true, and "TRUE" will 
be printed out. This will be clearer if you think of the expression as "A 
OR (B AND C)." If BASIC did the OR first, then the expression would 
be "(A OR B) AND C," and the statement would not print "TRUE." 

4. Since EXP and LOG are inverse functions to each other, "100" will be 
printed out. 

5. On executing the first statement, the computer will print "70." On 
executing the second statement, the computer will print "F." This is 
because CHR$ and ASC are inverse functions to each other. 
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6. CHR$(N) returns a single character which has an ASCII value of N, 
while STR$(N) returns a string of characters which are the digits of the 
number N. 

7. ASC(A$) returns the ASCII value of the character A$, which is a 
number between 0 and 255, while VAL(A$) returns a number of any 
size which is the numeric value of the character digits in the string A$. 

8. 20 PRINT LEFT$(A$,4) + "NEVER" + RIGHT$(A$,9) 

9. Draw a picture of the ladder leaning against the house. The ladder is 
the hypotenuse of a triangle. The angle A is the angle between the 
ladder and the ground. The "side opposite" is the house, 12 feet high, 
and the "side adjacent" is the ground, 6 feet long. Here's the program: 

10 A=ATN(12/6) 
20 L= 12/SIN(A) 
30 PRINT"LADDER IS "; L; " FEET LONG." 

10. 10 L=SQR(12/\2 + 6/\2) 
20 PRINT"LADDER IS "; L; " FEET LONG." 

CHAPTER 5 

1. 10 FOR K=0 TO 511 
20 IF PEEK(K)=0 THEN PRINT"-"; : GOTO 40 
30 PRINT"X"; 
40 NEXT K 

A slightly fancier version of this program can be a useful one for inves­
tigating which sections of memory are being used by BASIC or your 
program. The user's manual for your computer should have a "mem­
ory map" which will be helpful for this. 

2. Eight, since there are 8 bits in each port, and each bit can be either 0 
or 1, representing "on" or "off." 

3. "CALL 1000" is used in assembly-language programs and is a sub­
routine jump to address 1000 in memory. GOSUB 1000 is used in 
BASIC and is a subroutine jump to line number 1000, which is not at 
all the same as address 1000. 

4. "CLOAD" and "CSAVE" only work with BASIC programs. On some 
computers data may be transferred to and from tape using the instruc-
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tions PRINT# and INPUT#. "LOAD" always means to load something 
into memory. "SAVE" means to save it on tape or disk. 

5. On most computers you will get a "CAN'T CONTINUE" error mes­
sage. You can't alter a program (in this case you are changing line 10) 
and then continue running it with a CONT command, because, for one 
thing, BASIC resets all the variables to zero when you alter any of the 
program lines. 

CHAPTER 6 

1. You can do loops with an IF ... THEN statement and a GOTO; or you 
can use a FOR ... NEXT statement; or, if your version of BASIC has it, 
you can use WHILE ... WEND. 

2. Yes it will. The way to look at the IF ... THEN ... ELSE statements is that 
the entire inner IF ... THEN ... ELSE statement is nested inside the outer 
one. Rewriting it this way makes it clearer: 

20 IF A THEN IF B THEN PRINT "BOTH TRUE" 
ELSE PRINT"A TRUE, B FALSE" 

ELSE PRINT"A FALSE" 

3. First, you can use any variables you want to as arguments; and second, 
the function has a name instead of a line number so it's easier to rec­
ognize. The disadvantage of a function is that it is only one line long, 
whereas a subroutine can be any number of lines. 

4. LINE INPUT lets you input commas, quotes, and line feeds as part of 
the input string, and it doesn't automatically output the "?" as a 
prompt. 

5. You can't use "return" (or "enter"). Also, you can't use the "break" or 
control-C key. 

6. No. INKEY$ will only read one keystroke at a time. You have to release 
the key and press it again to input another character. 

7. P will be 6. INSTR is looking for the word "CAT" in the sentence 
"CATCATCAT" but it doesn't start looking until the fourth character, so 
it misses the first "CAT" and finds the second one. 

8. You'll get an error message, since a string can only be 255 characters 
long, and this statement tries to create one 500 characters long. 
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9. No, it will print "CAT'S DEVOURCE." This is because you are replac­
ing 6 letters, which is how long DEVOUR is. Unfortunately, you can't 
use MID$ to change a string if by so doing you would change its 
length. 

10. RESUME takes you back to the main program following ON ERROR 
GOTO, an.cl RESTORE puts the internal pointer back to the beginning 
of a DAT A statement. 

11. RESUME takes you back to the main program after an error handling 
routine, and resets the ON ERROR GOTO statement so it will work the 
same way the next time an error is encountered. ON ERROR GOTO 0 
turns off all other ON ERROR GOTO statements so that control will 
not go to your error handling routine when an error occurs. 

12. Integers take up less space in memory, and they are faster in arithmetic 
operations. The disadvantage is that they cannot represent numbers 
greater than 32767. 

13. Two, four, eight, and one per character; respectively. 

14. FF 77 255 63 

15. 10 F=l 
20 INPUT"NUMBER"; N 
30 GOSUB 100 
40 PRINT F 
50 STOP 
100 IF N= 1 THEN RETURN 
110 F=F*N 
120 N=N-1 
130 GOSUB 100 
140 RETURN 
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Statement(s) 

DATA and READ, 135-139 
decision making, 63-72 
RESTORE, 137 

STOP and END, 27-28 
String 

functions, 152-158, 342-347 
CHR$(expr), 342 
HEX$(var), 344 
LEFT$(str$, expr), 345 
MID$(str$, expr1, expr2), 345 
MID$(strl $, expr1, expr2) = str2$, 345 
RIGHT$(str$, expr), 347 
STR$(expr), 347 
STRING$(expr, sir$), 347 

variables, 42-44 
STRING$, 225-227 
STR$ and VAL, 157-1 58 
Subroutine 

concept, 87-90 
error-checking, 97-101 
numeric round-off, 90-95 

Substitute for INSTR, 221-223 
SWAP, 267-268 

T 

TAB, 48-50 
video plotting with, 188-191 

TRACE and NOTRACE, 186-187 
Type declaration characters, 242-244 

double precision, 243 
integer, 242 
single precision, 243 
string, 243 

u 
Using a lineprinter, 192-193 

Variable(s) 
names, 41-42 
string, 42-44 
types, 238-258 

VARPTR, 258-265 

V 

Video plotting with TAB, 188-191 

w 
What CALL can do, 173-176 
When to use an error-trapping routine, 237-

238 
When to use integers or single precision, 

241-242 
WHILE ... WEND, 199-201 
\i\brd scrambling program, 248 

y 

Your first program, 22-23 
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BASIC LANGUAGE REFERENCE CARD 

The following list contains all the BASIC keywords, statements, commands, and functions listed­

for the most port-in alphabetical order (for the sake of logical clarity some keywords hove been 
grouped in logical rother than alphabetical order). Each keyword is explained with typical programm­

ing notation showing the exact syntax of the keyword, a description of how the keyword works and 
on example of how it appears in a program statement. 

This removable reference cord allows you to easily look up a specific BASIC element and see how it 
is used correctly. In order to differentiate the commands, statements, functions, etc., we hove used 
the labels below to indicate the different types of keywords. 

Commands ........................................ C 
Statements ......................................... S 
Numeric Functions ................................. NF 
String Functions .................................... SF 

Logical Functions ................................... LF 
Special Variables .................................. SV 
Format Control .................................... FC 

In the descriptions certain words are abbreviated for clarity. Their meanings are as follows: 

Abbreviation 
expr 

vor 

num 
incr 
sir$ 

lisr 
line 

Full Ward 
expression 

variable 

number 
increment 
string 

list 

line 

---------"A"---------

ABS (expr) 

Returns the absolute value of expr. (NF) 

300 IF ABS(X)> 5 THEN 400 

Meaning 
A constant, variable, or group of 
constants or variables connected 
optionally by mathematical operators 

(+,- •. /). 
A BASIC variable. 

Usually on integer constant, 
A number, usually on integer. 

A BASIC string variable or constant. 
A list of constants and/or variables. 

A BASIC line number. 

AND (exprl and expr2) 

Returns the logical value TRUE if both exprl and 

expr2 ore TRUE; otherwise returns FALSE. If exprl 

and expr2 ore pure numerical (nonrelotionol) ex­

pressions, then AND returns a bit-by-bit AND op-

erotion of the bytes representing exprl and expr2. 
(LF) 

100 IF A>B AND C<D THEN 500 

ASC(str$) 

Returns the decimal ASCII value of the first 

character of str$. (NF) 

300 IF ASC(A$)>25 THEN 500 

ATN(expr) 

Returns the arctangent of expr. Expr is assumed to 

be expressed in radians in the range -Pl/2 to Pl/2. 

(NF) 

200 PRINT ATN(X) 

AUTO num,incr 

Sets the automatic line numbering mode to start at 

line number num and to increment line numbers by 

incr. To exit from AUTO, type Control/C. (C) 

AUTO 100, 10 

--------- "C" ---------

CALL expr 

Causes BASIC program to branch to 

machine-language subroutine at memory 

location specified by the value of expr. 

When subroutine is terminated by a RE­

TURN statement, execution continues at the 

next line ofter the CALL. (S) 

200 IF A<500 THEN CALL PR+6 

CDBL var 

Converts variable var to double-precision variable. 

(S) 

20 CDBL A 

CHR$(expr) 

Returns a single character corresponding to the 

ASCII code specified by value of expr. (ASCII 

codes ore listed in Appendix B.) (SF) 

300 PRINT CHR$(X+3) 

CINT var 

Converts variable var to integer variable. (S) 

20 CINT A 

CLEAR expr 

Sets all program variables to zero. Optional expr 

sets data and string space to value of expr. (C) 

CLEAR 200 

CLOAD str$ 

Reads a program into memory from cassette tape 

with name str$. (C) 

CLOAD "TEST" 

CSAVE str$ 

Saves the current program in memory on cassette 

tape with nome str$. (C) 

CSAVE "TEST" 

CONT 

CONTinues program execution after a halt caused 

by a STOP or END statement, or ofter Control/C 

has been typed. (C) 

CONT 

COS(expr) 

Returns the cosine of expr, where expr is assumed 

to be expressed in radians. (NF) 

30D PRINT COS(X) 

CSNG var 

Converts variable var to single-precision variable, 

(S) 

20 CSNG A 

--------- UD" ---------

DATA<list> 

Supplies values to be assigned lo variables by 

READ statements. List elements ore separated by 

commas. (S) 

30 DATA 10,20,30,"FIRST","SECOND" 

READ<list of variables> 

Assigns values listed in DATA statements to 

numeric or string variables. Values are assigned in 

sequence beginning with the first value in the first 

DATA statement. (S) 

40 READ X,Y,Z,A$,B$ 

RESTORE 

Allows data in DATA statements to be reREAD. 

Next READ statement after a RESTORE begins as­

signing values from the first DATA statement 

again. (S) 

200 RESTORE 

DEF FNV<list of variobles>=expr 

Defines a user defined function with name FNV, 

where V is a variable name. Variables specified in 

the list ore dummy variables. (S) 

200 DEF FNAVE(A,B,C)=(A+B+C)/3 

DEFINT letter1-letter2 

All variables beginning with letter! through letter2 

are defined as integer type variables. (S) 

50 DEFINT A-N 

DEFSNG letter! -letter2 

All variables beginning with letter] through letter2 

ore defined as single-precision type variables. (S) 

60 DfFSNG P-S 

DEFDBL letter! -letter2 

All variables beginning with letter! through letter2 

are defined to be double-precision type variables. 

(S) 

70 DEFDBL T-V 

DEFSTR letter1-letter2 

All variables beginning with letter! through letter2 

ore defined to be string type variables. (S) 

80 DEFSTR W-Z 

DELETE num1-num2 

DELETEs lines numbered num 1 through num2 from 

the program currently in memory; DELETEs only 

num 1 if num2 not specified. (C) 

DELETE 1 0-50 

DIM varl(num1,num2, .. ),var-
2(num I ,num2, .. ), ... ,str$(numl, .. 

Allocates space for array variables and DIMen­

sions these arrays. The values of the nums set the 

number of elements in a given dimension (up to a 

maximum of 255). (S) 

20 DIM A(5, l0,3),B(3,3),Z$(10) 

--------- "E" ---------

EDIT num 

Allows EDITing of line number num without affect­

ing other lines in the program. (C) 

EDIT 100 

END 

Stops program execution. Sends carriage return 

and BASIC's prompt character to screen. (S) 

500 END 

ERL 

A variable which is oulomotically set la the value 

of the line number at which a fatal error has been 

flogged by the BASIC interpreter. (SV) 

IF ERL<200 THEN RESUME 500 

ERR 

A variable which is automatically set to the value 

of any fatal error flogged by the BASIC interpre­

ter. (SV) 

IF ERR = 10 THEN RESUME 500 

ERROR num 

Causes the BASIC interpreter to act as if error 

number num hos occurred. (C) 

ERROR 20 

EXP(expr) 

Returns the value of e (the bose of natural 

logarithms) raised to the ex pr-Th power. Expr must 

lie in the range between 0 ond 87 .3365. (NF) 

300 PRINT EXP(COS(X)) 

--------- "F" ---------

FIX (upr) 

Returns the integer portion of expr. (NF) 

100 FIX(X/23) 

fOR var = exprl TO expr2 STEP expr3 

Begins FOR ... NEXT loop. Initializes var lo expr I, 

then increments it by amount expr3 each time all 

statements through the corresponding NEXT are 

executed. Continues looping until vor is equal to or 
greater than expr2 ot which time execution is con• 

tinued with the statement following the corre­

sponding NEXT. (S) 

FOR M = 20 TO 50 STEP 2 

NEXT varl ,var2, . .. 

Ends FOR .. NEXT loop. Var I is the variable of most 

recent loop, var2, next most recent, etc. NEXT 

withovT a variable terminates most recent loop. (S) 

400 NEXT M 

FRE(O) 

Returns the number of unused bytes in memory. 0 

is a dummy argument. (C) 

FRE(0) 

--------- "G" ---------

GOSUB line 

Branches to BASIC subroutine starting at line 

number specified by line. (S) 

250 GOSUB 5000 

RETURN 

RETURN ends a subroutine and causes execution to 

resume at the statement ofter the line which called 

the subroutine. (S) 

350 RETURN 

GOTO line 

Causes program execution to continue on line 

specified by the value of line. (S) 

200 GOTO 1 000 

---------"H" ---------

HEX$(var) 

Returns a digit string whose numerical value is 

equal to the hexadecimal equivalent of var. (SF) 

200 A$ = HEX$(X) 

---------"I"---------

IF expr THEN statement 

IF expr is TRUE then execute statement (if srote­

ment itself is a number then GOTO line number); 

otherwise continue execution on to next line. (S) 

300 IF A> B THEN PRINT B 

400 IF X>I0 THEN 250 

IF expr THEN statement! ELSE statement2 

Like standard IF ... THEN except that when expr 

is FALSE statement2 i, executed. (S) 

250 IF X >2D THEN 500 ELSE PRINT '"ERROR" 

INP(expr) 

Reads a byte from port number specified by expr 

(which must lie in the range 0-255). (S) 

300 Z = INP(T+3) 

INPUT (list of variables) 

Enters data into memory from keyboard de-vie~ 

and assigns it in order to the variables on the list. 

Multiple numeric inputs ore separated by commas; 

string inputs must be separated by carriage re­

turns. (S) 

300 INPUT A,B,C,D$,E$ 

INKEY$ 

A one character string variable which allows entry 

of a character lrom the keyboard without the 

necessity of following wirh o carriage return. (SV) 

400 A$ = INKEY$ 

INPUT$(num) 

A multiple character string variable which allows 

entry of num characters from the keyboard without 

the necessity of following with a carriage return. 

(SV) 

400 A$ = INPUT$(5) 

INSTR(num,slrl $,str2$) 

Searches for the siring slr2$ embedded 1n str I$ 

and returns the numerical position of the first 

match. or 0 if no march is found. Oprionol offset 

num sers the position for starting the search in 

strl$. (NF) 

300 IF INSTR(X,A$,B$)>0 THEN PRINT "GOT IT" 

INT(expr) 

Returns the greatest integer less than or equal to 

expr. (NF) 

200 Z = INT(l00) 

---------"L" ---------

LEFT$(str$,expr) 

Returns the leftmosr expr characters of str$. (SF) 

250 CS = LEFT$(W$,8)+"XYZ-­

LEN(str$) 

Returns the length of str$. (NF) 

300 IF LEN(N$)>20 THEN PRINT "TOO LONG" 

LET var=expr 

Assigns var the value of expr. (5) 

150 LET X = Y+COS(Z) 

LINE INPUT "prompt string";str$ 

PRINTs out the (optional) prompt string and as­

signs all input from the keyboard to sir$ until a 

corrioge return is entered. (S) 

100 LINE INPUT '"ENTER YOUR NAME,AGE";0$ 

LIST num l -num2 

LISTs the current program in memory from line 

number num I through line number num2. LIST 

alone lisTS the entire program. (C) 

LIST 25-250 

LUST num 1-num2 

Same as LIST only output directed to lineprinter. 

(C) 

LUST 25-250 

LPRINT 

See entry under PRINT. 

--------- "M" ---------

MIOS(strS,exprl ,expr2) (on the right of = 's) 

Returns a string expr2 characters long from within 

strS, beginning with the exprl-th character of sir$. 

(SF) 

150 S$ = Ml0$('"ABCDEFGHIJKLMN". X + 3.5) 

MID$(strl $,exprl ,expr2) = str2$ (on the left af 
= 's) 

Beginning with the exprl-th character of strl $, 

replace the next expr2 chorocters by str2$. (SF) 

150 M10$(A$,X,Y+2) = B$ 

MOO (exprl MOD expr2) 

Returns the remainder of exprl divided by expr2. 

(NF) 

200 IF (X MOD 2) - 0 THEN PRINT '"EVEN" 

--------- "N" ---------

NEW 

Deletes the current program in memory and 

CLEARs all variables. Used before entering a new 

program. (Cl 

NEW 

NEXT 

See entry under FOR. 

NOT expr 

Returns opposite truth value of expr. If expr is nu­

merical performs bit-by-bit complement on the 

byte representing e•pr. (LF) 



--------- "0" ---------

ON expr GOSUB numl,num2,num3,. 

Branches to BASIC subroutine specified by the 

expr -th number of the list numl ,num2,num3 

(S) 

300 ON ABS(X) GOSUB 101,102,103,104,105 

ON expr GOTO num1,num2,num3, . .. 

Some as ON ... GOSUB except that branch is 

absolute. (S) 

300 ON ABS(X) GOTO 101.102,103,104,105 

ON ERROR GOTO line 

On the occurrence of any error, tronsfers com­

mand to the statement number specified by line. 

(S) 

250 ON ERROR GOTO 69 

OR (exprl OR expr2) 

Returns TRUE if either exprl or expr2 is TRUE. If 

exprl and expr2 ore pure numerical (nonrelo­

tionol) e,pressions, then OR returns the results of a 

bit-by-bit OR operation performed on the by1es 

representing the values of exprl and expr2. (LF) 

200 IF A<5 OR B>l0 THEN PRINT "GOOD WORK" 

OUT exprl ,expr2 

Sends byte specified by expr2 to port specified by 

exprl. (SJ 

150 OUT P,A+5 

--------- "P" ---------

PEEK(■xpr) 

Returns the value of memory location with address 

specified by expr. Expr must lie in the range 

0-65535. (NF) 

200 IF PEEK(I)> 100 THEN GOSUB 500 

POKE exprl ,expr2 

Stores the byte specified by expr2 -which must 

lie in the range 0-255 -in memory location spec­

ified by the value of exprl -which must lie in the 

range 0-65535. (SJ 

150 POKE 4•M+l,240 

POP 

Increments nested GOSUB return stock address by 

1. (S) 

400 POP 

POS(N) 

Returns the- current column position of the screen 

cursor; leftmost position equals 0. N is o dummy 

argument. (NF) 

100 CU = POS(Zl 

PRINT var, .. ,expr,.,,str$, .. 

Outputs dote specified by list starting 01 the pre­

sent cursor position. (5) 

500 PRINT X,Y,Z,A+3,B$ 

LPRINT . , . 

Some as PRINT except that output is directed to 

the lineprinter. (S) 

500 LPRINT X,Y,Z,A+3,B$ 

PRINT@expr 

Begin PRINTing 01 column number specified by 

expr. (S) 

200 PRINT@ X + 3 

PRINT USING str$,expr 

PRINTs the value of expr in format specified by 

strS.(S) 

250 PRINT USING "$$## .##", SA 

--------- "R" ---------

RANDOMIZE 

See entry under RND. 

READ ... 

See entry under DATA. 

RESTORE 

See entry under DATA. 

REN UM num l ,num:Z,incr 

Renumbers all line numbers in current program 

beginning with line number num2. The new se-

quence begins with num 1 ond lir1es are in­

cremented by incr. If num2 is omitted entire pro­

gram is renumbered, if incr is omined, then incre• 

men! is 1 0. (C) 

RENUM 400,300,50 

RESUME num 

RESUMEs program execution at line number num 

after o halt generated by error trapping routine. 11 

num is omiTTed, RESUMES at next statement ofter 

error. (CJ 

RESUME 500 

RETURN 

See entry .under GOSUB. 

RIGHT$(1tr$,expr) 

Returns ihe rightmoST expr characters of sir$. (SF) 

200 PRINT RIGHT$(AS,5) 

RND(expr) 

Returns a (pseudo) random number between 0 

and 1. If expr < 0, RND returns a new sequence 

of numbers; if expr = 0, RND returns the lost 

number over again; if expr > 0, RND returns the 

next number of the current sequence. (NF) 

500 IF RND(l)>.5 THEN 700 

RANDOMIZE 

Resets the random number generator to produce a 

new sequence of (pseudo) random numbers. (S) 

400 RANDOMIZE 

RUN num 

Begins execution of program currently in memory 

01 line number num. If num is omitred begins at 

lowest line number, (C) 

RUN 250 

---------"S'' ---------

SGN(expr) 

Returns the sign of the value of expr: -1 if expr < 

0 ; 0 if expr = 0; and 1 ii expr > 0. (NF) 

200 X INT(X + .5.SGN(X)) 

SIN(expr) 

Returns the sine of expr. Expr is assumed to be 
expressed in radians. (NF) 

200 IF SIN(X) > .3 THEN 250 

SMCE$(expr) 

Returns a string of blanks expr spoces long. (SF) 

150 X$ A$ + SPACES$(! + 5) 

SPC(num) 

Used only to format outpu1 in PRINT statement. 

PRINTs a string of blanks num spaces long. (FC) 

200 PRINT SPC(10);A$ 

SQR(expr) 

Returns the square root of expr. Expr must be > 0 

or =O. (NF) 

250 Z = SQR(X' Y) 

STOP 

STOPs program execution; prints BREAK IN LINE 

nnn (nnn is line number at which program 

STOPped) and returns to commend level. (SJ 

500 STOP 

STR$(expr) 

Returns the string representation of the value of 

expr. (SF) 

300 PR$ = "$" + STRS(PR) 

STRING$(expr,str$) 

Returns a string expr characters long made up 

from the first character of str$. (SF) 

200 PRINT STRING$(A,B$) 

SWAP varl ,var2 

Exchanges the volues of verl end vor2. Both must 

be of the some variable "type" or on error will 

result. (S) 

300 SWAP AS,B$· 

SYSTEM 

Causes en exit from BASIC system end Transfers to 

operating sySTem. (Cl 

SYSTEM 

---------''T" ---------

TAB(expr) 

Used to format output in PRINT statement. Causes 

PRINTing to occur 01 column specil,ed by volue of 

expr. Leftmost posiTion is 0. (FC) 

250 PRINT TAB(l);AS; TAB(I + 1 0);B$ 

TAN(expr) 

Returns the tangent of e)(pr, where expr is as­

sumed to be expressed in radians. (NF) 

300 IF TAN(X) > 1 THEN 500 

TRON 

Turns on The trace flog which causes BASIC 10 print 

each line number as that line is executed. (C) 

TRON 

TROFF 

Turns off the trace flog. (Cl 

TROFF 

--------- "U" ---------

USR(expr) 

Calls a machine language subroutine at address 

specified by USRLOC and posses it the value of 

expr. (S) 

200 USR(X' 100) 

USRLOC 

A special location in memory which contains the 

starting address of a user's machine-language 

subroutine which will be called by USR. (S) 

--------- "V" ---------

VAL(str$) 

Returns the numerical value of the digit string str$. 

II sir$ is not a digit, siring returns 0. (NF) 

250 IF VAL(X$) < 25 THEN 500 

VARPTR(var) 

ReTurns the memory address of the vorioble var. 

(NF) 

AD:VARPTR(Y) 

VTAB(expr) 

Couses vertical TAB expr lines downword. (S) 

200 VTAB(I + 5) 

--------- "W" ---------

WAIT port,num 

Bil po"ern in port specified by value of port is 

ANDed with value specified by num and execution 

is holted until logicol TRUE results. (S) 

300 WAIT 255,4 

WHILE expr 

Begins WHILE .. WEND loop. If expr is TRUE exe­

cute oll statements until the following WEND 

statement ond continue looping until expr becomes 

FALSE; if expr is FALSE jump to stoTement following 

WEND. (S) 

200 WHILE A < 200 

WEND 

Terminates a WHILE .. WEND loop. (S) 

500 WEND 

WIDTH num 

Sets the width of The PRINT line to num columns. 

(C) 

WIDTH 45 

---------"X" --------- -----"MISCELLANEOUS"-----

XOR (exprl XOR expr2) &H str$ 

Exclusive OR. Returns the value TRUE if expr I ond 

expr2 hove different logical values, otherwise re­

turns FALSE. If exprl and e,pr2 ore pure numeri­

cal (nonrelotionol) expressions, then XOR returns 

the results of a bit-by-bit Exclusive OR operation 

on the bytes representing the velues of expr 1 and 

expr2. (LF) 

Returns the decimal equivalent of the numerical 

value of str$, where str$ is assumed to be ex­

pressed in hexadecimal. (NF) 

200 PRINT PEEK (&H7AB0) 

&O str$ 

IF A<5 XOR B<5 THEN 450 
Returns the decimal equivalent of the numerical 

value of str$, where str$ is assumed to be ex­

pressed in octal. (NF) 

300 PRINT &0177 

VARIABLE TYPE DECLARATION CHARACTERS 

Character 
$ 

# 

D 

Example 
A$,Z1$ 

A!, Al! 

A#,Zl# 

A# 1.2345678901 

D 12 

Typical Values 
"JOHN" 

"1 + 1 +?" 

-14,345,6009 

1,-.123,25.3067 

-300. 12345678 

3. I 41592653589 

1.0000010001234 

1.2345678901 

X 1012 

Deflnition 
Siring variable type may 

contoin up to 255 characters. 

Integer variable type-

whole numbers with obsolu!e 

value less than 32767. 

Single-precision variable 

type containing six 

significant digits. 

Double-precision variable 

type containing 14 to 16 

significant digits. 

Double-precision vorioble 

type with scientific 

notation. 
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