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PREFACE 

The IBM PC, with its extremely high-resolution screen 

and friendly, forgiving software, represents an entirely new 

breed of drawing machine. Unlike its predecessors, such as 

the Atari and the Apple computers, the IBM PC can control 

128,000 independent pixels. This is twice the resolution of 

earlier machines, making the PC more than adequate for 

business and especially useful for engineering and scientific 

graphics. Compared to the six colors of the Apple II, the IBM 

excels in its color complement, allowing 16 different colors on 

the screen at one time. 

To ease the programmer’s efforts, the PC has a powerful 

yet easy-to-use graphics language that turns fledgling artists 

into modern Michelangelos and Rembrandts with the mere 

“stroke” of a few keys. At the same time, for the three-piece- 

suit, asphalt-jungle business world, the IBM PC excels in 

outputting forms, pie charts, bar graphs, and similar busi¬ 

ness graphics with a few keystrokes. The IBM PC can pro¬ 

duce sophisticated computer aided design (CAD)—detailed 

schematics, floor plans, and engineering drawings—realis¬ 

tically on the screen. 
The IBM PC is particularly suited for business graphics 

because of its wide variety of graphics characters (plus the 

ability to define your own custom characters), page flipping, 

line drawings, and its PAINT command. 
This is the first book to explain all the concepts you need 

to create useful and effective graphics on the IBM PC. Using 

the popular primer format, the book is designed for begin¬ 

ners and professionals alike. In these pages, you will see how 

to create forms, drawings, charts, maps, animations, two- 

dimensional (2-D) scenes, and even three-dimensional (3-D) 

graphs which can be used in business, engineering, educa¬ 

tion, and recreation. As an extra bonus, this book reveals 

little-known secrets of graphics such as animation techniques, 

alternate hidden graphics modes, character graphics editing, 
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“getting” and “putting” images, and the IBM graphics defini¬ 

tion language. 
Chapter 1 presents an overview of the graphics hardware 

and software of the IBM PC and concludes with a quick tour 

of some of the graphics statements (using a limited set of 

options on a limited set of commands). Chapter 2 provides 

detailed explanations of the text and graphics modes and 

shows you how to get into and out of each mode. Chapter 3 

introduces your first drawing commands, explaining how to 

plot (PSET), erase (PRESET), construct lines, and use the 

flexible CIRCLE command. You will learn how to construct 

all kinds of bar and pie charts, as well as use 2-D and 3-D 

graphics techniques. The approach in this chapter, as well as 

in subsequent chapters, is to start small and grow more 

advanced within a constant format. 

Chapter 4 explores the new IBM PC graphics definition 

language, or GDL. This is a feature containing commands for 

drawing on the screen with an imaginary cursor that you 

control. You can set the cursor’s direction, heading, distance 

to move, rotation, scale, and so on. The GDL is similar in 

many ways to the popular turtle graphics found in languages 

such as LOGO. 

Painting, filling, and flooding are the subjects covered in 

Chapter 5; Chapter 6 explores image array plotting with 

IBM’s GET and PUT commands. In addition, you learn to do 

animation in this chapter. Chapter 7 covers custom and 

graphics characters. You learn how to write computer games 

in this mode, as well as develop business forms and even your 

own custom fonts. Chapter 8 covers special programming. It 

explores the inner world of the Color/Graphics Adapter and 

shows you how to define your own graphics modes. Chapter 9 

explains the Monochrome Adapter. 

This book is full-color to help you understand how the PC 

“works” its screen and to show you the color capability of this 

remarkable personal computer. 

For each graphics command plenty of examples are pro¬ 

vided to show you the syntax of the command and how to use 

each command to produce effective graphics on the IBM PC. 

In addition to short examples that emphasize the syntax of 

individual commands, there are longer examples that show 

you how to combine various graphics commands with each 

other and with nongraphics commands to produce useful 
results. 



IBM PC GRAPHICS— 
A QUICK LOOK 



CONCEPTS 

Concepts 
What IBM Graphics Is All About 

Graphics for Business, Engineering, Education, and 

Entertainment 

A Short History of Graphics 

IBM Graphics Hardware 

Monochrome and Color Adapters 

Hardware and Software for the Examples in this Book 

Limitations of Color TV 

Programming Examples 
Preview of IBM Graphics Commands 
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This chapter is an introduction to computer graphics in 

general and to IBM PC graphics in particular. It explains 

why computer graphics is so vital to today’s personal and 

professional needs and how computer graphics relates to all 

major application areas of computing. More importantly, this 

chapter also provides an overview of the workings of the 

graphics hardware and software of the IBM PC. It discusses 

the features of the Color/Graphics and Monochrome Adapt¬ 

ers, the basic concepts and limitations of color video, and the 

advantages of using an interactive high-level language such 
as IBM PC Advanced BASIC to create and control graphics 

output. 

The chapter concludes with a preview of some of the most 

basic graphics commands in the IBM 640X200 high-resolution 

graphics mode. You will be shown a reasonably short and 

simple program that will help “bootstrap” your understand¬ 

ing of the PC’s outstanding capability. This program is pre¬ 

sented to let you get into the PC fast, without having to wade 

through lots of introductory lessons. 
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We begin with a discussion of the development and signifi¬ 

cance of computer graphics, giving a bit of the historical 

developments that led up to the IBM PC and its Color/ 

Graphics Adapter. 

-- 

FAMOUS ARTIST'S PERSONAL COMPUTERS 

HENRY MOORE CHRISTO 

What's In a Name The name computer graphics conjures up images of two 

quite diverse fields. Graphics is the name that has been 

designated for the production of synthetic (designed and arti¬ 

ficially produced) pictures for such fields as entertainment, 

advertising, business, medicine, education, scientific research, 

and engineering. The resulting pictures are also called graph¬ 

ics, and when good quality graphics are required, people 

called graphic artists are often called in. Using such special¬ 

ists for every such picture is both expensive and time- 

consuming. A cost-effective alternative is to employ a com¬ 

puter— the other part of the name. 

There is a definite need to automate the picture-making 

process, especially pictures that can be generated using a set 

of rules. But in many applications of computer graphics, 

businesses are using computers in numerous other ways, such 

as accounting and general scientific computing. These areas 

require general-purpose computers. 

Now, if you were to design an ideal machine to generate 

graphics automatically, you would soon realize you were 

designing a rather general-purpose computer system with, of 
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course, some extra bells and whistles such as a color TV mon¬ 
itor and a color printer. 

Thus, it is clear that the name computer graphics quite 

adequately describes the important and useful process of the 

automated production of synthetic pictures. 

It should be mentioned that automating graphics does not 

dehumanize it, nor does it make the production of graphics 

trivial. The computer can really only act as a powerful tool 

that extends our abilities, rather than cutting them off With 

a computer’s assistance, we are able to specify pictures of our 

own choosing, letting the computer execute these specifica¬ 

tions at our will. The computer will repeatedly, without tiring 

or complaining, execute draft after draft of the picture. We 

can explore different placements, different perspectives, dif¬ 

ferent colors, and the like until we are satisfied with the 

results. 

A large number of people are directly involved in fields 

which require graphics, and nearly everyone is affected by 

the results. As computer graphics continues its phenomenal 

growth, more and more people will be affected, many in ways 

that they never dreamed of The advent of the inexpensive 

personal computer is making most of this growth possible. 

Computer graphics is becoming popular for less business¬ 

like pursuits as well. The movie TRON and the “Genesis” 

scene from Star Trek II are examples of how computer graph¬ 

ics has been used in the film industry. And Lucasfilms, the 

people who brought us Star Wars, has brought together some 

of the most talented people in computer graphics to work on 

new approaches to cinematography. Video arcades have led 

the way in bringing computer graphics technology to the 

public. Other examples of computer graphics in entertain¬ 

ment are the scoreboards at sports stadiums and portable 

video games that can be held in your hand (or even strapped 

to your wrist). 

OUR INTERESTED READER 

This book is for the person who has had little or no prior 

experience with computer graphics or with graphics on the 

IBM PC. Although knowledge of the BASIC programming 

language is helpful when using the book, it is not necessary to 
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Examples of Computer 

Graphics 

A Short History 

of Computer Graphics 

understand BASIC to learn from the examples. The dozens of 

graphics examples are short enough'to be typed into your own 

PC and run on the spot. You should have the PC-DOS booted 

up and BASICA loaded in drive A. Each example has a prob¬ 

lem statement, a solution in the form of a program, a listing 

solution, and a color photograph showing the output on the 

screen when the program is run. By looking at our examples 

and studying the accompanying listings and photographs, it 

is quite possible to learn graphics away from the PC. 

Note: We expect you to be aware of things like CPU and 

memory, and if you have had a course in high school algebra 

or trigonometry, some of the more advanced material will be 

easier to understand. Our goal is to make graphics fun to 

learn; consequently, we have designed the book to be easy to 

read sequentially from Chapter 1 to Chapter 9. Each chapter 

builds on the previous one’s examples. The more advanced 

reader can, however, jump from chapter to chapter at will, 

choosing to learn the graphics concepts and commands of the 

IBM PC in any desired order. 

Examples of computer graphics abound. They range from 

playfields for video games to bar charts showing profits and 

losses, to elaborate models of DNA molecules. In this book we 

will show many more examples, including pie charts, two-and 

three-dimensional function plotting, 3-D figures with hidden 

lines removed, electronic symbols, figures for games, a com¬ 

puterized lesson, and two types of graphics editors. 

Until fairly recently the practice of computer graphics has 

been restricted to special research laboratories and large 

scientific computing facilities. This was because the neces¬ 

sary equipment was quite expensive and somewhat old- 

fashioned. It was possible to find Tektronix storage tube 

machines at certain universities and industrial sites by the 

early 1970s, but they were often zealously guarded because 

they cost as much as a very expensive car (but unfortunately 

without equivalent performance). Then in the mid-1970s a 

hint of what was to come appeared in the flashing lights of 

the video arcades and in inexpensive, home video games. 

However, computer graphics did not become available to 

ordinary mortals until personal computers came on the 

market a couple of agonizing years later. 
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The Apple computer marked the turning point. It was 

perhaps the first computer that you could expect to operate 

with a minimum of fuss—just like an appliance. On top of 
that, it had several types of color graphics. 

Apple computers spread through the land, along with 

other machines such as the TRS-80, the PET, and lesser- 

known varieties with names like IMSAI, SOL-20, Digital 

Group, North Star, Heathkit, Vector Graphics, Cromemco, 

and the like. Graphics components that you could add on to an 

existing system flourished too, such as CAT-100, Microangelo, 

SDI, HP, Bit Pad, and HPLOT. To put many of these systems 

together required either a large budget or a lot of tinkering, 

and even then many never functioned properly. 

Although many people scoffed at these machines, calling 

them toy or hobby computers, others were putting a great 

deal of effort into making these computers workhorses of 

ordinary life. Many of these computers ended up gathering 

dust, many ended up gulping in tedious strings of numbers 

and spitting out columns of numbers in return, and many 

ended up as monuments to their owners’ tenacity and skills in 

electronics. Others, however, were destined for greater things, 

such as writing books, generating educational displays, and 

teaching children the joys of computing. 

In the late 1970s, new waves hit the beach, including those 

of ATARI and Texas Instruments. These machines could do 

fancier graphics than the Apple. The newer computers 

employed such techniques as sprites, players, missiles, and 

the like, which allowed a programmer to move shapes and 

figures independently over a fixed background. These com¬ 

puters straddled the fence between game playing and more 

serious pursuits. The “small is better” approach flourished 

with the introduction of the Osborne OS-1 and its imitators, 

as well as with the pocket-sized machines. 

On the other hand, microcomputer companies like Altos, 

CompuPro, and Cromemco, which were growing larger and 

more powerful, thus began to challenge the midsized 

machines (minicomputers). Amazingly, all these types of per¬ 

sonal computing machines that were being produced tended 

to do their jobs very well, finding their own niche in the ever 

growing and ever demanding marketplace. 

As the hardware situation matured, software (that is, 

computer programs) began to take on the importance it 

deserved. Numerous word processing programs were devel¬ 

oped, and new ideas about how to enter data into computers 
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were developed with the advent of software products such as 

VisiCalc, a program that allows you to work with numbers in 

the setting of spread sheets. People started to buy computers 

because the software to do what they wanted was becoming 

available. Many of these people started to write useful pro¬ 

grams, which then sold even more computers. 
Into this raging billion-dollar war stepped IBM, the larg¬ 

est computer firm in the world. IBM introduced its machine, 

the IBM PC, in the summer of 1981. People expected the IBM 

PC to be old-fashioned and rigid. However, IBM’s choice of 

the Microsoft team to supply much of the software and their 

choice of microprocessor and disks supplied by other manu¬ 

facturers made it a young and exciting machine. For a prod¬ 

uct by such a large and well-established company, it was 

surprisingly compatible with the existing hardware and software 

in this so-called hobby market. 
As its middle name implies, IBM built its machine to do 

useful work. And in addition, it had color graphics with its 

Color/Graphics Adapter, a special board installed in the 

machine and connected to a color TV or monitor. With this 

adapter came the possibility of a friendlier hardware envi¬ 

ronment for entry of data, and a much more expressive way 

to display the results of computations based upon that data. 

A new era in human factors in computing is now opening 

up. Programs like spread sheets now have a colorful hard¬ 

ware environment in which they can work their magic. Much 

of the old software that worked on other machines has quick¬ 

ly been adapted to work on the IBM PC. Programs like Word¬ 

Star and VisiCalc and languages like Pascal, FORTRAN, 

and COBOL have appeared. 

As you can see, computer graphics is a very large field. 

The IBM PC is uniquely designed to accommodate the high- 

resolution graphics described in this book. It can also use 

other graphics devices such as light pens, x-y plotters, graph¬ 

ics tablets, and joysticks to produce dynamic interactive 

graphics. The uses of these devices are beyond the scope of 

this book, but the interested reader can read about them in 

magazines that write about the IBM PC. 

This book concentrates on just one language, IBM Ad¬ 

vanced BASIC, or BASICA (pronounced BASIC-A). With this 

language you will easily be able to create a wide variety of 

pictures for whatever application you might have in mind. 
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OVERVIEW OF PC 
HARDWARE AND SOFTWARE 

Let’s look at the IBM PC in terms of what you need to use 

this book effectively. We will discuss the configuration of the 

IBM PC that we used to develop our examples, and we will 

explain alternatives and variations. 

To use this book you will need to have the Color/Graphics 

Adapter, but not necessarily the Monochrome Adapter. 

This book explains the “softcopy” video displays—not pic¬ 

tures produced with plotters and other hardcopy devices. We 

will explain the Color/Graphics Adapter in Chapters 2 

through 8, and the Monochrome Adapter in Chapter 9. 

Both of these adapters consist of printed circuit boards 

you plug into the IBM PC. They connect to a video monitor, 

and both can be used to produce the main output for listing 

programs and displaying output data. The Monochrome 

Adapter requires a special nonstandard display monitor 

called the Monochrome Display Unit. The Color/Graphics 

Adapter can be connected to a variety of video monitors and 

TVs. The Color/Graphics Adapter produces a multicolor TV 

signal and the Monochrome Adapter produces a single color 

signal. We will explore other similarities and differences 

between these two adapters throughout the rest of this book. 
It is possible to run the machine with either adapter or 

both adapters. You plug the adapters into slots on the main 

circuit board and set certain switches to let your machine 

know what it is carrying. These switches are inside the chas¬ 

sis. There is even a switch setting described in the IBM man¬ 

ual for the case of no adapters, but it is hard to see how that 

particular “combination” would be useful. How good is a gen¬ 

eral-purpose computer without any main output? 

If you only have the Color/Graphics Adapter and you set 

the switches properly, your machine will show output on your 

color monitor. If you only have the Monochrome Adapter or if 

you have both adapters, the machine will output to the 

Monochrome Display Unit. (This is connected to the Mono¬ 

chrome Adapter.) 
If you have both adapters installed, you will need to switch 

back and forth between them. With DOS 2 there is a simple 
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way to do this using the DOS MODE command. If you are in 

DOS (not BASIC), then 

MODE CO40 

will switch the output to the Color/Graphics Adapter in the 

40-column text mode, and 

MODE MONO 

will switch the output to the Monochrome Adapter. There are 

other possibilities with the MODE command such as CO80 

for the Color/Graphics Adapter in the 80-column mode and 

BW40 and BW80 for the Color/Graphics Adapter in these 

two modes with the color disabled. In Chapter 9, we discuss a 

way to switch back and forth between the adapters while you 

are in BASIC. 

When you turn on a machine that has this configuration, 

you should initialize both units. To do this, immediately 

switch over to the Color/Graphics Adapter. If you plan to 

work with the Monochrome Adapter, then you can switch 

right back. The reason it is a good idea to initialize both de¬ 

vices is that they both contain various circuits that are 

designed to oscillate at certain predictable frequencies. If 

they are not initialized, they will oscillate wildly, generating 

extra heat that could build up and damage some of the com¬ 

ponents on the adapters. These uninitialized signals can also 

damage the monitor attached to the adapter. 

Although the basic model IBM PC doesn’t include disk 

drives, this book was written for a machine that does have 

them. Either the single-density or double-density drives will 

do. We need the drives to support IBM Advanced BASIC. 

This BASIC takes up more memory, but is well worth it 

because of extra features such as CIRCLE, PUT, GET, 

PAINT, and DRAW, which are the subject matter of several 

chapters of this book. You will definitely need Advanced 

BASIC to enjoy and make proper use of this book. 

Every example in this book was developed with 64K 

memory, so you will not need to purchase any extra memory 

to get the examples to work. There is no harm in having more 

memory, but there is no need for it to use this book. 

To sum up, the minimum PC configuration needed to use 
this book consists of 

• The Color/Graphics Adapter 

• One single-density, floppy disk drive 
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• 64K of memory 

• PC-DOS Operating System 

• IBM Advanced BASIC. 

The Two Video Now let’s look more closely at the two video adapters. We 

Adapters start with the Monochrome Adapter. 

Monochrome Adapter. The Monochrome Adapter is a 

board that is installed inside the main computer enclosure. It 

works in conjunction with the Monochrome Display Unit, a 

special 12-inch TV monitor that has a long-persistence, green 

phosphor CRT, which gives a green color to the letters. The 

reason for the long-persistence phosphor is to reduce flicker, 

an annoying effect caused by visible oscillation of the inten¬ 

sity level of the image. The Monochrome Adapter produces a 

video signal with a slower scan rate than that of a standard 

TV. The IBM Monochrome Adapter scans at about 50 times 

per second through the picture, while the American TV 

standard is about 60 times per second. At this slower fre¬ 

quency, an image displayed using regular white phosphor 

will fade noticeably in between scans, and thus the image will 

appear to flicker. The green phosphor retains the light longer 

than a white phosphor and thus compensates for this slower 

scan rate. 

In addition to the scan rate, there are other differences 

that make the IBM Monochrome Adapter incompatible with 

standard TV monitors. These include the fact that the hori¬ 

zontal and vertical synchronization signals are carried over 

separate wires instead of being combined with the main video 

signal. 
The Monochrome Adapter produces a textual display of 80 

characters horizontally and 25 characters vertically. It has 

only one mode. This Monochrome Display produces an excel¬ 

lent quality image, as shown in Figure 1-1. Each character is 

formed within a dot matrix which is 9 dots wide by 14 dots tall. 

Because of this, the Monochrome Adapter is better suited for 

word processing and extensive data entry applications. 

Color/Graphics Adapter. The Color/Graphics Adapter pro¬ 

duces a standard video signal. It can be hooked up to a TV or 

monitor in three different ways. 

1. You can use an ordinary TV through an RF NTSC 

modulator which you can buy (these terms are defined 
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Figure 1-1 

Single Character on the Monochrome Adapter 

in the section “Limitations of Color Video”). This pro¬ 

vides the poorest image. 

2. You can use an output from an RCA-type phono plug to 

directly drive the video input of an NTSC color or black- 

and-white video monitor. This gives a better image. 

3. You can connect an output from a 9-pin “D” shell con¬ 

nector to a special TTL RGB color monitor. This gives 

the best image. 

In addition to being listed in order of excellence of image, 

these three methods are listed in increasing order of expense. 

We will discuss some of the subtleties involved in this video 

magic later in this chapter. 

The Color/Graphics Adapter has two supported text modes 

and two supported graphics modes. It is possible to print text 

in all four modes, although the machine carries this out by 

quite different methods, as we shall see in Chapter 7. Of the 

text modes, there is a lower-resolution and a higher-resolution 

mode, and the same is true for the graphics modes. The 

lower-resolution modes for both text and graphics have 40 

characters horizontally, and the higher-resolution modes for 

both text and graphics have 80 characters across the screen. 

The number of characters horizontally across the screen is 

related to the horizontal size of the characters and is a good 

measure of the resolution of the particular mode. See Table 

1-1 for a list of these modes. 

The lower-resolution modes (text and graphics) are de¬ 

signed for use with a color TV using the RF modulator or 
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Table 1-1 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

Supported Modes of the Color/Graphics Adapter 

Mode Text/Graphics 
Horizontal 
Resolution 

Vertical 
Resolution 

Characters 
per row 

Number 
of rows 

of characters 
Number 
of pixels Color 

Low-resolution 
text 

Text 40 25 40 25 16 foreground 
8 background 
16 border 

High-resolution 
text 

Text 80 25 80 25 16 foreground 
8 background 
16 border 

Medium-resolution 
text 

Graphics 320 200 40 25 64,000 3 foreground 
16 background 

High-resolution Graphics 640 200 80 25 128,000 Black-and-white 

NTSC color monitor. In both of these cases, the electronics 

are just not good enough to support much more resolution; 

but by restricting the display to 40 characters across, we get 

a very readable display. Almost all the examples in the book 

(except for those which especially illustrate the high-resolution 

modes) are kept to this shorter line length. 
Both text modes allow you to color each character on the 

display separately. In fact, the foreground of each character 

can be given one of 16 different colors and the background 

one of eight colors. In addition, the characters can be indi¬ 

vidually put into blinking or nonblinking modes. The “secret” 

lies in the fact that each character position is assigned a spe¬ 

cial 8-bit number to control the color and blinking “attrib¬ 

utes” of the character in that position. We will look at this 

more carefully in Chapter 7. 
The lower-resolution graphics mode (usually called the 

medium-resolution graphics mode) is the main mode used in 

this book. Although we call the resolution low or medium, it 

has 320 dots (pixels) horizontally by 200 dots vertically, giv¬ 

ing a total of 64,000 individually controllable dots on the 

screen. Each dot on the screen can be assigned one of four 

different colors. For this reason we sometimes refer to this 

mode as the colorful mode. In Chapter 2 we will give it a 

more detailed discussion. 
The higher-resolution modes (both called high-resolution) 

produce a display that is quite readable if a black-and-white 
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Limitations of 

Color Video 

TV monitor is used instead of a color monitor. The NTSC 

output (either through the RF modulator or direct video) for 

both the text and the graphics high-resolution modes is black- 

and-white signals. 
The higher-resolution graphics mode has a nice horizontal 

resolution of 640 dots and a respectable vertical resolution of 

200 dots. That is 640X200, or 128,000 dots altogether on the 

screen. However, there are only two “colors” for each dot: 

black or brightly lit. This is all that can be done with a total 

of 16K of memory for the screen. 
For all four modes, there are 25 characters vertically. 

Given this same vertical packing, it is interesting to see how 

much the horizontal squeezing and unsqueezing of characters 

dominates the readability of the characters. 

What makes color video tick? In particular, why can’t you 

get more resolution out of a color TV than the IBM PC does? 

You must remember that black-and-white TV came first and 
then color was added. Because of this, there had to be special 

adjustments to make sure that black-and-white TVs would 
still work the same. 

Let’s start by looking at how the picture is produced on a 

TV or video monitor (see Figure 1-2). For standard broadcast 

TV, an electron beam constantly sweeps across the face of the 

picture tube in a raster scan pattern. In this pattern, the 

Figure 1-2 
■■■■■■■■■■■■■■■■■■■ 
Raster Scan 

14 Graphics Primer for the IBM PC 



beam begins at the upper left corner of the tube (or top cen¬ 

ter), sweeping horizontally across the tube toward the right. 

During this left-to-right motion, it makes one scan line of the 

picture by shooting out electrons that light up the phosphor 
on the face of the tube. 

When the beam reaches the right side of the tube, it 

reverses its direction and travels back to the left side of the 

picture tube. During the right-to-left return trip, the electron 

beam shoots out only a few electrons, and it travels at a much 

faster rate of speed. This is called horizontal retrace. As the 

beam sweeps back and forth, it gradually moves down. Thus, 

each scan line it produces is slightly lower than the previous 

scan line. The beam travels more than 200 scan lines in this 

manner before it reaches the bottom of the picture tube. 

When it reaches the bottom, it quickly moves to the top again, 

to begin the whole trip over. This quick bottom-to-top return 

trip is called vertical retrace. 
On a standard TV, every second trip through the raster 

scan pattern is slightly different from the first in that it pro¬ 

duces scan lines in between those of the first trip, thus 

achieving what is called an interlaced pattern. Each trip 

through the raster is called a field. With an interlaced dis¬ 

play, two fields form a frame to make a complete picture. 

Standard TV presents us with two slightly different pictures 

of two interlaced fields that form a complete picture. The 

interlacing produces twice the resolution possible with just 

one field per frame. However, most computer-generated 

frames do not take advantage of the extra resolution brought 

about by interlacing, but rather give the same picture for the 

two different fields. 

The reason for the difference in interlacing between stan¬ 

dard TV and computer-generated displays is that computer¬ 

generated pictures have a high degree of contrast from one 

point to another, while ordinary broadcast pictures usually 

blend smoothly from one point to another. In a normal inter¬ 

laced display, the fields of a picture are drawn at a rate of 

about 60 per second. But since it takes two fields to complete 

a picture, any particular dot on the screen is redrawn only 

about 30 times a second. If the dot is brightly lit and the 

adjoining dots are not, it will most likely appear to flicker. If 

a pixel contains a pair of dots, one in each field, it will be 

redrawn twice as often and have considerably less flicker. In 

other words, since there is so much contrast in a computer¬ 

generated picture, interlacing would cause flickering. Hence, 
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Broadcast Video 

Signals 

it is not normally used to gain increased vertical resolution. 

We have already discussed how the choice of a long-persistence 
green phosphor for the Monochrome Display Unit helps re¬ 

duce flicker. Long-persistence phosphors for color monitors 

are now available. 
It should be noted that most TVs overscan the picture; 

that is, the scan lines extend both to the left and to the right 

of the visible part of the picture tube. Thus, you never see all 

of what is being sent to the TV receiver. Overscan is accept¬ 

able for ordinary TV pictures, but not for most computer¬ 

generated displays. The reason that broadcast TV overscans 

is because the picture may tend to shrink as the components 

in a TV age. If the picture was not originally larger than the 

screen (that is, overscanning it), the picture could shrink 

enough to cause ugly borders to appear. 

Now let’s look at the broadcast video signals that drive 

such displays. We start with black-and-white broadcast TV. 

The black-and-white TV signal consists of several compo¬ 

nents: the horizontal synchronization signal, the vertical syn¬ 

chronization signal, and the luminance signal, which carries 

information on the proper intensity for the beam as it scans 

the dots on the screen. The TV receiver uses the synchroniza¬ 

tion signals to set up its raster scan pattern on the face of the 

picture tube. The horizontal and vertical synchronization sig¬ 

nals separately coordinate the horizontal and vertical motion 

of the beam to achieve the proper pattern. The intensity sig¬ 

nal is also carefully synchronized with the synchronization 

signals to make the dots appear precisely where they should 

on the screen. 

There is a standard called RS-170 for combining these 

synchronization and intensity signals into one signal for 

black-and-white TV. With this standard, there are exactly 

525 lines displayed on the screen in an interlaced pattern. 

Because of the vertical retrace, only about 480 lines are avail¬ 

able for display. This is the effective limit on the vertical 

resolution of the picture, although, because of flicker, you 

normally have to settle for half of this, or 240 lines. 

To add color, another signal is needed. This signal is called 

the chrominance. It actually carries two kinds of color infor¬ 

mation: hue and saturation. Hue is what you usually call 

“color,” such as blue, red, green, and so on; while saturation is 

the “degree” of color, that is, the brilliance of the color. If you 
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add white to a “pure” color, it will appear less saturated. Most 
color TVs have a hue control knob to adjust the hue and a 
color control knob which adjusts the saturation. If you turn 
the color control all the way down, you get a black-and-white 
picture, and if you turn it all the way up, the picture appears 
garish. The chrominance signal is assigned a special fre¬ 
quency of 3.579 million cycles per second within the total TV 
signal channel. This is called the color subcarrier frequency. 
Incidentally, fractional multiples of this frequency are used 
within the IBM PC to synchronize the clocks that control its 
CPU and memory activity. 

Before the beginning of each line on the screen, there is a 
special alignment time period in which the color subcarrier 
is produced. This is called the color burst. The color of the 
dots on the following line is determined by comparing the 
chrominance signal against the standard frequency set up by 
this color burst. A phase shift (a slipping ahead or behind) 
causes a change in hue and a change in amplitude causes a 
change in saturation. Because the phase shift is so hard to 
control, the hue varies widely from one TV to another and 
needs to be carefully adjusted. 

The standard for sending color video signals in the United 
States is called NTSC, which stands for National Television 
Standards Committee. Because of the difficulties in getting 
the hue just right, some people refer to this standard as 
Never Twice the Same Color. 

Now let’s look at a definite limitation of the NTSC stan¬ 
dard when it sends pictures generated by a computer. This 
limitation is caused by the frequency of the subcarrier. 
Changes in color cannot effectively be made faster than the 
frequency of this subcarrier. This is a real limitation. A care¬ 
ful computation will show that there are exactly 227.5 cycles 
of the color subcarrier for each line of the display. Thus, the 
horizontal color resolution cannot be greater than this num¬ 
ber. However, only some of these cycles are available in the 
display itself because some of these cycles occur during times 
when the beam is not active, such as while it is “retracing” 
(moving back from the right side of the screen to the left in 
preparation for the next line). 

With the IBM PC there are exactly 160 cycles of this color 
subcarrier that occur while the beam is actively scanning a 
line. Since you cannot change information faster than its car¬ 
rier frequency, you are limited to 160 valid color changes per 
line of the screen. We say that we have 160 color clocks per 
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Advantages of 

Using BASICA 

4 

line. The horizontal resolution in the medium-resolution color 

graphics mode is twice that, namely 320. Thus, we have a dot 

resolution that is twice the color resolution. This leads to some 

very interesting effects which we will explore in Chapter 8. 

This discussion of the limitations of color video has shown 

how NTSC color transmission restricts the amount of infor¬ 

mation a computer can put on an NTSC color screen. The 

IBM PC also supports RGB transmission, which eliminates 

most of these restrictions. However, since IBM decided to 

support both types of transmission, the NTSC restrictions are 

the dominant factor in limiting the graphics resolution on the 

IBM PC. 

As noted earlier, all our examples and detailed discussions 

use IBM Advanced BASIC (or BASICA as it’s called in the 

directory). Let’s explore why this is such a good choice for 

graphics. 

The history of BASIC is well known. It was invented at 

Dartmouth College to be a computer language that was easy 

to learn and easy to work with. It is normally implemented as 

an interpreter; that is, you can edit and run programs within 

the same working environment. Thus, it presents a very 
friendly system to work with. 

The IBM BASICs, including BASICA, were developed by 

Microsoft, Inc. Microsoft has supplied BASICs for a number 

of other machines. For example, it developed Applesoft for 

the Apple computer. All of these Microsoft BASICs have cer¬ 

tain standard extensions to the minimal BASIC which was 

originally developed at Dartmouth. Thus, BASICA represents 
a standard. 

Once you have graphics hardware such as the IBM Color/ 

Graphics Adapter, you need to be able to make that hardware 

perform. The first task is to make it plot points. You could 

write a BASIC subroutine to do this, but that would have sev¬ 

eral disadvantages: the performance would be poor, extra 

code would be needed, extra variables would be used, and 

your main program would be much less readable. 
Fortunately, Microsoft has incorporated the point plotting 

commands, PSET and PRESET, into BASICA. These com¬ 

mands are encoded in machine language for increased effi¬ 

ciency and they are easy to use—just write the command in 

one line of code with some numbers and the point will appear 

on the screen whenever that code is executed. 
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CIRCLE PAINT 
CLS PRESET 
COLOR PSET 
DRAW PUT 
GET SCREEN 
LINE WIDTH 
LOCATE 

Figure 1-3 _ 

BASICA Graphics Commands 

Once you can plot points, you need to draw lines. This is 

surprisingly difficult to do in BASIC if you want any reason¬ 

able speed. Again, line drawing was built into BASICA by 

Microsoft. Next, you would want to be able to plot characters. 

Fortunately, the PRINT statement works in all modes, so you 

can label your drawings. Thus, BASICA has the most essen¬ 

tial graphics commands already built into its command 
structure. 

Using just points, lines, and text, you can draw almost any 

picture, at least in wire frame or outline form. To fill in areas 

of color it would be nice to have a paint command. Again, this 

has been supplied by Microsoft. In fact, as we shall see as we 

explore the pages of this book, Microsoft has added a com¬ 

plete set of graphics commands that allows you to bring about 

extensive, useful graphics activity in response to a few simple 

commands. (These commands are listed in Figure 1-3.) 

It is important to realize what power these graphics com¬ 

mands bring you. Very simply, if it is hard to do something 

(such as filling an area or drawing a circle), then it will be 

done infrequently. If a particular task is made ten times eas¬ 

ier, it probably will be done ten times more often, thus 

increasing productivity by that much. This is one of the key 

principles behind the computer revolution. 

Saving 

BASICA Programs 

BASICA 

and the Advanced BASIC will sign on. To add a line to your 

program (this goes for the first line of your program as well), 

just type it in with its line number. BASICA will insert it 

where it belongs in your program. To delete a line, just type 

its line number and the line will disappear from your pro¬ 

gram. You should read the IBM PC BASIC manual to learn 

how to use the INSERT, DELETE, and cursor keys to edit your 

program efficiently. To save your program type 

SAVE “filename” 

where filename is a name that you want to give your program 

as it is stored on the disk. You should back up your program 

To develop and run your programs on the IBM PC, you 

must first enter the IBM PC’s Advanced BASIC. The easiest 

way to do this is to make sure you are in DOS and that you 

have the file BASICA.COM on the disk in drive A. Then type 
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Advanced BASIC 

Version 2 

by saving it on a second disk as well. If you have a second 

drive (drive B), make sure there is a formatted disk in it and 

type 

SAVE “B:filename” 

using the same filename as before. Whenever you need the 

program again, type (from BASICA) 

LOAD “filename” 

The example programs in the beginning of Chapters 3 

through 6 are written to be parts of longer programs. More 

explicitly, for each of these chapters, the first few examples 

are called lesson examples because they deal with the syntax 

of the commands. They are meant to be part of a program 

called CnLESSON, where n is the chapter number. Before 

you start with the lesson examples for a given chapter you 

must type in a few beginning lines and a couple of common 

subroutines. Nonoverlapping line numbers allow you to enter 

all the lesson examples for a given chapter one by one without 

destroying any previous line. At any time, you can save what 

you have entered so far by typing 

SAVE “CnLESSON” 

where n is the chapter number (3 through 6). Don’t forget to 

back it up on a second disk. When you have finished entering 

in all the lesson example programs for that chapter, you will 

have a program that allows you to quickly flip through the 

lessons for that particular chapter. This method saves disk 

space (the bytes are more tightly packed on the disk) and 

time (fewer disk accesses). 

With DOS 2 has come an improved version of Advanced 

BASIC that we will call BASICA 2. This new version of 

Advanced BASIC is supplied on one of the floppy disks that 

you receive when you buy DOS 2. 

BASICA 2 has a number of distinct advantages over pre¬ 

vious versions (BASICA 1.0 and 1.1, or BASICA 1 for short) 

for drawing graphics. In particular, there are two new com¬ 

mands, WINDOW and VIEW, to help you “size up” your pic¬ 

ture to the screen. These commands make it very easy for you 

to “zoom” and “pan” a picture as well as put several pictures 

on the screen at once. (We will discuss how this is done in 

Chapter 3.) The LINE command allows you to plot dashed or 
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dotted lines, as well as other styles. There are also two new 

options to the DRAW command, providing you with better 

ability to “drive around the screen” by turning at any angle 

and to “paint” as you “drive.” The PAINT command itself 

now has the ability to “tile” or paint with a texture. 

This book is designed to work for both BASICA 2 and 

BASICA 1 in that the majority of example programs will 

work for both versions. There are two exceptions. The first is 

programs that explicitly illustrate the new options of LINE, 

DRAW, and PAINT. These programs cannot be modified to 

work under BASICA 1. A second exception is the programs 

in the second half of Chapter 3 that use the new WINDOW 

and VIEW commands, programs in Chapter 5 that paint the 

pictures developed in Chapter 3, and programs that use 

“bugs.” However, all programs of the second type can be mod¬ 

ified (as we will indicate) to work with BASICA 1. In fact, we 

originally developed these programs under BASICA 1 with¬ 

out the benefit of the nice new commands and options of the 
new version of BASICA. 

One thing that this book does not cover is the use of 

assembly language to do graphics. There are at least two rea¬ 

sons for this. First, IBM has supplied a very rich graphics 

structure within its Advanced BASIC, allowing the user to 

easily do many of the things that in the past have required 

assembly language. Second, we have tried to keep this book at 

the primer level, aiming for those whose training and incli¬ 

nations do not necessarily include assembly language. Never¬ 

theless, it is possible to use assembly language routines to do 

graphics on the IBM PC and it is possible to “call” such rou¬ 

tines from BASICA by using the CALL and USR commands 

in BASICA. 

PREVIEW OF 
THE GRAPHICS COMMANDS 

Now let’s have a quick preview of some of the most basic 

graphics commands in the IBM black-and-white 640 X 200 

high-resolution graphics mode. We will look at a short and 

simple program that will help “bootstrap” your understand¬ 

ing of the PC’s outstanding capabilities. This program is 

presented to let you get into the PC quickly. 
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4 

We will use the commands SCREEN, KEY OFF, CLS, 

PSET, and LINE. We will give a quick explanation of what 

each does and then look at a simple program that uses the 

commands to produce a mandala pattern with a title in large 

letters in the center. 
We start with the SCREEN command. Its simplest syntax 

is 

SCREEN mode 

where mode is an expression whose value is 0, 1, or 2. In this 

form, this command selects the mode. The two text modes are 

both designated by 0 (you will have to use the WIDTH com¬ 

mand to go between them); the medium-resolution graphics 

mode is indicated by 1; and the high-resolution graphics 

mode is indicated by 2. In our first example, we want the 

high-resolution mode (mode 2). The syntax for this command 

is 

SCREEN 2 

When this command is executed, the screen will configure 

itself into the high-resolution mode. 

The KEY OFF command is used to remove the special 

function key display at the bottom of the screen. Our pictures 

will look a lot nicer without this function key display. The 

syntax for this command is simply 

KEY OFF 

There is a command to turn the function key back on. As you 

might have guessed, it is KEY ON. When the KEY OFF 

command is executed, the display immediately disappears. 

The next command is CLS. This stands for clear screen, 

and that is what it does. If the SCREEN command actually 

caused us to change modes, the screen would be cleared auto¬ 

matically. However, if we were already in high-resolution 

mode and the SCREEN 2 command were executed to put us 

in high-resolution mode, the screen would not be cleared. 

Thus, we need the CLS to clear the screen. The syntax is 
simply 

CLS 

When this is executed, the screen will be set to the back¬ 

ground color. (See Chapter 2 for a discussion of background 

and foreground colors.) 

Now we get to the commands that actually draw things. 
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The PSET command is used to draw points, and the LINE 

command is used to draw lines (actually line segments). As 

we will use it in this chapter, the PSET command has the 
following syntax: 

PSET (x,y) 

where x and y are BASIC expressions that specify the x and y 

coordinates of the point to be plotted. In the high-resolution 

mode, the possible values for x range from 0 to 639 and the 

possible values of y range from 0 to 199 with the point (0,0) in 

the upper-left corner of the screen. This gives us access to any 

point in the 640 horizontal by 200 vertical screen. 

We will use two forms of the LINE command in this chap¬ 

ter. The first one 

LINE (xl,yl)-(x2,y2) 

draws a line from the point (xl,yl) to the point (x2,y2). The 

second form 

LINE —(x2,y2) 

draws a line from the current position (last point plotted) to 

the point (x2,y2). In either case, the quantities xl, x2, yl, and 

y2 are expressions in BASIC. The second form is very handy 

when we want to draw a path consisting of several line 

segments. 

Now let’s look at an example which shows how to use these 

commands to make a design. 
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EXAMPLE 1-1 

MANDALA 

Draw a mandala with the title “IBM PC” in the center in 

large letters. There should be a dotted border around this 

title. Use just a few commands including the simplest 

forms of the LINE and PSET commands. The output of 

this program is shown in Figure 1-4. 

Solution 

100 ' MANDALA 400 PSET (480,Y) 

110 ' 410 NEXT Y 

120 ' This program draws a mandala 420 * the letter I 

130 ' and then prints the title 430 LINE (200,80)-(200,120) 

140 ' "IBM PC" in the center with 440 LINE (192,80)—(208,80) 

150 ' large letters. 450 LINE (192,120)-(208,120) 

160 ' |t 1 v Si p§j | \ 460 * 

170 SCREEN 2 ' high res graphics 470 ' the letter B 

180 KEY OFF 480 PSET (248,100) 
190 
200 ' 

CLS 

| | r Bp |bM| 

490 
500 

LINE -(256,104) 
LINE -(256,116) 

210 FOR 1=0 TO 20 510 LINE -(248,120) 
220 XI = 32*1 520 LINE -(224,120) 
230 X2 = 640 - 32*1 530 LINE -(224,80) 
240 Y1 = 10*1 540 LINE -(248,80) 
250 Y2 = 200 - 10*1 550 LINE -(256,84) 
260 LINE (XI,0)—(640,Y1) 560 LINE -(256,96) 
270 LINE (XI,200)-<640,Y2) 570 LINE -(248,100) 
280 LINE <X2,0)-(0,Y1) 580 LINE -(224,100) 
290 LINE (X2,200)-(0,Y2) 590 * 

300 NEXT I 600 the letter M 
310 ' 

>/■ ••! ■ V ■ ; ; : ■ . - •' '• .. 

610 PSET (280,120) 
320 ' border of points 620 LINE -(280,80) 
330 FOR X = 160 TO 480 STEP 8 630 LINE -(296,88) 
340 PSET (X,70) 640 LINE -(304,88) 
350 PSET ( X, 130) 650 LINE -(320,80) 
360 NEXT X 660 LINE -(320,120) 
370 ' 670 * 

380 FOR Y = 70 TO 130 STEP 4 680 ’ the letter P 
390 PSET (160,Y> 690 PSET (360,120) 

Ml 
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Example 1-1 

In lines 170-190, we use the SCREEN, KEY OFF, and 

CLS commands to make sure that the screen is initialized 

(that is, it is in the right mode and is erased). Then we use a 

combination of the PSET and LINE commands to draw our 

picture. 
The most intricate part of the picture is a mandala effect 

around the outside of the screen. However, it turns out that 

this is very easy to do and is one of the smallest sections of the 

program. The mandala is achieved with the first form of the 

LINE command. We just march the end points of the line 

around the boundary of the screen. The FOR loop in lines 210- 

300 controls this. 
Lines 320-410 show what you can do with the PSET com¬ 

mand. Here we use it to make a dotted border around a title 

which will soon appear. Two FOR loops are needed here, one 

for the horizontal sides of the border, and one for its vertical 

sides. 
The last section, lines 420-850, draws the title. This is the 
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longest section because each stroke of each letter is individu¬ 

ally encoded with a separate LINE command. Notice how the 

PSET command is used to set the current position before a 

series of LINE commands (in the second form) is used to 

trace out the letter. The current position is a hidden graphics 

cursor, secretly pointing to where you are as you draw. Each 

command in this section advances this cursor to a new cur¬ 

rent position. The PSET commands advance it without draw¬ 

ing, and the LINE command advances it, drawing at the 

same time. 

This section of the program points out what happens when 

you don’t have a certain advanced graphics capability. In this 

case the IBM PC does not have variable-sized lettering. If it 

did, the whole section could be done in three easy statements: 

one to define the size of the lettering, a second to specify the 

position of the lettering, and a third to specify the string of 

characters to be printed and initiate the printing. This would 

be a considerable savings in programming effort and would 

make the program much more compact. 

Although the IBM PC does not have this particular graph¬ 

ics capability, the many graphics commands and capabilities 

that it does have will definitely give you the kind of savings 

we have indicated here. Also, someone could write a package 

of assembly language routines to do variable-sized lettering. 

CONCLUSION 

In this chapter we have begun our journey through the 

world of IBM PC graphics. We have seen how computer 

graphics has its roots in both the graphic arts and the per¬ 

sonal computer revolution, and we have seen how the IBM PC 

represents part of a natural development in the midst of the 

personal computer revolution. Indeed, it represents a very 

fortunate step toward bringing colorful graphics within the 
grasp of the average person. 

We have also presented a quick overview of the hardware 

and software you need to enjoy and make the most of this 

book. In particular, we discussed the Color/Graphics Adapter 

on the hardware side and IBM Advanced BASIC on the soft¬ 

ware side. These are the two most important tools to take us 
through most of the rest of our journey. 
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In Chapter 2, we will discuss the technical details of the 

various text and graphics modes. In Chapter 3, we will 

explore the various point plotting, line drawing, and circle 

drawing commands. In Chapter 4, we will explore the DRAW 

command, which is used for drawing various shapes. In 

Chapter 5, we will explore painting areas of the screen. In 

Chapter 6, we show how to save parts of the screen into 

arrays and then PUT these images wherever we want on the 

screen. In Chapter 7, we will explore the production and use 

of text in graphics both in the text and graphics modes. In 

Chapter 8, we will delve into the depths of the Color/Graphics 

Adapter and its video controller chip. Finally, in Chapter 9, 

we will take a close look at the Monochrome Adapter and 

what can be done with it. 
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INTRODUCTION 

This chapter explores the various text and graphics modes 

on the Color/Graphics Adapter card. The low-resolution and 

high-resolution text modes and the high-resolution and medium- 

resolution graphics modes are introduced and explained. The 

BASIC commands SCREEN, CLS, WIDTH, and COLOR 

are introduced and thoroughly explained. With these com¬ 

mands you will be able to obtain each mode and the various 

features within it. 

TEXT MODES 

As we briefly discussed in Chapter 1, there are two text 

modes: a low-resolution text mode with 40 characters horizon¬ 

tally and 25 characters vertically, and a high-resolution text 

mode with 80 characters horizontally and 25 characters ver¬ 

tically. Both have the same vertical resolution, but the high- 

resolution text mode has twice the horizontal resolution. 

Since text is arranged in rows and columns, we can refer to 
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these modes by the maximum number of rows and columns 

they hold, instead of the total number of horizontal and verti¬ 

cal character positions. We will not mention the number of 

rows, however, since both modes have the same number. 

Thus, we will often refer to the low-resolution text mode as 

the J+O-column text mode and the high-resolution text mode as 

the 80-column text mode. 
The 40-column low-resolution mode is designed for a color 

display, while the 80-column high-resolution mode is designed 

for a black-and-white display. However, both modes have the 

same provisions for producing individually colored letters. 

Later, we will see how to turn the color on and off as we 

please in both modes, but first let’s see how to get into the text 

modes. 

SCREEN Command The SCREEN command will allow us to select the mode 

(text in our example). The full syntax for this command is 

SCREEN [mode] [.burst] [,[apage] [,[vpage]]] 

Square brackets around a quantity indicate that the quan¬ 

tity is optional. Any parameter that is omitted will retain its 

previous value. For this command, it seems that all quantities 

are optional. This is not actually true, for if you type in just 

the key word SCREEN, the machine will respond with the 

error message “Missing operand.” 

In the syntax of the command, mode indicates the map¬ 

ping mode according to the following: 

0 = Text mode 
1 = Medium-resolution graphics mode 

2 = High-resolution graphics mode 

We use mode 0 (text) in our first example. Notice that both 

the 40-column and 80-column text modes are assigned this 

same mode numerical code. That is why we will need the 

WIDTH command to select which of the two text modes we 

want. 

The next parameter, burst, indicates whether or not the 

color is turned on. Sometimes you may want to turn off the 

color to improve the readability of the display. A value of 0 

specifies black-and-white only, while a value of 1 specifies the 

presence of color. The word “burst” refers to a special align¬ 

ment burst at the beginning of each horizontal line of the pic¬ 

ture. Without that burst, there can be no color. 

32 Graphics Primer for the IBM PC 



We will not discuss the parameters apage and vpage in 

this chapter. They will play an important role in Chapter 7 

when we use them for page flipping. As a result, the simpli¬ 

fied syntax of the SCREEN command is 

SCREEN [mode] [.burst] 

Try typing this command with various combinations of 

parameters. 

WIDTH Command The WIDTH command lets us select between the two text 

modes. It can also be used to set the line widths for output to 

floppy disk files or to other output devices. For us, the output 

device will be the screen, and we will use it to differentiate 

between the two text modes with their different line lengths. 

It will also switch between the medium- and high-resolution 

graphics modes because they have different resolutions and, 

hence, different line lengths for the text they produce. 

The full syntax for the WIDTH command is 

WIDTH value 

where value is an expression which is equal to 40 or 80. If we 

are in mode 0 (text), entering a value of 40 puts us in the 

low-resolution text mode, and 80 puts us in the high-resolution 

text mode. In a graphics mode, using 40 puts us in medium- 

resolution mode, and 80 puts us in high-resolution mode. Any 

time that the width is changed, the screen will be cleared, 

but if you use the WIDTH command to set the width to what 

it already was, the screen will not be cleared. 

In the upcoming examples we use 40 to ensure that we are 

in the low-resolution text mode, but you can type WIDTH 40 

and WIDTH 80 directly to see their effect on the display. 

CLS Command The CLS command is used to clear the screen. For this 

command, the syntax is just 

CLS 

Now that we know how to get in and out of the text modes, 

let’s see what is there and how to color it. 

COLOR Command The COLOR command allows us to select the foreground 

and background colors for letters on the screen. For the 
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Foreground 

Background 

Figure 2-1 

Foreground and 
Background of Characters 

COLOR command in the text mode, the syntax is 

COLOR [foreground] [, background] [, border]] 

where foreground is an integer expression that indicates the 

foreground color and the blinking attribute of subsequent 

characters; background is an expression that indicates the 

background color of subsequent characters; and border is an 

expression that indicates the color of the border of the screen. 

Figure 2-1 illustrates the foreground and background of 

characters. 

The syntax for this command in the graphics modes is dif¬ 

ferent and will be discussed later in this chapter. 

It is important to understand that the COLOR statement 

does not change the foreground or background colors and the 

blinking characters already on the screen. Instead, the 

COLOR statement affects the coloring of only those charac¬ 

ters printed on the screen after it is executed. In contrast, the 

border color changes immediately upon execution of any 

COLOR command that specifies a new border color. 

The foreground, background, and border colors and blink¬ 

ing are specified using the numerical codes indicated in 

Table 2-1. As this table indicates, any value between 0 and 31 

is valid for this combined blinking or foreground parameter. 

Notice that in contrast to the wide selection of foreground 

colors, there are only eight background colors. This is be¬ 

cause there are just not enough bits available to provide more. 

Background color values lie between 0 and 7. In fact, the 
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Table 2-1 

Foreground, Background, and Border Colors 

Code 

Decimal Binary 
Color/Effect 

Foreground Background Border 

0 00000 Black Black Black 
1 00001 Blue Blue Blue 
2 00010 Green Green Green 
3 00011 Cyan (greenish blue) Cyan Cyan 
4 00100 Red Red Red 
5 00101 Magenta (purplish) Magenta Magenta 
6 00110 Brown Brown Brown 
7 00111 White White White 
8 01000 Gray Gray 
9 01001 Light blue Light blue 

10 01010 Light green Light green 
11 01011 Light cyan Light cyan 
12 01100 Light red Light red 
13 01101 Light magenta Light magenta 
14 OHIO Yellow Yellow 
15 01111 Bright white Bright white 

Bit 7 ON 

16 10000 Black 
17 10001 Blinking blue 
18 10010 Blinking green 
19 10011 Blinking cyan (greenish blue) 
20 10100 Blinking red 
21 10101 Blinking magenta (purplish) 
22 10110 Blinking brown 

23 10111 Blinking white 
24 11000 Blinking gray 

25 11001 Blinking light blue 

26 11010 Blinking light green 

27 11011 Blinking light cyan 

28 11100 Blinking light red 

29 11101 Blinking light magenta 

30 11110 Blinking yellow 

31 11111 Blinking bright white 

table for the background colors consists of the first eight rows 

of Table 2-1. 

There are 16 colors possible for the border. They are given 

in the first 16 rows of Table 2-1. The border is that part of the 

screen that does not correspond to character positions or to 

Graphics and Text Modes 35 



graphic dots. As its name implies, it runs around the outside 

of the screen. Figure 2-2 illustrates its placement on the 

screen. One reason computers such as the IBM PC have a 

border is that they are meant to work with ordinary color 

TVs that overscan. 
In the following example, we will make a blue border by 

selecting the value 1 for this parameter. Our example will 

simply put the letter A across the screen in the various color 

combinations described in Table 2-1. We choose to display 

many copies of just one letter so that you can clearly see the 

effects of the coloring schemes. 

Figure 2-2 

Parts of a Screen 
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EXAMPLE 2-1 

COLORFUL TEXT 

Display the letter A in all possible color combinations. 

Show your results as a block of A’s with the 32 foreground 

color combinations corresponding to the 32 columns of 

the display and the 8 background color combinations 

corresponding to the 8 rows of the display. The result is 
shown in Figure 2-3. 

Solution 

100 ' TEXT 210 PRINT:PRINT:PRINT 
no ' 220 FOR 1=0 TO 7 
120 ' Displays text characters in 230 FOR J » O TO 31 
130 ' various colors. 240 COLOR J, I, 1 
140 250 PRINT "A"; 
150 SCREEN 0,1 260 NEXT J 
160 WIDTH 40 270 PRINT 
170 CLS 280 NEXT I 
180 f 290 
190 
200 

PRINT TAB(18>;"TEXT” 300 COLOR 15,0, 1 

Figure 2-3 
Colorful Text 

In this program, you see how the various commands such 

as SCREEN, WIDTH, and CLS are being used to set up the 

mode and the screen properly. Then you see a title being 
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4 

printed. After the title, three PRINT commands skip some 

lines to separate the title from the display. Next, a double 

FOR loop controls the COLOR and PRINT statements to 

make the display. Here we see how the 8 rows of 32 columns 

are made. 
If you want to see what characters look like in the 80- 

column text mode, change the width to 80 in line 160. If you 

are using an NTSC TV or monitor, the letters will be very 

hard to read in this higher resolution. If you turn off the color 

by changing line 150 to 

150 SCREEN 0,0 

the characters will be a lot more readable. 
In the next section we show why and how these commands 

work. To do this, we will introduce the idea of video mapping. 

Mapping In either text mode, each character position on the entire 

screen is assigned two bytes in a special area of the system’s 

main memory. This area is called the video RAM. The chips 

that contain this memory are actually on the Color/Graph¬ 

ics Adapter, and in this sense, the Color/Graphics Adapter 

acts like a 16K-byte extension to your system’s main memory. 

Video memory starts at the absolute address B8000 hexa¬ 

decimal (or 753,664 in decimal), which is a very high address, 

so that it is out of the way of ordinary memory. The video 

memory is special in that it is constantly being scanned by 

special video circuitry. This circuitry puts out video signals 

that depend upon what is stored in the various locations of 

the video memory and upon the particular mode that you are 

in. We say that this circuitry “maps” the video memory to the 
video screen. 

In the two text modes, the mapping assigns pairs of bytes 

in the video RAM in a straightforward raster pattern. (See 

Figure 2-4.) In this pattern, the first two bytes of video RAM 

are mapped to the upper-left corner of the screen (the first 

character position), the next two bytes to the next character 

position—just to the right of the first character position—and 

so on across the first row of characters. After that, the next 

two bytes “map” to the leftmost character position in the 

second row, and so on from left to right across that row. The 

pattern continues row by row until the bottom of the screen. 

For the low-resolution text mode, there are 40 X 25, or 1000 

characters. With two bytes per character, this gives 2 X 1000, 
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Video 

RAM 

Figure 2-4 

Memory Mapped Screen 

or 2000 bytes of video memory. For the high-resolution text 

mode we need 2 X 80 X 25, or 4000 bytes of video memory. 

For any given character position, we can use the following 

formulas to compute the position of the corresponding bytes 

in the screen memory: 

ASCII: First byte = 80 X {row— 1) + 2 X {column— 1) 

Attributes: Second byte = First byte + 1 

For example, the character in the first column, first row is 

stored in bytes 0 and 1 of the screen memory, and the charac¬ 

ter in the second row, first column is stored in bytes 80 and 81 

of the screen memory. 

For the 80-column mode, just replace the 80 in the first 

formula with 160. 
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Here we must use the IBM convention that rows and 

columns start counting with 1 rather than 0. The formulas we 

use give memory offsets. These are the number of bytes from 

the beginning of a segment of memory. It is the usual practice 

to define the screen memory to be such a segment. On the 

IBM PC, the following BASIC statement will set this segment 

for you: 

DEF SEG = &HB800 

This tells BASIC that you want to access memory data (per¬ 

haps using PEEK and POKE) whose segment number is 

B800 hexadecimal (base 16). The actual starting address in 

memory for this segment is 16 times this number, or B8000 

hexadecimal. 
Once the DEF SEG sequence is invoked, we can call the 

PEEK and POKE commands using the memory offsets given 

by the previous formulas. 
Now that we have looked at the mapping in detail, let’s 

examine the encoding of the characters and their coloring. 

The two bytes that map to each character position are used in 

the following manner. The first byte (at an even address in 

the video RAM) specifies the extended ASCII code for the 

character, and the second byte (with an odd address) deter¬ 

mines the coloring scheme. 
Tables showing the extended ASCII code are contained in 

the IBM BASIC manual, the IBM Technical Reference man¬ 

ual, and in Appendix B. Each number from 0 to 255 is 

assigned a certain meaning and a certain symbol. By putting 

the numbers into the right spots (even-numbered locations) of 

video memory, we can make the corresponding symbols 

appear on the screen. 

The usual ASCII code only includes the numbers from 0 to 

127, but this extended code goes from 0 to 255 (twice as large). 

The exact form of the symbols is not standard, nor is the 

choice of symbols for codes other than those for letters, punc¬ 

tuation, and digits. Among the nonstandard symbols for the 

IBM PC are various graphics shapes, all sorts of lines and 

corners, and some Greek and German letters. 

Now let’s look at the second byte, the one that determines 

the coloring scheme. It is often called the attribute byte. To see 

what it does, recall that each character symbol consists of the 

character itself (called the foreground) and the rectangular 

area immediately surrounding it (called the background). 
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How the Attribute Byte Works 

Table 2-2 

Encoding for Primary Colors 

Decimal Binary Color 

1 0001 Blue 

2 0010 Green 

4 0100 Red 

8 1000 Gray 

(See Figure 2-5, where this is illustrated.) The lower four bits 

(bits 3, 2, 1, and 0) of the attribute byte determine the 

foreground color of the symbol; bits 6, 5, and 4 determine the 

background color; and bit 7 determines whether or not the 

letter blinks. By executing a special command (to be dis¬ 

cussed in Chapter 8) it is possible to make the “blink” bit (bit 

number 7) assume partial control of the background color 
instead. 

It is interesting to note that bit number 7 (the blink bit) is 

grouped with bits 3, 2, 1, and 0 to form a 5-bit number that is 

the foreground parameter of the COLOR command. Bits 6, 5, 

and 4 form a 3-bit number that is the background parameter 
of the COLOR command. 

When the COLOR command is executed, the integer 

parameter border sets some bits in the machine memory that 

determine the color of the border, and the integer parameters 

foreground and background are converted into bits of a 

“model” or “master copy” attribute byte. This master copy is 

copied into the attribute byte for each subsequent character 

printed on the screen until the next COLOR command is 
executed. 

The individual bits in this attribute byte actually control 

individual colors which are then mixed together by the video 

circuitry to make the foreground or background color. It 

must be understood that TV colors are combined in an addi¬ 

tive manner. This means when colors are combined, you get 

more light instead of less light, as is the case with pigments 

or filters that use a subtractive color scheme. This often gives 

results which seem strange to people who are accustomed to a 

subtractive color scheme. 
With the additive color system, we can start with red, 

green, and blue. In the color code used in the IBM PC, we 

have the “primaries” coded, as shown in Table 2-2. Just one 

bit is “on” (equal to 1) in each of these code numbers. Every 

other color produced by the Color/Graphics Adapter is 

obtained by adding combinations of these primaries. Bit 0 

controls whether or not blue is to be added, bit 1 controls 

whether or not green is to be added, and bit 2 controls 

whether or not red is to be added. The fourth bit (bit number 

3) controls whether or not an additional amount of white (or 

gray) is to be added in. Table 2-3 lists all the colors and their 

codes. 

In this table the numbers 1, 2, and 4 correspond to the 

binary numbers 0001, 0010, and 0100, each of which specifies 
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Table 2-3 

Basic Color Codes 

Decimal code Binary code Color/effect 

0 0000 Black 

1 0001 Blue 

2 0010 Green 

3 0011 Cyan (greenish blue) 

4 0100 Red 

5 0101 Magenta (purplish) 

6 0110 Brown 

7 0111 White 

8 1000 Gray 

9 1001 Light blue 

10 1010 Light green 

11 1011 Light cyan 

12 1100 Light red 

13 1101 Light magenta 

14 1110 Yellow 

15 1111 Bright white 

just one of the “primary” colors blue, green, or red. In addi¬ 
tion, 8 (1000 in binary) is gray. 

Observe that adding primary colors corresponds to adding 
their codes. For example, cyan is a mixture of blue and 
green, and thus has the binary code 

0001 (blue) + 0010 (green) = 0011 

which is the decimal number 3. Table 2-4 shows the results 
for all combinations. 

Since four bits are allotted to the foreground color, 16 dif¬ 
ferent numbers (0 through 15) can be represented. Thus, 16 
colors are possible for the displayed letter itself However, 
since only three bits are allotted to the background color, only 
eight colors can be represented (0 through 7) in the back¬ 
ground of a character in text mode. Thus, only the first eight 
colors are possible for the rectangle surrounding a character 
in text mode. Because of the way the bits are arranged, the 
following formula can be used to compute the color code 
number for a character position: 

Color code = 128 * blink + 16 * (background color) + 
foreground color 
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Table 2-4 

Encoding for Secondary Colors 

Decimal Binary Color 

3 0011 Cyan = green + blue 
5 0101 Magenta = red + blue 
6 0110 Brown = red + green 
7 0111 White = red + green + blue 
9 1001 Light blue = gray + blue 

10 1010 Light green = gray + green 
11 1011 Light cyan = gray + green + blue 
12 1100 Light red = gray + red 
13 1101 Light magenta = gray + red + blue 
14 1110 Yellow = gray + red + green 

15 1111 High intensity white = gray + red + green + blue 

The following example demonstrates how all this can be 

done directly using the POKE command in BASIC. 
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EXAMPLE 2-2 

CHARACTER PLOTTER 
Use the POKE statement to place any character on the 

screen with a given ASCII code, in a given row and 

column, with a given color combination. Use the PEEK 

command to get the character’s dot pattern from where it 

is stored in memory. The output is shown in Figure 2-6. 

Solution 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 

CHARACTER PLOTTER 

SCREEN 0,1 
WIDTH 40 
KEY OFF 

CLS 

INPUT "Row (1-24)"! ROW 
INPUT "Column (1-40)"! COLUMN 
INPUT "ASCII Code (0-255)"iACODE 
INPUT "Foreground (0-15)"? FCOLOR 
INPUT "Background (0-7)"5 BCOLOR 
INPUT "Blink <0 or 1)"; BLINK 

FBYTE =» 80* (ROW-1)+2* (COLUMN-1) 
CN » 128*BLINK+16*BC0L0R+FC0LQR 

CLS 
DEF SEG » &HB800 
POKE FBYTE,ACODE 
POKE FBYTE+1,CN 

A*=INPUT*(1) 
GOTO 160 
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EXAMPLE 2-2 

Let’s look at this program carefully. First, the 40-column 

text mode is invoked, the function keys are turned off, and 

the screen is cleared. Next, the user is asked to supply all the 

necessary information. The offset of the first byte is computed 

and stored in the variable FBYTE. The color code is also 

computed and stored in the variable CN. Next, the screen is 

cleared. The screen is then defined as a data segment in 

memory. Finally, both the ASCII code and the color code are 

placed into memory with the POKE command. You should 

see the character at this point. The INPUT$ function in line 

330 allows you to pause without clearing the screen. If you 

press a key, you will go back to make another character. 
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4 

GRAPHICS MODES 

As we saw in Chapter 1, there are two fully supported 

graphics modes in the IBM PC: a medium-resolution mode 

and a high-resolution mode. Like the text modes, the low- 

resolution mode is designed for color TVs or monitors, and 

the high-resolution mode is designed for black-and-white 

images. In this case, the high resolution is not even designed 

to produce any color. However, in Chapter 8 we will see how 
to make color with it. 

In these graphics modes, each dot that we can control on 

the screen as a logical unit is called a pixel. This stands for 

picture element. We will use this term rather than “dot” 

because it is more precise. The problem with the word dot is 

that there are lots of physical dots (made out of phosphor) 

that make up the entire screen. Often, several physical dots 

are needed to make up one logical dot, or pixel, of our picture. 

Another problem is that pixels, especially in low-resolution 

modes, often appear rectangular and not “dot-like.” 

The medium-resolution mode has 320 pixels horizontally 

and 200 pixels vertically with four possible colors for each 

pixel. In Chapter 1, we saw that the horizontal pixel resolu¬ 

tion of this mode is twice that of the color resolution of an 

ordinary (NTSC) color TV signal. This 320-pixel-across mode 
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allows a selection of one of four colors for each point. How¬ 

ever, this coloring is true only over a larger area (at least two 

pixels wide—and more are needed to really see it). 

To illustrate this mode we will present an example that 

shows off the colors. It will use some of the same graphics 

commands already discussed for the last example. However, 

in the graphics modes, the COLOR statement has a slightly 

different syntax. In particular, it is only valid in the medium- 

resolution graphics mode and, in fact, leads to an error mes¬ 

sage when it is used in the high-resolution graphics mode. 

The full syntax for the COLOR command in the medium- 

resolution graphics mode is 

COLOR [background] [,palette] 

Here background is any one of 16 colors as specified in Table 

2-1. The background color also controls the color of the 

border (see Figure 2-2). The second quantity, palette, gives 

you a choice between two sets of colors that subsequent 

graphics commands will work with. In the medium-resolution 

graphics mode, each pixel on the screen is assigned a number 

from 0 to 3. Table 2-5 shows how these numerical codes cor¬ 

respond to colors on the screen in these two different palettes. 
From this table, you can see that color number 0 is deter¬ 

mined by whatever the background color happens to be, 

but each other number has two possibilities according to the 
choice of palette. 

In the following example, we use a special form of the 

LINE command to draw solid boxes of color. This “box-fill” 

form of the LINE command will be thoroughly explored and 

explained in Chapter 3. For now, we will just use it with a 

minimum of explanation. The syntax we will use is 

LINE (xl,yl)-(x2,y2), color, BF 

This command causes a box to be drawn whose corners are 

(xl,yl), (xl,y2), {x2,yl), and (x2,y2). The entire inside and 

boundary of the box will be drawn in the color color, which is 

chosen from the current palette. 

Table 2-5 

Palettes for Medium-Resolution Graphics Mode_ 

Numerical code Palette #0 Palette #1 

0 Background (1 of 16) Background (1 of 16) 

1 Green Cyan 

2 Red Magenta 

3 Brown (yellow) White 
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COLORS IN MEDIUM-RESOLUTION 
GRAPHICS MODE 

In the medium-resolution graphics mode draw four boxes, 

one for each one of the available colors for that mode. Then 

slowly cycle through all possible choices of background 

color and palette. A sample of the output is given in Figure 

2-7. 

Solution 

100 ' MEDIUM 
110 ' 

120 ' In this example we draw tour 
130 * boxes, one -for each of the -four 
140 ’ available colors. At the end 
150 ' we cycle through the various 
160 ' background colors and palettes. 
170 ' 
180 SCREEN 1 
190 CLS 
200 ' 

210 PRINT TAB(12); 

220 PRINT "Medium Resolution" 
230 ' 
240 ' make the boxes 
250 LINE ( 40, 40)-(160,100),0,BF 
260 LINE (160, 40)-(280,100),1,BF 
270 LINE ( 40,100) - ( 160,160) ,2, BF 
280 LINE (160,100)-(280,160),3,BF 
290 ' 

300 ' now cycle through the 

310 ' background colors and palettes 
320 FOR 1=0 TO 15 * foreground 
330 COLOR 1,0 ' palette 0 

340 FOR J= 1 TO 1000:NEXT J ' wait 
350 COLOR 1,1 ' palette 1 

360 FOR J= 1 TO 1000:NEXT J ' wait 
370 NEXT I 
380 

390 COLOR 0,1 

l jk'* SBraStSsip 
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Let’s look at this example in detail. The SCREEN and the 

CLS commands make sure that we are in medium-resolution 

graphics mode with a clear screen. The two PRINT state¬ 

ments put a title “Medium Resolution” at the top of the 

screen. Next, the four LINE statements place the colored 

boxes on the screen. Notice that we have not let the boxes fill 

up the entire screen. This is because on some TVs filling the 

entire screen with strong colors makes the image look as 

though you had painted the picture on paper and then 

crumpled the paper. 
Notice that each of the four boxes has a different value for 

the color parameter. When the boxes are displayed you will 

not see one of them, the one which has color code 0. It is not 

seen because it is the same color as the surrounding back¬ 

ground and border. The box with color code 3 is colored with 

what is called the foreground color (white or yellow, depend¬ 

ing upon the palette). We will explore the concept of fore¬ 

ground color more in Chapter 3. 

The last part of the program cycles through all possible 

palettes and background colors. This is done in a FOR loop 

whose index I goes through all 16 background colors. Within 
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4 

High-Resolution 

Graphics Mode 

the FOR loop, we set the palette to 0 (with background color 

I) and then wait for a count of 1000 with an empty FOR loop 

indexed by J. Then we set the palette to 1 (still with back¬ 

ground color I) and wait again, using another empty FOR 

loop indexed by J. 
In the graphics modes, the bits in the bytes of the video 

RAM map directly to the pixels on the screen. In both modes, 

the video RAM begins at the same address as it does in the 

text modes. Again, the BASIC statement 

DEF SEG = &HB800 

will make the video RAM the current data segment for 

PEEKs and POKEs from BASIC. 
In the medium-resolution graphics mode, there are two 

bits per pixel. This means that each pixel on the screen is 

controlled by a separate 2-bit number that is stored in one of 

the bytes of the video RAM. A total of four such 2-bit 

numbers can fit into each byte of the screen memory. The 

corresponding pixels line up in a row with the higher num¬ 

bered bits mapping to pixels toward the left and the lower 

numbered bits mapping to pixels toward the right (see Fig¬ 

ure 2-8). The very first byte of video memory maps to four 

pixels on the top row of one screen, starting on the left side. 

The next byte maps to four pixels just to the right of the first 

four, and so on across the top row for a total of 320 pixels, or 

80 bytes. The next row of the screen does not come from the 

next 80 bytes of video RAM, but rather from 80 bytes of video 

RAM starting at address BA000 (hexadecimal). This is in the 

second 8K of the video RAM. The rows on the screen alter¬ 

nately come from the first and second 8K bytes of the video 

RAM. 

Each 2-bit number corresponding to a pixel can store an 

integer with values 0, 1, 2, or 3, which correspond to the four 

color numbers that can be assigned to that pixel in the 

medium-resolution graphics mode. In Chapter 3, we will see 

how the point, line, and circle plotting commands assign color 
numbers to pixels. 

Now let’s take a quick look at the high-resolution mode. It 

is definitely less colorful, but it does have excellent horizontal 

resolution with 640 pixels per line. This is twice as many pix¬ 

els per line as the medium-resolution graphics mode, and so 

the pixels are half as long in the horizontal direction. This 
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Mapping in Medium-Resolution 

Graphics Mode 

will allow finer detail in your pictures and smaller text, an 

important feature when making labeled diagrams. 

The vertical resolution, 200 pixels, is the same as the 

medium-resolution graphics mode. Each pixel can only be 

one of two colors: black (off) or brightly lit (on). A color code 

of 0 indicates black. This is called the background color for 

this mode. A color code of 1 indicates brightly lit. This is 

called the foreground color for this mode. You are allowed to 

specify color codes 2 and 3, but 2 will be stored as a 0 and 3 

will be stored as a 1; that is, the machine can only store the 

rightmost bit of any numerical color code because there is 

only one bit per pixel. 
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The horizontal resolution for the high-resolution graphics 

mode is four times that of the NTSC color system. But since 

the color is “turned off’ in this mode, the resulting unusual 

color effects are not a problem. For an example of this mode, 

see the mandala program in Chapter 1. 
In the high-resolution graphics mode there is one bit per 

pixel. This means that one byte will now map into eight pix¬ 

els on the screen. The corresponding pixels line up in a row 

with the higher numbered bits mapping to pixels toward the 

left and the lower numbered bits mapping to pixels toward 

the right (see Figure 2-9). Again, the very first byte of video 

memory maps to pixels on the top row of the screen, starting 

7 6 5 4 3 2 1 0 

B8000 

B8001 

B804F 

B8050 

BA000 

BA001 

BA002 
Video 

RAM 

Figure 2-9 

Mapping in High-Resolution Graphics 
Mode 
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on the left side. The next byte maps to eight pixels just to the 

right of the first eight, and so on across the top row for a total 

of 640 pixels, or 80 bytes. The next row of the screen does not 

come from the next 80 bytes of video RAM, but rather from 

80 bytes of video RAM starting at address BA000 (hexadec¬ 

imal), which is the beginning of the second 8K of the video 

RAM. Again, the rows on the screen alternately come from 

the first and second 8K bytes of the video RAM. 
In the case of the high-resolution graphics mode, each 

1-bit number corresponding to a pixel can store an integer 

with values 0 or 1, which correspond to the two color 

numbers that can be assigned to that pixel in this mode. 

Chapter 3 contains an explanation of how to use the point, 

line, and circle plotting commands to assign color numbers to 

pixels on the screen. 

CONCLUSION 

In this chapter we explored the standard text and graph¬ 

ics modes of the IBM PC Color/Graphics Adapter. We saw the 

two text modes, 40-column and 80-column; and we saw the 

two graphics modes, the 320 X 200 colorful medium-resolution 

mode and the 640 X 200 black-and-white mode. We explored 

the coloring terminology and schemes and the memory map¬ 

ping involved in each mode. This will lay the foundation for 

discussions in the rest of the book. 
In the next chapters we explain in detail how to draw 

interesting and useful shapes in the two standard graphics 

modes using BASICA commands. In Chapter 7 we will 

explain how to make effective use of the text modes on the 

Color/Graphics Adapter, and in Chapter 8 we show you how 

to make new modes. In Chapter 9, we will apply what we’ve 

learned about the Color/Graphics Adapter to the Mono¬ 

chrome Adapter. 
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Drawing 3-D Objects with Hidden Lines 
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INTRODUCTION 

This chapter describes how to use the point, line, and circle 

plotting commands PSET, PRESET, LINE, and CIRCLE 

and how to use them in simple and sophisticated applications. 

These commands were introduced in Chapter 1 in black and 

white in their simplest forms; this chapter presents these 

commands in full color with all their available options. 

Although the syntax (format) of these four statements is sim¬ 

ple, their uses in applications are enormous. We start with 

some simple examples and build toward more complex 

applications. 

Once you have a firm understanding of these ideas, we ac¬ 

celerate to more advanced uses of PSET, LINE, and CIRCLE, 

concluding with pie and bar charts and two- and three- 

dimensional graphs. As a conclusion, we present a program 

that draws a three-dimensional view of an object using data 

statements to define the picture. The program even hides 

those lines that should be hidden. We have chosen to display a 

house, but you can use this same program to display many 

other 3-D objects with hidden lines. You will only have to 

change the data. In Chapter 5, we see how to paint this house. 
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Programming Notes 

Part of our discussion about computer graphics programs 

includes some mathematics. This mathematics is not de¬ 

signed to whisk you off to an ivory tower, but rather it is 

presented to help you produce pictures more efficiently and 

not by a series of accidents. You do not need to have a college 

degree to understand it, but some knowledge of high school 

mathematics will be helpful. 

As we explain the graphics commands we will show a se¬ 

ries of “stand-alone” program segments. “Stand-alone” means 

that, although all of these examples are part of one large pro¬ 

gram, each segment can be run by itself provided your 

machine is properly initialized. 
As we come to each example, we give a small section of 

BASIC statements for you to type in. You should add these 

statements to those you have already typed in from previous 

examples in this chapter. Do not change any of the line 

numbers since each section of the example “program” has 

been designed so it will not overlap with any other. As you 

work your way through the examples you will make a longer 

and longer program. If you wish to see the results from the 

beginning of the chapter up through the point where you now 

are, just type RUN. However, if you wish to see only what you 

are now working on, type GOTO followed by the line number 

at the beginning of that example. This method will start the 

computer at the beginning of that particular example. 

When you finish this chapter and have entered all the 

examples, you will be able to run the program from start to 

end (by typing RUN) and see the results of all the examples 

in a kind of “flash card” review. 

Our first example is a program that you use to set up your 

machine for the examples in this section. It will also be used 

for the same purpose in many of the chapters that follow. This 

short initialization program will form the first few lines of 
our program. 
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After typing in this program, you should see a blank light 

red screen. 

Our next example is used to connect the numerous exam¬ 

ple program sections together. It consists of two subroutines. 

The first subroutine stops and asks you to press the ENTER 

key if you wish to continue. This subroutine also calls another 

subroutine that puts a centered title on the top of the screen. 
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] EXAMPLE 3-1 

INITIALIZING THE PROGRAM 

Write a short program that puts the IBM PC in the 

medium-resolution color mode, sets the background color to 

light red, and selects palette 1. It should also turn off the 

function key display at the bottom of the screen and make 

sure the screen is cleared. The blank red screen is shown in 

Figure 3-1. 

Solution 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

SsiS 

' INTRODUCTORY PROGRAMS - CHAPTER 3 

* INITIALIZATION 

■ Put the IBM in medium 
* resolution with color. 
0 

’ The background color is 
' 1 ight red and the 
' foreground colors are 
' chosen from palette 1. 

SCREEN 1 
COLOR 12, 1 

' Clear the screen with keys off 

KEY OFF 
CLS 

aifiis WKSSSM 
iiiliilSilligiISS 

: 

Figure 3-1 
Initializing the Program 
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PAUSE AND TITLE SUBROUTINES 

Write a subroutine that stops and asks the user to press 

the ENTER key to continue. When it starts again, it should 

put a centered title at the top of the screen. Use the 

LOCATE statement to position the title. The procedure to 

put the centered title on the screen should be in a separate 

subroutine that can be called either by the main program 

or by the main subroutine in this example. 

You should put some steps in your main program that 

call the centered title routine to put the title “RED BACK¬ 

GROUND” on the screen. The example output is shown in 
Figure 3-2. 

Solution 

5000 ' SUBROUTINE - - PAUSE & TITLE PAGE 
5010 * 

5020 LOCATE 25,1 
5030 INPUT"Press ENTER to continue";A 
5040 CLS 

5050 60SUB 5080 ' CENTERED TITLE 
5060 RETURN 

5070 
5080 ' SUBROUTINE - CENTERED TITLE 
5090 
5100 LOCATE 1,<40-LEN(T*))/2+l 
5110 PRINT T*j 
5120 

0 

5130 RETURN 

5140 
. + •. • V. ‘ 

300 T* * "RED BACKGROUND" 
310 GOSUB 5080 ' centered title 

320 ' 
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TVpe all of this in now. Do not remove the statements you 

already typed in Example 3-1. 

Now run the program. You should get a red screen titled 

“RED BACKGROUND” as shown in the photograph. 

Notice that the LOCATE command is used several times. 

Although it is, strictly speaking, not a graphics command, it 

is extremely useful in graphics. This command positions an 

unseen “text cursor” to a specified row and column. The cur¬ 

sor allows us to start printing our text anywhere on the 

screen. Contrary to the usual graphics layout, raw (y-position) 

comes first and then column (x-position) in this command. 

This layout is more natural for text (line, column = y,x). 

Notice that the first LOCATE is used to put the message 

“Press ENTER to continue” on the 25th row (line) of text. For 

this to work, the display of function keys on the 25th line 

must have been turned off with the KEY OFF command as 

we did in line 270 of our program. The second use of the 

LOCATE command centers a title contained in the string T$. 

Here the correct column in which to begin printing is com¬ 

puted using the length of the string T$ containing the 
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message. This computation is located within the LOCATE 

statement; that is, you can use an expression for the row or 

column. 

You might wonder why we have chosen to divide such 

simple work into two subroutines when one could do both 

functions. With Fortran programming, there would have 

been one subroutine with two entry points—the second would 
have been used if you wanted only the centered title. This 

practice is frowned upon in modern approaches to structured 

programming. Such languages as Pascal and Ada demand 

neat packaging—no double entry points for these languages. 

In the long run this is easier for developing and maintaining 

programs, even though the resulting programs may run more 

slowly because of the extra “calls” (GOSUB statements). 

GOSUB statements take time to execute, and more of them 

make a program run slightly longer. However, this loss of 

performance is worth the gains in speed of development and 

ease of program maintenance. In light of this, we will try to 

“structure” our programs even in the “anything goes” BASIC 

language. 

THE COMMANDS 

Let’s start our discussion of the graphics commands with 

the commands for plotting points. 

PSET and PRESET The PSET and PRESET commands are used to plot points. 

Commands Since every picture is made up of points, it is possible to 

create graphics with only these two commands. 

The syntax of the PSET and PRESET commands is as 

follows: 

PSET (x,y) [,color] 

PRESET (x,y) [.color] 

where (x,y) indicates the coordinates of the point and color 

specifies the color. 
If the color is not specified (default color mode), PSET 

plots a point whose color is the foreground color and PRESET 

plots a point whose color is the background color. On a clear 
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screen (background color screen), you use PSET to plot points 

and PRESET to erase points. 
The square brackets indicate that the color is optional, 

that is, you do not have to type it in. In fact, if the color is 

specified, these two commands perform identically. They 

both plot a point of the indicated color. Note that the square 

brackets include the comma that normally separates the color 

specification from the rest of the command. If you do not 

specify the color, then you should not type in this comma. 
In the 320 X 200 medium-resolution mode, there are four 

colors available at one time, indicated by the numbers 0, 1, 2, 

and 3. These are what are called logical colors. How they 

“map” to actual colors depends upon the COLOR command. 

In the PSET and PRESET statements’ color option, the 

number 0 indicates the background color and the number 3 

indicates the foreground color. The background color can be 

one of 16 colors and there are two “palettes” for colors 1, 2, 

and 3. In our examples we will use the COLOR statement 

to obtain different background and palette colors in the 

medium-resolution mode. PSET’s color option is then used to 

select one of three colors from the enabled palette. 

In the 640 X 200 high-resolution mode, there are two 

colors. They are specified by the numbers 0 and 1. The 

number 0 indicates the background color, which is always 

black, and the number 1 indicates the foreground color, 

which is white. (If you use a monochromatic green phosphor 

screen, the foreground color will appear green.) In the high- 

resolution mode the color number 2 will act the same as a 0, 

and a 3 will act the same as a 1. Thus, in this mode the back¬ 

ground color is produced by both 0 and 2 and the foreground 

color by both 1 and 3. 

All of this means that if the color is not specified, the 

PSET and PRESET commands will behave according to a 

default color scheme. This scheme is shown in Table 3-1. 

In either graphics mode, a number specified for the color 

that is not an integer will automatically be converted to an 

integer by rounding. When we worked with these commands 

on our machine, if we specified too small a number for color 

(negative number), we received an “Illegal function number” 

message, and if we specified a number too large, nothing 

happened except an “Ok” acknowledging our command. 

Coordinates are used to specify the location of points on the 

screen. The point (0,0) is at the top-left corner. The x-values 
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Table 3-1 

Default Colors for PSET and PRESET 

Command with Color Equivalent Commands 

Resolution NOT Specified when Color is Specified 

Medium PRESET (x,y) 

Medium PSET (x,y) 

High PRESET (x,y) 

High PSET (x,y) 

PSET (x,y),0 or PRESET (x,y),0 

PSET (x,y),3 or PRESET (x,y),3 
PSET (x,y),0 or PRESET (x,y),0 

PSET (x,y),l or PRESET (x,y),l 

range from 0 to 319 or from 0 to 639, depending upon the 

resolution, and the y-values range from 0 to 199. 

Coordinates can be specified in two different ways: absolute 

and relative. With absolute mode you give the actual screen 

coordinates of the point to be plotted. But with relative coor¬ 

dinates you give a change in coordinates. In case you are 

wondering “change from what,” remember that BASIC keeps 

track of an unseen “graphic cursor” called the current posi¬ 

tion. Each time a PSET, PRESET, LINE, or CIRCLE com¬ 

mand is used, the current position is updated with the new 

position. With the PSET or PRESET commands, the current 

position is updated to the point that you are plotting. 

More precisely, with a PSET or PRESET command, coor¬ 

dinates in absolute mode become the coordinates of the new 

current position, and a point is then plotted there. In con¬ 

trast, coordinates in relative mode are added to the current 

position, giving the new current position, which is then 

plotted. 

You can recognize the difference between absolute and rel¬ 

ative coordinates in a BASIC statement by looking for the key 

word “STEP” just before the coordinates in the command 

line. If it is there, you are using relative coordinates; other¬ 

wise you are using absolute coordinates. For example, “PSET 

(12,10)” uses absolute coordinates, and “PSET STEP(5,5)” 

uses relative coordinates. 

Both the PSET and PRESET commands will plot a point. 

Whether this point is seen or not depends upon its color and 

the color of the surrounding points. It is interesting to note 

that there is no simple command (like MOVE) that updates 

the current position. In Chapter 4, we will see how to use the 

DRAW command to do this. 
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] EXAMPLE 3-3 

POINT PLOTTING 

Write a short program that plots a cross of points in 

the center of the screen. Use both absolute and relative 

coordinates and both the PSET and PRESET commands. 

The plotted points are shown in Figure 3-3. 

Solution 

330 ' POINTS ON THE SCREEN 460 NEXT I 
340 470 # 

350 T$ - "POINTS ON THE SCREEN” 480 PRESET (159,100) 
360 GOSUB 5000 ' pause *e title 490 FOR I - 1 TO 10 
370 500 PSET STEP(0,4) 
380 PRESET (159,100) 510 NEXT I 
390 FOR I * • 1 TO lO 520 

• 

400 PSET STEP(4,0) 530 PRESET (159,100) 
410 NEXT I 540 FOR I » 1 TO lO 
420 # 

550 PSET STEP(0,-4 
430 PRESET (159,100) 560 NEXT I 
440 FOR I * 1 TO 10 570 
450 PSET STEP(-4,0) 580 * 

Figure 3-3 
Points on the Screen 

When this example runs, you will see a number of points 

plotted forming a cross pattern. You cannot see the center 
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point of the cross because it is the same color as the 
background. 

Notice how we invoke our “pause & title” subroutine at the 
beginning of the program segment. You can see that the line 
which defines T$ (line 350) can, in fact, serve as documenta¬ 
tion for this segment. 

Now let’s look at the graphics commands. The first com¬ 
mand is a PRESET (line 380). Since there is no STEP, the 
coordinates are in absolute mode. Thus, it will plot a point at 
(159.100) , that is, a point whose x-coordinate is 159 and whose 
y-coordinate is 100 (x-coordinate is always first in graphics 
commands). Since the PRESET command plots a point 
whose color is the background color and since the point 
(159.100) is already the background color, you will not see this 
point. Thus, the main purpose of this command is to set the 
current position. The IBM PC default value for the current 
position is (160,100), but you should not normally rely on this 
default position; it is only good immediately after you have 
cleared the screen. 

We see that after the first graphics command, the current 
position is (159,100). Next we have a FOR loop that repeats 
the PSET command ten times. This PSET (line 400) has a 
STEP before the coordinates and is thus in relative mode. 
Adding its coordinates (4,0) to the current position (159,100) 
gives a new current position of (163,100). Since this is the 
foreground-producing PSET command, we see the point as a 
white dot on the screen. It appears white because we have 
chosen palette 1 in the COLOR statement (foreground is 
white). Each time around the FOR loop, the PSET commands 
move the point by the same amount. We see a total of ten dots 
equally spaced to the right of the center point of the screen. 
They are all white because we use the same PSET command 
each time. Following this FOR loop are three more FOR loops 
that draw the other arms of the cross. 

It is interesting to note that if the default position of 
(160.100) were used instead of our PRESET position (159,100), 
the “white” dots would be very hard to see on an NTSC color 
TV. The production of color was discussed in detail in Chap¬ 
ter 1. As a result of the theory discussed there, we realize that 
with a red background, white dots should be drawn only on 
odd-numbered x-coordinates. That is why we start with an 
odd number, 159, and increment or decrement by an even 
number, 4. This way we get x-coordinates 159, 163, 167, and 
so on (moving to the right) or 159, 155, 151 (moving to the left). 
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Relative coordinates are handy if you have a certain shape 

such as a marker, icon, or machine part that you wish to place 

at various spots on the screen, or if you want to “vector” along 

the boundary of a figure. For example, if you are drawing a 

room, it is often easier to handle the length and direction of 

each wall than to handle their absolute coordinates since the 

“algorithm” for actually measuring a room consists of meas¬ 

uring the length of each wall and noting its direction. 

In the next section we extend our graphics capabilities to 

draw lines. Commands to draw lines are more plentiful in 

graphics programs than commands to plot points. While we 

discuss lines we will also see more examples of the various 

forms of the point plotting commands. 

The LINE Command The LINE command is used to draw lines, but it is useful 

for more than drawing lines. In this section we show how to 

use it to draw unfilled and filled boxes as well. We will con¬ 

tinue to use our short “stand alone” program sections. 

The full syntax for the LINE command is 

LINE [(xl,yl)] - (x2,y2) [.[color] [,B[F]] [, style]] 

You could become overwhelmed by the number of parameters 

for the LINE command. They all indicate various levels of 

options. Let’s start with one of the simplest cases. 

LINE (xl,yl) - (x2,y2) 

Here (xl,yl) are the coordinates of the beginning point of the 

line, and (x2,y2) are the coordinates of the end point of the 

line. This command will cause a line to be drawn from (xl,yl) 

to (x2,y2). 

The color is not specified. In this case we will use the fore¬ 

ground color as described for the PSET command. We will 

see color 3 if we are in medium-resolution mode and color 1 

in high-resolution mode. In the medium-resolution mode, 

color 3 can be either white or yellow depending upon the 

palette number that is set in the COLOR command. 

Both sets of coordinates for LINE can be in absolute or 
relative (STEP) mode. 

The next example illustrates this simple form of the LINE 

command. Notice that this example sizes up the screen by 

using the full range of values for x and y in the medium- 
resolution mode. 
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EXAMPLE 3-4 

DRAWING LINES ACROSS THE SCREEN 

Write a short program that draws diagonal lines across the 

screen. Use the simple form of the LINE command in 

which both end points are specified. The lines that are 

drawn are shown in Figure 3-4. 

— 

Solution 

590 ' LINES ACROSS THE SCREEN 
.■A:.; 
Wm iHip 

T* * "LINES ACROSS THE SCREEN" 
GOSUB 5000 ' pause & title 

Draw some lines across the screen 

LINE (0,0) -(319,199) 
LINE (O,199)—(319,0) 
LINE (O,100)—(319,1O0) 
LINE (160,O)—(160,199) 

■ 

' ^ A / Jl, 

liii : 

mm memm 
feSS 
mhh 

Figure 3-4 

Lines Across the Screen 
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<4 

When you run this example you will see four lines that go 

all the way across the screen in different directions: two 

diagonally, one horizontally, and one vertically. If you are 

using an NTSC monitor or TV you may have difficulty seeing 

the vertical line because its color is white and it lies entirely 

on even numbered pixels. 

The next three examples of the LINE command do not 

have any pauses between them. They will all appear in one 

picture (Figure 3-5). 

First let’s add some color to the syntax for the LINE 

command. 

LINE (xl,yl) — (x2,y2), color 

Here color can be a number from 0 to 3 following the rules 

described for the PSET (and PRESET) commands. It is bet¬ 

ter to relate the LINE command to the PSET command 

because both the LINE and PSET commands have the same 

default behavior with regard to color. The next example 

shows how to draw a rectangle with this form of the LINE 

command. 
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When you run this program you will see a rectangle 

appear on the left third of your screen. Each side of the rect¬ 

angle is a different color. Notice that the first side is not vis¬ 

ible because it is the same color as the background. Absolute 

coordinates are used each time the LINE command is used. 

Now let’s explore how to use the LINE command with 

only the second set of coordinates specified. We will use the 

current position, which was introduced in the discussion of 

PSET and PRESET. The syntax for this form is 

LINE - (x2,y2) [,color] 

As you can see, color is still optional. This command causes a 

line to be drawn from the current position to the point speci¬ 

fied by the coordinates (:x2,y2). The current position is 

updated to the end of the line (coordinates (x2,y2)). The cur¬ 

rent position is always updated in this way with whatever 

form of the LINE command is used. 

Either absolute or relative coordinates can be used. In the 

next two examples, we continue to use absolute coordinates, 

but later we will use relative coordinates. Again, the differ¬ 

ence between these modes is indicated by the presence or 

absence of the key word STEP. In the following example, we 

march around the rectangle using absolute coordinates (no 

STEP), providing only the new current position each time. 

Notice that the PSET command is used to set the current 

position before the LINE commands start drawing the sides. 
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EXAMPLE 3-6 

DRAWING A RECTANGLE A LITTLE MORE EASILY 

Write a short program that draws a rectangle using the 

current position. Use the form of the LINE command in 

which the first pair of coordinates is omitted. The rectangle 

is shown in the middle of Figure 3-5. 

Solution 

860 ' NOW A LITTLE EASIER WAY 
870 ' 

Thi s is a sequence o-f -four 
890 ' using the current position 
900 ' 
910 PSET (151,50) 
920 LINE - (201,50), 1 
930 LINE - (201,150), 2 
940 LINE - (151,150), 3 
950 LINE - (151,50), 2 
960 ' 

Now let’s see how to draw a rectangle with only one 

graphics command. This example uses the “Box” option of the 

LINE command. The syntax is 

LINE [(xl.yl)] - (x2,y2),[color],B 

This command draws a rectangle whose sides are parallel to 

the sides of the screen and whose x-values are between the 

x-coordinates xl and x2 and whose y-values are between the 

y-coordinates yl and y2. The first coordinate and the color 

are optional—they are in brackets. If the first coordinates 

are not specified, the current position will be used instead. If 

the color is not specified, the foreground color will be used. 

Let’s look at the coordinates more closely. As we just saw, a 

rectangle whose sides are parallel to the sides of the screen 

can be described as a set of points (x,y) such that x is between 

values xl and x2 and y is between values yl and y2. These 
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points are shown in Figure 3-6. Actually, this describes a 

solid box. Using a two-dimensional notion of “between,” we 

could say that this box is the set of all points (x,y) that are 

between points (xl,yl) and (yl,y2). The rectangle is the boun¬ 

dary of the box, and the points (xl,yl) and (x2,y2) form a pair 

of opposite corners for the rectangle. 

In the next example, we show how to draw such a rectan¬ 

gle in one graphics statement. Notice that both pairs of coor¬ 

dinates are specified, the color is not specified (a place is held 

for it by the commas), and B is used to specify “Box.” Thus, a 

rectangle is drawn in the foreground color. 

Figure 3-6 

Rectangle Described by 
a Pair of Opposite Corners 
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EXAMPLE 3-7 

DRAWING A RECTANGLE THE EASIEST WAY 

Write a short program that draws a rectangle in one 

graphics command. Use the “Box” option of the LINE 

command. The rectangle is shown on the right side of 
Figure 3-5. 

Solution 

870 > 
880 ' This is a sequence o-f -four lines 
890 * using the current position. 
900 ' 
910 PSET (151,50) 
920 LINE - (201,50), 1 
930 LINE - (201,150), 2 
940 LINE - (151,150), 3 
950 LINE - (151,50), 2 
960 ' 
970 ' NEXT IN JUST ONE STATEMENT 
980 ' 
990 ' However, there is only one color. 
lOOO ' 
1010 LINE (251,50) - (301,150),, B 
1020 * 

1030 ' 

The next example shows how to use the LINE command 

to quickly draw many random rectangles. The RND function 

is used to generate random numbers. The RND function in 

BASIC generates “pseudo-random” numbers between 0 and 

1; that is, it produces a sequence of numbers between 0 and 1 

that “behaves” like a sequence of random numbers—even 

though the computer has a very definite set of rules for pro¬ 

ducing this sequence. 
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] EXAMPLE 3-8 

RANDOMLY DRAWN RECTANGLES 

Write a short program that draws many rectangles 

randomly positioned, randomly sized, and randomly 

colored. The rectangles are shown in Figure 3-7. 

Solution 

1040 
1050 
1060 
1070 
1080 
1090 
llOO 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 

SEVERAL COLORED BOXES 

T* * "COLORED BOXES” 
GOSUB 5000 'pause & title 

Here we use relative 
coordinates and random numbers. 

COLOR 0,0 

FOR I = 1 TO 50 
X = 250*RND s Y 
U * 70*RND s V 
C * 3*RND + 1 
LINE (X,Y)-STEP<U,V>, C, B 

NEXT I 

10+110*RND 
50*RND 

. '■ 

M '?■"■iv;.-’i- sj ;p ■' > ■' ,V K ■ ? 
1 . , is. 1 ; 

WKKmm S I 

■ 
wm 
KHfig 
Mm?-}- ■ 

mI | s 
Figure 3-7 

Random Colored Rectangles 
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Each parameter of the LINE statement (line 1180 of our 

program) is controlled by a separate variable that is ran¬ 

domly generated. Notice that relative mode is used for the 

second coordinates (x2,y2). This has the effect of controlling 

the width and height, and hence the size of the rectangle. The 

variable U controls the width and the variable V controls the 

height. How U and V are generated with the RND function 

guarantees that the width will not be any greater than 70 and 

the height will not be greater than 50. These limits make sure 
none of the rectangles extends beyond the boundaries of the 

screen. The variables X and Y control the position of the rect¬ 

angle (actually the upper-left corner of the rectangle). X must 

be between 0 and 250 and Y must be between 10 and 120. 

Each rectangle goes from (X,Y) to (X+U,Y+V). This means 

that the rectangles fit within an area on the screen whose 

x-coordinates range between 0 and 250 + 70, or 320, and 

whose y-coordinates range between 10 and 120 4- 50, or 170. 

Thus, the full width of the screen can be filled, but the 

height is restricted to allow messages at the top and bottom 

of the screen. Notice that even the color of the rectangle is 

randomly generated. We have set the background to black and 

selected palette 0. This makes the foreground color brown. 

It is possible to use the LINE command to fill rectangles 

too. The syntax is 

LINE [(xl,yl)] - (x2,y2),[color],BF 

Here the letters BF at the end stand for Box Fill. Let’s mod¬ 

ify the previous example so that the boxes are filled in. LIST 

the previous example on the screen and use the screen editing 

facilities of IBM BASIC to change all the line numbers so 

that they match those in the next listing. Now add an F at the 

end of line 1340 so it reads BF, change the remark state¬ 

ments, and add line 1280. 
Don’t forget to type ENTER on each line after editing it; 

otherwise it will not be entered into your BASIC program. 
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] EXAMPLE 3-9 

FILLED RECTANGLES 

Modify the previous program so that the rectangles are 

filled with color. The filled rectangles are shown in Figure 

3-8. 

Solution 

1210 ' SEVERAL FILLED COLORED BOXES 
1220 ' 

1230 T* = "FILLED COLORED BOXES" 
1240 GOSUB 5000 ' pause 8* title 
1250 ' 
1260 Here we use relative 
1270 ' coordinates, random numbers. 

and -Fill the boxes. 
B ' . 

■ 

“ 1 TO 100 
250*RND 
70*RND 

: Y 
s V * 50*RND 

C = 3*RND + 1 
LINE <X,Y>-STEP<U,V>, C, BF 

H- j Hi 

S&SMg''' 

: 

10+110*RND 

■ i m /' 5 ||g |t §g| | 

II i * ( § m rf ; 
. . ., . ' '■ 

n FILLED COLORED BOXES 

u ss ENTER to continue? 

PH pm 
Figure 3-8 

Filled Colored Boxes 
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When this program runs, you will see the rectangles from 

the last example fill with color. 

Version 2 of Advanced BASIC has an additional line¬ 

drawing feature called line style. This feature allows you to 

draw dotted or dashed lines. In fact, there are 65,536 differ¬ 

ent line styles available. The parameter that controls line 

style is the last parameter of the LINE command. It is an 

expression whose 16-bit binary value forms a pattern for fil¬ 

ling in the pixels along the line. The bits of this number are 

read from left to right and matched to the pixels along the 

line. A bit value of 1 indicates that a pixel is to be drawn and 

a bit value of 0 indicates that it should not be drawn. For 

example, a binary value 1010101010101010 in the style parame¬ 

ter draws a dotted line. It is important to realize that the 0 

bits cause nothing to be drawn; that is, a bit value of 1 wrill 

cause a pixel to be plotted that is the color of the line, but a 0 

does not erase the pixel beneath it. 

The mapping from bits to pixels is almost straightfor¬ 

ward. The only tricky part is determining where the map¬ 

ping starts. Usually, mapping from bits to pixels starts with 

the leftmost bit, mapping it to the pixel on the line with the 

smallest y-coordinate (the topmost pixel of the line) or, if the 

line is horizontal, to the pixel on that line with the smallest 

x-coordinate (the leftmost pixel of the line). In the next exam¬ 

ple, we illustrate what this looks like. 

As the bits get mapped to the pixels along the line, the 

pattern is used over and over again, repeating itself every 16 

pixels. The style 1111111111110000 (in binary) produces a line 

with long dashes, and the style 1111111100010000 (in binary) 

produces a dash-dot pattern. For example, if the line drawn is 

26 pixels long and the style is 1111000000001111, the pattern 

drawn is 11110000000011111111000000. 
To save space in the program, we often express the style 

numbers in hexadecimal notation rather than in binary nota¬ 

tion. For example, we would write the number AAAA (hex) 

instead of 1010101010101010 (binary) and FFF0 (hex) instead 

of 1111111111110000 (binary). 

The next example demonstrates a variety of line styles for 

LINE with and without the Box option. Note that the style 

parameter cannot be used with the BF (Box Fill) option. 
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] EXAMPLE 3-10 

LINE STYLE 

Write a program that draws a series of boxes and lines 

with different line styles. The boxes should surround each 

other starting from the center of the screen. The lines 

should slant across the screen, each with a different style 

and different slope. The resulting pattern is shown in 

Figure 3-9. 

Solution 

1390 ' LINE STYLES 
1400 ' 
1410 T4 = "LINE STYLES” 
1420 6QSUB 5000 ' pause 8e title 
1430 ‘ 
1440 ' Boxes with style 
1450 FOR I * O TO 90 STEP 4 
1460 XI * 160-1 : Y1 * 100-1 
1470 X2 = 160+1 s Y2 * 100+1 
14SO LINE(XI,Yl>—(X2tY2),,B,&HFFFF-I 
1490 
1500 

NEXT I 

1510 ' Slanted lines with style 
1520 FOR 1=0 TO 180 STEP 4 

XI = O s Y1 - 10+1 
X2 = 319 ; Y2 - 200-1 

1530 
1540 
1550 LINE(XI,Y1>—(X2,Y2),2,,&HFFFF—I 
1560 NEXT I 
1570 ' 
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Example 3-10 

Solution, continued. 

When this program runs you will first see boxes drawn in 

yellow (the foreground color), starting with a small box in the 

center of the screen and working outward with larger and 

larger boxes. Each box has a slightly different line style. 

Next you will see a series of red lines slant across the screen, 

each with a different line style. 

In the program for this example, there are two FOR loops. 

The first (lines 1450-1490) draws the boxes, and the second 

(lines 1520-1560) draws the slanted lines. In each loop, the 

index is I and the step size is 4. 

Each loop contains just one LINE command. The style 

parameter is the last parameter. We have used the expression 

“&HFFFF—I” because, for the small values of I used (less 

than 200), the style patterns will mostly consist of binary Is. 

Thus, the individual lines in the picture will be reasonably 

solid and distinguishable even if they are densely packed on 

the screen. 

For the lines drawn in the first loop, the Box option is 

used, producing styled rectangles on the screen with a min¬ 

imum of fuss. For the lines drawn in the second loop, the Box 
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option is not used, but instead the color option selects a differ¬ 

ent color for these lines. Using,both color and line style 

provides a very large set of very different lines. This is 

important in many applications, such as map making. 

In the next example, we show how the style bits are 

mapped to the pixels on the screen. We will use a constant 

line style pattern, namely 7FFF (hex), throughout this 

example so that you can easily see how a given pattern is 

mapped to the screen for a whole series of lines in different 

positions. We have chosen to arrange the lines as radii of a 

large circle or disk centered in the middle of the screen. In 

this way, the entire set of lines has the same starting point, 

the center of the screen, but the slope ranges throughout all 

possible values. The effect is quite interesting. 
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EXAMPLE 3-11 

MAPPING THE STYLE TO THE SCREEN 

Draw a family of lines, all with the style 7FFF; all 

starting in the center of the screen; all of the same length, 

namely 90; but each of a different angle. The angles should 

vary from 0 to 360 degrees and step every 2 degrees. The 

lines should be drawn in the foreground color. Before each 

line is drawn, its end point should be plotted in a different 

color. The resulting picture is shown in Figure 3-10. 

Solution 

1590 ' STYLED DISK 
1600 ' 
1610 T* = "STYLED DISK” 
1620 GOSUB 5000 ' pause *c title 
1630 ' 
1640 STYLE<=&H7FFF 
1650 PI - 3.1415926535# 
1660 XO = 160 s YO = lOO : R = 90 
1670 ' 
1680 FOR T = O TO 360 STEP 2 
1690 X = XO+R*COS<PI*T/180) 
1700 Y = Y0+R*SIN<PI*T/180> 
1710 PSET <XtY),2 
1720 LIME (XO,YO)-(X,Y),,,STYLE 
1730 NEXT T 
1740 ' 
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EXAMPLE 3-11 

When you run this program, you will see the individual 

radial lines emanate from the center of the screen and termi¬ 

nate on a circle whose radius is 90 units. They are drawn in 

every 2 degrees, all the way around the circle. 

As the lines are drawn you will see gaps every 16 pixels 

along the lines. This is caused by the style we have chosen, 

which is 7FFF (hexadecimal). The gaps form interesting pat¬ 

terns in the entire figure. The lower half of the circle contains 

one pattern and the upper half a different one. 

The pattern in the bottom half is rectangular, but the one 

in the upper half consists of a series of arcs. The reason for 

this difference is that the style bits start their mapping at the 

topmost pixel of each line. The topmost pixel of the lines in 

the bottom of the circle is the center of the circle; thus, the 

pattern starts in the same place for all of these lines. You can 

see rectangular gaps in this case. The reason you see this 

rather than circular gaps is because the pixels are laid out in 

a rectangular grid, as illustrated in Figure 3-11. 

For the lines in the upper half of the circle, the situation is 
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Figure 3-11 

Rectangular Patterns 

on a Grid 

quite different. Here the topmost point of each line lies on the 

circle; thus, the style mapping starts here. The arcs that you 

see reflect this, but the nature of the rectangular grid of pix¬ 

els distorts these arcs from being true circular arcs. This is 

shown in Figure 3-12. 

Now let’s look at the program for Example 3-11. Notice 

that we have defined the variable PI in line 1650. The 

indicates double precision. This much precision is entirely 

unnecessary, but fun. Actually, pi is a number that can never 

be accurately specified by a decimal (or binary) number no 

matter how long. 
The loop for drawing the lines extends from 1680 to 1730. 

On lines 1690 and 1700 we use some trigonometric functions. 

If you are unfamiliar with such functions this is a good way 
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Ya 

Figure 3-13 
■■■■■■ 

Cartesian Coordinates 
and Circles 

Grid for the Upper Half 

to get to know them. The underlying formulas 

x = xO + r*cos(a) 

y = yO + r*sin(a) 

are quite useful. If (x,y) are Cartesian coordinates of a point 

on a circle whose center is at (xO,yO), these formulas give x 

and y in terms of the radius r and the angle a, as shown in 
Figure 3-13. 

In our case, the center (xO,yO) is (X0,Y0), the radius r is R, 

and the angle a is PIXT/180. The reason for the formula for 

the angle is to transform degrees to radians, which are 

required by the trigonometric functions built into BASICA. 

The angle 2XPI in radians is a complete 360 degrees around 

the circle, so the angle PI in radians is 180 degrees; thus, to 

convert from degrees to radians, we must multiply by PI and 
divide by 180. 

Before we draw the line, we plot its endpoint (X,Y) in red. 

We then draw the line from (X0,Y0) to (X,Y) with the fore¬ 

ground color (yellow) and with style. This provides a test of 

our understanding of the mapping. You can see the red dots 

along the top half of the circle, but not along the bottom. On 

the top halt the mapping begins on the circle and the style 

0111111111111111 says to skip the first point, so the red point 

shows through a gap indicated by a zero. On the bottom halt 

however, the mapping does not start on the circle itself, so the 
gap rarely coincides with the circle. 

86 Graphics Primer for the IBM PC 



Now let’s change pace and change the color to light blue. 

First we draw a single triangle. Here the number of colors 

matches the number of sides—three colors for three sides. We 

use absolute coordinates (no STEP). This “fixes” the position 

of the triangle. In the next example, we will use relative 

coordinates that will allow us to place the triangle anywhere 

on the screen. 
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A RIGHT TRIANGLE 

Write a short program that draws a single right triangle. 

Use absolute coordinates. The triangle is shown in the 

upper-left corner of Figure 3-14. 

Solution 

1760 ' RIGHT TRIANGLES 
1770 ' 
1780 T* * "RIGHT TRIANGLES" 
1790 GOSU8 5000 ' pause & title 
1800 COLOR 9, 1 ' change color 
1810 ' 
1820 ' Here we use absolute coordinates 
1830 ' 
1840 LINE (21,100) - (71,0), 1 
1850 LINE - (71,100), 2 
1860 LINE - (21,100), 3 
1870 ' 
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On the same screen let’s use relative coordinates to draw 

20 triangles in a diagonal line. In the next example, notice 

that the (absolute) coordinates in the PSET command are 

given by expressions. This is perfectly legal and a very pow¬ 

erful technique. Notice that relative coordinates are used for 

the three LINE statements that draw the sides of the trian¬ 

gle. Because only constants are used in these line statements, 

the triangles all have the same size and shape. 
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EXAMPLE 3-13 

Now let’s make some regular figures which eventually 

will lead us to some circles. Since this is a different topic we 

also change the background color. This time we call for a yel¬ 
low background. 
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DRAWING A PENTAGON 

Write a short program that draws a regular pentagon. The 
pentagon is shown in the left of Figure 3-15. 

Solution 

1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 

' REGULAR POLYGONS 
- 

T* 88 “REGULAR POLYGONS” 
GOSUB 5000 ' pause & title 
COLOR 5, 1 change col or- 

* 

' PENTAGON 

PI * 3.141592653589793# 
AO = 2*PI/5 
R * 45 

PRESET <6O+R,10O) 
r 

FOR A = O TO 2*PI STEP AO 
X«R*COS(A)t Y=R*SIN(A) 
LINE - (60+X,lOO+Y) 

NEXT A mm 

Is 

vf-H 
: 

zmmmm 
■Hhhm SYfej 

«] . 

1 
1 

S "S ■Y: 

S’|:|S| ' 
Y -.r- 

. 
" • ■ v .. ■ ■ \ ,■ V. . : ; 

'Sf V M ''fr /'i< f '' ■> S " " s 
■ . - ' -S- 

| 

Figure 3-15 
Regular Polygons 

Plotting and Line Drawing 91 



The program is very general, and with only one change 
(line 2080) will draw a regular polygon of any given number 
of sides. A polygon is a closed figure made up of line seg¬ 
ments. Triangles, squares, rectangles, trapezoids, pentagons, 
and hexagons are all examples of polygons. 

The variable AO (defined in line 2080) is the STEP size for 
the FOR loop that draws the figure. By changing this STEP 
size, you can change the number of sides of the figure. Notice 
that the STEP in the FOR loop is used differently from the 
key word STEP that is used to indicate relative coordinates. 
In line 2090, a radius R is defined. This is the radius of a 
circumscribing (surrounding) circle around the polygon. 

The first plotted point of the figure is set with the 
PRESET command on line 2110. If you do not do this, you will 
get an ugly line across the screen. 

The FOR loop starts on line 2130. The index of the loop is 
A which stands for angle. We are using radian measure, so 
the angle 0 is the beginning of the circle and the angle 2XPI 
is a complete 360 degrees around the circle. The step size has 
already been discussed—it determines the number of sides. 

To draw the polygon’s sides we use the LINE command 
(line 2150) in absolute coordinates with current position. 
Notice that the coordinates are simple expressions of the X 
and Y variables. These expressions help place the figure in 
the correct spot on the screen. Later we will discuss the topic 
of positioning or “mapping to the screen” in more detail. The 
FOR loop ends on line 2160. 

The next example is almost identical to the previous one. 
Only lines 2050, 2080, 2110, and 2150 are different. LIST lines 
2050 to 2170 on the screen and change the line numbers so 
they range from 2180 to 2300. Then change your new lines as 
indicated in Example 3-15. This will cause a new figure to be 
drawn with six sides and in the center of the screen. Figure 
3-15 shows both polygons as well as a third seven-sided figure 
called the regular septagon. 
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EXAMPLE 3-15 

To get the third figure, edit your previous program and 

change the appropriate lines (see Example 3-16). Now it is 

easy to generate all of these nearly identical program seg¬ 

ments. Many programs are “grown” in a similar way; that is, 

a programmer will often start with an old program and mod¬ 

ify it so that it performs new tasks. This approach saves a lot 

of time. Of course, the resulting programs usually end up 

looking quite different from their ancestor programs. 
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EXAMPLE 3-16 

DRAWING A HEPTAGON 

Write a short program that draws a regular heptagon. The 

heptagon is shown in the right of Figure 3-15. 

■ 

Solution 

2310 ' HEPTAGON 
2320 ' 
2330 PI * 3.1415926535# 
2340 AO « 2*PI/7 
2350 R - 45 
2360 ' 
2370 PRESET (260+R,1OO) 
2380 ' 
2390 FOR A — 0 TO 2*PI STEP AO 
2400 X«R*COS(A> sY=R*SIN<A> 
2410 LINE - (260+X,100+Y) 
2420 NEXT A 
2430 ' 
2440 ' 

■ 

Now that we know how to “clone” programs, let’s take the 

previous idea and make it fancier. We will also introduce 

some new ideas that will give our graphics programs more 
power and speed. 

Advanced LINE In this section we introduce advanced line-drawing con- 

Command cepts such as positioner functions and matrix methods. These 

are methods used in large professional graphics programs. 

We will show how scaled down versions of these techniques 

can work on small sample graphics programs on the IBM PC. 

In our first example we will draw a series of polygons in 

different positions and different colors. The color will not look 

quite right on an NTSC TV or monitor, so in our second exam¬ 

ple we will go through the entire picture, enhancing the color. 

We are going to compare the performance of this program 
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with the one following it, so we are asking the computer to 

time how long it takes to execute this program. We will then 

be able to tell how much better or worse one is. Often pro¬ 

gram size, readability, or complexity has to be sacrificed to 

improve the speed. If we have exact figures for these quanti¬ 

ties, we can make more intelligent decisions as to which 

method to choose. 
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] EXAMPLE 3-17 

ADVANCED POLYGONS I 

Write a short program that draws a series of polygons, 

each one larger and with more sides than the previous one. 

Cycle through the colors as you draw successive polygons. 

Use trigonometric functions to compute the coordinates of 

the polygons. The polygons are shown in Figure 3-16. 

— — 

Solution 
Mi 

2450 
r 

ADVANCED POLYGONS I 
2460 

■r. 

2470 T* « “MORE POLYGONS'* 
2480 GOSUB 5000 ' pause Sc title 
2490 COLOR 0,1 
2500 

* 

2510 We use trigonometric functions 
2520 

* ' .Vi;"1 I" • 
' . ■' • .. •. 

2530 TIME* * "00:00:00" 
2540 ■r 

2550 
. * 

POSITIONING FUNCTIONS 
2560 DEF FNX(X)=12*N+X 
2570 DEF FNY(Y > = 100+Y 
2580 

_ * 

2590 FOR N - 3 TO 20 
2600 

• 

2610 PI = 3.1415926535# 
2620 AO « 2*Pl/N 
2630 R « 3*N 
2640 C * (N MOD 3) + 1 
2650 
2660 PRESET (FNX(R),FNY<0>) 
2670 • 

--I? 
2680 FOR A « 0 TO 2*PI+.01 STEP 
2690 X=R*COS<A>:Y*R*SIN(A) 
2700 LINE - (FNXCX),FNY(Y)), 
2710 NEXT A 
2720 

r 

v_ Is H ^ • '• II ’ s S t £1 1 H r %\ 
5 MWlf 2730 NEXT N 

2740 LOCATE 3,1 

2750 PRINT "time elapsed: ";TIME# 
2760 ' 
2770 ' 

,1111111. 
\ . _; 
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Now let’s look at the program. On line 2530 we set the 

time equal to zero, and on line 2750 we print the resulting 

elapsed time. In this program the positions, the number of 

sides, the radii, and the colors of the polygons are all com¬ 

puted at various places in the program. 

Positioner functions are defined on lines 2180-2200. These 

functions allow you to work with your own x,y-coordinates 

rather than the screen coordinates. The positioner functions 

in this program transform coordinates from our model of the 

figure (using x- and y-positions related to the figure itself) to 

the actual screen coordinates. The screen coordinates have 

their origin (the point (0,0)) at the upper-left corner of the 

screen, whereas in our picture, the origin is set at the center 

of each polygon as it is being drawn. 

The coordinates used to describe the figure are called user 

coordinates. To draw the picture on the screen you must 

transform or “map” them to the coordinate system of the 

screen (see Figure 3-17). This transformation is called the 

viewing transformation. These functions help conceal the 

“ugly” details of the viewing transformation. 
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User Coordinates 

Screen Coordinates 

Figure 3-17 

Mapping from User 
to Screen Coordinates 

Almost all professional graphics applications programs 

work with their own coordinate system and must use a view¬ 

ing transformation to go from the user’s coordinates to the 

screen coordinates. Effective control of this process is the key 

to writing programs that draw pictures of all sorts of objects 

on all sorts of graphics devices with a minimum of fuss. Pro¬ 

fessional graphics systems normally have these viewing 

transformations built into the system itself rather than clut¬ 

tering up the applications program. This makes the applica¬ 

tions programs easier to read, write, and understand, as well 

as less expensive to develop. 
Fortunately, the IBM PC also has built-in viewing trans¬ 

formations. Its WINDOW and VIEW commands allow the 

user to control these transformations in a natural and pro¬ 

fessional manner. Later in this chapter we give a careful 

introduction to these commands and discuss how they work. 

However, in this example, we will do this transformation 

explicitly so that you can begin to see what is to come. 

If you do not use the built-in viewing transformations, you 

can still use these functions to gain an important advantage; 
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that is, if you wish to change the viewing transformation, 

there is only one spot in the program that you have to fix. 

There is, however, a disadvantage—time. Using these func¬ 

tions instead of direct formulas adds about two seconds to the 

elapsed time for running this program. On the other hand, 

using built-in viewing transformations (with BASICA version 

2) should not greatly affect the speed because they are in 

machine language and they are performed automatically. 

With graphics there is a constant battle between develop¬ 

ment time and execution time. As machines get faster, the 

trend is to do those things that help the development time; 

that is, it is becoming more important to save the pro¬ 

grammer’s time than to save the machine’s time. The only 

possible exceptions are animation programs, where speed of 

execution is of primary importance. 

In our polygon program (Example 3-17), the main FOR 

loop extends from lines 2590 to 2710. The number of sides, N, 

is the index for this main FOR loop. The step size for the side 

is now computed in a formula depending upon N (line 2620). 

The radius is also a function of N (line 2630), and the color 

uses the MOD function to cycle through the values 1, 2, 3, 1, 

2, 3, and so on (see line 2640). Recall that (x MOD y) is the 

remainder when x is divided by y. 

The positioner functions are invoked on two different 

lines, the PRESET command (line 2660) and the LINE 

command (line 2700). You can read these lines more easily 

with the positioner functions. 

If you run this program on a standard TV (or NTSC mon¬ 

itor), you will notice that the polygons seem to be missing 

pieces or changing colors in unusual ways. This is because 

the horizontal resolution of the picture is twice that of the 

color encoding. 

Our next example fixes this picture by drawing the same 

figures one position to the right of what was just drawn. 

Thus, every point is doubled horizontally. This is essentially 

one of the 160 X 200 color modes which will be described in 

Chapter 8. 
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1 EXAMPLE 3-18 

ADVANCED POLYGONS II 

Write a short program that draws a series of polygons 

immediately next to the previous ones to improve the color. 

Use the matrix method to increase the execution speed of 

the program. The polygons are shown in Figure 3-18. 

Solution 

2780 
2790 
2800 
2810 
2820 

2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
3140 

ADVANCED POLYGONS II 

This time we use a matrix 
method. We fill in the 
figure just drawn to give 

2830 * truer color for NTSC. 
2840 
2850 TIME* = "00:00:00” 
2860 

r 

2870 ' POSITIONING FUNCTIONS 
2880 DEF FNX(X)=1+12*N+X 
2890 DEF FNY (Y ) = 100+Y 
2900 

•• > ; • 

2910 FOR N *3 TO 20 
2920 

# 

2930 PI - 3.1415926535# 
2940 AO = 2*PI/N 
2950 R ■ 3*N 
2960 CO ■ COS(AO) 

SO * SIN(AO) 
X « R : Y = O 
C = (N MOD 3) + 1 

PRESET (FNX(R>,FNY(0)) 

FOR A « O TO 2*PI+.01 STEP AO 
LINE —(FNX(X),FNY(Y) ) , C 
XO=X:YO=Y 
X=XO*CO - YO*SO 

Y=XO*SO + YO*CO 
NEXT A 

NEXT N 
LOCATE 3,1 

PRINT "time elapsed: "jTIME* 

ill® 

Mill 
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Example 3-18 

The method for computing the points of the figures is 

speeded up in this example. This time we do not use the tri¬ 

gonometric functions COS and SIN. Instead we use what is 

called a matrix method, which is faster. You will see that even 

in this method you have to use trigonometric functions to 

“prime the pump” (that is, compute certain constants initially), 

but once you get started, no trigonometric functions need to 

be computed. 

The matrix method for drawing polygons might also be 

called the addition formula method because it takes advan¬ 

tage of the addition formulas for the COS and SIN. 

The method depends on trigonometry, but it produces an 

algorithm that does not require computation of any trigono¬ 

metric functions once the plotting has started. 

Start with the addition formulas 

COS(A+B) = COS(A)*COS(B) - SIN(A)*SIN(B) 

SIN(A+B) = SIN(A)*COS(B) - COS(A)*SIN(B) 

This tells you how to use just the operations of multiplication 
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Figure 3-19 

Stepping Around the Circle 

and addition to compute the cosine and sine of (A+B) if you 

already know the cosine and sine of the angles A and B. In 

our case, we want the cosine and sine of the new angle 

(A+AO) in terms of the cosine and sine of the current angle A 

and the step size, as shown in Figure 3-19. 
Multiplying each side of the equations by the radius R and 

letting the step size AO replace B, we get 

R*COS(A+AO) = R*COS(A)*COS(AO) - 

R*SIN(A)*SIN(AO) 

R*SIN(A+A0) = R*SIN(A)*COS(AO) - 
R*COS(A)*SIN(AO) 

In the example program, in lines 2960-2970 we define con¬ 

stant variables CO and SO to be COS(AO) and SIN(AO), 

respectively. Now substitute this into the formulas: 

R*COS(A+AO) = R*COS(A)*CO - R*SIN(A)*S0 

R*SIN(A+A0) = R*SIN(A)*C0 - R*COS(A)*SO 

In line 3050 the current X and Y are saved as X0 and Y0. 

These are equal to R*COS(A) and R*SIN(A), respectively. 

Thus, the new coordinates are given by substituting this in 

the previous pair of formulas, giving 

R*COS(A+AO) = X0*C0 - Y0*S0 

R*SIN(A+A0) = Y0*C0 + X0*S0 

A slight rearrangement in order gives the formulas in lines 

3060-3070. 

X = X0*C0 - Y0*S0 

Y = X0*S0 + Y0*C0 

This can be viewed as, and is equivalent to, the following 
matrix multiplication: 

/x\ /co -so\ /xo\ 
\y) \S0 +C0/ \Y0/ 

We have just seen how lines can be used to draw all sorts 

of shapes, including some that look very much like circles. 

However, considerable effort and mathematical expertise is 

needed to draw them at a reasonable rate of speed. In the 

next section, we will study a command to make circles. Since 

the CIRCLE command is in machine language (as part of 

BASICA), it will run faster, and since it is invoked as a single 
command, it is easier to use. 
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The CIRCLE 
Command 

The CIRCLE command does much more than its name 

implies. It also draws arcs and ellipses, providing a fast way 

to construct curved shapes. This allows you to construct com¬ 

plicated pictures with less effort. 

The full syntax for the CIRCLE command is 

CIRCLE (xcenter,ycenter),radius[,color[,start,end 

[.aspect]]] 

Here is another place where there are many optional parame¬ 

ters. But let’s begin by drawing a plain circle. The syntax for 

this simple case is 

CIRCLE (xcenter.ycenter),radius 

where xcenter and ycenter are the x- and y-coordinates of the 

center of the circle and radius is the radius of the circle. Here 

we can see that the x- and y-coordinates of the center and the 

radius are all specified. The quantities xcenter, ycenter, and 

radius can all be expressions. Either absolute or relative 

coordinates can be used for the center. 

The following example illustrates this simpler form of the 

command. The coordinates of the center and the radius are 

all constants in this example. In later examples we will use 

more complicated expressions. 
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] EXAMPLE 3-19 

DRAWING A CIRCLE 

Write a short program that draws a circle in the center of 

the screen. Use the CIRCLE command. The circle is shown 

in Figure 3*20. 

Solution 

3150 ' CIRCLE 
3160 ' 

3170 T* * "CIRCLE - THE EASY WAY" 
3180 60SUB 5000 * pause & title 

3190 ' 
3200 ' Here is the easy way to make 
3210 ' a circle. 

3220 ' 
3230 CIRCLE (160,100), 60 
3240 ' 

3250 ' 

•■; -a;- *' X** ' 

Figure 3-20 
Circle 

When this program runs it produces a circle in the center 

of the screen. The circle is somewhat flattened. The amount of 
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flattening varies from screen to screen. We will see how to fix 
this soon. 

We should note that in all forms of the CIRCLE command, 

the current position is always updated to be the center of the 

circle, not the last point drawn on the figure. 

If you look closely while the circle is being drawn, you will 

see that it starts at four points and “grows” in eight different 

places on the circle at once. There is an algorithm for draw¬ 

ing circles in this way. This algorithm is locked up and hid¬ 

den in machine language so that it will run very fast. 

Now let’s explore arcs. As you might suspect, an arc is 

really part of a circle. Many graphics systems do not have a 

CIRCLE statement, let alone an ARC statement. In those sys¬ 

tems, you would have to do things the hard way. That is what 

we will do in the next example. Once you see this, you will 

appreciate the power of the CIRCLE command. 

The next example uses trigonometric functions in a very 

similar way to what was done in drawing polygons. Instead of 

drawing arcs, it draws spanning sections of 30-sided poly¬ 

gons. With the medium-resolution screen, you cannot tell the 

difference between this and a true circular arc. In our pro¬ 

gram we have again included a timer so that you can com¬ 

pare this method with a much easier and faster method that 

will follow. 

This program draws ten arcs that all start at the center 

of the screen, but belong to different circles. Look at Figure 

3-21 to see how they are arranged. We will not explain the 

decisions we made to get this program working in as few 

steps as possible, but you are welcome to study the listing 

yourself 
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] EXAMPLE 3-20 

MAKING ARCS THE HARD WAY 

Write a short program that draws ten arcs which all start 

at the center of the screen, but belong to different circles. 

Use trigonometric functions and the LINE command to 

draw the figure. Use the computer’s clock to time the 

program. The arcs are pictured in Figure 3-21. 

THE HARD WAY 
■ 

THE HARD WAY" 
title 

Solution 

3260 ' MAKING 
3270 ' 
3280 T$ » " 
3290 
3300 ' 
3310 ' 
33.<c0 
3330 ' 
3340 
3350 AO = 2*P 
3360 K - 40 

3370 FUDGE=.01 
3380 ' 
3390 TI ME$= 
3400 FOR E0=0 TO 2*PI+FUDGE STEP PI/5 
3410 
3420 PRESET (160,80) 
3430 ' 

3440 FOR A = EO TO -FUDGE STEP -AO 
3450 X=R*COS(A)-R*COS(EO) 
3460 Y—R*SIN(A)—R*SIN(EO) 
3470 LINE - (160+X,80+Y) 
3480 NEXT A 
3490 ' 
3500 NEXT EO 
3510 ' 
3520 LOCATE 3,1 

3530 PRINT "time elapsed: "jTIME* 
3540 ' 
3550 ' 
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Figure 3-22 

An Arc—Starting Angle 

and Ending Angle 

Notice that this program has a very important ingredient: 

FUDGE. Because of rounding errors, FOR loops with real 

indices do not always execute the very last case. What 

happens is that because of rounding errors, the value of the 

index the last time through is slightly larger than the correct 

stopping value; hence we need a “fudge” factor which is 

called, naturally enough, FUDGE. 
Now let’s see how to make arcs using the faster BASICA 

CIRCLE command. An arc has a starting angle and an end¬ 

ing angle (in radians), as shown in Figure 3-22. 

To make an arc, tack the starting angle and ending angle 

onto the end of the CIRCLE command. The syntax is 

CIRCLE (xcenter,ycenter),radius,color,start,end 

where start is the starting angle and end is the ending angle 

(in radians). 
In the next example, we draw the same number of arcs as 

in the previous program. The positions are different in this 

program, but the programs are comparable because the arcs 
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are of the same lengths as in the previous program. We have 

also put a timer on this program so you can compare the 

speed of execution with the last program. You can see from 

the time output of the program in Figure 3-23 that it runs 

significantly faster (about 15 times faster). It is also much 

easier to understand. For example, there is only one FOR 

loop; the CIRCLE command takes care of what was the old 

inner FOR loop. 

Figure 3-23 

Making Arcs with the CIRCLE Command 
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EXAMPLE 3-21 | 

MAKING ARCS THE EASY WAY ’ •; \ •;a \ a;.; ■> ■ ; 

: : ‘ .. IV ■ 1 

Write a short program that draws ten arcs. This time use 

the CIRCLE command. Use the computer’s clock to time 11 m | 

the program. The new arcs are pictured in Figure 3-23. 
■ ' ' . ■ . aaa 

. ' • - ; >, 

'V.-V. ;V -[V ■ 'V'. ■■ V' .-A-' 

Solution 

3560 ' ARCS - USING CIRCLE 
3570 * § ® 
3580 T* = “ARCS - USING CIRCLE" 
3590 GOSUB 5000 * pause & title . ■ •. '-'V. ■■ "V 

3600 * 

3610 ’ This uses the circle statement. 
3620 0 

3630 PI * 3.1415926535# 
3640 R - 40 
3650 t 

3660 TIME$=s"00: OOs OO” 
3670 FOR EO * O TO 2*PI+.Oi STEP PI/5 
3680 Y * lOO - R*SIN(EO) . 

3690 X = 160 + R*COS(EO) 
3700 CIRCLE (X,Y), R, 3, 0, EO 
3710 NEXT EO 
3720 * 

3730 LOCATE 3,1 
3740 PRINT "time elapsed! ";TIME* 
3750 0 

3760 r 'A A ; .'-.'V-:J-..'--';V-'‘VL’..^~'V-:'';-’ t'V 

■ 

Looking closely at the program, we see that the arcs are 

produced by the CIRCLE statement on line 3700. The center 

(X,Y) of this circle is recomputed each time through the 

remaining FOR loop. The trigonometric functions in the FOR 

loop cause this center to rotate about the center of the screen, 

thus enhancing the picture. The radius R for each arc is 

always the same, and the color is also always the same, 

namely 3. Each arc always starts at an angle of 0 radians, but 

each arc is longer than the previous one. 

We could have eliminated the color parameter, but we 
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4 

must still have the commas which mark its place in the 

command. 
In the example the start and end angles were nonnegative. 

The CIRCLE command does something special if the angle is 

negative—it draws a radius. We will discuss this later when 

we present an example applications program that draws pie 

charts. 

The last example in our “stand-alone” series shows how to 

“squash,” or round out, circles. The last parameter in the 

CIRCLE command is called the aspect ratio. It is the ratio of 

the radius in the x-direction to the radius in the y-direction. 

When we change this quantity in the CIRCLE command, we 

get an ellipse. (See the full syntax of the CIRCLE command 

at the beginning of this section.) 

If the aspect ratio is less than 1, the radius in the x- 

direction is equal to radius (as specified in the command) and 

the radius in the y-direction is equal to radiusXaspect. If, on 

the other hand, the aspect ratio is greater than 1, the radius 

in the x-direction is equal to radius/aspect, and the radius in 

the y-direction is equal to radius. Figure 3-24 illustrates 

these rules. This scheme guarantees that radius (the specified 

radius) is always the maximum radius of the ellipse. 

Our example program also illustrates the rules for aspect 

ratio. It has a FOR loop which steps through values for 

ASPECT from 0 to 9 by every tenth. If ASPECT is less than 

1, the color is equal to 1 (cyan), and if ASPECT is greater 

Figure 3-24 

radius 

Explanation of Aspect Ratio 

for CIRCLE Command 
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than or equal to 1, the color is equal to 2 (magenta). Thus, you 

can separate the cases as the figure is drawn. As the picture 

unfolds you will first see blue (cyan) ellipses that all have the 

same horizontal (x-direction) radius but are flattened verti¬ 

cally (y-direction). These ellipses have an aspect ratio of less 

than 1. Next you will see purple (magenta) ellipses that all 

have the same vertical radius (y-direction), but are flattened 

horizontally (x-direction). These ellipses have an aspect ratio 

greater than or equal to 1. All ellipses fit within the same 

circular region. 
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] EXAMPLE 3-22 

DRAWING ELLIPSES 

Write a short program that draws lots of ellipses. If the 

aspect ratio is less than 1, color the ellipses cyan, but if the 

aspect ratio is greater than 1, color the ellipses magenta. 

The set of ellipses is shown in Figure 3-25. 

Solution 

ELLIPSES 3770 
3780 
3790 T$ « “FAMILY OF ELLIPSES" 
3800 COLOR 0,1 
3810 GOSUB 5000 * pause & title 

3820 
3830 
3840 
3850 
3860 
3870 
3880 
3890 
3900 
3910 
3920 
3930 
3940 

This shows what you can do 
with the aspect ratio 

PI ■ 3.1415926535# 
FOR ASPECT = O TO 9 STEP .1 

IF ASPECTCl THEN C=1 ELSE C=2 
CIRCLE (160,100),60,C,,,ASPECT 

NEXT ASPECT 

LOCATE 23,1 
END 

ill 

■ 

I i 

If 
lip 
jj Figure 3-25 

Ellipses 
m ■ 
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Notice that the arc-making parameters in the CIRCLE 

statement (line 3890) are absent but their places are held by 
commas. 

At the end of the program we put a LOCATE statement 

(line 3920). This places the cursor out of the way when the 
program stops. 

In the IBM PC there is a “default value” given to the 

aspect ratio when nothing is specified in the CIRCLE state¬ 

ment. This default value depends upon whether you are in 

medium- or high-resolution mode. The default for medium- 

resolution mode is 5/6 and for high-resolution mode is 5/12. 

This is consistent with the difference in resolution between 

these two modes being a doubling of resolution in the x-direc- 

tion. These aspect ratios were designed to give a perfect cir¬ 

cle in both cases, but in practice this does not always happen. 

In theory, a TV screen has an aspect ratio such that the 

vertical side is three-quarters the size of the horizontal side. 

You can think of the screen as the lower three-quarters of a 
big square. With the 320 X 200 medium-resolution mode, this 

fictitious square is approximately 320 X 267, which gives an 

aspect ratio of 5/6. This is why IBM chose the 5/6 default 

value in the medium-resolution graphics mode. 

Different TV sets and monitors will have slightly different 

aspect ratios. In fact, you can often make adjustments that 

will change the aspect ratio on a TV monitor. Thus, no matter 

what you do, a circle will never appear perfectly round for all 

displays. The aspect ratio can be adjusted for each site. 

To finish this section on commands and their features, we 

present the first applications example program of this chap¬ 

ter. It produces a pie chart. A pie chart is a convenient way of 

presenting data in which each piece of data is part of a whole 

(total). The total is represented by the interior of a complete 

circle and each piece of data is represented by a different 

pie-shaped part (sector) of the interior of the circle. 

In the following example, we use a special feature of the 

CIRCLE command called radius drawing. When it is used, 

the ends of arcs are automatically connected to the center of 

the circle by a straight line. To invoke this feature, you use 

negative angles for the beginning or ending angles of an arc. 
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PIE CHART 

Write a short interactive program that makes a pie chart. 

The user should be allowed to enter as many items of data 

as he or she wishes. Terminate such input with a negative 

number. The pie chart is shown in Figure 3-26. 

Solution 

100 * PIE CHART 
110 ' 
120 ' 
130 KEY OFF 
140 SCREEN 1 
150 CLS 
160 ' 

170 PI=3.1415926535# 
180 DIM SECTOR<25) 
190 ' 
200 PRINT "To stop, e 
210 J = 0 
220 ' INPUT LOOP 
230 J = J+l 
240 PRINT “size of 
250 
260 
270 
280 
290 ' 
300 ' 
310 
320 ' 
330 
340 
350 

360 ' 
370 

380 
390 ' 

400 
410 
420 
430 ' 

440 

'S 

INPUT SECTOR(J> 

IF SECTOR(JXO THEN 300 
TOTAL * TOTAL+SECTOR < J) 

SOTO 220 

CONTINUE 
N=J-1 

CLS 
LOCATE 1,15 

PRINT TOTAL; "Total"; 

BEGA<=0 
RADIUS=BO 

FOR J=»l TO N 

ENDA=2*PI^SECTOR < J >/TOTAL+BEGA 
MIDA=(BEGA+ENDA)/2 

m mgi WM0& 1 p 

X * 160+C0S(MIDA)*RADIUS*1.2 
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Example 3-23 

Solution, continued. 

450 Y = lOO—SIN(MIDA)*RADIUS«T 
460 - STR*(SECTOR(J)) 

470 LOCATE (Y+4>/8, X/8-LEN<M*>/2 
480 PRINT M*; 
490 ' 

500 A1 « -BEBA-.OOi 
510 A2 = -ENDA 

520 CIRCLE <160,100>,RADIUS,f A1, A2 
530 ' 

540 BEGA^ENDA 
550 NEXT J 
560 ' 

570 LOCATE 22 
580 END 

Now let’s look at the program in more detail. The first 

part of this program (lines 100-320) accepts data from the 

user, and the last part plots the pie chart. The user is allowed 

to enter as many values as he or she wants. To end data entry, 

the user types in a negative number. 

In the part of the program that draws the pie chart, there 

is a main FOR loop that runs through the sectors (pieces) of 
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the pie. Each sector is specified by a starting angle and an 

ending angle. The ending angle of one sector is the starting 

angle of the next sector. Within the FOR loop, the new ending 

angle is computed first, then a midpoint angle is obtained, 

and finally the sector is labeled. For positioning the labels, 

look at how we must transform from arc-circle (polar) coor¬ 

dinates to screen (x-y) coordinates, and finally to row-column 

coordinates for the text. The last part of the FOR loop actu¬ 

ally draws the sector. Observe that the angles are negative to 

invoke the special “radius drawing” feature of the CIRCLE 

command. 

We have just seen how to use the point-, line-, and circle¬ 

drawing commands one by one through a series of short 

examples and one real application. In the rest of this chapter, 

we will see how to put these commands together to perform 

further applications. 

ADVANCED GRAPHICS CONCEPTS 

In this section we describe some simple but powerful 

techniques for drawing pictures with the point, line, and cir¬ 

cle commands. You should consider this an introduction 
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Viewing Concepts— 

Coordinates and 

T ransformations 

rather than a complete treatment. If you wish to know more, 
consult the books listed in Appendix D. 

The first concept is coordinate systems used in viewing an 
object. As we have seen in our example program segments, 
there is usually some object that we are trying to depict. Some 
of these objects are two-dimensional (2-D) and some are 
three-dimensional (3-D). Two-dimensional objects are flat, 
such as a piece of paper or the screen of your TV monitor. 
Such objects have only two dimensions: length and width. We 
can use two coordinates, like x and y, to represent the posi¬ 
tions of the points they contain. Thus, the position of any 
point in a two-dimensional object is represented by a pair of 
numbers (x,y). Three-dimensional objects require an addi¬ 
tional dimension, like depth, and an additional coordinate. 
The position of any point in a three-dimensional object is 
represented by a triple (x,y,z) of numbers. It is even possible 
to talk about objects that are four-dimensional and higher. 

A given object will have some kind of natural coordinate 
system with a natural unit distance. For example, you can 
represent the position of one corner of a rectangular piece of 
property by the coordinates (0,0). Thus, the first coordinate 
will measure distance in feet from this point in the direction 
parallel to the front boundary and the second coordinate will 
measure distance in feet or meters back from this point in the 
direction parallel to the side boundary. This is illustrated in 
Figure 3-27. 

On the other hand, the screen has its own natural coordi¬ 
nate system. For the IBM PC screen, the point (0,0) is in the 
upper-left corner. The first coordinate measures how many 
pixels you are to the right of this point and the second coordi¬ 
nate measures how many pixels you are down from this point. 

The coordinate system for the object is usually referred to 
as the user coordinate system or world coordinate system. The 
coordinate system for the screen is usually referred to as the 
screen coordinate system. Other names for these coordinate 
systems are also commonly used. For example, instead of user 
or world coordinates we may say object coordinates, and 
instead of screen coordinates we may say device coordinates 
or image coordinates. Device coordinates is a handy term if 
we are trying to produce an image on a number of different 
devices, which may include video screens of different resolu¬ 
tions, digital plotters, or graphics printers. 

When we want the computer to draw an object, the com- 
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Figure 3-27 

Natural Coordinate System 
for a Piece of Property 

puter needs to know the screen coordinates of the points in the 

image of the object on the screen. However, the data for the 

points is stored in the machine in user coordinates. Software 

(and sometimes hardware) is needed to convert the coordinate 

values associated with the object to the coordinates associated 

with the screen. This conversion process from user coordi¬ 

nates to screen coordinates is called a viewing transformation. 

BASICA version 2 has built-in commands, VIEW and 

WINDOW, to simplify the process for the programmer, at 

least in 2-D. We will explain the basic ideas behind these 

commands and their syntax, and then show through example 

programs how they can be used to make programming 

easier. 

2-D Viewing 

T ransformations 

To control and determine the 2-D viewing transformation 

we introduce two types of viewing regions: viewports and 

windows. 

A viewport is a rectangular viewing region on the screen 

itself. Since the screen is rectangular, there is a natural rec¬ 

tangular region in the screen coordinate system that corres¬ 

ponds to the limits of the screen. In medium-resolution mode, 
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these limits are 0 and 319 for x and 0 and 199 for y. The 

viewport is initially the full screen. As we program, however, 

we can make the viewport smaller or larger than the actual 

screen. In fact, by making a number of small viewports (as 

illustrated in Figure 3-28) that correspond to different rect¬ 

angles on the screen, we can present a whole series of pic¬ 

tures to the viewer at once, offering the possibility of making 

complicated programs very interactive. 

You can control the placement of the viewport with the 

VIEW command. The full syntax for this command is 

VIEW [[SCREEN][(ul,vl) — (u2,v2)[,[color][,[boundary]]]]] 

where SCREEN is an optional specifier that controls the 

mapping, and ul, vl, u2, and v2 are numeric expressions that 

define the limits of the viewport or clipping window depend¬ 

ing upon whether the SCREEN option is used (more on this 

later). The syntax works exactly the same way that the syn¬ 

tax in the LINE command specifies the limits of the box in 
its Box and Box Fill options, ul and u2 determine the limits 

for the horizontal direction and vl and v2 determine the lim¬ 

its for the vertical direction. We have used the variables u and 

Viewports on the Screen 
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4 

v for the VIEW command to distinguish them from the x-and 

y-coordinates that are used in the WINDOW command. The 

variables u and v are screen coordinates. If you do not include 

the coordinates (ul.vl) - (u2,v2) in the command line, the 

viewport will be set to the entire screen. 

The next parameter color, if used, is a numeric expression 

that specifies the color to fill the viewport; and boundary, if 

used, is a numeric expression that specifies the color of a 

boundary (frame) to be drawn around the viewport. 

The CLS command only clears the area in the viewport, 

not the entire screen, if the viewport is defined to be smaller 

than the screen. 

Just as the screen has viewing regions called viewports, 

the user coordinate space can have different viewing regions. 

These are called windows. When a picture is drawn, the cur¬ 

rent window in user space is mapped via the viewing trans¬ 

formation to the current viewport in screen space. This is 

shown in Figure 3-29. 

Figure 3-29 

Windows Being Mapped to Viewports 
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The programmer controls the location of the window with 

the WINDOW command. The full syntax for this command is 

WINDOW [[SCREEN] (xl,yl) - (x2,y2)] 

where SCREEN is an optional specifier that controls the 

mapping, and xl, yl, x2, and y2 give the x and y limits of the 

window in the same way that ul, vl, u2, and v2 specify the 

limits of the viewport or clipping window in the VIEW com¬ 

mand. If you do not include the coordinates (xl,yl) - (x2,y2), 

the window will be the same as the viewport. 

The programmer can control the entire mapping process 

by controlling the location of the viewports and the windows. 

The general idea is that corners are mapped to corners. 

Initially, that is, after you type RUN or SCREEN commands 

but before setting any viewport or window, the viewport and 

the window are the same. For example, in the medium- 

resolution graphics mode, the viewport is given by 

umin = 0 

vmin = 0 

umax = 319 

vmax = 199 

in screen coordinates, and the window is given by the same 
limits 

xmin = 0 

ymin = 0 

xmax = 319 

ymax = 199 

in user coordinates. The point (umin,vmin) = (xmin,ymin) = 

(0,0) is in the upper-left corner of the screen, and the point 

(umax,vmax) = (xmax,ymax) = (319,199) is in the lower-right 

corner of the screen. 

In this case, the corner point (xmin,ymin) of the window 

gets mapped to the corner point (umin,vmin) of the viewport 

and the corner point (xmax, ymax) of the window gets 

mapped to the corner point (umax,vmax) of the viewport. The 

effect is to ignore windows and viewports. 

If you use the VIEW command with coordinates (ul,vl) — 

(u2,v2) but without the SCREEN option, the corners of the 

viewport are set by sorting these coordinates in the following 

way: The upper-left corner of the viewport is (umin,vmin), 
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Deriving the Constants 

in the Viewing 

T ransformation 

where umin is the minimum of ul and u2, and vmin is the 

minimum of vl and v2. The lower-right corner is (umax, 

vmax), where umax is the maximum of ul and u2, and vmax 

is the maximum of vl and v2. If you use the SCREEN option, 

the viewport is the entire screen and these coordinates specify 

the location of what is called the clipping window. 

If you use the WINDOW command with coordinates 

(xl,yl) — (x2,y2), the corners of the window are set by these 

coordinates in the following way: One corner of the window is 

(xmin,ymin), where xmin is the minimum of xl and x2, and 

ymin is the minimum of yl and y2. The opposite corner is 

(xmax,ymax), where xmax is the maximum of xl and x2, 

and ymax is the maximum of yl and y2. If you do not use the 

SCREEN option, (xmin,ymin) is in the lower-left corner and 

(xmax,ymax) is in the upper-right corner. This is the normal 

case for Cartesian coordinates. However, if you do use the 

SCREEN option, the window is flipped upside down with 

(xmin,ymin) in the upper-left corner and (xmax,ymax) in the 

lower-right corner. This corresponds to the way screen coor¬ 

dinates are flipped upside down. 

In version 1 of IBM PC Advanced BASIC, the VIEW and 

WINDOW commands were not available so the mapping pro¬ 

cess had to be explicitly controlled by the programmer. For 

those who have not yet obtained a copy of version 2, and for 

those who want to understand how the PC makes the viewing 

transformation, we will now describe the mathematics in¬ 

volved. All the formulas needed to implement the viewing 

transformation are included here. 

In 2-D viewing transformations, the object is two- 

dimensional and so is its image on the screen. The viewing 

transformation can be accomplished by some stretching or 

shrinking (scaling), some shifting up, down, back, or forth 

(translation), and some flipping (y becomes — y). Another 

form of transformation, rotation, is discussed under “3-D 

Viewing Concepts.” 

There are two simple ideas that allow us to handle 2-D 
easily: 

1. Each coordinate is handled separately. 

2. The formula for the transformation is given by as 

simple a mathematical formula as possible. 

As a result, we have two linear equations that have the user 
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coordinates on the right-hand side and the screen coordinates 
on the left-hand side. 

xscreen = a*xuser + b 

yscreen = c*yuser + d 

where a, b, c, and d are constants that determine the transforma¬ 
tion. 

Although these formulas can be understood in terms of 

scaling (shrinking and stretching) and translation (shifting 

back and forth or up and down), this is not how we choose to 

look at the situation. Instead, we prefer to keep the screen 

coordinates {xscreen,yscreen) and the user coordinates (xuser, 

yuser) in different “worlds.” We can, however, think of these 

two different 2-D worlds as two slices of a 3-D object called a 

viewing tube. (See Figure 3-30 for an illustration.) This tube 

consists of the lines of sight from the object to the viewing 

screen and then to your eye. Such an approach will, indeed, 

lead to these formulas, but we will not attempt to derive this. 

The constants a, 6, c, and d completely determine the 

viewing transformation. We will now show how these con¬ 

stants can be determined if we are given the limits of the 

window and viewport. 

Suppose that, as in our previous discussion, the screen 

coordinates are called u and v and the user coordinates are 

called x and y. The formula for the viewing transformation is 

u = a*x + b 

v = c*y + d 

Screen User 

Coordinate 

System 

Figure 3-30 

Viewing Tube 
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A given viewport is described by the conditions 

umin < u < umax 

vmin < v vmax 

If you use the VIEW command, the syntax 

VIEW (umin,vmin) — (umax,vmax) 

would set up such a viewport in the machine. However, recall 

that if you specify the coordinates in the “wrong” order, that 

is, with ul greater than u2, the VIEW command will store 

them in the “right” order in the machine, with umin equal to 

the smaller of ul and u2, and so on. 
The window is described by similar equations: 

xmin < x < xmax 

ymin < y < ymax 

This time you can use the WINDOW command to specify 

these limits to the machine. For example: 

WINDOW (xmin,ymin) - (xmax,ymax) 

Again, the machine will sort the values you give it to deter¬ 

mine the correct minimum and maximum limits. 

For this window to map to this viewport under the view¬ 

ing transformation, we must have corner points of the win¬ 

dow map to corner points of the viewport. How this is done 

depends upon whether you use the SCREEN option of the 

WINDOW command. Without the SCREEN option, the 

lower-left corner (xmin,ymin) of the window is mapped to the 

lower corner of the viewport, which happens to be (umin, 

vmax), and the upper-right corner (xmax,ymax) of the win¬ 

dow is mapped to the upper-right corner of the viewport, 

which happens to be (umax,vmin). Notice how vmin and 

vmax are switched. With the SCREEN option, (xmin,ymin) 

is mapped to (umin,vmin) and (xmax,ymax) is mapped to 

(umax,vmax) so that window coordinates go in the same 

direction as viewport coordinates (upside down). 

For purposes of this derivation, let’s assume the SCREEN 

option is used in the WINDOW commands. When we plug 

into the transformation formulas, a set of four equations 

results: 

umin = a*xmin 4- b 

vmin = c*ymin + d 

umax = a*xmax + b 

vmax = c*ymax + d 
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POINT and 

PMAP Functions 

Using algebra, it is possible to find formulas for a, b, c, and d 

in terms of umin, vmin, umax, vmax, xmin, ymin, xmax, and 

ymax. These formulas are 

a = (umax—umin)/(xmax—xmin) 

b = umin— a*xmin (using a from the previous 

equation) 

c = (vmax—vmin)/(ymax—ymin) 

d = vmin—c*ymin (using c from the previous 
quation 

Whenever you execute the VIEW or WINDOW com¬ 

mands, the machine automatically computes these constants 

and stores them, ready to be used as part of the viewing 

transformation. Our applications programs throughout the 

rest of this chapter will take advantage of the fact that these 

commands do all of this for you. If you do not have such com¬ 

mands, you will have to write a subroutine that computes 

these constants using the formulas. You will need to call this 

subroutine every time you change either the viewport or the 

window limits. In addition, you will need to include the view¬ 

ing transformation functions 

u = a*y + b 

v = c*y + d 

in your program. This is best done by defining BASIC func¬ 

tions as in the following commands: 

DEF FNA(X)=VTA + VTB * X 

DEF FNB(Y)=VTC + VTD * Y 

But every time you plot a point, line, or circle you will need to 

invoke these functions explicitly. For example, 

LINE —(FNA(X),FNB(Y)),C 

draws a line from the old current position to the point whose 

user coordinates are (X,Y). You can see that the screen coor¬ 

dinates are computed as (FNA(X),FNB(Y)) within the com¬ 

mand line. 

Now let’s look at some functions that can be used for debug¬ 

ging programs that use viewing transformations. They are 

POINT and PMAP. 
The POINT function can be used to return the color of any 

point. With version 2 of Advanced BASIC it can also return 

the current position both in user coordinates and screen 

coordinates. 
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It has two possible syntaxes: 

v = POINT(x,y) 

and 

v = POINT(n) 

where x and y are numeric expressions, and n is an integer 

expression equal to 0, 1, 2, or 3. 
More precisely, POINT(x.y) returns the color of the pixel 

at the point (x,y) in user coordinates, POINT(O) returns the 

x-coordinate of the current position in screen coordinates, 

POINT(l) returns the y-coordinate of the current position in 

screen coordinates, POINT(2) returns the x-coordinate of the 

current position in user coordinates, and POINT(3) returns 

the y-coordinate of the current position in user coordinates. 

For example, 

X = POINT(O) : Y = POINT(l) 

sets X equal to the x-coordinate of the current position and Y 

equal to the y-coordinate of the current position, both in 

screen coordinates. If your picture is just not doing what it is 

supposed to do and you cannot figure out what is going 

wrong, then add some PRINT statements such as 

PRINT POINT(0);POINT(1);POINT(2);POINT(3) 

near your POINT, LINE, and CIRCLE commands. They can 

often tell you what the problem is. 
The PMAP function allows you to perform the viewing 

transformation in both directions. It is available only with 

version 2 of BASICA. Its syntax is 

v = PMAP(x,n) 

where x is a numeric expression and n is an integer expres¬ 

sion equal to 0, 1, 2, or 3. If n is 0, PMAP maps the x-coor¬ 

dinate from user coordinates to screen coordinates; if n is 1, 

PMAP maps y-coordinates from user coordinates to screen 

coordinates; if n is 2, PMAP maps x-coordinates from screen 

coordinates to user coordinates; and if n is 3, PMAP maps 

y-coordinates from screen coordinates to user coordinates. 

For example, 

PRINT PMAP(20,2); PMAP(30,3) 

prints the x and y user coordinates of the screen point (20,30). 

Let’s see what this viewing transformation looks like in 

our first application example, the bar chart program. We 

begin with our centered title subroutine, given in Example 

3-24. 
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EXAMPLE 3-24 

Now let’s look at the program itself. The first few lines 

consist of comments, and there is a GOTO command to 

transfer control to the main program. Between this state¬ 

ment and the main program is our centered title subroutine. 

Now let’s add on a main program. Our first main pro¬ 

gram will make a bar chart. 
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] EXAMPLE 3-25 

BAR CHART 

Write a short program that makes a bar chart. Use the 

simple graphics package provided in the last example. Put 

the data for the bars in DATA statements. Use WINDOW 

and VIEW so the chart can handle any values. The bar 

chart is shown in Figure 3-31. 

Solution 

100 
no 

BARCHART 
' 

iifSi 

280 

290 

300 

MAIN PROGRAM - BARCHART 

310 DATA 20 

320 DAT A 3.9, 5.3, 7.2, 9.6 

330 DATA 12.9, 17.0, 23.2, 31.4 

340 DATA 39.8, 50.2, 62.9, 76.0 

350 DATA 92.0, 105.7, 122.8, 131.7 

360 DATA 150.7, 179.3, 203.2, 211.0 

370 * 

380 ' Set up the screen 

390 CLS : KEY DFF 

400 SCREEN 1 ' medium resolution 

410 COLOR 0, 1 ' bckgrnd & palette 

VIEW (20,20)-(300,150),,3 

WINDOW (0,0) — <1,250) 

^ ‘ V *’i 
L$ = "SIMPLE BAR CHART" 

GOSUB 200 ' print centered title 

L$="US Population" 

FOR 1=1 TO LEN(L$) 

LOCATE 3+1,1 

:: . . £ - 
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Example 3-25 

■ ■ ■ . 

Solution, continued. 

510 PRINT MID*<L*,I.1> 
520 NEXT I 
530 ' 
540 LOCATE 21,9 
550 PRINT "Every ten years 1790-1980 
560 ' 
570 READ N 
580 DX = 1/N s DDX = .75*DX : Y = 0 
590 ' 
600 FOR I = 0 TO N—1 
610 X-DX*I 
620 READ DY 
630 LINE < X,Y> — < X+DDX,Y+DY),1,BF 
640 
ARA ' 

NEXT I 

660 LOCATE 23 
670 END 

Pisw 

. ''■ . ■ 

^Mfb-wS?M •> ° -■ - < •£ 

,-■•■- 
'■ ■' . .■;■-■■ 

Figure 3-31 
Bar Chart 

The two lines at the beginning keep track of the name of 

your application program. The main program actually begins 

on line 280. 

In the main program, the data for the bar chart comes 

first. This is given in DATA statements (lines 310-360). In 
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4 

practice, data should be located in a separate file. Since this 

is not a book about file management, we will not add this 

complication to our “simple” program. 

Next we set up the screen. We clear it, turn the function 

key display off and initialize it. We have chosen medium reso¬ 

lution so that we can use color: a black background color and 

palette 1, so that we have a white foreground. 

Next we define our viewport and window with the VIEW 

and WINDOW commands. We have not used the SCREEN 

option with either; thus, we will have the user coordinates in 

the normal “right side up” manner for Cartesian coordinates, 

and we will have the viewport smaller than the screen. Notice 

that the boundary parameter in the VIEW command is used 

to draw a border around the viewport. 

The window has x between 0 and 1 and y between 0 and 

250. This is what we wanted for our particular chart. The 

viewport is defined by the coordinates (20,20)—(300,150), 

which is smaller than the screen. This allows room around 

the outside of our chart for labeling. 
Next we print a title at the top of the screen. Notice that 

the GOSUB statements are all labeled so that you can tell at a 

glance what is going on. The next few lines (lines 480-520) 

put the message “US Population” down the side of the frame. 

Notice the use of LOCATE and MID$. At the bottom of the 

frame we place the message “Every ten years 1790-1980” (see 

lines 540-550). 

We read the first piece of data. This is N, the number of 

data values for the graph. We define DX (the distance from 

the beginning of one bar to the beginning of the next bar) and 

DDX (the width of the bar). In this case we make DDX equal 

to three-quarters of DX. We also define Y = 0 to be the base 
of our bars. 

Now we read and plot the data, one item at a time. The 

data is plotted in user coordinates. In this program the win¬ 

dow (user frame) is given by xmin=0, xmax=l, ymin=0, and 

ymax=250. In these user coordinates, each bar goes from 

(X,Y) to (X+DDX, Y+DY). (X,Y) is the lower-left corner of 

the bar. Because X=DX*I and Y=0, this corner of the bar 

steps along the bottom side of the window as the FOR loop 

progresses. The LINE command (line 630), which actually 

draws the bar, uses the relative coordinates (DDX,DY). These 

coordinates define the width and height of the rectangular 

bar. DDX (the width) was explained earlier (three-quarters of 

DX), and DY (the height) is read as the data value. 
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Having the WINDOW, VIEWPORT, and viewing trans¬ 

formation built into the system saves many lines of code and 

speeds up the program. For example, the original version of 

this program, designed without these features, was 129 lines, 

but now it is only 66. 

Next let’s see how this same simple graphics package can 

be extended to help make a different type of graph—one that 

is generated by a formula rather than data and has curved 

lines instead of bars. 
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EXAMPLE 3-26 

2-D FUNCTION PLOTTING 

Write a short program that plots several functions of the 

form 

y-f(x) 

Plot each function with a different line style. Extend the 

simple graphics package given previously to include a 

function plotting subroutine that can be called to do this. 

The graphs are shown in Figure 3-32. 

Solution 

100 ' FUNCTION 2D 
110 ' 

. 'US .. 

180 GOTO 400 ' go to main program 

280 
290 
300 
310 
320 
330 
340 
350 

360 
370 
380 ? 
390 1 
400 ‘ 
410 ‘ 
420 
421 
430 
440 ' 
450 
460 
470 
480 
490 

SUBROUTINE - FUNCTION PLOTTER 

FNF is the function to be plot 

PSET (XMIN,FNF(XMIN)) 

FOR X = XMIN TO XMAX STEP XSTEP 
LINE —(X, FNF(X)),C,,S 

NEXT X 

RETURN 

main program - FUN2D 

XMIN=—10:XMAX=10:YMIN=-10:YMAX-10 
XSTEP = <XMAX—XMIN)/50 

mm 
Set up the screen 
CLS : KEY OFF 

SCREEN 1 ' medium resolution 
COLOR 0,1 ' bckgrnd & palette 

WINDOW (XMIN,YMIN)-<XMAX,YMAX) 
VIEW (30,30) - (300,150),,3 

" < i 

■ ilip 
■ 
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1 
Example 3-26 

Solution, continued. 

510 
520 
530 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 

L*="SIMPLE 6RAPH OF A FUNCTION" 
SOSUB 200 ' centered title 

Plot the -first function 
DEF FNF(X) = -X 
C = 2 ' color for 
S = XtHAAAA ' style = dotted 
GOSUB 280 ' plot the function 

\ r 

Plot the second function 

DEF FNF(X) « X 

c * 2 
S = &HBOOO ' style = sparse dots 
GOSUB 280 ' plot the function 

' color for graph 

Plot the third function 
DEF FNF(X> = COS(X) 
C = 2 ' color for graph 
S = &HFOOO ' style = dashed 
GOSUB 280 ' plot the function 

, ' v •? , 1 \ ^ | |§gsg£|®* 

' ■ V' 5 . -7"'-' ' / ' # 4 ' v ' • | -s’ Vf‘ P§yi§i 
■ ■ 

gill I §g jj| , * I 
■ .I',,/ i ||f§ J ' | ' § ' |||||8 

ion 

. * ' " - , | 
h ^ ^ ,*> w§>, s®? if ,x \ » g§yi aaBi aralt n| 

»ph 
»d 

' Plot the fourth function 
DEF FNF(X) * X*C0S(X> 
C = 2 ' color for graph 
S = &HFFFF ’ style = solid 
GOSUB 280 ' plot the function 

LOCATE 23,1 
END 
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Clipping, Panning, 

and Zooming 

To enter this program, load the centered title subroutine 

and start typing line 100 with the title FUN2D, and a line 110 

which is “blank” (see lines 100-110 of the previous example). 

Then change line 180 as indicated and type in the rest of the 

program from line 280 onward. 
The function plotting subroutine consists of a PSET com¬ 

mand to place the current position at the beginning of the 

graph and a FOR loop (lines 330-350) to plot the function 

using the LINE command. The graph of the function is thus 

approximated by a series of short lines. The beginning and 

ending points, the step size, the color, the line style, and the 

formula for the function are all controlled by parameters 

defined outside the subroutine. 
In the main program, the maximum and minimum values 

are defined and the step size is chosen (lines 420-421). For the 

step size we have decided to make 50 divisions across the 

window. With a window from —10 to 10 and a viewport from 

30 to 300 in the horizontal direction, this gives a step size of 

about 5 pixels. Next the screen is set up as before and titled. 

There are four functions to be plotted, and for each the 

formula is chosen by defining it as the function FNF, the 

color is chosen by setting C equal to it, the style is selected by 

setting S equal to it, and the function plotting routine is called. 

Notice that only about the first five (leftmost) bits of the 

line style parameter are significant in this program. This is 

because the individual lines are only as long as the step size, 

which is about 5 pixels on the screen. Try a style of FF00 and 

notice that it produces a solid line for most of the functions in 

this program. The only exception is the last function, which 

has steep slopes, and thus will have larger numbers of pixels 

between steps on its graph. 

In the next section we explain clipping and how it helps 

with zooming and panning. 

As we have described, the window determines what part 

of the “world” or “user” space you want to see, and the view¬ 

port determines what part of the screen you want to see it on. 

For example, if we have a function that we want to graph, we 

can use the window limits to select a particular rectangular 

area of its graph to examine, perhaps selecting a wide range 

of values to show the general behavior of the function or per¬ 

haps zooming in on an area containing a small kink in the 

graph. Everything outside our window is clipped off. 
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Selecting different viewport limits will allow us to draw 

lots of small images on different parts of the screen or draw 

one big image that covers the entire screen. 

In general, moving the window without changing its size 

is called panning, and changing the size of the window with¬ 

out moving it is called zooming. In the next example we illus¬ 

trate panning and zooming. 
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1 
EXAMPLE 3-27 

DRAWING A GLOBE 

Display a picture of a white grid-like globe with a small 

red “IBM” logo in its center. Let the user control zooming 

and panning via the function keys. One view is shown in 

Figure 3-33. 

Solution 

100 GLOBE 
ayg O.'V., a 'Z-i&i 'tsm 

no ' 
120 SIMPLE 2D GRAPHICS PACKAGE 

130 
140 ' This part of the program 
150 ' is a simple graphics package. 1160 ' It houses useful subroutines. 

170 ' 
180 GOTO 280 ' go to main program 
190 ' 
200 ' SUBROUTINE - CENTERED TITLE 
210 ' 

220 ' Li is a string containing a title 
230 - 
240 LOCATE 1, (40-LEN(Li))/2 
250 PRINT Li 

260 RETURN 
270 ■ 

GLOBE 280 ' main program 
290 

300 ' Initial window parameters 
310 XO = 0 : YO = 0 : RD = 20 

DIM X(20,20), Y(20,20) >20 

340 ' Set up the screen 

SCREEN 1 ' medium resolution 
COLOR 0, 1 ' bckgrnd & palette 

'0 CLS : KEY OFF 

400 

<4: 

Print a wait messace 
LOCATE 12,18 
PRINT "wait*’ 

?0 ' 

JO ‘ compute the c grid ' 

ta& Sags 
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Example 3-27 

Solution, continued. 

~ 
wmmmam 

—.—.—. 

'■ i 

450 
460 
470 
480 
490 
500 
510 
520 
530 
540 

550 
560 

570 
580 
590 
600 

610 
620 
630 
640 

650 
660 
670 
680 
690 

700 

710 

720 
730 
740 
750 
760 
770 
780 
790 
800 
810 

820 
830 

840 
850 
860 

870 
880 
890 
900 

Grid constants 
PI = 3.14159 

R = 9 ‘ radius of globe 

A — .7 tip angle of globe 
COSA = COS(A) : SINA = SIN(A) 

hhi 

Grid values 
FOR 1=0 TO 20 

I - I*PI/10 
C0ST=C0S< T >:SINT=SIN ( T) 
FOR J » O TO 10 

S = J*PI/10 

C0SS=C0S(S):SINS=SIN(S) 
X<I,J> = R*COST*SINS 

Y< I , J) = R*SINA*SINT*SINS+R*COSA*COSS 
NEXT J 

NEXT I 

Set up the viewport 
VIEW <60,20) - <260,180),,3 

L$=”WINDOWING A GLOBE” 
GOSUB 200 * centered title . 

' 
Loop starts here 

CLS 

Set the window 
WINDOW < XO-RD,YO-RD)-< XO+RD,YO+RD) 

The logo mu 

Y = . 
LINE 
LINE 
LINE 
LINE 

Y = , 
LINE 
LINE 
LINE 

LINE 

,Y) — < —.5 ,Y),2 

,Y) — < —.12,Y),2 
,Y>-< .3 ,Y),2 
,Y) — < .8 ,Y),2 

,3 
< —- 8 
<-.4 

< . 1 
< .6 

2 
<-.8 
<-.4 
( . 1 
< .55, Y > — < .8 ,Y> ,2 

hi 

,V> 
,Y) 

,V> 

<~- 5 ,Y) ,2 
< 0 ,Y) ,2 
< . 35,Y> ,2 

mm 
.V 

■H-V : 
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Example 3-27 
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Example 3-27 

Solution, continued. 

1360 X * 0 

1370 Y = R*C0SA*C0S<S> 
1380 RO =R*SIN<S> 

1390 CIRCLE < X , Y) ,RO, 1 , , ,ASPO 
1400 NEXT S 
1410 ' 
1420 ' Longitudes 

1430 FOR I = O TO 20 

1440 PSET <X(I,0>,Y(I,0)> 
1450 FOR J = 1 TO 10 

1460 LINE -<X<I,J>fY<I,J)» 
1470 NEXT J 
1480 NEXT I 
1490 ' 

1500 ' Get the key 
1510 A$ » INKEY* 

1520 IF LEN(A$)<>2 THEN 1510 
1530 ANS - ASC(MID*<A*,2,1>> 
1540 IF ANS = 72 THEN RD « RD*.9 
1550 IF ANS - 80 THEN RD = RD/.9 
1560 IF ANS = 75 THEN XO = XO-RD*.1 
1570 IF ANS = 77 THEN XO = XO+RD*.1 
1580 ' 
1590 GOTO 690 
1600 ' 
1610 END 

Figure 3-33 
A View of the Globe 
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When this program runs you will first see a small red rect¬ 

angle surrounded by a globe made of grid lines. The latitude 

lines of the globe are drawn in cyan and the longitude lines in 

magenta. The small red rectangle appears so small that you 

cannot see that it is the IBM logo. After the picture is drawn, 

you press a cursor key to zoom or pan for the next view of the 

picture. The CURSOR UP key will zoom in and the CURSOR 

DOWN key will zoom out. To move your view left or right, the 

CURSOR LEFT key will pan left, and the CURSOR RIGHT key 

will pan right. 
As you zoom in by repeatedly pressing the CURSOR UP key, 

the red logo becomes clearer and clearer until it fills the 

whole window. 
Now let’s look at the listing. The first couple of lines give 

the title and the next few lines are the centered title subrou¬ 

tine. The main program begins on line 280. 
In the main program the window parameters are centered 

at (x0,y0) = (0,0) with a radius of 20. Later these parameters 

will be used to define a window with coordinates (X0—RD, 

YO-RD)—(X0+RD.Y0+RD). Then the screen is set as usual 

and a “wait” message is displayed. 
Next, the coordinates of the grid points for the globe are 

computed and stored in an array X. It is important to com¬ 

pute as much as possible before the picture is actually drawn 

so that it can be drawn rapidly to make the program more 

interactive. 

Once the main loop is entered, the window is defined. 

Notice that the window is the only thing that is changing 

each time through the loop. Next as part of the loop, the logo 

is drawn as a series of horizontal lines, and then the globe is 

drawn over it. 

The latitudes are easy to draw using the CIRCLE com¬ 

mand with aspect ratio; they are just ellipses that are flat¬ 

tened horizontally. However, the longitude lines cannot be 

drawn with the CIRCLE command because even though they 

appear elliptical, they are flattened in a slanted direction. 

Thus, the longitude lines must be approximated by a series of 

short line segments whose endpoints are stored in the array 

X. 

At the bottom of the loop, the keyboard is polled for a cur¬ 

sor key. If a cursor is pressed, the window parameters are 

adjusted appropriately. The UP and DOWN CURSOR keys 

affect the radius RD, and the LEFT and RIGHT CURSOR keys 

affect the x-coordinate of the center of the window. 
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3-D Viewing Concepts— 

Advanced Topics 

Light Source 

Figure 3-34 

Parallel Perspective for 
Parallel Light Rays 

Even though the picture in this example appears to be 

3-D, it uses only 2-D techniques. In the next section we de¬ 

scribe how the 2-D ideas presented in this section can be 

extended to help us draw 3-D objects with 3-D techniques. 

This will allow us to depict things such as 3-D function plots 

and rotating houses. 

Drawing pictures of three-dimensional objects is more 

complicated. Because of this, this section is more advanced 
than the others. 

Although this section is a simplified treatment of 3-D 

graphics, it will allow you to show views of three-dimensional 

objects from any arbitrary angle. The objects in these pro¬ 

grams will be represented in BASIC DATA statements, or a 

mathematical function may generate coordinate values. The 

views will be computed using transformations that take us 

from our three-dimensional user or world coordinates to the 

2- D coordinates of the screen. Again, these transformations 

are called viewing transformations. In our treatment, the 

views will not have true perspective (with vanishing points); 

rather, they have what is called parallel perspective. This 

means they can be produced as a shadow or projection of a 

3- D object onto a flat (2-D) screen using a light beam consist¬ 

ing of a set of parallel light rays (see Figure 3-34). This type 

of perspective is relatively easy to create. It is a good approx¬ 

imation of a projection in which the light comes from the sun. 

In this case we can think of the viewing transformation as a 

picture-taking process in which the viewing surface is like 

the film in a camera and the focal length of the camera is 

infinity. 
Other types of perspective involve more mathematics than 

we can present here. See the books listed in Appendix D for 

detailed presentations of this rich subject. 

To make things less complicated, we break up our 3-D 

viewing transformation into several stages. This is called a 

pipeline approach. You can think of the coordinates for the 

original 3-D object being put into one end of a “pipe” and the 

picture (in screen coordinates) coming out the other end. 
Along the pipe is a series of stations where stages of the com¬ 

putations are done. In this section we break up our transfor¬ 

mations into three stages: first one or two 3-D-to-3-D rotations, 

then a 3-D-to-2-D parallel projection, and finally a standard 

2-D viewing transformation, as shown in Figure 3-35. 
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Figure 3-35 

Pipeline for 3-D Viewing Transformations 

We start with the first “station” along the “pipe.” This is a 
3-D-to-3-D transformation. Of the various possible types of 
3-D-to-3-D transformations, we will just study 3-D rotations. 
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Axis of rotation 

Figure 3-36 

Typical 3-D Rotation 

Figure 3-37 

Spinning and Tipping 

Simple 3-D-to-2-D Projection 

This is enough to make the kinds of interesting pictures we 

show in our 3-D applications programs. 

Every 3-D rotation is characterized by an axis of rotation 

and plane of rotation, as illustrated in Figure 3-36. The axis 

of rotation is the set of points that do not move during the 

rotation. The plane of rotation is perpendicular to the axis of 

rotation and represents the points of maximum motion dur¬ 
ing the rotation. 

The most general case of rotation can be expressed as a 

combination of a rotation centered at the origin and some 

translations. Any arbitrary rotation centered at the origin 

can be expressed as the composition or product of principal 

rotations. These are rotations whose plane of rotation is one of 

the principal planes formed by the coordinate axes. We will 

use two of these: spinning and tipping. For spinning, the 

plane of rotation is the xy-coordinate plane, and for tipping, 

the plane of rotation is the yz-plane (described graphically in 

Figure 3-37). Using these in combination allows you to view a 

3-D object from any angle. 

In Appendix A we describe the formulas for these princi¬ 

pal rotations and derive the equations for the rotation that 

results when we combine them. 

The next station in our graphics pipeline is a 3-D-to-2-D 

parallel projection. There are three principal parallel projec¬ 

tions, one for each coordinate, giving a top, front, and side 

view of the object. There is an easy method to program this 

projection. It is called “forgetting.” 

You start with a 3-D coordinate system with coordinates 

(x,y,z) for a typical point. For each point, if you forget the 

z-coordinate of that point, you have the coordinates (x,y) 

which are its projection on the xy-plane. Plot these on an xy- 

coordinate system and you have a top view of the object with 

each point (x,y,z) projected to the corresponding point (x,y) on 

the xy-plane. 
If you “forget” (or cancel) the y-coordinate, the point (x,y,z) 

is projected to the point (x,z) on the xz-plane. This is the side 

view. If you forget the x-coordinate, the point (x,y,z) is pro¬ 

jected to the point (y,z) on the yz-plane. This is the front view. 

We will use this “forgetting” transformation in several differ¬ 

ent forms in our applications programs. The exact form 

depends upon how the 3-D axes are oriented with respect to 

the viewing screen. Figure 3-38 shows how forgetting the 

z-coordinate lets us project a house on the xy-plane. 

Plotting and Line Drawing 143 



The last step in the process is a standard 2-D viewing 

transformation. 

In the following example program we show how to graph 

a function of two variables, which in turn results in a three- 

dimensional drawing. The example gives a simple graphics 

package. This contains just one subroutine that does an entire 

3-D-to-2-D viewing transformation as described previously. 
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3-D SIMPLE GRAPHICS PACKAGE 

Write a short extension to the 2-D SGP that does the 3-D 

viewing transformation as described in this section. 

Solution 

280 ' 3D EXTENSION TO SGP 
290 ' 

300 GOTO 520 - TO MAIN PROGRAM 
310 ' 

320 ' SUBROUTINE - SET 3D TO 2D TRANS 
330 ' 

340 ' COEFFICIENTS: 
350 ' All, A12, A13, A21, A22, A23 
360 ' 

370 RD=3.14159/180 ' RAD TO DEG 
380 ' 

390 A11= COS(SPIN*RD) 

400 A12= SIN <SPIN*RD) 
410 A13= O 

420 A21= -SIN<TIP*RD>*SIN<SPIN*RD> 
430 A22= SIN(TIP*RD)*CQS < SPIN*RD) 
440 A23= COS<TIP*RD> 
450 ' 

460 DEF FNX<X,Y,Z)=A11*X+A12*Y+A13*Z 
470 DEF FNY(X,Y,Z)=A21*X+A22*Y+A23*Z 
480 ' 
490 RETURN 

500 ' 
510 ' 

In lines 460-470, we have the forgetting transformation. 

This is why only the first and second rows are needed. In 

more detail, we want the first 3-D coordinate (x-coordinate) to 

be mapped to the horizontal direction (x-coordinate) of the 2-D 

viewing screen and the second 3-D coordinate (y-coordinate) to 

be mapped to the vertical direction (y-coordinate) of the view¬ 

ing screen. The third 3-D coordinate (z-coordinate) is forgotten 

because it is perpendicular to the 2-D coordinate system. 
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X 

Figure 3-39 

Forgetting Transformation 

for FUN3D 

Figure 3-39 shows the forgetting transformation for the 

y-coordinate. 

Once we have figured all this out and encased it in this 

subroutine, we can forget about all its details and just use the 

resulting functions FNX and FNY. 

The next program is the main portion of FUN3D. After 

you have loaded the centered title subroutine and typed in the 

extension, you can type in this program and save the whole 

thing as FUN3D. Do not forget to add lines 100-110 with the 

program name FUN3D. You will also have to modify the cen¬ 

tered title routine to allow for an 80-column width. Just 

change the number 40 on line 240 to 80. 
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Example 3-29 ] 
3-D FUNCTION PLOTTING 

Write a short program that graphs a function of two 

variables on the three-dimensional coordinate system. Use 

the 3-D viewing transformation in the (extended) simple 

graphics package as described. Show the graph of the 

function f(x,y)=COS(x)*COS(y). The graphed function is 
shown in Figure 3-40. 

Solution 

520 

530 
540 
550 
560 
570 
580 

590 
600 
610 

620 
630 
640 
650 
660 
670 
680 
690 

700 

710 
720 

730 
740 
750 

760 
770 
780 

790 
800 
810 
820 

830 

' MAIN PROGRAM - FUN3D 

' Set up screen 
SCREEN 2 ' high resolution 
CLSsKEY OFF 

' 2D window and viewport 
WINDOW (-5,-5) - (5, 5) 
VIEW (120, 20) - <500, 198),,1 

‘ 3D limits 
READ X3MIN,X3MAX,Y3MIN,Y3MAX 

DATA -3, 3, -3, 3 

SPIN=45 
TIP=30 

* THE FUNCTION: 
DEF FNF (X , Y) = COS (X) *COS (Y) 

C = 1 

XSP * (X3MAX—X3MIN)/20 
YSP = (Y3MAX-Y3MIN)/20 

MAIN LOOP 

SCREEN 2 
CLSsKEY OFF 
L$ = “3D GRAPH OF A FUNCTION" 
GOSUB 200 ' print centered title 

ss 

881 

8$ 
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Example 3-29 

Solution, continued. 

840 GOSUB 320 ' 3D to 2D transform 

850 ' 
860 FOR X * X3MIN TO X3MAX STEP XSP 
870 Y*Y3MIN : Z=FNF(X,Y) 
880 PSET <FNX(X,Y,Z>,FNY<X,Y,Z>> 
890 FOR Y = Y3MIN TO Y3MAX STEP YSP 
900 Z = FNF(X,Y) 
910 LINE -<FNX<X,Y,Z>,FNY(X,Y,Z)),1 
920 NEXT Y 
930 NEXT X 
940 ' 
950 FOR Y * Y3MIN TO Y3MAX STEP YSP 
960 X=X3MIN : Z»FNF(X,Y) 

970 PSET (FNX(X,Y,Z>,FNY(X,YtZ)) 
980 FOR X = X3MIN TO X3MAX STEP XSP 
990 Z = FNF(X,Y) 

1000 LINE -(FNX(X,Y,Z),FNY(X,Y,Z)),1 
1010 NEXT X 
1020 NEXT Y 

1030 ' 
1040 INPUT"SPIN**;SPIN 
1050 INPUT,,TIP"; TIP 

1060 * 

1070 GOTO 770 

Figure 3-40 

3-D Function Plotting 
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Using Data to 

Define Your Picture 

Our program graphs the function f(x,y) = COS(x)*COS(y) 

(see lines 690-760), but you can substitute a function of your 

own choice. The SPIN and TIP angles are specified in lines 

660-670. Step sizes XSP and YSP for the grid are defined in 

lines 730-740. Twenty steps in both directions are used. 
Change this if you want. 

The main loop of the program extends from 770 to 1070. 

There are two double FOR loops. Each draws a set of parallel 

cross sections of the surface which is the graph of the func¬ 

tion. These two sets of cross sections cross to form a grid. 

Within the loops, values for X, Y, and Z are set with Z=f(X,Y) 

(using FNF). The viewing transformation functions FNU 

and FNV use these user coordinate values of X, Y, and Z. 

Then the PSET and LINE commands use the screen coordi¬ 

nate values returned from FNU and FNV. 

Now let’s discuss how to draw a different kind of 3-D pic¬ 

ture. This kind of picture is driven by 3-D data and not a 

formula of some function. The data is more than the coordi¬ 

nates of all the points plotted in the picture. In addition to 

coordinate information we have included information on how 

to connect the points and even what surface they belong to. 

All this information is carefully structured to allow the pro¬ 

gram to efficiently construct a 3-D picture. 

With this information structure there is an additional 

bonus. We will be able to compute which edges of the picture 

are hidden and which are visible. The particular algorithm 

we use requires that the object be convex—no arms sticking 

out or holes punched in. With this restriction, a house is a 

perfect candidate for drawing (if no chimney is allowed). The 

following examples give three listings that make up such a 

program. 

The idea is simple: We go through a list of edges of the 

house with a FOR loop. For each edge, if either of its asso¬ 

ciated faces is visible, the edge is visible. You tell whether or 

not a face is visible by checking the third component of its 

normal. If this component is positive, the face is pointed 

toward you and therefore is visible. If the edge is visible, we 

draw it using the vertices associated with it in our data base. 

We break the program into four parts: the 2-D SGP which 

you already have, a modification to the 3-D Simple Graphics 

Package extension, a data section, and a main program. As 

you type in the lines, you will notice certain gaps in the line 
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numbers. We will fill in the gaps with some “paint” to make 

an example program in Chapter 5 when we show you the 

PAINT command. In that chapter we will show how to paint 

the house no matter what angle we view it from. 

Let’s look at the 3-D extension first. It is a scaled-down 

version of the 3-D extension for the previous program, 

FUN3D, and the axes are oriented differently because the 

application is different. Here the z-axis is “up” and the y-axis 

is “back” on your screen. Thus, the formulas are slightly dif¬ 

ferent (see lines 360-440). In this case the subroutine just com¬ 

putes the composite of the spin and tip rotations and returns 

the results in the array C. 
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EXAMPLE 3-30 
— 

THE HOUSE EXTENSION TO THE 3-D SGP 

Modify the previous 3-D SGP extension to work with the 

house program in the next examples. This time the z-axis is 

“up” and the y-axis is “back” on your screen. Make this 

routine compute the composite of the spin and tip rotation 

and return the coefficients of the resulting matrix in an 
array C. 

Solution 

280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 

WMm 
_ 

3D EXTENSION TO SGP 

GOTO 490 - TO MAIN PROGRAM 

SUBROUTINE - 3D ROTATION MATRIX 

RD=3.14159/180 ' RAD TO DEG 

Cll = COS(SPIN*RD> 
Cl 2= O 
C13=—SIN<SPIN*RD> 
C21=—SIN(TIP*RD)*SIN <SPIN*RD> 
C22= COS <TIP*RD) 
C23=-SIN < TIP*RD)*COS <SPIN*RD) 
C31= CDS<TIP*RD)*SIN<SPIN*RD> 
C32= SIN <TIP*RD) 
C33= COS(TIP*RD)*COS(SPIN*RD > 

RETURN 

¥4 

Now comes the data section. It is long because we want 

some windows and a door on the house. Data for the window 

and viewport transformations are first. Then come the (x,y,z) 

coordinates of the vertices. There are 30 vertices (or points). 

Next is the coordinate information for the faces. Here is 

where some mathematics comes in. For each face (surface) 

we give the (x,y,z) components of the outward normal. This is 
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a “vector” (arrow) that is perpendicular to the surface and 

points away from the center of the figure (described for our 

house in Figure 3-41). These are called the face normals. 

There are seven face normals for our house (front, back, two 

sides, floor, two sides to the roof). 
Finally come the edges. The data for the edges consists of 

“pointers” (or indices) to vertices and faces. They are laid out 

as follows: There are four numbers for each edge. The first 

two numbers are indices into the vertex table. They point to 

the two vertices that determine the edge. The third and 

fourth numbers are indices into the face table and they point 

to the faces that bound the edge. Notice the repeats for those 

edges which have the same face on either side (for example, 

the eaves of the roof). 
The scheme for the data can be better understood through 

the following example: On line 1780 of the program, there are 

the numbers 1, 2, 1, 7. The first and second numbers tell us 

that this edge goes from vertex 1 to vertex 2, and the third 

and fourth numbers tell us that this edge is bounded by faces 

1 and 7. The coordinates of these vertices and the components 

of “normals” for these faces are found in the corresponding 

positions in the vertex and face data statements. For example, 

the coordinates for vertex number 1 are on line 1290, the very 

first line of coordinates in the vertex list. All of these 

numbers were determined by drawing a sketch of the house 

on graph paper (shown in Figure 3-42), numbering every¬ 

thing, and then entering the information into the computer. 

Figure 3-41 

Face Normals 
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Face 

/\ Edge 

Figure 3-42 

Sketch of House Showing the Parts 

The coordinate system on the graph paper was chosen to 

make the job easy. You can see that the house lines up nicely 

with the coordinate axes. Even the normals are easy to com¬ 

pute. For example, face number 1 is parallel to the xy- 

coordinate plane, and therefore perpendicular to the z-axis. 
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By inspecting the graph in Figure 3-42, you can see that the 

outward normal for this face does, in fact, point in the direc¬ 

tion of the z-axis. Therefore, we selected (0,0,1) for this nor¬ 

mal. The hardest normals to determine are the ones asso¬ 

ciated with the roof Here it helps to realize that there are no 

z-components to these normals. We simply drew a careful pic¬ 

ture of the roof on the xy-plane and saw that for these nor¬ 

mals the y-component was twice as long as the x-component. 

From this information the two normals we selected were 

(1,2,0) and (-1,2,0). 

There are fancier ways to compute normals, but by “eye¬ 

balling” such a picture you can arrive at the correct answer 

faster than with most other methods, that is, provided that 

the faces are oriented so simply. 

154 Graphics Primer for the IBM PC 



EXAMPLE 3-31 

DATA SECTION OF THE HOUSE PROGRAM 

Write the data for the house program. Include the 

coordinates for all the vertices and the “face normals.” 

For each edge, give the numbers (indices) of the vertices 

on either end of it and the faces it bounds. 

Solution 

490 ' DATA AREA - HOUSE 840 ' 
500 * 

850 ' data •for -faces 
510 860 DATA 7 
520 ' data for vertices! 870 DATA 0, 0, 1 
530 DATA 30 880 DATA 0, 0, -1 
540 DATA -10, -IO, 15 890 DATA 1, 0, 0 
550 DATA 10, -IO, 15 900 DATA -1, 0, 0 
560 DATA 10, 10, 15 910 DATA 1, 2, 0 
570 DATA 0, 15, 15 920 DATA -1, 2, 0 
580 DATA -io. 10, 15 930 DATA 0, -1, O 
590 DATA -3, 15 940 ' 
600 DATA -2* “3, 15 950 ' data for edges 
610 DATA ~*2, 6, 15 960 DATA 37 
620 DATA -7, 6, 15 970 DATA 1, 2, 1, 7 
630 DATA 2, 1, 15 980 DATA 2, 3, 1, 3 
640 DATA 7, 1, 15 990 DATA 3, 4, 1, 5 
650 DATA 7, 6, 15 lOOO DATA 4, 5, 1, 6 
660 DATA 2, 6, 15 ioio DATA 5, 1, 1, 4 
670 DATA -IO, -IO, -15 1020 DATA 3, 5, 1, 1 
680 DATA 10, -10, -15 1030 DATA 6, 7, 1, 1 
690 DATA 10, io. -15 1040 DATA 7, 8, 1, 1 
700 DATA 0, 15, -15 1050 DATA 8, 9, 1, 1 
710 DATA -IO, IO, -15 1060 DATA 9, 6, 1, 1 
720 DATA -8, -4, -15 1070 DATA 10,11, 1, 1 
730 DATA 8, -4, -15 1080 DATA 11,12, 1,1 
740 DATA 8» 7, -15 1090 DATA 12,13, 1, 1 
750 DATA “8, 7, -15 IlOO DATA 13,10, 1, 1 
760 DATA 10, -8, 12 1110 DATA 14,15, 2, 7 
770 DATA IO, ~8, 6 1120 DATA 15,16, 2, 3 
780 DATA 10, 7, 6 1130 DATA 16,17, 2, 5 
790 DATA 10, 7, 12 1140 DATA 17,18, 2, 6 
800 DATA 10, “2, 2 1150 DATA 18,14, 2, 4 
810 DATA IO, "2, -12 1160 DATA 16,18, 2, 2 
820 DATA IO, 6, -12 1170 DATA 19,20, 2, 2 
830 DATA 10, 6, 2 1180 DATA 20,21, 2, 2 
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1 Example 3-31 

Solution, continued. 

1190 DATA 21,22, 2, 2 1270 DATA 29,30, 3, 3 
1200 DATA 22,19, 2, 2 1280 DATA 30,27, 3, 3 

1210 DATA 23,24, 3, 3 1290 DATA 1,14, 4, 7 
1220 DATA 24,25, 3, 3 1300 DATA 2,15, 7, 3 
1230 DATA 25,26, 3, 3 1310 DATA 3,16, 3, 5 
1240 DATA 26,23, 3, 3 1320 DATA 4,17, 5, 6 
1250 DATA 27,28, 3, 3 1330 DATA 5,18, 4 
1260 

• 
DATA 28,29, 3, 3 1340 

'* ,J ^ ^ \ • 
■ 
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MAIN SECTION OF THE HOUSE PROGRAM 

the main part of the program to draw a house, 

e previous data for the house. The house should 

•awn with hidden edges not shown. The program 

1 repeatedly draw the house, each time from a view 

rotated from the last one. One view of the house 
is pictured in Figure 3-43. 

■ 
iMm 

Solution 

MAIN PROGRAM - HOUSE 

CLS: KEY OFF 
SCREEN 1 * high resolution 
LOCATE 12,18 s PRINT "wait" 

set window & viewport 
WINDOW (-20,-20) - (20,20) 
VIEW (80,20) - (240,180) 

DIM V(40,3), F(8,3), E(40,4> 
DIM P(20,5) 

display angles 
SPIN=30 
TIP=20 

1680 ' MAIN LOOP 
1690 
1700 RESTORE 520 
1710 
1720 ' read vertex data 
1730 READ NV 
1740 FOR 1*1 TO NV:FOR 

*•4 H n
 3 

1750 READ V(I,J) . 
1760 NEXT JsNEXT I 
1770 f. 

1780 * read face data 
1790 READ NF 
1800 FOR 1*1 TO NFsFOR J*1 TO 3 
1810 READ F (I, J) 
1820 NEXT JsNEXT I 
1830 

iSltSl : m :... 

aaii.ji-igfflSH 

| 
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Example 3-32 | 

Solution, Continued. 

— 

1840 ' read edge data 
1850 READ NE 
1860 FOR 1=1 TO NEsFOR J=1 TO 4 
1870 READ E(I,J) 
1880 NEXT J:NEXT I 
1890 9 

1900 GOSUB 320 ' 3D ROTATION MATRIX 
1910 .r 

1920 ' NOW ROTATE 
1930 * 

1940 ' the vertices* 
1950 FOR 1=1 TO NV 
1960 X=V(1,1):Y=V(I,2):Z=V(I,3) 
1970 V (I,1)=C11*X+C12*Y+C13*Z 
1980 V(I,2)=C21*X+C22*Y+C23*Z 
1990 V(I,3)=C3I*X+C32*Y+C33*Z 
2000 NEXT I 
2010 
2020 ' the faces: 
2030 FOR 1=1 TO NF 
2040 X=F(1,1):Y=F(1,2):Z=F(1,3) 
2050 F (I,1)=C11*X+C12*Y+C13*Z 
2060 F(I,2)=C2i*X+C22*Y+C23*Z 
2070 F(I,3)=C31*X+C32*Y+C33*Z 
2080 NEXT I 
2090 9 

2100 ' NOW DRAW IT 
2110 ' 

2120 CLS:KEY OFF 
2130 
2140 L$="HOUSE” 
2150 GOSUB 200 ' centered title 
2160 • 

2170 FOR 1=1 TO NE 
2180 IF F(E(I,3),3)>0 THEN 2220 
2190 IF F(E(I,4),3)>0 THEN 2220 
2200 GOTO 2240 
2210 
2220 PSET (V(E(I,1),1),V(E(I,1>,2)> 
2230 LINE—(V<E<I,2),1),V(E(I,2),2)) 
2240 NEXT I 
2250 

2480 SPIN=SPIN+10 
2490 r 

2500 GOTO 1680 * next picture ■ 
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Now we get to the main program. Line 1680 is the begin¬ 

ning of the main loop. The loop extends to the bottom of the 

program. Once through the loop makes one view of the house. 

Each view is rotated (spin angle) by 10 degrees from the pre¬ 

vious view. The vertex, face, and edge data are read each 

time, hence the RESTORE statement on line 1700 and the 

FOR loops around the READ statements on lines 1720-1880. 

After that, the rotation matrix is defined as a function of the 

current SPIN and TIP angles by calling the subroutine (see 

line 1900). Now we use this matrix to rotate the vertex and 

face data (see lines 1920-2080). 
The main part of the main program is the heart of the 

method. The idea is simple: We go through the list of edges 

with a FOR loop. For each edge, if either of its associated 

faces is visible, then the edge is visible. You tell whether or 

not a face is visible by checking the third component of its 

“normal” (see lines 2180-2190). If this component is positive, 

the face is pointed toward you and therefore is visible. If the 
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edge is visible, we draw it (lines 2220-2230) using the vertices 

associated with it. 

CONCLUSION 

We have shown how to use the point, LINE, and CIRCLE 

commands to draw various kinds of computer graphics. We 

started with short simple programs that did very little and 

then presented techniques to draw some interesting pictures 

as part of some useful applications programs. 

The techniques discussed include the idea of 2-D and 3-D 

viewing transformations. We have seen how a simple graph¬ 

ics package can be used to wrap this up in a way that allows 

an applications programmer to concentrate on just the coor¬ 

dinate system that is natural for the particular application. 

Our applications range from pie charts, to bar charts, to 

2-D and 3-D graphs of functions. We have even included a 

program that continually rotates and draws an object with 
hidden lines. 

In Chapter 4, we will show how to use entirely different 

kinds of graphics commands—using BASIC strings to define 

shapes via the DRAW command. In Chapter 5, we will paint 

some of the objects drawn in this chapter. 

160 Graphics Primer for the IBM PC 
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LANGUAGE 



CONCEPTS 

■■■ 

Concepts 

Graphics Definition Language 

Forward Differences 

Turtle Graphics 

Interactive Input 

Animation 

Recursion 

Commands 

DRAW 

Applications 

Space-Filling Curves 

Drawing Electronic Symbols 
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INTRODUCTION 

■■■■■■■■■■■■ 

This chapter introduces the DRAW command and its 

associated Graphics Definition Language (GDL). The power 

of BASIC’s string manipulation is brought to bear upon pic¬ 

ture generation. You will see how to generate pictures by 

“driving” around the screen with this command language. 

As in Chapter 3, we approach this material presenting a 

series of small, “stand-alone” program segments that demon¬ 

strate the GDL language. We will show how to draw a 

number of useful shapes such as stars, spirals, arrows, trian¬ 

gles, and polygons. Each example will introduce a new set of 

GDL commands. 

Example applications programs include drawing space¬ 

filling curves and a program that generates some standard 

electronic symbols which you can move around the screen. 

As in the last chapter, the “stand-alone” program seg¬ 

ments are all part of one large program. This program has a 

“front end” consisting of initialization commands and a “back 

end” consisting of the same pause and title subroutines used 

in Chapter 3. 
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EXAMPLE 4-1 | 
INITIALIZING THE PROGRAM 

Write a short program that initializes the screen in 

medium-resolution mode with the screen clear and the 

function key display off This will prepare the display for 

the examples in this chapter. 

. 

Solution 

100 • CHAPTER 4 LESSONS 
no ' / 
120 SCREEN 1 ' MEDIUM RESOLUTION 
130 KEY OFF 
140 CLS 
150 ' 

■ ■ 
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EXAMPLE 4-2 
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For sale 
^PC mGRAPHICS 

MAKE OFFER / 

ASK FOR BOB -? £LH AVE. 

fO find: IF BLOCK = B, THEN 

PRAW R3; UV; R9 j D2 ;L3; F7 < 

---r- 

nJ " * —1 
V ... 1 ' • ^ ^ 

DRAW COMMAND 

Only one BASIC graphics command will be studied in this 

chapter—the DRAW command. This command has only one 

parameter (a BASIC string); however, you can use it to 

generate all sorts of shapes because this one string parameter 

can contain a whole series of special one-letter draw com¬ 

mands from a special command language called Graphics 

Definition Language (GDL). 

More precisely, the syntax for the DRAW command is 

DRAW string 

where string is a string expression consisting of drawing 

commands in the GDL. 

Let’s begin our examination of this language. A summary 

list of its components is given in Table 4-1. We will discuss the 

rules for putting these components together to form com¬ 

mand strings, but first let’s begin with a detailed discussion 
of the syntax rules. 

M Command The M command is the global move command. The M 

command has two different modes: relative and absolute. 

These modes correspond to and perform in much the same 
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way as the relative and absolute modes work for the PSET, 
PRESET, LINE, and CIRCLE commands that we discussed 
in Chapter 3. In absolute mode the new coordinates become 
the new current position, and in relative mode the new coor¬ 
dinates are added to the current position. 

The syntax, however, is quite different. Instead of using 
the key word STEP to indicate relative mode, we use a stra¬ 

tegically placed plus or minus sign. To see how this works, 
look at the syntax for the M command in absolute mode. Abso¬ 
lute mode is used if the letter M is followed by an unsigned 
integer, followed by a comma, followed by another unsigned 
integer. The first unsigned integer is the new x-coordinate 

Table 4-1 

Components of the Graphics Definition Language (GDL) 

Class Component Use 

Special symbols Comma (,) x,y separator 
Equals (=) Variable marker 
Semicolon (;) End of command 

Constants and variables Numeric constant Direction or location 
Numeric variable Direction 
String variable Part of command 

Global move M Move to an absolute or 
relative x,y position 

Local move U Move up 
D Move down 
L Move left 

R Move right 
E Move up and right 

F Move down and right 

G Move down and left 

H Move up and left 

Move modifiers B Move without drawing 

N Move and return to beginning 
position 

Attribute settings A Set angle (90°) 

TA Set angle (any angle) 

C Set color 

S Set scale 

Command control X Execute substring 

Area fill p Paint 
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and the second unsigned integer is the new y-coordinate; that 

is, it will be of the form 

Mx.y 

where x and y are unsigned integers. 

The effect of this command is to draw a line from the old 

current position to a new current position given by the x- and 

y-coordinates. For instance, “m5,21” would draw a line to the 

point 5,21. 
Relative mode is used if there is a plus or a minus sign 

between the M and the first number (x-coordinate), making 

the x-coordinate an explicitly signed integer. The second 

number (y-coordinate) must also be a signed integer, but it 

does not have to display a plus sign if it is positive. The form 

will look like 

Mx,y 

where x and y are signed integers and x has an explicit plus 

or minus sign. For instance, “m + 5,21” would draw a line to a 

point 5 pixels to the right and 21 pixels down from the cur¬ 
rent position. 

In our first example, we use the absolute form of the move 
to draw a large arrowhead on the screen. 
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EXAMPLE 4-3 

ABSOLUTE MOVES 

Write a short program that draws a large arrow. Use GDL 

absolute move commands. The result is shown in Figure 

4-1. 

Solution 

160 ' MOVES 

170 * 

100 
190 GOSUB 

200 

210 ' Uses 

220 • 

230 DRAW 

240 DRAW 

250 DRAW 

260 
/ 

580 ' title 

Uses absolute global moves 

*ml60,100m319,lOOmO,100" 

Figure 4-1 
Large Arrow 
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© 
(0,100) •-*- 

(160,100) 

(160,179) 

(319,100) 

Figure 4-2 

Drawing the Arrow 

As shown in Figure 4-2, the graphics cursor begins at the 

center of the screen, drawing as it moves straight up to near 

the top. It then moves diagonally down and to the right until 

it reaches the center of the right side of the screen, then diag¬ 

onally down and to the left until it is in the center near the 

bottom, then up to the center of the screen, then to the right 

until it reaches the center of the right side, and then finally to 

the left until it reaches the left side of the screen. 

You can see from the listing that the command string can 

consist of a single move command, or several such commands 

can be joined together in the same string. It is also possible to 

put in semicolons to separate move commands (for example, 

line 240 could have been “m319,100;ml60,179”). It is even pos¬ 

sible to put spaces anywhere throughout the command string. 

You should also notice that the effect of several DRAW com¬ 

mands is cumulative. This means that you do not have to pack 

all your move commands into one command string. Thus, you 

can avoid writing programs with the DRAW command that 

are impossible to read because of their length or density. 

Notice that the “m” is written in lowercase. Any of the 

GDL commands can be written in either upper- or lowercase. 
You will notice that if you type in your BASIC program in 

lowercase, most of it is automatically transformed to upper¬ 

case. This is not true for comments and strings like GDL 
command strings—they will stay in lowercase. 

The next example illustrates relative moves. Here we 
draw a star pattern. 
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EXAMPLE 4-4 

-- ■ -—"■■■ ---—.... ■" 11 11— 

RELATIVE MOVES 

Write a short program that draws an eight-sided star. Use 

only GDL relative moves. The star is shown in Figure 4-3. 

Solution 

270 ' STAR 
280 * 

290 T*«"STAR" 
300 
310 

GOSUB 2000 ' title & 
* 

pause 

320 ' Uses relative global moves 
330 *■ - . 

340 DRAW "m+30, -75'' 
350 DRAW “m-75, +30" 
360 DRAW "m+75,+30" 
370 DRAW "m-30,-75" 
380 DRAW "m-30,+75" 
390 DRAW "m+75,-30" 
400 DRAW "m-75,-30" 
410 DRAW "<n+30, +75" 
420 * 
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Figure 4-4 

Drawing the Star 

U 

Figure 4-5 

Local Moves 

© 

The graphics cursor starts in the center of the screen. It 

draws, zigzagging from one side to the other of the star as it 

draws its points, as shown in Figure 4-4. 

In the program listing, notice the plus and minus signs 

before the first number (x-coordinate), forcing the move 

command into relative mode. We have also put signs in front 

of the second numbers (y-coordinates) because it looks pret¬ 

tier to have the symmetry between coordinates, and we could 

not remember whether or not it was necessary to put the sign 

on the second number. We believe it is better to be safe than 

sorry. 

U, D, L, R, E, F, G, and H are commands for local moves. 

The four major directions are indicated by the appropriate 

initial: U for up, D for down, L for left, and R for right. Diag¬ 

onal directions are also possible. The letters E, F, G, and H 

take you around the diagonal positions on a clock face moving 

clockwise, starting at 1:30 for E, 4:30 for F, 7:30 for G, and 

10:30 for H, as pictured in Figure 4-5. 

In the next example, we draw all these local moves in 

clockwise order, starting with U at 12:00. In this example, the 

graphics cursor begins at the center and turns around and 

around as it moves away from the center, thus forming a 

spiral. The spiral is squarish, but other effects are possible, 
as we shall see later. 
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EXAMPLE 4-5 

DRAWING A SPIRAL 

Write a short program that draws a spiral. Use only GDL 

local moves, calling them over and over again in their 

natural “around the clock” order, u, e, r, £, d, g, 1, h, as you 

spiral outward. The spiral is shown in Figure 4-6. Siii 

Solution 
' / s fr{ {iff, 

430 ' SPIRAL 520 DRAW "e2" 
440 t 530 DRAW "r*i;r2" 
450 T*»"SPIRAL" 540 DRAW "■f 2" 
460 SOSUB 2000 ' pause title 550 DRAW "d»i$ d4" 

470 - 560 DRAW "g2" 

480 ' Usee local moves 570 DRAW "l»i»16" 

490 580 DRAW "h2" 

500 FOR 1-1 TO 150 STEP 8 590 NEXT I 

510 DRAW "u»i!uO" 600 m 

Figure 4-6 
Spiral 
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There are three possible forms for the syntax for these 

local move commands: (1) the command letter by itself, (2) the 

command letter followed by an unsigned integer, and (3) the 

letter followed by an equal sign, the name of a variable, and a 

semicolon. In the third case you can even have indexed vari¬ 

ables, as long as the index is not an expression. 
A letter by itself (first case) indicates a move by one unit 

(equal to one horizontal or vertical pixel length) in the indi¬ 

cated direction, while a letter followed by either an unsigned 

integer constant (second case) or by an “equals” variable 

(third case) allows you to move as many units as you specify in 

that direction. In the example, we have mixed the second and 

third cases (constants and variables). We have even included a 

case in which the constant is zero. In subsequent examples, 

you will see instances of the first case (the command letter by 

itself). 

Running this program produces a spiral on the screen. 

Many different types of spirals are possible. This one has very 

little diagonal motion, giving it a squarish appearance. It 

would be quite possible to replace lines 520, 540, 560, and 580 

by lines that move by the amount “i” and then by the amount 

1, 3, 5, or 7, respectively. 

Lots of variations are possible by changing the order of 

these local moves. It is even possible to produce a pattern 

which is star-like or has little spikes. For example, to make 

spikes, make the changes in lines 500-590, as indicated in 
Table 4-2. 

Table 4-2 

Changes in the SPIRAL Subprogram to Make Spikes 

Change From: To: 

500 FOR 1=1 TO 150 STEP 8 500 FOR 1=1 TO 150 STEP 16 
510 DRAW “u=i;u0” 510 DRAW “u=i;u0” 
520 DRAW “e2” 520 DRAW “h2” 
530 DRAW “r=i;r2” 530 DRAW “r=i;r4” 
540 DRAW “f2” 540 DRAW “e2” 
550 DRAW “d=i;d4” 550 DRAW “d=i;d8” 
560 DRAW “g2” 560 DRAW “f2” 
570 DRAW “l=i;16” 570 DRAW “l=i;112” 
580 DRAW “h2” 580 DRAW “g2” 
590 NEXT I 590 NEXT I 
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To make a star-like spiral, make the spikes grow by 

replacing lines 520, 540, 560, and 580 in Table 4-2 with the 

lines in Figure 4-7. 

B and N Modifiers In our next two examples we show how to use the B and N 

prefixes in the GDL string. They can be used with either the 

global or local move commands studied so far. 

The B stands for begin. This command causes the next 

command to be executed as a move without drawing a line. It 

allows you to place the unseen graphics cursor anywhere on 

the screen without unsightly scratches or scrapes on your 

drawing. The B command will only modify one move com¬ 

mand; thus, you need to put it in front of each “unseen” move. 

In the next example we have shown how to use the B com¬ 

mand to “pick up the video pen” so that the figures we are 

drawing do not merge together into one big mess. 

520 DRAW "h-i?h2" 
540 DRAW "e"i;e6" 
560 DRAW "f»i;i10 
580 DRAW "g=i5 g 14 

Figure 4-7 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
More Changes in SPIRAL Program 
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] EXAMPLE 4-6 

ARROWS IN AN ARC 

Write a short program that draws a set of small arrows 

shooting out over an arc. Use the B command to help 

position the arrows. The arc of arrows is shown in 

Figure 4-8. 

Solution 

610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 

' ARROWS 

ARROWS" 
SQSUB 2000 ' pause & title 

r<\ ^ ^ J-' jJ r ,^\ ^ ", v „ t.' . ' 

' Use© B prefix 

' 

DRAW "bmlO,100i " 

FOR 1-1 TO 24 
DRAW "bulObd“i?br10" 
DRAW "r20d4e4h4d4120" 

NEXT 1 e* ** 
fffgggL 

r 
P«ss ENTER to continue? 

■ 

Figure 4-8 
Arrows in an Arc 
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Notice the initial global move in line 680. This puts the 

graphics cursor in the desired position to start the drawing. 

The FOR loop, lines 700-730, draws the entire picture. The 

command string “r20d4e4h4d4120” is used to draw an arrow 

(as in Figure 4-9). Notice that we finish the arrow with the 

current position in the same place as it was when we started. 

It is a good idea to draw each subfigure so that the current 

position returns to its starting point. This is a boon when you 

want to use these subfigures in a complex drawing because 

you can work at a higher level, placing subfigures at various 

positions on the sc/een without worrying how the current 

position is affected by the current subfigure. 

If you look at Figure 4-8, you will see that the arrows fol¬ 

low an arc. This is controlled by line 710, in which we move 

up by a constant amount, down by a variable amount, and 

then over by a constant amount. This represents the difference 

in position between the tails of the arrows. In this case the 

differences are given by the formula 

i - 10 

which is a linear formula. If the differences are linear, the 

absolute positions are quadratic and we will see a parabola, 

which is the correct shape for a trajectory. This method is 

used in computer graphics to good effect, allowing curves to 

be generated by fast processes that are linear. Generating 

curves in this way is called the method of forward difference. 

The next example shows how to use the N prefix. This 

command causes the current position to remain as it was 

before executing the command. This prefix affects only the 

very next move command, so it is not helpful for returning 

the current position to the starting point for a whole sub¬ 

figure. 

Figure 4-9 

Diagram of a Small Arrow 
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EXAMPLE 4-7 

DRAWING AN ASTERISK 

Write a short program that draws an asterisk. Use the N 
prefix to keep the current position at the center of the 
asterisk as each of the eight arms is drawn. The asterisk is 
shown in Figure 4-10. 

In this example, we have chosen to display a simple star or 
asterisk. The current position starts out at the center of the 
asterisk and remains there after drawing in each of the eight 
possible directions. We have chosen to draw the four major 
directions first (line 820), and then the diagonals (line 830), 
but you can give them in any order since the “pen” (current 
position) always returns to the center each time. 
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Setting Color The C command in the GDL language stands for color, 

and it sets the color for subsequent move commands until the 

next C command. Its syntax is similar to that of the local 

move commands, except that you are not allowed to have the 

letter C alone without following it with a semicolon. If you use 

just “c;” a value of zero will be assumed. Normally, you can 

have C followed by an unsigned integer (such as “c2”) or an 

equal sign, followed by a variable name, followed by a semi¬ 

colon (such as “c=clrl;”). 

The rules for associating numbers with colors are the 

same here as in Chapter 3. In the medium-resolution mode 

you can use the numbers 0, 1, 2, or 3 to specify four different 

colors, and in the high-resolution mode, you can use the 

numbers 0 and 1 to specify the two colors. The default is the 

current foreground color. However, the default is not reset 

when you clear the screen. The initial color is, however, reset 

to this default value whenever you run a program. 
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EXAMPLE 4-8 

DRAWING RECTANGLES 

Write a program that draws an array of rectangles of 

different colors on the screen. Use the C command to set 

the color for each rectangle. Draw two copies of the 

rectangles immediately next to each other horizontally to 

get better color on NTSC monitors. The screen is shown in 
Figure 4-11. 

. V' ■ is*'#,-:; 

. 

. , 

. ■ , V ■ ■;>>>:<:*?& 

Solution 
B50 ' 
860 ' 
870 
880 
890 ' 
900 ' 
910 ' 
920 ' 
930 ' 
940 ' 
950 ' 
960 ' 
970 ' 
980 
990 ' 
1000 

RECTANGLES 

T"RECTANGLES" 
GOSUB 2000 ' pause & title 

Uses color 

It shows how to de-fine and 
position a rectangle. 

First define a rectangle of 
width wd and height ht. 

REC$»"r«WD!i d®HT; l«WDj u^HTjt 11 

' Set the sire. 

Mj0. 

t<. psM y i \ 

1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 

WD-10 i HT-1 

Now display it all over the 
screen and in different 
col ors. 

FDR 1-0 TO 15 
FOR J-0 TO 7 

PRESET (20*1,20*J+20> 
XCOLOR"(I+J) MOD 4 
DRAW "c-XCOLOR;" 
DRAW REC*+"br"+REC# 

NEXT J 
NEXT I 

RECTANGLES 

o o o o arm 
o o ooo ooo 
□0 ooo ooo 0 
□ ooo ooo on 
_ p u o o o ooo 
no ooo o do 
000 ODD 0 

o oao ooo oo 
***** ENTER to continue? ■ 

Figure 4-11 
Rectangles in Color 

□ i I □ 
□ l □ 
□ □ 

□ DC 
□ □ 

0 0 □ 
□ D 

□ 0 
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Setting the Angle 

In this example, we define a shape, in this case a rectangle 

with the string REC$=“r=WD;d=HT;l=WD;u=HT”. Here 

WD stands for width and HT stands for height. Notice that 

each of these variables is used in several places in the string. 

You can easily generalize this idea by defining your own 

shapes with their own variables, some of which may appear 

several times in the command string. 

The actual drawing is done within the double FOR loop 

indexed by I and J, starting on lines 1080 and 1090. For each 

value of I and J, the position of the rectangle is computed in a 

PRESET command. Thus, we see that the current position 

that is set by the point, line, and circle drawing commands of 

the last chapter is the same current position (our invisible 

cursor) set by the move commands in this chapter. 

Notice that the color “cycles” through the values 0, 1, 2, 

and 3. You will not see the boxes that are colored with the 

number 0 because 0 indicates the background color. In the 

DRAW command itself the string is computed by concaten¬ 

ating three strings together; that is, we are allowed to bring 

the power of string manipulation to bear upon this powerful 

graphics language. The effect of this concatenation is to draw 

the rectangle twice with the two copies one horizontal 

position apart. This ensures true colors for an NTSC monitor. 

The next example illustrates how to use the A command, 

which sets the angle for all subsequent move commands until 

the next A command. Only four angles are allowed: 0, 90, 180, 

and 270 degrees. With version 2.0 of BASICA, there is an 

easy way to turn by any angle. We will discuss this method 

(the TA command) in the next section. 

When you first run a program and until you invoke the 

first A command, a default angle value of 0 is used. The syn¬ 

tax for this command is the same as for the COLOR com¬ 

mand. The number you give it should be 0, 1, 2, or 3, which 

corresponds directly to the possible angles. In other words, 

the angle of rotation is 90 degrees times the number you spec¬ 

ify in the A command. When objects are rotated by 90 or 270 

degrees, they are drawn with the aspect ratio of 4/3. (See the 

discussion of the CIRCLE command in Chapter 3 for an 

explanation of aspect ratio.) What this means is that rotated 

objects are drawn so that they appear undistorted if you 

happen to be using an ideal TV monitor. 
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I EXAMPLE 4-9 

ARROWS TURNING 

Write a short program that draws arrows spiraling out 

from the center of the screen. Use the A command to 

change the angle for each arm of the spiral. The picture of 

the arrows turning is shown in Figure 4*12. 

Solution 

1170 ' ARROWS TURNING 1260 FOR 1-0 TO 11 
1180 1270 A - I MOD 4 
1190 T**"ARROWS TURNING" 1280 FOR J«1 TO I 
1200 GOSUB 2000 ' pause & title 1290 DRAW "a-Aj" 
1210 1300 DRAW "r10d4e4h4d4110 
1220 ' Usee angle 1310 DRAW "br19" 
1230 1320 NEXT J 

1240 DRAW "c3" 1330 NEXT I 
1250 1340 

r ARROWS TURNING 

,4-4-4-*-4-<*-4-4-4-4- 
7 T 
I 11— 4— 4— 4— 4- 4— 
f f T T 

t .«-4- 4. 4 4 -f -r 

4. 4 
4 4 
4 4 

T ' T 
,T T 

4 4 

Itifi 

Pr*ess EMTER to continue? 

Figure 4-12 
Arrows Turning 

i 
HHH 

W- '1 ii,' , w ” \! 
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Turning by Degrees 

Notice that the angle for our example program is com¬ 

puted using the MOD function. This keeps the angle number 

cycling through the values 0, 1, 2, and 3 (see line 1270). Line 

1290 is actually where the angle is set. Line 1300 draws a 

single arrow, and line 1310 generates a move to the next tail 

position without drawing (it uses the B prefix). We use prac¬ 

tically the same arrow in this example as we did in Example 

4-6. 

Notice the double FOR loop. The outer FOR loop (lines 

1260-1330) controls the angle, making the various arms of the 
spiral. The inner FOR loop (lines 1280-1320) repeats the 

arrow in the same direction for the correct length of one par¬ 

ticular arm of the spiral. You can see that we used the same 

idea for producing spirals as in Example 4-5. However, this 

time the arms are made out of multiple copies of a subfigure 

rather than multiple move commands. 

Version 2 of Advanced BASIC has a method to turn, point, 

or travel in practically any direction. It is done by the TA 

command. The syntax is the same as the A command except 

that the parameter can have any value between —360 and 

360. It sets the number of degrees by which all subsequent 

GDL commands are rotated. For example, if we first have 

DRAW “TA30” 

the up, down, left, and right directions are all turned counter¬ 

clockwise by 30 degrees. Positive angles will turn these direc¬ 

tions in a counterclockwise direction, and negative angles 

will turn these directions in a clockwise direction. 

In the next example we show how TA and turning can be 

used to produce spirals that appear to be smoothly rounded. 
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W

' 

ROUNDED SPIRAL 

Write a short program that draws a rounded spiral. Use 

the TA command. The spiral is shown in Figure 4-13. 

Solution 
iS 

1350 •' 
1360 ' 
1370 
1380 
1390 ? 
1400 •' 
1410 ’ 
1420 
1430 

ROUNDED SPIRAL 
■ 

t*»"ROUNDED SPIRAL" 
QOSUB 2000 ’ pause & title 

Uses TA command 

DRAW "c2" 
FOR 1-1 TO 200 

1440 A«10*I MOD 360s X»I/11 
1450 DRAW "ta»a;r*x;" 

Figure 4-13 
Rounded Spiral 
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In this program, the angle gradually turns as the length 

of the move gradually increases. That is the basic idea behind 

smooth spiraling. 

Looking at the program in detail, we see that first the 

color is changed to magenta and then a FOR loop draws the 

spiral. There are 200 steps to the spiral. At every step the 
angle is 10 times I (the step number), and the distance trav- 

veled in the right direction is I divided by 11. Both of these 

are increasing functions of the step size I. Line 1450 contains 

the TA command to make the turn and the R command to 

make the move. 

The next example shows how to draw circles of various 

sizes using the TA command. To make a circle, you gradually 

turn, but move the same amount at each step. 
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EXAMPLE 4-11 

SPIRALING CIRCLES 

Write a short program that draws circles of various sizes. 

Make the circles form a spiral with the TA command. The 

circles are shown in Figure 4-14. 

Solution 

1480 ' SPIRALING CIRCLES 
1490 ' 
1500 T*="SPIRALING CIRCLES" 
1510 GOSUB 2000 ' pause & title 
1520 ' 
1530 ' Uses TA command 
1540 ' 
1550 FOR I - 1 TO 100 STEP 2 
1560 T«10*I MOD 360«C-(I MOD 3>+l 
1570 DRAW "bml60,100«ta»t>br-i;c«c« 
1580 FOR A » -180 TO 180 STEP 120-1 
1590 DRAW "ta«aiiu2" iNEXT A 
1600 NEXT I 
1610 ' 

Figure 4-14 
Spiraling Circles 
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Adjusting the Scale 

Looking at the listing we see that there are 50 circles 

drawn in the main FOR loop (lines 1550-1600) indexed by I. 

For each circle, the starting point is determined by moving 

from the center of the screen along a line I units long at an 

angle of 10X1 degrees. Thus, the starting points are moving 

out as they turn around the center of the screen. This gives 

the spiraling effect. Notice that we had to use the MOD func¬ 

tion on the angle. This is because error messages will stop the 

program whenever the angle is larger than 360. Using MOD 

on the angle with an argument of 360 gives the equivalent 

angle between —360 and 360. Notice that we also use the 

MOD operator to help change the color of the circles as we 

step along. 

Each circle is drawn with the smaller FOR loop (lines 

1580-1590). Here we make a complete turn gradually from 

— 180 to 180 degrees while moving a constant amount each 

step. The step size is a decreasing function of I, the index of 

the main loop. At first, the step size is large, causing small 

circles to be drawn, and as the step size decreases the circles 

become larger. Thus, as the circles spiral out, they become 

larger. You can also control the size of the circles by changing 

the size of the move in line 1590. In our case, it is “u2,” that is, 

two units in the up direction. If we changed it to four units, 

the circles would be twice as large. 

In the next example we introduce the scale command. It 

uses the letter S, and it sets a scale factor for all subsequent 

move commands until the next S command. Its syntax is the 

same as the C command except for the allowable values for 

the number you give it. You must be careful when using the S 

command because only multiples of 4 between 0 and 252 

should be used (that is, 0, 4, 8, ..., 252). The default value is 4. 

The number actually scales subsequent moves by one-fourth 

the number you specify. This means that a value of 4 does not 

enlarge the drawing, a value of 8 doubles its size, a value of 

12 triples its size, and so on. We observed some strange effects 

when we used other numbers in one of the programs in the 

next section. 
The example below draws lots of triangles, each larger 

than the previous one. 
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EXAMPLE 4-12 

GROWING TRIANGLES 

Write a short program that draws triangles. Use the S 

command to scale the triangles so that they gradually 

become larger. Use as few letters as possible to define your 

typical triangle in the GDL language. The triangles are 

shown in Figure 4-15. 

Solution 

1620 * TRIANGLES 1710 * 
1630 1720 DRAW "bm210,10; 
1640 T$»"TRIANGLES” 1730 ' 
1650 GOSUB 2000 ' pause & title 1740 FOR K-l TO 18 
1660 * 1750 SZ«4*K 
1670 ' Uses scale 1760 DRAW "s“SZ;" 
1680 1770 DRAW "bg"+TR* 
1690 First de-fine the triangle. 1780 NEXT K 
1700 TR*« "UFL" 

? 1111 1 2 
1790 ' 

r TRIANGLES 

Press ENTER to continue? ■ j 
Figure 4-15 

Growing Triangles 
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X Command 

The original triangle is very small —it’s just defined by 

the primitive string “UFL” (see line 1700). In the FOR loop 

(lines 1740-1780), we blow it up to as much as 18 times its 

original size. Each time we draw it, we move out of the way 

of the previous triangle. This is the purpose of the “bg” string 

on line 1770. 

The last example in our series uses the X command. The X 

command acts like a subroutine call in that it causes any 

command string you name to be executed right on the spot. 

The syntax is the letter X followed by the name of an external 

string variable containing GDL commands followed by a 

semicolon. The semicolon must be present so that BASIC 

knows when the name of the string has ended. It is possible to 

have indexed string variables as long as the index is not an 

expression. 
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EXAMPLE 4-13 
-- 

POLYGONS WITH THE X COMMAND 

Write a short program that draws octagons. Use the X 

command to execute a string that contains GDL commands 

specifying the shape of the octagon. The polygons are 

shown in Figure 4-16. 

Solution 

1800 ' POLYGON 1900- FIG*«"reuhlgd-f" 
1810 1910 DRAW "bm120,180" 
1820 T*«"POLYGONS" 1920 / 

1830 GQSUB 2000 ' pause & title 1930 FOR A - 8 TO 224 STEP 12 
1840 1940 DRAW "s“Aj xFIG*j" 
1850 ' Uses the X command 1950 NEXT A 
1860 1960 
1870 ' It shows 8 -family o-f octagons. 1970 LOCATE 22 
1880 / 

1980 END 
1890 * 

1990 ■ # 

Figure 4-16 
Polygons 
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Using GDL language, an octagon is defined and stored in 

the string variable called FIG$. The FOR loop from lines 

1930-1950 draws the various copies of the figure. This loop 

has just one DRAW command. Within this DRAW command, 

the scale factor is set and then the string FIG$ is executed. 

We see that the X command was not really necessary. Instead, 

we could have concatenated the strings “s^A” and FIG$. In 

the next section we will give an example of a situation in 
which the X command is useful. 

There is one more GDL command, namely the P command 

(for paint), that allows you to fill in areas with color. However, 

we will discuss it in Chapter 5, which presents a full discus¬ 
sion of area filling. 

GRAPHICS CONCEPTS 

■Hi 

Turtle Graphics The DRAW command and its associated command lan¬ 

guage provide capabilities that are similar to but definitely 

not the same as turtle graphics. Turtle graphics is part of a 

computer language called LOGO. This is an exciting new 

language that has been designed to help children understand 

computers and geometry. It was inspired by Jean Piaget, who 

is famous for his theories of human development. 

In LOGO you can move a graphics cursor called a turtle 

around the screen. As with the IBM GDL, you can move this 

graphics cursor backward and forward and make it turn. 

Just as we found spirals to be such a natural thing to do in 

IBM GDL, turtles also love to make spirals. (See the August 

1982 issue of BYTE magazine for some examples of turtle 

spirals.) 

There are, however, fundamental differences between the 

IBM GDL and turtle graphics. For example, the commands 

to move the turtle are expressed in full words that are an 

integral part of the LOGO language. In IBM GDL, the move 
commands are given by single letters hidden in strings. 

There are also other important differences. A turtle in LOGO 

always has a heading that is the direction in which it faces. 

You can instruct the turtle to go forward or backward by a 

specified number of steps, but you cannot directly tell it to go 

left or right so many steps. Instead, you must first instruct it 

to change its heading left or right by so many degrees, and 

then tell it to move forward in that direction. On the other 
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A Space-Filling 

Curve 

hand, with the IBM GDL you can go in eight different direc¬ 
tions relative to its heading, and you can change its heading 
to any integer angle between —360 and +360 degrees. 

The next example contains some advanced ideas, both 
in the application and in the methods. The application is 
topology, the branch of mathematics that studies the shapes of 
objects. For a good introduction to this branch of mathemat¬ 
ics, see Introduction to Topology and Modern Analysis by 
George F. Simmons (McGraw-Hill, 1963). A graphics com¬ 
puter is a handy tool in topology because it can quickly and 
dynamically generate mathematical shapes that might take a 
person hours or even days to draw. The resulting pictures are 
very useful, for they often provide instant understanding of 
some very difficult ideas. In this example we look at the idea 
of a space-filling curve (see pages 341-342 of Simmons’s 
book). When you run this program you might be able to see 
how such a curve can be constructed as a limiting case of a 
series of pictures of increasing intricacy that fill more and 
more of the screen. 

This example also serves as a very good illustration of the 
X command. You can think of the X command as kind of a 
subroutine call in GDL. One of the most abstract concepts 
associated with subroutine calls is the idea of recursion. Very 
simply, recursion happens whenever a routine eventually 
calls itself The ability to do recursion is built into such mod¬ 
ern languages as Pascal. It is a good tool for performing all 
kinds of operations, including some sorting procedures. In 
this example we use recursion to put more and more corners 
in the curve so that it eventually turns in every possible 
direction, filling a whole area on the screen. In other words, 
we have a series of subroutines that make corners, but each 
time the “stuff’ that makes the corner is made by calling 
other subroutines that make a series of smaller corners, and 
so on. 

Since recursion is not a part of IBM GDL, or even BASIC, 
we will have to manufacture it as part of our program. We 
use string arrays to do this. The index of the array is used to 
keep track of the level, which is a measure of the number of 
returns from subroutines that are currently pending as the 
program progresses. 

192 Graphics Primer for the IBM PC 



EXAMPLE 4-14 | 

SPACE-FILLING CURVES 

Write a reasonably short program that draws space-filling 

curves. Use the X command with the idea of recursion. The 

space-filling curve is shown in Figure 4-17. 

Solution 

1 GO ' SPACE-FILLING CURVE 
110 ' 
120 ' This example uses the draw 
130 ' command with the string 
140 ' operator "X". 
150 ' 
160 SCREEN 1 ' medium resolution 
170 KEY OFF 
180 CLS 
190 LOCATE 12,18 
200 PRINT ■'wait” 
210 ' 
220 DIM UU*(10), UR# <10) , UL*(10) 
230 DIM DD*(10), DR#(10), DL#(10> 
240 DIM RU* <10) , RD#(10) , RR#(10) 
250 DIM LU#(10), LD#(10), LL#(10) 
260 ' 
270 ' The •following strings define 
280 ' our primitive motions. 
290 ' 
300 UU#(0)="u" 
310 UR*(0)-"u" 
320 UL#(0)“"u" 
330 DD*(0)«"d" 
340 DR*(0)*"d" 
350 DL*(0)-"d" 
360 RU* (0 > =» " r " 
370 RD*(0)“"r" 
380 RR*(0)“"r" 
390 LU*(0)""1" 
400 LD*(0)1" 
410 LL*(0)""1" 
420 ' 
430 ' Now make the strings to 
440 ' unfold the pattern. 
450 ' 
460 FOR K» 1 TO 10 ► 
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Example 4-14 

Solution, Continued. 

470 ' Package the Brings in the 
480 ' form* 
490 < k~I > s 
500 ' 

510 MUU*»"xuu*("+STR*(K-1> + "> 5" 
520 MURt»,,xur4-(,,+STR$(K-l> + "> ? " 
530 MUL*»"xul*<"+STR*<K-1> +")j" 
540 MDD**»"xdd* ("+STR* (K-l > +" >; " 
550 ly1DR*«"xdr* ( "+STR* <K-i ) + " ) « " 
560 MDL*®>" x d 1 * ( " +STR* (K-1) + " > 5 " 
570 MRU*»"xru* ("+STR* (K-l > +" ) ; " 
580 MRD*»,"xrd* ( "+STR*(K-i > +") • '* 
590 MRR*="xrr* ( "+STR* (K-l) +" ) « " 
600 MLU*»,,xlu*(M+STR*<K-l>-t-,'> ; " 
610 MLD*»"xld*(,'+STR* (K-l>+"> s " 
620 MLL*" " x 11 * ( " +STR* (K— 1) + " ) ; " 
630 4 

640 Define the level chanqers 
650 
660 UU* (K) »MUR*+MRU*+MUL$+MLU* 
670 UR*(K)»MUU*+MUR$+MRD$+MDR* 
680 UL* <K> =MlUR*+MRU*+MUL*+MLL* 
690 DD*(K>HiDL*+MLD*+MDR*+MRD* 
700 DR*(K)»MDL*+MLD*+MDR*+MRR* 
710 DL* (K) «MDD*+MDL*+MLU*+MUL* 
720 RU*(K>»MRR*+MRU*+MUL*+MLU* 
730 RD*(K> «MRU*+MUR*+MRD*+MDD* 
740 RR*(K)«MRU*+MUR*+MRD*+MDR* 
750 LU* (K> “MLD*+MDL*-HVILU*+MUU* 
760 LD* <K)»MLL*+MLD*+MDR*+MRD* 
770 LL* <K>»MLD*+MDL*+MLU*+MUL* 
780 * 

790 NEXT K 
800 
810 Now start the process 
820 * 

830 FOR K « 0 TO 6 

840 
850 SIDE « 2^(K+1) 
860 FSCALE»508/SIDE 
870 HSCALE»FSCALE/2 

880 
890 CLS 
900 LOCATE 1,1 
910 PRINT "Level"5K; 

. ► 
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Example 4-14 

Solution, Continued. 

920 PRINT "j Fills a"; 
930 PRINT SIDE;"by"?SIDE!"grid" 
940 ' 
950 ' The -following DRAW commands 
960 ' just help to locate the start 
970 ' o-f the curve. 
980 ' 
990 DRAW "bm90,90;s«HSCALE;bf" 
1000 DRAW "s-FSCALE?" 
1010 ' 

1020 ' Here is the only real DRAW 
1030 ' command in the program. 
1040 ' 
1050 DRAW UR$ < K)+RD$(K > +DL$ < K)+LU$ < K) 
1060 ' 
1070 LOCATE 22,1 
1080 INPUT"press ENTER to cont";ANS* 
1090 ' 
1100 NEXT K 

Level 5 : fills a 64 by 64 grid 

press ENTER to oont? ■ 

Figure 4-17 
Space-Filling Curve 
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Animation and 

the Cursor Keys 

In our program, the subroutines are represented by com¬ 

mand strings and the level is tracked in a reverse way by the 

index K. The index K starts out high, and as the level 

increases, the number K decreases. When the index K has 

decreased to 0, there are no more calls and the returns start 

to get resolved. 
In lines 220 through 790, the following command strings 

are defined for K = 0 through 10: 

UU$(K), UR$(K), UL$(K), 

DD$(K), DR$(K), DL$(K), 

RU$(K), RD$(K), RR$(K), 

LU$(K), LD$(K), LL$(K) 

These are our subroutines. The letters indicate the kind of 

moves that these subroutines will perform. For example, UR$ 

performs a “U” for up, and then an “R” for right. 

When K=0, these strings are specially defined to be the 

move indicated by the first letter of their name. For example, 

UL$(0) is just “U”. This is the most primitive level—no more 

calls, so the program can go no deeper than the level it is on. 

As the program runs, watch all of this unravel. At first, 

you see only a simple shape, namely a square. But as the pic¬ 

tures continue to be drawn, you see more and more kinks in 

the path—each stage of kink smaller than the previous stage. 

The limiting case of this sequence of paths is the actual space¬ 

filling curve. We can never get the actual curve for several 

reasons. One is the limited resolution of the screen, and 

another is the infinite amount of time needed to take the 

limit. Our program does continue until it reaches the resolu¬ 
tion of the screen. 

While this example illustrated some fairly sophisticated 

applications, the next example shows the other end of the 

spectrum of applications, namely how the IBM PC can be 
used to write games. 

The next application example illustrates an extremely im¬ 

portant area of computer graphics: interactive input. 

The cursor keys control the motion on the screen. Press the 

CURSOR RIGHT key and the object moves to the right. Press 

the CURSOR LEFT key to move the object to the left, CURSOR 

UP to move it up, and CURSOR DOWN to move it down. 
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Interactive 

Input 
The cursor keys provide the IBM PC with built-in interac¬ 

tive input facilities. With these keys we will be able to move 

various parts of a picture around, perhaps for an animated 

game or for developing a design (a room design or design of 

an electronic circuit). When you press one of the cursor keys 

while a program is running, the program is actually inter¬ 

rupted to process that key stroke. 

IBM BASIC is designed to handle interrupts from as 

many as 14 different keys. These include the function keys 

(the ten keys on the left side of your keyboard) and the cursor 

keys (the four keys marked with arrows on the right side of 

your keyboard). These keys are assigned numbers from 1 to 

10 for the function keys and 11 to 14 for the cursor keys. 

Normally these keys will not interrupt your program. You 

must do three things before an interrupt will happen success¬ 

fully. You must enable each key that you want to use in this 

way; you must declare the location (line number) of an inter¬ 

rupt service subroutine for each key that you want to use; and 

you must write an interrupt service routine for each such key 

that you have enabled. Now let’s discuss each step in more 

detail. 
Normally interrupts are disabled, which means that these 

special keys behave like any other keys. This means that 

while your program is running, you can use the INPUT or 

INKEY$ statements to wait for combinations of (or single) 

keystrokes which involve these or any other keys. 

Interrupts are enabled by the KEY(n) ON command, 

where n is a number from 1 to 14. An interrupt from key 

number n can only happen after the KEY(n) ON has been 

executed. The syntax for this command is 

KEY(n) ON (enable interrupts from key number n) 

You can use the KEY(n) OFF command to disable any 

further interrupts from that key, and you can use the KEY(n) 

STOP command to temporarily stop processing any inter¬ 

rupts from that key. Any interrupt will be processed upon 

execution of a subsequent KEY(n) ON command for that key. 

The syntax for these commands is 

KEY(n) OFF (disable interrupts from key number n) 

KEY(n) STOP (stop interrupts from key number n) 

Interrupt service subroutines are declared with the ON 

KEY command (not to be confused with the KEY(n) ON or 
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4 

even the KEY ON command). This command allows you to 

place your interrupt service routine wherever you want in 

your BASIC program. The syntax is 

ON KEY(n) GOSUB line 

where n is the number of the key and line is the line number 

of the interrupt service routine you have written for that key. 

Now let’s look at the interrupt service routines themselves. 

The purpose of these routines is to take care of the keystroke 

quickly with the least amount of disruption to the main pro¬ 

gram. When a program is running, BASIC checks for inter¬ 

rupts before executing each BASIC statement. If interrupts 

are declared (ON KEY statement), enabled (KEY(n) ON 

statement), but not stopped, then whenever that key is 

pressed, the declared interrupt service subroutine is automat¬ 

ically called. It is interesting to note that while an interrupt 

subroutine is executing, the corresponding interrupt key is 

automatically stopped (equivalent to putting the KEY(n) 

STOP command at the beginning of the subroutine). 

An interrupt service routine in IBM PC BASIC looks very 

much like any other type of BASIC subroutine. In particular, 

it must end with a RETURN statement; and like any other 

kind of subroutine, after a RETURN statement, control 

returns to the main program to exactly the next statement 

after the one where it left off 
A typical program might contain four such interrupt sub¬ 

routines, one for each cursor key. These subroutines are usu¬ 

ally very short. 

It is interesting to note that IBM BASIC mimics the inter¬ 
rupt facilities of its 8088 central processing unit. For the 8088 

CPU, there is a section of memory that holds the locations of 

all the interrupt service routines. The programmer must load 

these locations to “declare” these routines. There are also pro¬ 

cessor instructions that can enable and disable interrupts. In 

contrast to interrupts in BASIC, these processor instructions 

disable or enable almost all interrupts at once (there are some 

that cannot be disabled). The interrupt service routines for 

the 8088 are in machine language, although they might have 

been written in a higher-level language such as assembly 

language or PL/I. Each such routine must end in a return 

instruction, but in this case, the return instruction is a 

slightly different kind of return than the one used for ordi¬ 

nary subroutines for this processor. The difference is that 

more information is “saved” (and thus must eventually be re¬ 

stored upon return) when interrupt subroutines are executed. 
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Drawing Symbols One of the tasks to which the DRAW command is particu¬ 

larly well suited is drawing medium-sized symbols. We have 

included an example application program that draws elec¬ 

tronic symbols and extensively uses the cursor key’s inter¬ 
rupts for moving objects. 

The program has three parts: symbol construction, general 

display, and symbol move. In the symbol construction section, 

four kinds of electronic gate symbols are constructed. For 

various reasons, the symbols are constructed in sections. It is 

simply easier to work with smaller pieces, and we would like 

to avoid “wrap-around,” an effect that happens when the pro¬ 

gram lines are longer than the number of characters across 

the screen. The symbols were designed by laying them out on 

fine graph paper, as in Figure 4-18. The curved lines were 

approximated by sequences of dots on the grid points of the 

graph paper. Then the result was translated into a series of 

local moves right on the graph paper. 

Figure 4-18 

Constructing a Command String for a 
Section of a Symbol 
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EXAMPLE 4-15 

ELECTRONIC SYMBOLS 

Write a short GDL program that displays the symbols for 

the AND, OR, NOT, and XOR gates. After these gates are 

drawn, allow the user to move a gate around the screen. 

Use the cursor keys with interrupts to move the figure and 

function keys to select which type of gate is being moved. 

A picture of the symbols is shown in Figure 4-19. 

Solution m-m 

100 ' 

110 ' 

120 ' 

130 ' 
140 ' 
150 ' 
160 ' 
170 ' 
180 ' 
190 
200 
210 
220 
230 
240 ' 
250 ' 
260 ' 
270 ' 
280 ' 
290 
300 ' 
310 
320 ' 
330 
340 ' 
350 
360 ' 
370 
380 

ELECTRONIC SYMBOLS 

• V - V • ■ 

This program displays the 
■following electronic symbols: 

1) AND gate 
2) OR gate 
3) NOT gate 
4) XOR gate 

m 
SCREEN 1 
KEY OFF 
CLS 
LOCATE 1,8 
PRINT "Some Electronic Symbols" 

First define them 

1) the AND 
upper left 
ULAND*«"ul6r24" 
upper right 
URAND$="rrrfrrfrfrfffdfdfddfddd" 
lower right 
LRAND$=,!dddgddgdgdggglglgl lgl 11 " 
lower left 
LLAND*88"! 24ul6" 
now put them together 
6AND$*ULAND$+URAND*+LRAND$+LLAND$ 

400 ' 
410 
420 ' 

2) the OR gate 
upper left 
ULOR$»"u7huuuhuuhu" 
upper right 
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Example 4-15 

430 

Continued. 

URQR$«"r 17-Frrr-frrfrr-frfrf ■fr-fr-fTd" 
lower right 

u cJq71 q 1 q 
1 r x. 

gllgllglllgl 17" 

now put them together 
G0R$ - UL0R*+UR0R*+LR0R*+LL0R* 

:he NOT gate 
sr right 
)T*-Mf rffr*4Wf rf frf frf fr'ffr-ff" 

T$="ul6"+URN0T* 
lie 

3T$="uerr-f ddgl lhu" 
right 

'40T$=!"gl ggl ggl ggl ggl ggl ggl ggl g " 
sottom 

BNOT $=LRN0T $+"u16" 
' now put it all together 

> 8N0T ^TNOTsfc+C IRNOT $+BN0T $ 

650 ' 4) the XOR gate 

660 ' left side 
670 LSX0R$="bdl6"+LL0R*+UL0R:* 
680 ' right side 
690 RSXQR*-"bd16br8"+G0R*+"b18" 
700 6X0R$=LSX0R*+RSX0R$ 
710 
720 ' Now draw them 
730 ' 

LOCATE 9,6 : PRINT "AND gate" 
DRAW "bm40,40"+GAND$ , • > 

/ a'J 
i nnATE 9,26 s PRINT "OR gate" 

"bm200,40"+G0R$ ■LOCATE 21,6 s PRINT "NOT gate" 
DRAW "bm40,136" +GN0Tt- 

820 ' 
830 LOCATE 21,26 s PRINT "XOR gate" 
840 DRAW "bm200,136"+GX0R$ 
850 ' 
860 LOCATE 25 
870 INPUT "Press ENTER to cont"$ANS$ 
880 CLS 

] 
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] Example 4-15 

Solution, Continued. 

890 ’ 
900 ' 
910 ' 
920 
930 
940 
950 
960 
970 
900 
990 
1000 
1010 ' 

1020 
1030 
1040 
1050 
1060 
1070 

H i 

now let the user move one 

ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

KEY (1) 
KEY <2> 
KEY <3) 
KEY(4) 
KEY <5> 
KEY(11) 
KEY(12) 
KEY(13) 

GOSUB 
0OSUB 
GOSUB 
GOSUB 
GOSUB 
GOSUB 
GOSUB 
GOSUB 

1660 
1710 
1760 
1810 
I860 
1420 
1480 
1540 

:1 
: ,'•>! .' 

i 

ON GOSUB 1600 

1080 
1090 
1100 
1110 

KEY(14) 
' 

X$»GAND* 
Y*«X* 
X«160sY» 
SSTEP«4 

DONE-O 

LOCATE 1,13 
PRINT "HOVE THE SYMBOL" 

V ' 

1120 LOCATE 25 
1130 PRINT "FI SAND ti 

1140 PRINT "F2:OR | 

1150 PRINT "F3s NOT ii 

1160 PRINT "F4sXOR Up 

1170 PRINT "FSsexit "i 
1180 ' 
1190 KEY(1) ON 
1200 KEY(2) ON 
1210 KEY(3) ON 

1220 KEY(4) ON 
1230 KEY(5) ON 
1240 KEY(11) 

,1250 KEY(12) 
KEY(13) 

1270 KEY(14) 
1280 
1290 ' main 
1300 
1310 

202 Graphics Primer for the IBM PC 



Example 4-15 j 

• . 

Solution, Continued. ■ 

1350 Z$«Y$ 
1360 M0V$«"bm0,0br»x s bd-y 5 c3" 
1370 DRAW "cO"+X*+MQV$+Z* 
1380 X*-Z* 
1390 ' 
1400 GOTO 1290 
1410 * 
1420 ' cursor up 
1430 IF Y<> 30 THEN Y»30rG0T0 1460 
1440 Y-Y-SSTEP 
1450 PNEW-1 
1460 RETURN 
1470 ' 
1480 ' cursor left 
1490 IF XO 20 THEN X«20sG0TQ 1520 
1500 X-X-SSTEP 
1510 PNEW-1 .. .. 

1520 RETURN 
1530 ' 
1540 ' cursor right 
1550 IF X>-270 THEN X»270sG0T0 1580 
1560 X-X+SSTEP 
1570 PNEW-1 
1580 RETURN 
1590 ' 
1600 ' cursor down 
1610 IF Y>»160 THEN Y-160SG0TQ 1640 
1620 Y-Y+SSTEP 
1630 PNEW-1 
1640 RETURN 
1650 ' 
1660 ' select AND 
1670 Y$»GAND$ 
1680 PNEW-1 
1690 RETURN 
1700 ' 
1710 ' select OR 
1720 Y*»G0R$ 
1730 PNEW-1 
1740 RETURN 
1750 ' 
1760 ' select NOT 
1770 Y$«GN0T* 

1780 PNEW-1 
1790 RETURN 

► 
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In the general display section of this program (lines 720- 

840), we show all four symbols with labels. Notice the use of 

the LOCATE command to position the labels. Combining text 

and graphics in this way is sometimes time-consuming 

because of the difficulty of lining up the two different kinds 

of coordinate systems. We have found a fairly good method 

— it’s called trial and error. 

The symbol move section uses some of the same principles 

discussed in conjunction with the last example. Again, we are 

using the interrupt structure in IBM BASIC. This time, how¬ 

ever, we do not keep on displaying the figure over and over. 

Instead, there is a variable called PNEW that tells us when¬ 

ever a new picture should be drawn. If PNEW is zero, no new 

picture should be drawn and the program loops back. Other¬ 

wise, it drops through this loop and redraws the symbol. 

You can see that we have now activated the function keys 

as well as the cursor keys in this program. We use Ft to select 
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the AND gate, F2 to select the OR gate, F3 to select the NOT 

gate, and F4 to select the XOR gate. 

Notice how F5 is used to exit the program. We have fol¬ 

lowed the policy that interrupt service routines should only 

update variables, and not really do anything. In light of this, 

we have programmed the service routine for an exit so that it 

updates the variable DONE. The main loop has a check to see 

if DONE has become 1, thus signaling that the user wants to 

stop the program. If so, it then jumps to the last statement in 

the program, which is an END statement. This scheme is a 

good approach because it never causes any unresolved 

RETURN statements. The pending RETURN statement 

from any interrupt service routine is always executed. It is 

possible to use this idea to successfully step up and down a 

whole hierarchy of loops while using interactive input. 

This program could be the basis of a sophisticated Com¬ 

puter Aided Design (CAD) program in which you could con¬ 

trol the positions of several gates on the screen and hook them 

up in different ways to form a circuit. 

CONCLUSION 

In this chapter we have presented a number of topics 

while discussing the DRAW command and what you can do 

with it. The major topic is its associated Graphics Definition 

Language, but other topics included recursion, animation, 

interactive input, and symbol design. These last topics go 

beyond a discussion of the syntax of the graphics commands, 

and provide some very interesting and useful graphics 

techniques. 
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AREA FILLING 



CONCEPTS 

Concepts 

Region Filling 

Comparison with Box Fill 

Commands 

PAINT 

Applications 

Coloring Pie Charts 

Coloring 3-D Objects 

Drawing a Background Scene 
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INTRODUCTION 

This chapter introduces the powerful PAINT command. 

Region filling (as exemplified by the PAINT command) is 

compared to and contrasted with scan conversion of polygons 

(an approach exemplified by the LINE command with the 

BF option). The advantages and disadvantages of each 

approach and the theory behind each are discussed. BASIC 

programs show various ways the PAINT command can be 

used to color in a picture. 

In this chapter we will again use a series of “stand-alone” 

example programs that are housed in a larger program. The 

“front end” (lines 100-150) and the “back end” (lines 5000- 

5140) of this example program are the same as in Chapter 3, 

except that line 100 now should read 

100 ’ CHAPTER 5 LESSONS 
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PAINT COMMAND 

The PAINT command allows the user to fill any enclosed 

region on the screen with color. To use this command, you 

must make sure that the region is completely surrounded 

with a color called the boundary color. You do this by using 

any combination of the point, LINE, CIRCLE, and DRAW 

commands that we studied in previous chapters. With the 

PAINT command you “plant” a “seed” of color in the region, 

and this seed “grows” by filling the region with the desired 

color. 
The full syntax for the PAINT command is 

PAINT (x,y) [[.paintcolor [,boundary][,background]] 

where (x,y) are the coordinates (relative or absolute) of the 

point where you plant the “seed,” paintcolor is an expression 

that specifies the desired new color or texture for the interior 

of the region, boundary is an expression that specifies the 

color of the boundary, and background is an expression that 

controls the conditions for continuing to paint over areas 

already painted. 
The paintcolor parameter can be either an integer or a 

string expression. If it is an integer, it specifies the color 

number for painting solid areas; if it is a string, it specifies a 

texture. We will discuss texture later in this chapter, as well 

as explain how the background parameter is used. 

The PAINT command has many options, but we will start 

with the simplest case and build toward the more complex 

ones. We start with 

PAINT (x,y) 

You can see that only the coordinates of the “seed” are given. 

Both the color of the boundary and the paint color default to 

the foreground color. 

Although this command looks simple, it can be used to 

paint a complex region. But we need to draw a complicated 

boundary first. Our first example shows how this form of the 

PAINT command can be used to fill in a moderately complex 

region. We will draw the outline of a picket fence, and then 

use the PAINT command to “whitewash” it. 
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PAINTING A COMPLEX REGION 

Draw a picket fence with an arch and paint it white using 

the simplest form of the PAINT command. The painted 

fence is pictured in Figure 5-1. 

Solution 

160 ' PAINTED PICKET FENCE 
170 ' 
180 T*="PICKET FENCE" 
190 GOSUB 5090 ' title 
200 COLOR 2,1 
210 ' 

220 ' •first draw the outline 
230 ' 
240 ' main middle section 
250 DRAW "bm20,60" 
260 FOR 1-1 TO 7 
270 DRAW "f 10dl0r20ul0el0" 
280 DRAW "bm-30,+30r20d20120u20” 
290 DRAW "bm -0,+30r20d20120u20" 
300 DRAW "bm-10,+40r10ul0r20dl0r10" 
310 DRAW "bulOO" 
320 NEXT I 
330 ' 
340 ' end posts 
350 DRAW "bm20,60g10d90r10" 
360 DRAW "bm300,60f10d90110" 
370 ' 
380 ' arch 
390 PI-3.1416 
400 CIRCLE (180,70), 30,, 0, PI 
410 CIRCLE (180,70), 50,, 0, PI 
420 PRESET (140,60) 
430 ' 
440 ' Now paint it 
450 ' 
460 PAINT (160,115) 
470 ' 
480 • 
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In this example, the fence is constructed in lines 220-420 

and painted in line 460. Notice how easy it is to paint the 
fence once you have drawn its boundary. 

The fence is outlined in the foreground color, the default 

color for commands such as DRAW and CIRCLE. This is also 

the default color for the boundary color, so no color need be 
specified anywhere in the program. 

The symmetry of the fence is exploited during its con¬ 

struction by using a FOR loop (lines 260-320) to replicate a 

section of fence seven times across the screen. Within this 

FOR loop, the DRAW command and its associated GDL pro¬ 

vide an efficient way to encode a top U-shaped piece (line 

270), two middle rectangles (lines 280 and 290), and a bottom 

upside-down U-shaped piece (line 300). We see a correspon¬ 

dence between the lines of code and the parts of the picture — 

four parts of boundary in four lines of code. A fifth line (line 

310) moves the current position to the correct position to draw 

the next section of fence during the next pass through the 
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FOR loop. After the FOR loop, the ends of the fence are com¬ 

pleted with more DRAW commands (lines 350-360). 

We have decided to put an arch in the fence. This arch 

could be the top of a gate or a trellis for some climbing vines. 

The arch is constructed using CIRCLE commands (lines 400- 

410), one for the outside of the arch, and one for the inside. 

Notice that the two CIRCLE commands actually draw 180 

degree arcs, as specified by the start and stop parameters for 
angles. 

The PRESET command on line 420 looks useless but is 

really quite necessary. It punches a pin hole in the boundary 

between the inside of the fence and the inside of the arch, 

thus making the entire fence and arch one region. As in the 

story about the Dutch boy at the dike, only one small hole is 

necessary to cause a large flood, as you will see when this 

program is run. This will also serve to point out the impor¬ 

tance of completely surrounding the region you want to paint 

by the boundary color. If we punched that tiny hole in the 

boundary between the fence and an area we did not want 

colored, we would have quite a mess. 

On line 460, painting begins. There is no specification of 

color in the PAINT statement on line 420, so we must use the 

foreground color for both the paint and the boundary. 

The coordinates of the seed are (160,115). This is where you 

begin to paint. This seed points to a spot near the center of 

the fence, but definitely inside the fence. You might try start¬ 

ing at other points inside the fence, near the top, near the 

bottom, on either side, or even in the arch. What do you think 

will happen if you start painting outside the fence? The next 

example will explain this. 

When the program runs, you see the background turn 

green (see the COLOR statement in line 200). Next, the out¬ 

line of the fence is drawn in sections and the arch appears. 

Then we see paint begin to flow into the fence. Both the paint 

and the outline of the fence are white, which is the fore¬ 

ground color for the particular graphics state we are in 

(palette 1 in the medium-resolution mode). This is how we get 

the fence whitewashed with white paint. 

As you watch the fence being painted, you will see that the 

paint first flows from the seed position throughout the rest of 

the fence. You can temporarily stop the action of the PAINT 

command by pressing the CONTROL and NUMLOCK keys at the 

same time, and you can restart it by pressing any other key. 
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4 

You will see different effects depending upon the version of 

Advanced BASIC you are using.- 
In version 1 of BASICA, the paint flows entirely across 

one horizontal line of the fence, and then flows upward a line 

at a time until it reaches a row of rectangular holes. (These 

holes were drawn in the FOR loop.) It then fills the parts of 

the posts alongside these holes one at a time in a right-to-left 

order. Once the holes are cleared, it again paints all the way 

across. Eventually, it paints all the way to the top of the fence, 

and then fills in the arch. After the upper half of the fence 

has been painted, the bottom half is painted in a similar 

manner. 
The method used in version 1 uses BASIC’s stack to keep 

track of the areas yet to be painted. The IBM BASIC manual 

warns you that you may run out of stack space if you have a 

very complex region. It also tells you how to gain more room 

for the stack. In version 2, the paint flows evenly outward 

from the seed position, moving upward and downward at the 

same time. We have found that this method does not use the 

stack, so the IBM warning no longer applies. 

Painting methods fall into a class of algorithms called 

scan line algorithms (not to be confused with a scan conver¬ 

sion algorithm, which we will discuss later in this chapter). 

For our screen, a scan line is a horizontal row of dots on the 

screen. By looking closely at the screen you can see that either 

painting method works by coloring entire portions of the scan 

lines that cross the region. This is how we get the name scan 

line for this type of algorithm. You should understand that 

whatever method BASIC uses to paint, it uses quite a bit of 

intelligence to compute how to paint the entire region as fast 

as it does without missing any spots. 

The next example demonstrates what happens when we 

place the seed in different regions of the same picture. The 

seed can be placed anywhere within the interior of the region 

you want to color. Since a picture is normally divided into a 

number of regions, you must specify the location of the seed to 

indicate which region you want to color. 
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EXAMPLE 5-2 | 

PAINTING DIFFERENT REGIONS OF 

THE SAME PICTURE 

Draw a sun pattern and paint different regions by placing 

the seed point in different places. Mark the seed position 

with an asterisk after painting. The five pictures are shown 

in Figure 5-2. 

Solution 

490 ' SUN 
500 
510 ‘ asterisk ■for pointing to seed 
520 ASTERISK*»,,c2s40nunrndnl nen-f ngnh « 
530 / 

540 GOTO 860 ' skip the subroutine 
550 * 

560 1 SUBROUTINE - OUTLINE THE SUN 
570 t : ■*. •• , K 1 K A ' > V ‘ v ? ^t ^ ^ ^ ^ 

580 GOSUB 5000 ' pause & title 
590 ' 

600 ' separate title from picture 
610 LINE <0,12)-(319,12) 
620 

C 630 ' Draw star pattern 
640 $ 

650 PSET (150,20) 
660 LINE - (165,70) 
670 LINE - (230,40) 
680 LINE - (180,95) 
690 LINE - (220,140) 
700 LINE - (170,130) 

- 710 LINE - (170,180) 
720 LINE - (135,140) 
730 LINE - ( 90,170) 
740 LINE - (100,120) 
750 LINE - ( 50,110) 
760 LINE - (100, 90) 
770 LINE - ( 85, 40) 
780 LINE - (135, 65) 
790 LINE - (150, 20) 
800 
810 ' circle in center 
820 CIRCLE (140,95), 25 ► 
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Example 5-2 

Solution, continued. 

830 ' 
840 RETURN 
850 ' 
860 ' Now demonstrate paint command 
870 ' 
880 T*«"SUN - UNFILLED" 
890 80SUB 560 ' outline the sun 
900 COLOR 9,1 
910 ' 
920 T*«"SUN - CENTER FILLED" 
930 6QSUB 560 ' outline the sun 
940 PAINT <140,95) 
950 PSET (140,95)tDRAW ASTERISK* 
960 ' 
970 T*»"SUN - MIDDLE FILLED" 
980 80SUB 560 ' outline the sun 
990 PAINT <180,100) 
1000 PSET <180,100)»DRAW ASTERISK* 
1010 ' 

1020 T*»"SUN - OUTSIDE FILLED" 
1030 GOSUB 560 ' outline the sun 
1040 PAINT <240,100) 

1050 PSET <240,100)jDRAW ASTERISK* 
1060 ' 
1070 T*«"SUN - CENTER & OUTSIDE" 
1080 GOSUB 560 ' outline the sun 
1090 PAINT <160,95) 
1100 PSET <160,95)» DRAW ASTERISK* 
1110 PAINT <180,50) 
1120 PSET (180,50)»DRAW ASTERISK* 
1130 ' 
1140 ' 
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In this example we draw a picture of a sun that has a 
round center and a star-like corona. The picture consists of 
three regions. The paint seed is placed in each of these 
regions in turn, and finally in two regions at once. After 
painting, we point out the position of the seed by marking it 
with a red asterisk. It might seem more natural to mark the 
seed location before painting begins, but unfortunately that 
would cause two serious problems: The marker would be 
painted over, and the painting would be messy because the 
marker would punch a hole in the boundary of the region. 
This happens when the seed is close to the boundary. 

In this example program, the job of drawing the sun’s 
boundaries is encapsulated in a subroutine. This “outliner” 
subroutine also calls the pause and title subroutine and draws 
a line across the top of the screen to separate the title from 
the picture. Such a line is needed to prevent the title from 
being washed away when we paint the outermost region of 

the figure. 
The actual picture consists of a star shape and a circle in 

its center. The star is done with a PSET statement (line 650), 
followed by a series of LINE statements (lines 660-790). 

The star and circle divide the picture into the following 
three regions: the center (inside the circle), the middle (out¬ 
side the circle and inside the star pattern), and the area out¬ 
side both. 

The main program for this example starts on line 860. 
First we set the background to blue (the second parameter of 
the COLOR statement in line 900), and then we call the out¬ 
line subroutine to draw the boundaries of the star shape and 
circle without painting anything. Next we fill in only the cen¬ 
ter, then just the middle, and then just the outside. Finally we 
fill in both the center and the outside. Notice that the bound¬ 
aries of the screen serve as a boundary for the outside region; 
that is, painting the outside region does not continue to infin¬ 
ity, taking an infinite time to complete its work. 

Again with this example you will be able to see the paint 
flow across the region. Painting does not appear to be an in¬ 
stantaneous process. You might want to watch carefully and 
try to predict which areas will be painted first and which 
areas will be saved for last. 
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Painting with 

Other Colors 
Now let’s add some color to the PAINT command. First 

let’s see what we can do with just the paintcolor expression. 

We use the syntax 

PAINT (x,y), paintcolor 

where paintcolor is an expression that specifies the color you 

want to paint the interior of the region. In this form, the 

boundary must be the same color that we use to paint the 

region. If it is not, there might be areas inside the region that 

do not get painted. 

In the next example we draw a 3-D cube and color each of 

its visible faces with a different color. The first face is colored 

with the Box Fill option of the LINE command, but the other 

two are first outlined with LINE commands and then filled 

with the PAINT command. 
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EXAMPLE 5-3 

PAINTING A CUBE 

Paint the faces of a cube with different colors. Use only one 

color parameter for the PAINT command. Use the BF (Box 

Fill) option for one face. The cube is shown in Figure 5-3. 

Solution 

1150 ' BLOCK 
1160 ' 
1170 T*»"BLOCK" 
1180 GOSUB 5000 ' title & pause 
1190 COLOR 0,0 
1200 ' 

1210 ' Use same color for interior 
1220 ' and boundary 
1230 ' 
1240 ' front face <just Box Fill) 
1250 PSET <100,150), 1 
1260 LINE -(180,80), 1, BF 
1270 ' 
1280 ' top face (needs PAINT) 
1290 PSET (100,80), 2 
1300 LINE -(180,80) ,, 2 
1310 LINE -(210,50), 2 
1320 LINE -(130,50), 2 
1330 LINE -(100,80), 2 
1340 PAINT (120,70), 2 
1350 
1360 ' side face (needs PAINT) 
1370 PSET (180,150), 3 
1380 LINE -(210,120), 3 
1390 LINE -(210,50), 3 
1400 LINE -(180,80), 3 
1410 LINE -(180,150), 3 
1420 PAINT (200,100), 3 
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In this subprogram, after the title appears, the back¬ 

ground color is changed to color 0 with palette 0 (with the 

COLOR command on line 1190). This selection causes color 0 

(the background color) to appear black, color 1 to appear 

green, color 2 to appear red, and color 3 to appear yellow. 

(The IBM BASIC manual lists brown instead of yellow for 

this last color, but it looks yellow to us.) 

The front face of our cube is a rectangle; thus, it can be 

colored using the BF (Box Fill) option of the LINE com¬ 

mand. It is easier to program Box Fill than the PAINT 

command because only one BASIC statement is required 

with this form. It also runs much faster. Later in this chapter 

we will discuss the differences between these two methods in 

more detail. Color 1 (green) is specified as part of the LINE 

command. 
The top face is drawn next. It is not a rectangle, and thus 

cannot be filled with the LINE command. The face is first 

outlined in color 2 (red) using one PSET command and four 

LINE commands. Then the inside is painted with this same 

color (see the PAINT command on line 1340). 

The side face is outlined and painted in color 3 (yellow) in 

a similar manner to the top face. 
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PAINT with 
a Boundary Color 

Let’s explore the PAINT command’s boundary parameter. 

The syntax is 

PAINT (x,y), paintcolor, boundary 

Here the boundary can be a different color from the interior. 

The next example shows this in action. 
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EXAMPLE 5-4 

CUBE WITH DESIGNS 

Paint some designs on the face of the cube we drew in 

Example 5-3. Use the most advanced form of the PAINT 

command. This will allow the boundary to be a different 

color from the interior. The designed cube is pictured in 
Figure 5-4. 

Solution 

1440 ' DESIGNS ON BLOCK 1720 ' boundary « color 2 
1450 $ 

1730 PSET <185,135), 2 
1460 ‘ hold that picture 1740 LINE -(205,115), 2 
1470 LOCATE 25,1 1750 LINE -<205,105), 2 
1480 PRINT"Press ENTERi"j 1760 LINE -(200,110), 2 
1490 ANS*«INPUT*<1> 1770 LINE -<200,75), 2 
1500 / 

1780 LINE -(185,90), 2 
1510 ' Use* different color for 1790 LINE -(185,100), 2 
1520 ' than interior 1800 LINE -(190,95), 2 
1530 » 1810 LINE -(190,120), 2 
1540 ' letter A on front 1820 LINE -<185,125), 2 
1550 ' boundary “ color 0 1830 LINE -<185,135), 2 
1560 PSET (110,140), 0 1840 » 

1570 LINE -(135,90), 0 1850 ' interior ■ color 0 
1580 LINE -(145,90), 0 I860 PAINT STEP(1,-2) , 0, 2 
1590 LINE -<170,140), 0 1870 
1600 LINE -(160,140), 0 1880 ' square on top 
1610 LINE -(155,130), 0 1890 ' boundary « color 3 
1620 LINE -(125,130), 0 1900 PSET <140,75) 
1630 LINE -<120,140), 0 1910 DRAW "s8r3er3er2erere2 
1640 LINE -<110,140), 0 1920 DRAW "u2h212glg" 
1650 PSET <130,120), 0 1930 DRAW "h21gl" 
1660 LINE -<150,120), 0 1940 DRAW "g4dgdfd" 
1670 LINE -<140,100), 0 1950 t 

1680 LINE -<130,120), 0 1960 ' interior ■ color 1 
1690 PAINT STEP<-l,-1) » 2, 0 1970 PAINT (155,65), 1, 3 
1700 1980 
1710 ' number one on side 1990 

t 
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Example 5-4 

This program uses the same cube as was drawn in the 

previous example. This is why you do not use the “pause and 

title” routine that clears the screen between these two exam¬ 

ples. Instead, we use a “hold that picture” routine. 

The three faces of the cube are each given a different 

design. The front face is designed first. We outline a block 

letter “A” in black (color 0) against the green (color 1) already 

there, and then we paint the interior of this block letter red 

(color 2) (see line 1690). Here we have an illustration of the 

full power of the PAINT command with all its options. 

Notice how we have used relative coordinates for the seed, 

“stepping” a little into the region from the last point drawn 

on the boundary (line 1690). This is only effective if you paint 

the interior right after outlining the boundary. 

For the side face (already colored 3 for yellow), we outline 

a block number “1” in red (color 2), and then fill it with black 
(color 0). 

The top side (already red — color 2) is decorated with a 

heart whose border is yellow (color 3), and whose interior is 
green (color 1). 
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It is interesting to note what happens if you already have a 

color in a region. Actually, this will always be the case, since 

every point has to be some color. There are several important 

rules which must be followed: 

1. Surround the region completely with the boundary 
color. 

2. Do not use the boundary color for points that are not on 
the boundary. 

3. Do not use the paint color inside the region before it is 

painted. 

If you follow these rules the result is simple: If a point in the 

interior of the region is colored with any color other than the 

background color, it will subsequently be colored with the 

paint color. 

We should note that often you can get away with breaking 

rule number 3, but sometimes the PAINT command will 

prematurely stop painting if you do. 
Tiling Version 2 of Advanced BASIC has the ability to fill areas 

on the screen with texture; that is, a pattern, which is not just 

one solid color. IBM calls this process tiling. It is accom¬ 

plished by using a string expression instead of a numeric 

expression for the paintcolor in the PAINT command. Basi¬ 

cally, this string contains a mask for a sample rectangular 

patch of the texture or tiling. This patch is replicated like a 

wallpaper pattern to cover the entire area to be tiled, but of 

course, like wallpaper, the pattern is cut so only those por¬ 

tions of the pattern that fall within the area to be covered are 

shown. 
Each row of the tiling patch is stored in individual char¬ 

acters of the tiling string. There can be as many as 64 char¬ 

acters in a tiling string and thus as many as 64 rows in a 

tiling patch. 
Each row of the tiling patch corresponds to one byte of 

video RAM. With the medium-resolution graphics mode this 

gives four pixels in each row of the tiling patch; in the high- 

resolution mode this is eight pixels per tiling row. 

The individual copies of the tiling patch are aligned with 

the screen in a simple way. Horizontally, each row of each 

patch fits precisely within a byte of the video RAM. Since 

there are 80 bytes across the screen, there are exactly 80 pos¬ 

sible horizontal positions for the patches. Vertically, the pos¬ 

sible patch positions repeat themselves, starting from the top 

of the screen and going toward the bottom. This means that if 
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a tiling string has length n, the patch pattern repeats itself 

vertically every n scan lines with the first row of the patch 

always falling on a scan line position that is an even multiple 

of n. 
If you need to know the particular row of the pattern that 

will fall on a given scan line, you can use the following for¬ 

mula, which uses the MOD operator. 

row = scanline MOD n 

where row is the row of the tiling patch, counting 0 as the top 

of the tiling patch, and scanline is the scan line, counting 0 as 

the top scan line of the screen. 
As we discussed in Chapter 2, in medium-resolution mode, 

each pixel requires a 2-bit binary number that determines its 

color. Four of these 2-bit numbers are packed into a byte of 

the video RAM. When you are tiling, you have to indicate 

each row of the tiling pattern in this packed form. For exam¬ 

ple, if you want a row of the pattern to consist of four pixels 

with the color numbers 3, 0, 1, and 2, you would compute the 

byte value in the following way: 

3 0 12 (decimal) = 11 00 01 10 (binary) = 

11000110 (binary) = C6 (hexadecimal) 

These byte values in turn are used in place of ASCII codes 

for characters in the tiling string. The easiest way to do this 

is to use the CHR$ function. For example, suppose you want 

to have a tiling pattern that consists of one row of pixels with 

colors 0, 0, 2, 2 and a second row with colors 3, 3, 1, 1. The 
first row has the byte value 

00 00 10 10 (binary) = 00001010 (binary) = 

0A (hexadecimal) 

and the second row has the byte value 

11 11 01 01 (binary) = 11110101 (binary) = 

F5 (hexadecimal) 

Thus, as the first character has ASCII code 0A (hexadecimal) 

and the second character has ASCII code F5 (hexadecimal), 

we pack these together to form the tiling string 

CHR$(&H0A) + CHR$(&HF5) 

In our next example, we will demonstrate how to fill areas 

on the screen with two-row patterns like this one. 
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EXAMPLE 5-5 

COLORFUL PATTERNS 

Write a short program that draws boxes filled with colorful 

patterns in a quilt-like array. Use two-character tiling 

strings. The pattern is shown in Figure 5-5. 

Solution 

2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 

COLOR PATTERNS 

T*«"COLOR PATTERNS" 
GQSUB 5000 ' pause and title 
COLOR 0,1 

draw the boxes 
FOR X * 50 TO 290 STEP 

LINE <X,20)-(X,180) 
NEXT X 

15 

FOR Y * 20 TO 180 STEP 10 
LINE (50,Y>-(290,Y) 

NEXT Y 

■fill with color pattern 
FOR II - 0 TO 3 

FOR 12 - 0 TO 3 
R0W1* - CHR*(80*11+5*12) 
X « 51 + 15*(4*11+12) 
FOR 13 - 0 TO 3 

FOR 14 - 0 TO 3 
IF I1+I2+I3+I4 » 0 THEN 2260 

R0W2* - CHR*(80*13+5*14) 
Y - 21 + 10*(4*13+14) 
PAINT (X,Y), RQW1*+R0W2* 

NEXT 14 

NEXT 13 
NEXT 12 

NEXT II 

m 

ISIS' 
'" ‘S'* ' wMWM 

\ o’ <■1 Jl * j® ' &_\ ‘ - * 4; 

isff 
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When this program runs, you will see a 16 X 16 quilt-like 

array of samples of various two-row tiling patterns, each one 

a little different from the other. Because of problems with 

NTSC color encoding, we have doubled each pixel horizon¬ 

tally, giving two double pixels per row of the tiling patch. 

Since there are two rows in each patch, each patch has a total 

of four double pixels. Each of the four double pixels can be 

any one of four colors. Our picture shows all 256 possibilities. 

Looking at the listing, you see a quadruple nested FOR 

loop. The indices II, 12, 13, and 14 each range from 0 to 3. 

Each index corresponds to a different double pixel, and in 

this way, we include all four colors for all four double pixel 
positions in the pattern. 

The indices II and 12 determine the first row of the pat¬ 

tern. This is done in line 2180 with the formula 

ROW1 = CHR$(80*I1 + 5*12) 

To understand better what this does, let’s rewrite it as 
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R0W1 = CHR$(64*I1 + 16*11 + 4*12 + 12) 

The coefficients 64, 16, 4, and 1 shift the colors into their cor¬ 

rect bit positions of the tiling byte. For example, multiplying 

II by 64 shifts the value II into the top two bits (bits 7 and 6) 

of the byte, while multiplying this same quantity by 16 shifts 

it into the next two bits (bits 5 and 4). Thus, for the first row 

we have colors II, II, 12, 12. 

The indices II and 12 also determine the horizontal posi¬ 

tion for the pattern within our array. The formula on line 

2190 

X = 51 + 15*(4*I1 + 12) 

takes care of this. 

Similarly, the indices 13 and 14 determine the second row 

of the pattern and also determine the vertical position for the 

pattern in our array. 

Note the IF statement on line 2220. It prevents tiling with 

a string of zero-valued rows. Such a choice would cause an 

error in BASICA. 

Our next example illustrates how tiling can create new 

colors for NTSC color generation. 
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EXAMPLE 5-6 

NTSC COLORS 

Show a Venn diagram of the primary colors red, green, 

and blue and the secondary color combinations these colors 

generate. Use a tiling pattern to fool an NTSC monitor into 

producing more colors than the four normally possible, as 

shown in Figure 5-6. 

2310 ' NTSC COLORS 

2320 ' 
2330 T*»"NTSC COLORS" 
2340 GQSUB 5000 ' pause and title 
2350 COLOR 9,2 

2360 ' 
2370 WINDOW (-3,- 3) - ( 3, 3) 
2380 VIEW (50,0)- (270,180),,3 
2390 ' H 
2400 ' carve out Venn diagram regions 
2410 CIRCLE < 0 ,-l>,1.5 
2420 CIRCLE (-.87 ,.5),1.5 
2430 CIRCLE ( .87 ,.5),1.5 
2440 ' 
2450 ' fill in the regions 
2460 PAINT < o, 2),CHR*(&H33) ,3 
2470 PAINT < 0, -1), CHR$(&HAA) ,3 
2480 PAINT (-.87, .5),CHR$(&H55> ,3 
2490 PAINT < o, 1) ,CHR*(8<H11> ,3 
2500 PAINT (-.87, -.5), CHR$(&HFF) ,3 
2510 PAINT < .87, -.5), CHR$(&H22) ,3 
2520 
2530 ' 

PAINT ( 0, 0) ,CHR*(&HCC) ,3 

2540 ' RESTORE WINDOW AND VIEWPORT 
2550 WINDOWiVIEW 
2560 ' 

230 Graphics Primer for the IBM PC 



When this program runs on an NTSC monitor, you will 

first see the background turn blue. Blue is used for the back¬ 

ground color because we are using palette number 0, which 

has the colors green, red, and yellow. This then provides all 

three primary colors plus a complementary color to one of the 

primary colors. More explicitly, red, green, and blue are 

primary, and yellow is complementary to blue. With such an 

arrangement, we have the basic tools we need to explore 

coloring. 

After setting the background, the program draws the 

three intersecting circles of a Venn diagram and begins to 

color in the surrounding area and the regions cut off by these 

circles. The surrounding area is colored with the pattern 33 

(all patterns are specified in hexadecimal), which corre¬ 

sponds to the color pattern “blue, yellow, blue, yellow.” In this 

order (blue on even pixels and yellow on odd pixels), we see 

black. The major areas within the circles are next colored 

with the primary colors (except blue, which is already 
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colored). We see the patterns AA in the bottom circle, which 

is “red, red, red, red,” and 55 in the left circle, which is 

“green, green, green, green.” 

The intersections then are painted. For the intersection of 

the green and blue circles, we have the pattern 11, which is 

“blue, green, blue, green.” The result appears to be cyan, a 

bluish green color. For the intersection of the red and green 

circles, we have the pattern FF, which is “yellow, yellow, yel¬ 

low, yellow.” For the intersection of the red and blue circles, 

we have the pattern 22, which is “red, red, red, red.” The 

result is actually magenta (a purplish color). The intersection 

of all three circles is colored with the pattern CC, which is 

“yellow, blue, yellow, blue.” This appears as a light gray. The 

colors we obtain for the intersections are what is predicted by 

color theory when colors are added together. 

Our next example demonstrates how to make wallpaper. 
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EXAMPLE 5-7 i 
WALLPAPER 

Draw a wall with a window and a door in it and use tiling 

to paper it with wallpaper. The wallpaper should have a 

red background with rows of hearts, and the rows should 

alternate in color between yellow and green. The wallpaper 

is pictured in Figure 5-7. 

Solution 

2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 

2650 
2660 
2670 
2680 

2690 
2700 

2710 
2720 
2730 
2740 
2750 
2760 

2770 
2780 
2790 
2800 
2810 

WALLPAPER 

T*-"WALLPAPER" 
GOSUB 5000 ' pause and titl< 
COLOR 0,0 

draw room 
LINE (40,40)-(260,180),,B 
LINE (70,80)-(160,160), ,B 
LINE (180,80)-(230,180),3,BF 
LINE (190,90 >-(220,140),0,BF 
CIRCLE (225,135),2,2 
PAINT (225,135),2,2 

de-fine wallpaper 
WP14-CHR*(&HAA)+CHR*(&HAA) 
WP24-CHR*(&H66)+CHR4(&H56) 
WP34-CHR*(&H9A)+CHR* <&HAA) 
WP44-CHR*(&HAA)+CHR*(&HEE) 
WP54-CHR*(&HEF)+CHR4(&HAB) 
WP$»WP1*+WP2$+WP3*+WP4*+WP5* 

paste it up 
PAINT (50,50),WP*,3 

g§ 
IS® 
fill 

88§ii 

V| 

• . i ■ - W :iWmkM 
■ 

wmmM 
■ ■ 

. - 

;' 'AA't'y ; 

mg&mmeagmammmammmMmmmm- 
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Solution, continued. 

Figure 5-7 
Wallpaper 

Example 5-7 

Figure 5-8 

Tiling Patch for Wallpaper 

We see the outline of the wall, door, and window drawn in 

lines 2630-2690. There is even a door knob to be painted red. 

In lines 2710-2770, the wallpaper pattern is defined. Figure 

5-8 shows the tiling patch. A single line (line 2800) starts the 

wallpaper off its rolls and onto the wall. 

Our next example illustrates what can go wrong and how 

it can be fixed using the background parameter of the PAINT 

command. This parameter is used to relax the conditions 

under which the PAINT command senses that it is tiling over 

where it has already been and thus stops. This parameter is a 

one-character string and can only be used if the paint color is 

a string. To be effective, it must agree with at least one char¬ 

acter of the tiling string, but an error occurs if it agrees with 

more than two consecutive characters of the tiling string. It 

causes the PAINT command to continue tiling over an area 

that already contains the byte pattern specified in this 
parameter. 
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When this program runs, you will first see a magenta rec¬ 

tangle bordered by white on the left of the screen. Then you 

will see a double row of dashed lines run across the middle of 

this rectangle. This is an aborted attempt at tiling. The tiling 

pattern is shown in Figure 5-10. 

The second row of this pattern matches what was already 

there in the background. The PAINT command stops because 

it decides that it already has been there even though it really 

has not. 

White White Black Black 

Magenta Magenta Magenta Magenta 

Figure 5-10 

Tiling Pattern for Example 5-8 
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Next you see a second box in the center of the screen with 

the same interior and border colors as before. This box is 

tiled with the same tiling that was unsuccessfully attempted 

before. However, this time it is successful because we have 

now added the background parameter with the pattern 

“magenta, magenta, magenta, magenta,” so that the tiling 

does not stop when this byte is encountered in the area. 

The last rectangle drawn in this program first gets tiled 

with the pattern “white, black, black, black.” This causes ver¬ 

tical lines that are the same color as the border to appear in 

the rectangle. When the PAINT command in line 3040 

attempts to tile this, only a thin vertical strip is filled in 

because the intrusion of boundary color blocks off further 

tiling. 

In general, tiling or painting requires that the surface to 

be covered be properly prepared for the paint to “stick.” For 

example, if it already contains either the border color or the 

paint color or tiling pattern, there may be a problem, because 

painting may stop prematurely. The purpose of the back¬ 

ground parameter is to add a bit of primer into the paint to 

help it stick better. If your paint still doesn’t stick, you should 

try to clean the area first, removing any paint or tiling pat¬ 

tern from it, and certainly removing any border color. 

Let’s try to “baffle” the computer. We will present the 

computer with a region that is so complex that (in version 1 of 

BASICA) it cannot remember enough details to finish paint¬ 

ing. Appropriately enough, this region is made of lots of tiny 

baffles that prevent the color from flowing directly across the 

scan lines. We do this to show you a limitation of the PAINT 

command in version 1 and how to get around it. Version 2 of 

Advanced BASIC will paint this region successfully. 
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] EXAMPLE 5-9 
— 

BAFFLES 

Give version 1 of BASICA a region to color that is more 

complex than it can handle. The region will be rectangular, 

filled with lots of boundary segments that act as little 

baffle barriers during the painting process. The partially 

painted drawing is shown in Figure 5-11. 

Solution 

3060 ' BAFFLES 

3160 FOR I *\ 

3210 NE—’■ 
3220 ' 

STEP 12 

4br2d61u6be4br2" 

3230 ' now paint it 
3240 PAINT <163,ICO),2,3 

■ 32'-- ' 
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In this example, you see that a large rectangle is drawn in 

the foreground color (in double pixels horizontally to get a 

better white color), and then lots of staggered small vertical 

double lines are drawn inside this rectangle with a double 

FOR loop. They are also drawn in the foreground color. This 

makes a region with a rather simple outside boundary, but a 

very complex inner boundary. We might use such a design for 

the inside of a muffler or some kind of filter. 

After the figure is drawn, a PAINT command attempts to 

fill in the interior around all those baffles. When you run this 

program with version 1 of BASICA, you will find that only a 

small portion of the interior is painted before the computer 

runs out of memory (at least that is what the computer says 

when the program suddenly stops running in the middle of 

painting this region). 

With version 2, there is no problem. The reason for this 

halt in version 1 is that the painting algorithm uses a stack in 
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its main memory to store the locations of places that it cannot 

yet paint. A stack is a method of data storage that is very 

much like an “in box” on a desk, in that the last thing stored 

is the first thing removed from storage. On a 64K machine, 

the stack normally has only 512 bytes assigned to it. If the 

computer is asked to store more information here than there 

is room for, it refuses and returns the error message “Out of 

memory.” 
Fortunately, there is something you can do about this 

dilemma. The CLEAR statement allows you to allot more 

memory to the stack. Try giving the command 

CLEAR „ 1000 

This assigns 1000 bytes of storage to the stack. If you run 

the program (by typing GOTO 3050), the painting will pro¬ 

ceed much further. We found that about 2402 bytes of storage 

were needed to make the program run to completion. Thus, 

giving the command 

CLEAR „ 2402 

should “clear” up any difficulties. 
In version 2 of Advanced BASIC, the PAINT command 

does not use the stack for this purpose and, in fact, just con¬ 

tinues to paint in all directions at once until it is finished. 

PAINT AND BOX FILL COMPARED 

Now let’s compare the Box Fill option of the LINE com¬ 

mand with the PAINT command. The two are similar in that 

they both can be used to fill in regions on the screen with any 

available color. However, only the PAINT command can color 

with tiling. 

When two things that can do the same task are compared, 

the obvious question is: “Which is better?” The usual answer 

is: “It depends upon what you are using it for.” This response 

definitely applies to this case. 

Superficially, the Box Fill option is best for filling rectan¬ 

gular regions. As we saw in an earlier example, it is easier to 

program and faster in performance than the PAINT com¬ 

mand on such regions. The PAINT command, on the other 

hand, is better for filling any shape whose boundaries are not 

composed of a few horizontal and vertical lines. 
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There is, however, a deeper difference between these 

commands. The Box Fill method belongs to a class of graph¬ 

ics procedures called scan conversion algorithms, while the 

PAINT command is classified as a filling operation. 

Scan conversion algorithms like the Box Fill option of the 

LINE command draw a figure on the screen without any 

input from what is already on the screen. Thus, it does not 

matter if there is some “paint” already on the screen; this 

kind of operation writes over what was there. 

On the other hand, filling operations, such as the PAINT 

command, depend upon what is already on the screen. Thus, 

special attention is required by the programmer to make sure 

that the various images on the screen do not interfere with 

each other. However, there are circumstances where this is a 

hindrance. For example, there are certain algorithms for 

drawing 3-D scenes in which the scene is painted starting 

from the most distant objects, then the objects just in front of 

these, and so on, until you color the nearest objects. At each 

stage, the new objects will obscure parts of old objects and 

thus are painted right over anything previously painted, no 

matter what colors are there. This is sometimes what we 

want, but the PAINT command is not designed to work this 

way. 

Filling operations like the PAINT command do have cer¬ 

tain advantages. For example, there are some regions that 

must be constructed on the screen because their boundaries 

are pieced together as combinations of DRAW, CIRCLE, 

LINE, and PSET commands. 

Because of these differences, it is best to have both com¬ 

mands available, and in fact, it would be nice to have a gener¬ 

alization of the Box Fill option of the LINE command to 

draw filled images of other types of figures such as polygons 

and circles. A general polygon scan conversion operation is 

included in many high-powered graphics systems. If you 

think about it, you’ll agree that almost any shape can be 

approximated by polygons. For example, you saw how poly¬ 

gons can approximate circles. 

P OPTION OF THE DRAW COMMAND 

Version 2 of Advanced BASIC has the ability to paint 

areas on the screen as part of the GDL of the DRAW com- 
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mand. That is, you may now include a command within the 
command string of DRAW that causes areas to be filled in 

with color. The syntax is 

P paintcolor,boundary 

where paintcolor is the paint color and boundary is the bound¬ 
ary color, as in the PAINT command. Both parameters must 
be present or else an error occurs. The effect of this command 
is to paint the area surrounded by the boundary color with 
the paint color starting at the current position as the seed. 

For an example of how to use this new GDL command, we 
will now show how to draw and color a bug. This bug will be 
used in Chapter 6. 

! 1 “• 
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EXAMPLE 5-10 ] 
A PAINTED BUG IN GDL 

Draw and color a bug. Use only GDL commands. 

The bug is shown in Figure 5-12. 

m 1 

Solution 

3260 

3270 

3280 
3290 
3300 
3310 
3320 
3330 
3340 
3330 
3360 
3370 

BUG 

T*="BUG" 
GOSUB 5000 
COLOR 0,1 

title 

3380 
3390 

3400 
3410 
3420 
3430 
3440 
3450 
3460 

draw the head 3470 
DRAW Hbu6re2u2h212g2d2f2r" 3480 

3490 

initial position and size 
DRAW "c3bfnl60,101*16" 

draw the body and legs 
DRAW "rf 2e2-f 2bl 4f 2" 
DRAW "d2f2nd2h2d6" 
DRAW "g2f2nd2h2g21" 
DRAW "1h 2g 2nd 2e2h 2" 
DRAW "u6g2nd2e2u2" 
DRAW "e2h2g2br4e2r" 

now paint the body and head 
DRAW "bm160,101" 
DRAW "p2,3 bu8 pi,3' 

Hill 

9 

■ 

Figure 5-12 
A Bug on the Screen 

llliii 
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When this program runs you should see a large bug 

appear on the screen. The body is magenta; the head is cyan. 

In Chapter 6 we will use a smaller version of the bug. The 

size of the bug can easily be modified through the use of the 

scale command on line 3330. 
You should take a close look at the combination of DRAW 

commands that is used to make the bug. Figure 5-13 shows 

how the bug is constructed. Observe how the head is outlined 

first (line 3360) and then the body and legs (lines 3380-3440). 

The legs are done at the same time as the body because to do 

them separately would require a lot of “move without draw” 

steps. In fact, we found that drawing the legs alone took up as 

much room as drawing both at once. 

Painting the bug is done in line 3480. Note that the P 

command uses the current position as the seed. This is why 

the current position is moved to the center of the body in line 

3470. You can see that in line 3480 the P command is first 

Figure 5-13 

Diagram of the Bug 

244 Graphics Primer for the IBM PC 



used to paint with magenta (color 2) within a boundary of 

white (color 3), then the current position is moved up to the 

center of the head, and then the P command is used again to 

paint with cyan (color 1) within a boundary of white. 

PAINT APPLICATIONS 

Now we come to our example applications programs for 

the PAINT command. These programs are longer but more 

useful than the lesson examples. They include enhanced ver¬ 

sions of two programs already presented in Chapter 3, the pie 

chart program and the house program. 

Colored Pie Charts Our first example applications program draws a colored 

pie chart. This program is a revision of the program in Exam¬ 

ple 3-23. In Chapter 3 we had point, line, and circle drawing 

commands, but no easy way to fill in pie-shaped regions. Now 

we have the PAINT command. 
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EXAMPLE 5-11 

FILLED PIE CHART 

Modify the program in Example 3-23 so that it now fills in 
each sector with color. The output is pictured in Figure 
5-14. 

Solution 

540 X - 160+C0S(MIDA)*RADIUS/2 
543 Y » 100-SIN(MIDA)*RADIUS/2 
546 PAINT <X,Y>,(J MOD 4),3 

The new lines contain the new instructions to fill the pie 
sections. The first two lines (lines 540 and 543) are used to 
compute the coordinates of the paint seed for each sector. A 
point in the absolute center of the sector is chosen (angle = 
midpoint angle and radius = one half the radius of the pie). 
Notice how the MOD function (line 546) is used to “cycle” the 
paint number as we go around the pie. Here we are actually 
using an expression, not just a constant or variable, as the 
paintcolor parameter. Also notice that since the pie is out- 
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Painted 3-D Objects 

lined in the foreground color, we must specify 3 as the value 

for the boundary color parameter. 

Our next applications example shows how to add some 

color to a 3-D object. In this case, we use the 3-D drawing of a 

house from Chapter 3 and paint the roof, walls, and windows 

different colors. 
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EXAMPLE 5-12 i 
PAINTED HOUSE 

Modify the house drawing program presented in Example 

3-32 so that it now paints the house with a selection of 

colors. A painted house is shown in Figure 5-15. 

Solution 

1350 data for paint 
1360 DATA 13 
1370 DATA 0, 0, 15, 1, j 

1380 DATA - 0, 12, 15, 1, 1 
1390 DATA -5, 0, 15, 1, z 
1400 DATA 5, 3, 15, 1, 3 
1410 DATA 0, -8, -15, 2, 1 
1420 DATA 0, 12, -15, 2, 1 
1430 DATA 0, 0, -15, 2, 3 
1440 DATA 10, 0, 4, 3, 1 
1450 DATA 10, 0, 10, 3, 3 
1460 DATA 10, 0, —10, 3, 3 
1470 DATA -10, 0, 0, 4, 1 
1480 DATA 4, 13, 0, 5, 2 
1490 DATA -4, 13, 0, 6, 2 
1500 

BlllllB 
pill 
2140 

•: -w.$ V--v-' 

2260 
2270 
2260 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 

L*-"PAINTED HOUSE" 

«1 TO 5 

S 

' NOW PAINT IT 

' read paint data 
READ NP 
FOR 1-1 TO NPs FOR J 

READ P<I,J> 
NEXT JiNEXT I 

' ■ 

rotate the paint areas: 
FOR 1-1 TO NP 

X«PU,1> i Y«P (1,2)« Z*P < I, 
P(I,1)*C11*X+C12*Y+C13*Z 
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Lines 1350-1500, 2140 and 2260-2470 are added to the pro¬ 

gram. In the first section, new data is stored to locate the 3-D 

paint seed points on the surface of the house. 

The second new section (lines 3120-3330) contains instruc¬ 

tions to read in these seed points, transform them via the cur¬ 

rent viewing transformation, and paint with them if they are 

visible. Notice that their visibility is determined only by the 

visibility of the plane they are on. Line 2980 is also changed 

to point out that we now have paint for our house. 

Our last example applications program of this chapter 

shows a background scene. 
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EXAMPLE 5-13 

BACKGROUND SCENE 

Draw a background scene showing a road and a landing 

strip with an airplane on it. There should be telephone 

poles along the road, mountains in the distance, and the 

sun shining in the sky. The scene is given in Figure 5-16. 

mm 

Solution 

100 ' BACKGROUND 
110 ' 

120 SCREEN 1 
130 COLOR 3,0 
140 CLS 
ISO KEY OFF 

border 
LINE ( 0, 0) - (319,199 >,3,BF 

grass 

sky 

•frame 

horizon 

(280, 95),1,BF 

(280, 20),0,BF 

(280, 20),3,B 

wmms 
(280, 95) ,3 

mountains 

PSET (40,95) 
LINE -(80,57) 
LINE -(82,60) 
LINE -(85,57) 
LINE -(108,78) 

PSET (100,70) 
LINE -(110,60) 

420 LINE -(132,82) 
430 ' _ 

MmmM 
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Example 5-13 

Solution, continued. 

460 LINE - (194,84) 
470 t 

480 PSET <187,87) 
490 LINE - (202,77) 
500 LINE - (224,89) 
510 
520 PSET <222,90) 
530 LINE - (230,86) 
540 LINE - <250,95) 
550 

r 

560 PSET (245,95) 
570 LINE - (253,92) 
580 LINE - (265,95) 
590 
600 ' paint mountains 
610 PAINT (50,90), 3 
620 

• 

630 ' sun 
640 

s 

650 CIRCLE (245,50), 
660 PAINT (245,50), 
670 LINE (242,42)- 
680 LINE (243,42)- 
690 LINE (248,40)- 
700 LINE (249,40)- 
710 LINE (253,42)- 
720 LINE (254,42)- 
730 LINE (254,47)- 
740 LINE (255,47)- 
750 LINE (255,50)- 

1 760 LINE (256,50)- 
770 LINE (254,54)- 
780 LINE (255,54)- 
790 LINE (252,57)- 
800 LINE (253,57)- 
810 LINE (247,58)- 
820 LINE (248,58)- 

830 LINE (242,57)- 
840 LINE (243,57)- 

850 LINE (238,55)- 
860 LINE (239,55)- 

870 LINE (237,53)- 
880 LINE (238,53)- 

890 LINE (150,65)- 

900 LINE (150,65)- 

910 LINE ( 55,80)- 

920 LINE (235,50)- 

<228,87), 

<207,80), 
(208,80), 
<168,63), 
<167,63), 
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Example 5*13 ] 
Solution, continued. 

930 
940 
930 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1030 
1060 
1070 
1080 
1090 
1100 
1110 
1120 

LINE 
LINE 
LINE 

clouds 

(191,37)-(130,20>, 
(237,45)—(193,20), 
(238,42)-(220,20), 

2 
2 
2 

CIRCLE (194,39), 7,2,,,.2 
PAINT (194,39), 3,2 
CIRCLE (186,42), 8,2,,,.2 
PAINT (186,42), 3,2 
CIRCLE (177,47),10,2,,,.2 
PAINT (177,47), 3,2 
CIRCLE (135,50), 5,2,,,.2 
PAINT (135,50), 3,2 
CIRCLE (126,52), 8,2,,,.2 
PAINT (126,52), 3,2 
CIRCLE (112,57),15,2,,,.2 
PAINT (112,57), 3,2 

' 

' runway 

PSET (230,185) 

"■ 

LINE -(248,103) 

paint runway 
PAINT (220,130), 3, 3 
i ‘i mi mpi % f; ' 
center line of runway 

LINE (215,150)-(245,105),2 

airplane 
& 

1130 
1140 

1150 LINE -(242,103) 
1160 LINE -(140,185) 
1170 ' 
1180 ' 
1190 
1200 ' 

1210 ' 

1220 
1230 ' 
1240 ' 
1250 ' 
1260 ' 
1270 
1280 
1290 
1300 ' 
1310 ' 

1320 DRAW "c2bm206,154" 

1330 DRAW " e5r 2e2r 2-f 3d3f g2 " 
1340 ' 
1350 ' fusillage 

1360 DRAW "bm202,162m-8,+13" 
370 DRAW "bml97.177m+l1.-9m+4.-6" 

wing 

DRAW Hc2bmi75,160" 
DRAW "ffl240,165m+4,-5u3 « 
DRAW "m182,152m~4,+3m-4, +6” 

nose 
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Example 5-13 

Solution, continued. 
' 

itSf: 

1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
14B0 
1490 
1500 
1510 
1520 
1530 
1540 
1350 
1560 
1570 
1580 
1590 

1600 
1610 
1620 
1630 
1640 

1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 

1830 

1840 

tai 1 

DRAW "bml97,177m+4,+ldg" 
DRAW "m-20,-lu2m+B,-l" 
DRAW "ui0r2m+4,+9" 

paint airplan* 
PAINT <210,157), 2, 
PAINT <215,153), 2, 
PAINT <205,163), 2, 2 

dafina road function* 
DEF FNX<T>- 205*T - 145 
DEF FNY<T)« 95*T + 65 
DEF FNS<T)" 10*SIN<2*T> 

R0-30 * half tha road width 
U0"R0*C08 <-2.7)« V0«R0*SIN <-2.7) 

laft si da of road 
P8ET <40, 157) 
FOR T- 1 TO 15 STEP 

X-<FNX<T)+U0+FNS<T> >/T 
Y"<FNY <T)+V0+FNS <T>)/T 
LINE -<X,Y) 

NEXT T 

LINE -<205,95) 

right si da of road 
P8ET <90,185) 
FOR T- 1 TO 15 STEP 

X*<FNX <T)-UO+FNS<T))/T 
Y-< FNY< T >-VO+FNS < T))/T 

- - 

LINE — <X,Y) 
NEXT T 

LINE -<205,95) 

paint tha road 
PAINT, <60,170) 

" . • ■ ■ ■V" 

)) n 
))/T 

*&*:'**' ■ ■.. ■■■■■■; v 

|| 
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1 Example 5-13 

Solution, continued. 

1050 
1860 

1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 

1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 

odd 

telephone posts 

HTL-100 
WTL-5 
WBR-30 
HBR-85 

FOR T- 1.2 TO 30 STEP 1 

X* <FNX <T)+U0+FNS <T)>/T 
Y*(FNY <T> +V0+FNS(T> >/T 
X-2*INT<X/2)+l ' make it 
P8ET <XfY> 
LINE -STEP<0,—HTL/T),2 
LINE -STEP <1,0> 
LINE -STEP <0,+HTL/T>,1 

X-X-WBR/2/T i Y-Y-HBR/T 
X-2#INT<X/2)+l • make it odd 
PSET <X,Y> 
FOR J-l TO WBR/2/T+1 

LINE -STEP(0,+WTL/T),2 
STEP<1,0) 

LINE -STEP <0,-WTL/T),1 

PSET STEP<1,0) 
NEXT J 

mam 
mmrnmM. 

i 

PSET 

‘ Jjjfe v ' ’ s' : 

m 
wm Imw K| t 
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In this example, we set the background color to 3 (blue for 

sky) and the palette to 0 (green for the grass and yellow for 
the sun). 

Notice that we use the Box Fill option of the LINE com¬ 

mand to fill in large rectangular regions such as the border, 

sky, and grass. The program would (and does) run much 

slower with the PAINT commands. 

After the border, sky, grass, frame, and horizon are 

drawn, the mountains are sketched in and colored yellow. 
The sun is outlined in red and filled with yellow. Then 

yellow rays are drawn out in all directions. Double lines are 

used to get a better yellow on NTSC monitors. 

Next elliptical clouds are drawn using the CIRCLE com¬ 

mand and painted with the PAINT command. The clouds are 

colored yellow with red boundaries. Unfortunately, we do not 

have white available in this palette for the clouds. 

A runway is drawn next using the LINE command and 

filled with the PAINT command. Since the center stripe is 

neither the boundary color nor the paint color, it must be 

drawn after the runway region is filled. We used yellow for 

the runway and red for the center stripes. 

The airplane is a small complex figure with lots of turns 

and twists; thus, we used the IBM Graphics Definition Lan¬ 

guage (GDL) with the DRAW command. We painted it bright 

red. 

The road is constructed so that it vanishes off into the 

horizon. The mathematics used to define it is essentially cor¬ 

rect, but beyond the scope of this book. (More complete de¬ 

scriptions can be found in chapters on 3-D viewing transfor¬ 

mations in advanced books on computer graphics.) It seems to 

work better than a few methods we tried first. 

Finally the telephone poles are drawn. With NTSC color 

monitors, they appear black. Actually, this is a trick. We 

found that alternate vertical lines of red and green, with red 

on odd-numbered lines and green on even-numbered lines, 

produced black. This is because we managed to fool the 

NTSC color encoding scheme. On an RGB monitor you will 

see the stripes. Thus, for NTSC color we have a five-color 

picture with only four colors available. Notice that the tele¬ 

phone poles consist of two parts, the post and the cross bar. 

The cross bar requires a FOR loop to produce the alternating 

color pattern. 
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CONCLUSION 

In this chapter we have explored the hows and whys of the 

powerful PAINT command. We have shown how to use it in 

its simplest form in which a planted “seed” grows within the 

area bounded by the foreground color, and we have shown 

how to use it in its fanciest form in which we can specify a 

tiling pattern for the interior, any color for the boundary, and 

a background “primer.” We have also shown how to make the 

computer run out of memory (in version 1 of BASICA) by 

presenting it with a region too complex for it to color, and 

then how to solve this problem by allotting more memory to a 

special area called a stack. 

We have shown by way of a step-by-step example how the 

PAINT command works and have contrasted it with another 

coloring method available as an option under the LINE 

command. Upon reflection, we decided that we wanted both 

of these commands and in fact, we would like to have exten¬ 

sions of what the LINE command could do. 

We presented three applications examples, two of which 

came from an earlier chapter. For these, we can now add 

color. The last example shows how to use all sorts of graphics 

commands, including the PAINT command, to draw a back¬ 

ground scene. We even showed how to produce a fifth color in 

the four-color mode that we were working in. 

The next chapter will give us even more capability in that 

we will be able to capture anything that we can create with 

the methods explained so far and place it as many times as 

we want in many different places on the screen. 
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INTRODUCTION 

This chapter shows you how to use BASICA’s GET and 

PUT commands to produce special effects including color 

processing and animation. The use of logical operators is dis¬ 

cussed in relation to the PUT command. We will show how 

array plotting commands produce pictures faster and more 

easily than many other methods. We will also show how these 

commands can be used to make a simple teaching program 

that uses special symbols called icons. 
This chapter again starts with a series of “stand-alone” 

example programs that are housed in a larger program. The 

“front end” (lines 100-150) and the “back end” (lines 5000- 

5140) of this example program are the same as in Chapter 5 

except that line 100 now should read 

100 ’ CHAPTER 6 LESSONS 

THE COMMANDS 

Since the PUT and GET commands work so closely 

together, we will explain them together. In particular, our 

first example will use both these commands. 
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The GET command allows the user to store the contents of 

any rectangular region of the screen into an array, and the 

PUT command allows the user to place the contents of such 

an array back onto the screen. 
First, let’s look at syntax. The syntax of the GET com¬ 

mand is 

GET (xl,yl)-(x2,y2), array 

where {xl,yl)-(x2,y2) specifies the rectangular region on the 

screen that is being saved, and array is the name of the array 

in which the contents of this region are to be stored. 

The coordinates (xl,yl)-(x2,y2) specify a rectangle almost 

in the same way as they do in the block option of the LINE 

command. That is, (xl,yl) and (x2,y2) specify the coordinates 

of opposite corners of the rectangle. The coordinates can be 

either relative or absolute (STEP or no STEP). You should be 

aware however that both “corners” must be mentioned explic¬ 

itly in the GET command, whereas the first “corner” is 

optional in the LINE command. Unlike other commands, the 

GET command has no options. This is because it really does 

only one job. 
The last parameter of the GET command can be any type 

of array: integer, real, double-precision, or string. You must 

make sure, however, that enough storage has been allotted to 

the array before the GET statement is invoked. Allotting 

storage is done with the DIM statement. We will look at this 

shortly in connection with our first example. 

Now let’s look at the PUT command and its syntax. Its full 

syntax is 

PUT (x,y), array [, action] 

Here (xl,yl) represents the coordinates (relative or absolute) 

of a spot on the screen where the upper-left corner of the 

image will be placed, and array is the array where the image 

was stored. The last parameter, action, is optional. It will 

allow us to perform all sorts of “magic,” but for now we 

ignore it and start our examples with the simplified syntax 

PUT (x,y), array 

In our first example, we get a bug shape and put it all 
over the screen. 
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] Example 6-1 

Solution, continued. 

530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 

720 
730 
740 
750 
760 

DRAW "bml60,101" 
DRAW "p2,3 buB pi, 3" 

RETURN 
m 

' draw the bug 
QOSUB 340 ' draw bug 

t 

' now get it 
GET <X1,Y1)~<X2,Y2>, BUBO 

< 

' clear the bug 
LINE <X1,Y1>-<X2,Y2>,0,BF 

■ i 

:9HH PVRRPMP 
' now put it all over the screen 
® lit 

FOR X« 26 TO 260 STEF 26 
FOR Y- 133 TO 25 STEP -26 

PUT (X, Y > , BUGO 
NEXT Y 

NEXT X 

’ 

r 
ffff§$$§§$ 

<-!$§*»Sp90Q 

m 1 Press ENTER to continue' 

-5. - V\ iSlnV ! I|gSjfe$ji!8| Mifl * 5^''° - 

5/ 
4■'M* „x>f£, -iv ~ -v>-v-v\ 'vig&yi*2p&$&£§£ ^' 

_ 

4 ;V, V 
Figure 6-1 

Bugs on the Screen 

262 Graphics Primer for the IBM PC 



Determining 

Array Size 

This example is longer than the lesson examples of pre¬ 

vious chapters, but its length illustrates one of our main 

points — how the GET and PUT commands are used to access 

images that have been produced by other methods. Twenty- 

five of 60 lines in the listing are devoted to the subroutine 

(lines 340-570) that draws only one copy of the bug. Drawing 

the bug has been put in a subroutine because we will need 

other bugs drawn later. We will call upon this subroutine 

when that happens. 

Now let’s look at the rest of this listing. Before the subrou¬ 

tine, some important preliminary steps are taken care of, 

such as lines 220-250 where space in memory is allotted to the 

arrays in which we will be storing our bugs. We use the 

familiar DIM statement to dimension the bug arrays. 

After the DIM statements but before the subroutine that 

draws the bug, we define variables XI, X2, Yl, and Y2. They 

define the limits of the rectangle around the bug. Notice that 

we use expressions like 160—13 instead of equivalent con¬ 

stants such as 147 to define these quantities. This makes the 

program easier to read because it clearly shows that the rec¬ 

tangle is centered at (160,101) and it clearly shows that the 

rectangle extends 13 units out from the center in each hori¬ 

zontal and vertical direction. The values XI, X2, Yl, and Y2 

are used in the GET statement and also in the LINE with 

Block Fill to erase the bug from the center of the screen. 

Notice the direct correspondence between these variable 

names and the names used to describe the syntax of these 

commands. 

The main program continues after the subroutine. First 

the subroutine is called to draw a single copy of the bug on 

the screen, then the bug is “captured” with the GET com¬ 

mand (line 630), and finally a whole field of bugs is output to 

the screen with the PUT command (lines 700-740). Notice 

how few statements are needed to put so many bugs on the 

screen. It is also interesting to compare the time needed to 

draw the original bug with the time needed to transfer it to 

the screen with the PUT statement. Putting the bug with the 

PUT command works more than eight times faster than 

drawing and painting the bug with the DRAW command. 
# 

You might wonder how large an array is needed to store 

an image. You can find out with a binary search; that is, you 

dimension the array to be very large and get the program 

working. This is your upper estimate of the amount of storage 
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you will need. Your lower estimate is zero. Then you average 

your upper and lower estimates. If the program runs with 

this average estimate in the DIM statement, then this is your 

new upper estimate. If not, then it is your new lower estimate. 

Now get the average and repeat the process a few more times. 

The method “converges” quite quickly; that is, soon the upper 

and lower estimates will be equal. If you want a more scien¬ 

tific method, the formula is 

# bytes = 4 + INT((x*bitsperpixel + 7)/8)*y 

where x is the length (in pixels) of the horizontal side of the 

rectangle, y is the length (in pixels) of its vertical side, and 

bitsperpixel is 2 for medium-resolution mode and 1 for high- 

resolution mode. In this example, we can put our bug into a 

31 X 27 rectangle and we are in the medium-resolution mode. 

Thus, the number of bytes is 

# bytes = 4 + INT((31*2 + 7)/8)*27 = 220 

Each real number takes up 4 bytes of storage; hence we 

need 220/4, or 55 units of storage for an array of real 

numbers. To compute the actual number used in the DIM 

statement, we subtract 1 (BASIC starts the array address at 

0) from 55, getting 54 for the number in the DIM statements 

(lines 230-240) of our example program. 

Table 6-1 lists the amounts of storage taken up by the var¬ 

ious data types when used with the GET command. You use 

these numbers to compute the dimension needed for the GET 
with other types of data. 

If you are like us and don’t believe the computation given 

above, then why don’t you try this out on the first example in 

the following way: Try reducing the argument to DIM for 

BUG0 to 53 and then running the program. You should get 

Table 6-1 

Storage Used by Each Data Type 

Data Type Number of Bytes 

Integer 

Real 

Double-precision Real 

Character 

2 
4 

8 
3 

264 Graphics Primer for the IBM PC 



PUT—The Action 

Parameter 

the error message “Illegal function call in 630”, telling you 

there is something wrong with the GET statement in line 

630. The error message means that there is really something 

wrong with line 240, the DIM statement, namely that there is 

not enough room in the array to store the picture. If you now 

reset the dimension number to 54, the program will run fine. 

Later we will take a closer look at how pictures are stored in 

arrays and see why this formula is true. 

The full syntax of the PUT command is 

PUT (x,y), array [, action] 

In our next example, the optional action parameter in the 

PUT command plays an important role even though it is hid¬ 

den as a default. The action parameter controls the combin¬ 

ing of the image stored in the array with what is already on 

the screen; that is, how paint “sticks” to the screen. From 

what we have done so far, you might think that the contents of 

the array are transferred directly from the array to the 

screen, but the IBM PC is more complicated and more clever 

than that The possible values for action are XOR, PSET, PRESET, 

AND, and OR; and if you don’t specify one, XOR is used as 

the default. 

To understand what is happening, recall that the picture 

you see on the screen is stored in a special area of memory 

called screen memory or video RAM. This screen memory is 

part of your Color/Graphics Adapter. The electronic circuitry 

on this board constantly scans through this memory to make 

the video signal that drives your color monitor. To change the 

picture, you change the contents of the bits in the screen 

memory. Of course, the computer software does this for you as 

it obeys your BASIC commands. 

When the GET statement is executed, the contents of the 

screen bits are transferred into corresponding bit positions in 

the named array. When the PUT statement is executed, bits 

are taken from the array and from what is already in the 

screen memory, and combined according to the indicated 

action. The result is then placed back in screen memory (as 

shown in Figure 6-2). Many useful and interesting effects can 

be achieved, depending upon which action is chosen. We will 

now investigate such possibilities in a step-by-step manner. 
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Array Screen 

Figure 6-2 

Putting the Bits into Place 

XOR Action 

Table 6-2 

Truth Table for XOR 

X y x XOR y 

0 0 0 

0 l 1 

1 0 1 

1 1 0 

We start with the default mode for the PUT action and see 

how it works. In doing so, we will be introducing a little logic. 

The logical exclusive OR bit operator is the default action 

of PUT. This operator is called XOR for short. The XOR truth 

table is given in Table 6-2; note that 0 means false and 1 

means true. This table shows that x XOR y is true when x or 

y, but not both are true. 

To see how the default form of PUT works and why the 

XOR action is such an appropriate default, we present our 

second example. It PUTs the bug figures on a multicolored 

background. We will see how the action of XOR on the bits in 

screen memory creates some interesting effects with color. 
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EXAMPLE 6-2 1 
MULTICOLORED BUGS ON A 
MULTICOLORED SCREEN 

Put some multicolored bugs on a multicolored screen. 
The bugs are shown in Figure 6-3. 

Solution 

770 ' 
780 ' 
790 ' 
800 ' 
810 
820 
830 
840 ‘ 
850 ' 
860 ' 
870 
880 
890 ' 
900 ' 
910 ' 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 

BUGS ON BACKGROUNDS 

use XOR default 

T*-"BUGS ON BACKGROUND” 
GOSUB 2990 ' title & pause 
COLOR 0,0 

GET a new bug 

DRAW "a3”iGOSUB 340 'draw bug 
GET <X1,Y1)-<X2,Y2), BUG3 

draw the four-color background 
. 

LINE ( 0, 25)-(141, 94),0,BF 
LINE <141, 25)-<286, 94),1,BF 
LINE < 0, 95) — <141,164),2,BF 
LINE <141, 95>-<286,164),3,BF 

now put the bug all over 
the background 

FOR X- 26 TO 260 STEP 52 
FOR Y- 133 TO 25 STEP -26 

PUT <X,Y), BUG3 
NEXT Y 

NEXT X 

' I | . $ I' ' .• 

\::V; 

mmd. 

Wm 

mm ^ 

WKKSmk 
a '} A V w: 
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Example 6-2 

Solution, continued. 

I 
Figure 6-3 

Bugs on a Background 

The bug has four different colors (including the area 

immediately surrounding it), and the background has four 

different colors. Thus, this single example demonstrates all 

the possible color combinations from the array and from the 

screen. 

This time we draw the bug facing to the right. The DRAW 

“a3” command that appears just before the bug-drawing rou¬ 

tine sets the drawing angle to 270 degrees. 

Next the background is drawn using a sequence of four 

Box Fill LINE commands, each with a different color. The 

palette is 0 and the background color is black, so the colors 

are black, green, red, and yellow, as we have seen before. 

In this case, we have divided the screen into four sections 

with black in the upper-left portion, green in the upper-right 

portion, red in the lower-left portion, and yellow in the lower 

right portion (as pictured in Figure 6-4). Finally, at the end 

of the listing, the bugs are drawn in a double FOR loop. Note 

that the bugs in the upper left (against the black background) 

appear to have green heads (color 1), red bodies (color 2), and 

yellow legs (color 3). The area immediately surrounding the 

bug is black (color 0) (as pictured in Figure 6-4). 
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Figure 6-4 

Screen Colors 

These are the true colors for the bug in this color state 

(background 0 and palette 0). You can see that various parts 

of the bug take on different colors when put against other 

background colors. For example, in the lower-right portion 

(against a yellow background), the bugs have red heads (color 

2), green bodies (color 1), and black legs (color 0). It appears 

that the colors have been switched in some way. This is 

exactly what the XOR action does, as we shall soon see. 
To understand this better, we need to look at a few more 

ideas. Examine the truth table for the XOR bit operator (see 

Table 6-2). This really is a “truth” table if you think of 0 

representing felse and 1 representing true. Then the XOR 

operation can be interpreted as true just when either of the 

two, but not both, operands are true. 

Another way to look at this is to hold y fixed and see how 

the result depends upon x (see Table 6-3). We see that if y is 0, 

the result is the some as x, but if y is 1, the result is just the 

opposite of x. This is the switching effect that we mentioned 

earlier. 

Like the other logical operators, the XOR operator works 

in a bit-by-bit manner. This means that to specify what the 

operation does, we only have to say what it does to an individ¬ 

ual bit. The effect on the whole picture is then obtained by 

applying the rule to every bit in an entire region of the 

screen. 
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Table 6-3 

Another View of the XOR Function 

y=0 y=i 

X X XOR y X X XOR y 

0 0 0 1 

1 1 1 0 

Table 6-4 

Representation of Colors in Binary 

Binary Decimal Color in Palette 0 Color in Palette 1 

00 0 Background Background 

01 1 Green Cyan 

10 2 Red Magenta 

11 3 Brown White 

Table 6-5 

Effect of XOR on the 
Color Numbers 

y 

0 1 2 C
O

 

0 0 1 2 3 

1 1 0 

C
O

 2 

2 2 

C
O

 0 1 

3 3 2 1 0 

Recall that in the high-resolution mode, each bit of screen 

memory corresponds to a single dot on the screen. If the bit is 

0, the dot will appear black; and if the bit is 1, the dot will 

appear light (white on a standard TV and green on a green 

phosphor screen). However, in the colorful medium-resolution 

mode, the bits in screen memory are grouped in pairs to 

encode the color of the dots on the screen. The binary number 

system is used. This system is shown in Table 6-4. 

To compute the action on the colors, we need to break 

down all the coloring information to the bit level, apply the 

XOR to each bit position, and take the result and interpret it 

again as coloring information. Table 6-5 shows in tabular 

form the results of XOR on the color numbers for the 

medium-resolution mode. 

For example, suppose that x is 2 and y is 3. In the binary 

system, x is 10 and y is 11. Using the original truth table for 

the XOR operation, we combine the first bit from x with the 

first bit from y and the second bit from x with the second bit 

from y. We get the binary number 01. Thus, the result is the 

decimal number 1, as in Table 6-5. 
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Table 6-6 

Bug Colors on Each Screen Color 

in Palette 0 

As stored in array As placed on screen 

Screen Color = 0 (Black) 

Black 0 0 Black (Surrounding) 
Green 1 1 Green (Head) 
Red 2 2 Red (Body) 
Yellow 3 3 Yellow (Legs) 

Screen Color = 0 (Green) 

Black 0 1 Green (Surrounding) 
Green 1 0 Black (Head) 
Red 2 3 Yellow (Body) 
Yellow 3 2 Red (Legs) 

Screen Color = 2 (Red) 

Black 0 2 Red (Surrounding) 

Green 1 3 Yellow (Head) 

Red 2 0 Black (Body) 

Yellow 3 1 Green (Legs) 

Screen Color = 3 (Yellow) 

Black 0 3 Yellow (Surrounding) 

Green 1 2 Red (Head) 

Red 2 1 Green (Body) 

Yellow 3 0 Black (Legs) 

Now let’s look at the bugs again, organizing this table in a 

different way. Let x be the screen color that is stored in 

screen memory before the operation and y the bug color as 

stored in the array. Then we form four tables, one for each 

screen color in palette 0 (see Table 6-6). 
We see from Table 6-6 that if the screen has color 0, the 

resulting image will have the same colors as originally stored 

in the bug array. This confirms our observations about the 

bugs in the upper-left (black) corner of our example. 

We also see that if the screen color is 3 (yellow), the colors 

of the resulting image will be in reversed order. This agrees 

with our observations about the bugs in the lower-right (yel¬ 

low) corner of our example. 
The colors for the bugs in the other corners can also be 

seen in this table. 
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Now take a look at the bugs that cross over two different 

background colors — in particular, a bug in the center of the 

screen that has four different colors over the main part of its 

body because its body overlaps all four different background 

colors. We can again use the color table. The original body 

color is 2 (red), so we use the third column (under number 2) 

of the color table. You can see that the following colors hold: 

0 XOR 2=2 (red) in upper-left corner 

1 XOR 2=3 (yellow) in upper-right corner 

2 XOR 2=0 (black) in lower-left corner 

3 XOR 2=1 (green) in lower-right corner 

Notice that none of the bugs blends into the background 

regardless of what color there is originally. This is a very 

handy property that we will use in our application program. 

The reason the background colors do not blend is given in the 

following general rules about the XOR action: 

1. Putting the background color onto the screen with the 

PUT XOR action will not change the current screen 

color. 
2. Two different color numbers in the original image will 

remain different color numbers when put onto the 

screen with the XOR action. 

These rules can be verified by looking at the color number 

table for the XOR operation. 

A word of warning is in order for rule 2: If the back¬ 

ground color is the same as one of the nonbackground colors, 

distinct color numbers may not appear as distinct colors on 

the screen. For example, if the background color is 7 (white) 

and the palette is 1 (set by the statement COLOR 7, 1), both 

the background color and the foreground color will appear 

the same color (white) even though they have different color 

numbers. If you execute a different COLOR statement such 

as COLOR 0, 1, these colors will again appear distinct. 

These rules make sense if the background color is constant 

over the region where the image is to appear, as we will see 

by looking at the opposite extreme; that is, when a copy of the 

image is already on the screen exactly where you are going to 

put that very image. A remarkable thing occurs: the image 

disappears. That is, putting the image twice with the XOR 

action returns the screen to what it was originally. This has 

immediate applications to animation. 
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In the next example, we run a bug around and around the 

screen using the nondestructive background erasing feature 

of the (default action) XOR operator. Later we will see how to 

change the action operator. 
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] EXAMPLE 6-3 

ANIMATED BUG 

Use the PUT command with its default XOR action to 

animate a bug so that it races around a black screen. If 

a key is pressed, stop the bug at the end of a complete 

circuit. A picture of the bug running is given in 

Figure 6-5. 

Solution 

ANIMATED BUG 

u«« XOR default 
. 

T " AN I MATED BUG" 
GQSUB 2990 ' titla 
COLOR 0,0 

GOTO 1530 

& pausa 

mmsM 

main program 

1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 ' 

1220 WHILE LEN<INKEY*>-0 
1230 ' 

X-260 
FOR Y - 110 TO 50 STEP -10 

PUT (X,Y), BUGO 
PUT (X, Y>, BUGO 

NEXT Y 

SUBROUTINE 
m l j 

LOCATE 25,1 

- MOVE BUG 

'mm 
PRINT "Praam any kay to atop, 

1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 

Y»30 
FOR X - 240 TO 60 STEP -10 

PUT <X,Y), BUG! 
PUT <X,Y), BUG1 

1340 NEXT X 
13S0 ' 
1360 X*40 

FOR Y - 50 TO 110 STEP 10 
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Example 6-3 

Solution, continued. 

1410 ' 1630 ' claar the bug 
1420 FOR X - 60 TO 240 STEP 10 1640 LINE <X1,Y1>- (X2,Y2>,0,BF 
1430 Y-130 1650 
1440 PUT (X,Y>, BU83 1660 ' now run them around 
1450 PUT <X,Y>, BUG3 1670 ^ ’1 ‘2%:-1{-; ■y-yS:'-} 

1460 NEXT X 1680 GOSUB 1170 ' move bug 
1470 ' 1690 4 ' - > 'f ‘ .... 

1480 WEND 1700 * '^V tt ^ N '"V, ; 

1490 LOCATE 10,15 n 

1500 PRINT "Goodbye, bug" 
1510 RETURN 
1520 ' 
1530 ' main program 
1540 ' 
1550 ' gat soma mora bugs 
1560 ' 
1570 DRAW ,,«1M iGOSUB 340 draw bug 
1580 BET <X1,Y1>-(X2,Y2>, BUG1 
1590 ' 
1600 DRAW ,,a2“ i QOSUB 340 ' draw bug 
1610 GET <X1,Y1)-<X2,Y2>, SUG2 
1620 ' 
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The first part of this example consists of a subroutine to 

move the bug. It consists of four FOR loops encased in a 

WHILE loop. Each FOR loop moves the bug along one side of 

the screen, and the WHILE loop keeps it moving while no 

keys are pressed. In more detail, the first FOR loop (lines 

1250-1280) runs the bug up the right side of the screen. 

Notice that the x-position is held fixed at 260, and the y- 

position is controlled by the limits of the FOR loop, which 

range from 110 to 50 in steps of 10. Recall that these x- and 

y-positions are the coordinates of the upper-left corner of the 

rectangular region that holds the bug. Notice that the inside 

of the FOR loop consists of two identical PUT statements, one 

to place the bug and one to erase the bug. 

Normally, you would put some kind of delay procedure 

between the placing of the image and the erasing of the 

image, and in fact, have a very short distance between the old 

erase and the next place. Trial and error have convinced us 

that the method presented gives the best results for this com¬ 

puter running this example. The loop structure seems to keep 

the place, then erase, then place, then erase rapidly and 

evenly enough to fool the viewer into thinking the bug is mov¬ 

ing. The speed of the PUT command is not actually fast 

enough to give flicker-free motion, but the effect is reasonably 

good. You can use this information to figure out a way to slow 
down the bug. 

Each FOR loop uses a different copy of the bug. This is so 

that the bug always faces the direction in which it is moving. 

Thus, four different bug images are needed. They are stored 

in the arrays BUG0, BUG1, BUG2, and BUG3. Since the 

WHILE loop, which encloses all the FOR loops, continues as 

long as no key on the keyboard has been pressed, the bug 

must finish a full circuit around the screen before coming to 
a stop when you do press a key. 

After the subroutine we have the main program. Here we 

get two more bug images (unused until now); we clear the 

bug away from the center of the screen; and then we call the 

subroutine to move the bug around the screen. 

You might think from the last example that animation 

only works on a black background, but this is not so. Our next 

example shows that we can run the bug around just as easily 
on a multicolored background. 
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ANIMATED BUG ON 
MULTICOLORED BACKGROUND 

Use the PUT command with its default XOR action to 

animate a bug on a multicolored background. The bug is 

shown in Figure 6-6. 

Solution 

1710 ' ANIMATION ON BACKGROUND 
1720 ' 
1730 T**”ANIMATION ON BACKGROUND” 
1740 GOSUB 2990 ' titl® & pauee 
1750 COLOR 0,0 
1760 ' 
1770 ' Now run them on a background 
1780 ' 
1790 LINE < o, 25)-<141, 94),0 
1800 LINE <141, 25)-<286, 94),1 
1810 LINE < o, 95)-<141,l64),2 
1820 
1830 

LINE <141, 95)-<286,164),3 

1840 
1850 
i860 

GOSUB 
* 

* 

1170 ' move the bug 

BF 
BF 
BF 
BF 

Figure 6-6 
Bug Racing Around the Multicolored Screen 
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It is really amazing that this example works in that we 

don’t lose the bug. This depends upon the formula 

( x XOR ( x XOR y )) = y 

no matter what x or y is. This formula means that if you start 

with a screen color y, put an object of color x onto it with the 

PUT XOR action (getting color x XOR y), and then put the 

same object of color x onto it again (getting the full left-hand 

side of the formula), you will actually have the color y back on 

the screen again. 

Proving this formula is beyond the scope of this book, but 

it can easily be done with the truth tables. 

As the listing in Example 6-4 shows, it is easy to make the 

XOR action work with all the routines that we have already 

developed. We just need to draw the background (again using 

four Box Fill LINE commands) and call the routine to move 

the bug. 

You will notice that as the bug goes around and around the 

screen, it changes color so that you can always see it, but it 

never permanently changes what was already on the screen. 

Our next example shows exactly what is stored in an 

array when a GET statement is executed. We will print a 

character in the upper-left corner of the screen, use the GET 

command to put it into an array, and print the contents of 

this array on the screen. 
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--Tl|g|: 
With BASICA print an “A” in the upper-left corner of the 

screen, capture it in an array using the GET statement, 

and display the contents of this array on the screen. 

Display the first two entries (the size of the rectangular 

region) in decimal and the rest in binary. The output is 
shown in Figure 6-7. 

■ 
■ 

— 
:r:^y 

Solution 
~— 

1870 
1880 
1890 AT LETTERS" 

2990 ' pause «nd title 

1< 
1930 
1940 DIM A%<9> 

■ 

' : 

LOCATE 1,1 
1970 PRINT "A" 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 

GET (0,0)-<7,7> , AX 

1111 LOCATE 5,1 
PRINT "The contents of AXi " 
PRINT 
PRINT AX<0), AX(1) 
PRINT 

FOR K - 2 TO 9 
X « Ay.<K> 
FOR D - 0 TO 15 

LOCATE ,16-D 
PRINT USING »#"| X AND lj 
X«INT(X/2) 

NEXT D 
PRINT 

NEXT K 

; • *j 

sisi® 

- 

itif 
1 f 
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Notice that the letter has its left and right halves re¬ 

versed. This happens because the bytes that make up the 

integers in which we store the pattern are switched when 

they are used to store the image. This is peculiar to the way 

the 8088 microprocessor handles memory. 

The first number in the array gives the number of bits 

needed horizontally (for each row). Since we are in medium- 

resolution mode, two bits are needed for each dot horizontally. 

In the GET statement, the x-coordinates run from 0 to 7. This 

means that the rectangle has 8 columns of dots. Multiplying 

this by the number of bits per dot (2) gives us 16, which is the 

correct value for the first entry of A%. 

The second number in the array gives the number of rows 

of dots in the rectangle. The GET statement has y-coordinates 

running from 16 to 23 or 8 dots vertically. This agrees with 

the second number displayed on the screen. 
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The next numbers are displayed in binary because they 

correspond to the actual bits taken from the screen by the 

GET command. If you look closely at the pattern of Os and Is 

for these eight numbers, you will see the left side of the “A” 

on the right and the right side of the “A” on the left. The 

reason for this switch has to do with the way the numbers are 

stored in the machine and how the central processor accesses 

data. That is, the lower 8 bits of the number were stored first, 

and the upper 8 bits of the number second. 

For this example, you should understand that the third 

entry of A% (a 16-bit number) holds the first row of the rec¬ 

tangle, the fourth entry of A% (also a 16-bit number) holds the 

second row, and so on. 

Notice that the array A% has integer entries. As we men¬ 

tioned previously, any data type will work for the PUT and 

GET commands. We have chosen integer entries because they 

are the easiest to manipulate with ordinary arithmetic and 

logical operations. In particular, the first two entries (the siz¬ 

ing information) are actually stored as integers. If you use 

real arrays, the bits will still be stored in binary, but the 

resulting arrays will be harder to decipher. String arrays can 

also be used. Again, the bits are stored in binary. However, it 

is fairly easy to decipher the results. 

In the program, we use a well-known method of creating 

the expansion into binary representation; that is, repeated 

divisions by 2. In this method each time we divide by 2, the 

remainder yields a new binary digit of the binary representa¬ 

tion. Notice that the digits of the binary expansion are com¬ 

puted from right to left. The LOCATE command allows us to 

put them directly on the screen in this reverse order. As the 

program runs, you can see the digits shuffle into place. 

Perhaps you would like to use the PEEK command to see 

what bugs look like when they are stored in a matrix. We 

wrote a program that uses the GET command to put a bug 

into an integer matrix A% and then print out the bits of A% 

as Os and Is. Figure 6-8 shows the contents of A%. 

Our program had to unscramble the bits of A% to produce 

the picture in Figure 6-8. The first two entries of A% helped 

us by showing us the width and height in bits of the rectangu¬ 

lar area of the screen stored in A%. 

Notice that there are 62 bits horizontally. We found that 

this is rounded up to an even multiple of 8 to make 64 bits or 

8 bytes per row. The bytes are then packed two at a time, low 

byte then high byte, into the 16-bit integer entries of A%. 
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0000000000000000000000000000000000000000000000000000000000000000 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooonuiiooo’oooo 0000000000 0000000000000 

0000000000000000000000000011010101110000000000000000000000000000 

0000000000000000000000001101010101011100000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOl101010101011100000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOl10101010101II00000000000000000000000000 

000000000000000000000000001 1010101 1 10000000000000000000000000000 

0000000000000000000011000000111111000000110000000000000000000000 

0000000000000000001100110011101010110011001100000000000000000000 

0000000000000000110000001 1 101 01 010101 10000001 1000000000000000000 

0000000000000000000000111010101010101011000000000000000000000000 

00000000000000000000 1 1101 0101010101010101 10000000000000000000000 

000000000000000000001 1101010101010101010110000000000000000000000 

0000000000000000000011 101 0101010101010101 10000000000000000000000 

0000000000000000001111101010101010101010111100000000000000000000 

0000000000000000110011101010101010101010110011000000000000000000 

000000000000000011001 1 1010101 0101 0101 01 011001 1000000000000000000 

0000000000000000110011101010101010101010110011000000000000000000 

0000000000000000000011101010101010101010110000000000000000000000 

OOOOOOOOOQOOOOOOOOOOlUOlOlOlOlOlOlOlOlOl 10000000000000000000000 

0000000000000000000000111010101010101011000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOl110101010101100000000000000000000000000 

0000000000000000000000110011 101010110011000000000000000000000000 

0000000000000000000011000000111111000000110000000000000000000000 

0000000000000000000011000000000000000000110000000000000000000000 

000000000000000 000001 100000 00000000000001 10000000000000000000000 

Figure 6-8 

The Bits of a Bug 

Thus, each row of the picture is stored in four successive 

entries of A%. For example, the first row is stored in 

A%(2), A%(3), A%(4), A%(5) 

and the second row in 

A%(6), A%(7), A%(8), A%(9) 

and so on. Because of the low-high order, we told our pro¬ 

gram to print out the bits of each A%(I) in the order 

bit 7, bit 6, bit 5, bit 4, bit 3, bit 2, bit 1, bit 0, 

bit 15, bit 14, bit 13, bit 12, bit 11, bit 10, bit 9, bit 8 

This flipped the bytes back into place in the program’s 
output. 
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In the resulting picture, every two bits represents a pixel. 

Grouping the digits in pairs, you can see that pixels outside 

the bug correspond to 00s, all the pixels around the boundary 

of the bug correspond to 11s, pixels inside the head corres¬ 

pond to 01s, and pixels inside the body correspond to 10s. 

Thus, you can see precisely how the colors for the bug are 

stored as bits in the video RAM. 

PSET and 
PRESET Actions 

Table 6-7 

Truth Table for PSET 

X y x PSET y 

0 0 0 

0 l 0 

1 0 1 

1 1 1 

With the PSET and PRESET action parameters, the 

new image overwrites whatever was previously on the screen 

instead of combining with it. The PSET action produces a 

direct image of what you are putting and the PRESET action 

produces a reverse image, much like a photographic negative. 

The truth table for PSET is given in Table 6-7, and the 

truth table for PRESET is given in Table 6-8. Notice that 

neither of these actions pays any attention to what was on the 

screen. 

In the next example, we apply what we learned in the 

previous example to magnify text. We show how to expand 

letters on the screen vertically by a factor of three. This tech¬ 

nique can easily be generalized to expand lettering or pic¬ 

tures by any scale factor. 

The idea is to print each letter in a normal size at a corner 

of the screen using the normal PRINT statement, and then 

get the letter into an array. The information in this array is 

then copied into another array, but during the copying pro¬ 

cess we repeat the bytes. The resulting array is then put back 

on the screen, producing a magnified version of the original 

letter. 

Table 6-8 

Truth Table for PRESET 

X y x PRESET y 

0 0 1 

0 l 1 

1 0 0 

1 1 0 
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] EXAMPLE 6-6 

TALL LETTERS 

Display some letters on the screen with the vertical scale 

magnified by a factor of three. Show the result on the 

screen against a background of text of ordinary height. Use 

the PSET and PRESET actions for the PUT command to 
help display the enlarged lettering in direct and reversed 

mode. The resulting screen is shown in Figure 6-9. 

Solutio 

2170 ' 
2180 ' 
2190 
?200 
2210 
2220 
2230 ' 
2240 
2250 
2260 
2270 
2280 

2300 

TALL LETTERS 

■'-i. ■■■ '£■ 

T*-"TALL LETTERS" 
QOSUB 2990 ' pause and title 
SCREEN 1 
COLOR 0,1 

LOCATE 6,1 
FOR I - 6 TO 20 

PRINT SPACE*(6)| 
FOR J ■ l TO 2 

PRINT "small letters 
NEXT J 
PRINT 

2310 NEXT I 
2320 
2330 DIM L0%(10) , L17.<26> 
2340 ' ' ' ' ' 

2350 M*«" Tall Letter* " 
2360 

■ 

0m^ 
2370 X1*160~4*LEN <M*>-12 
2380 LI 7. <0) *16 i Lt7.<l>-24 
2390 
2400 FOR I - 1 TO LEN<M*> 
2410 
2420 
2430 
2440 
2450 
2460 
2470 
2480 

LOCATE 1,1 iPRINT MID*<M*,1,1) 
SET (0,0) - <7,7) , L07. 

stretch the letter 
FOR K - 0 TO 7 JL17. < 3*K+2) -L07. < K+2) 

L17. < 3*K+3) -L07. < K+2 > 

US 
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In this example, the ordinary background lettering is 

printed first. The message “small letters” was chosen for 

obvious reasons. A double FOR loop is used to create this 

background display with its horizontal and vertical repeti¬ 

tions of the message. 

Next we set up two arrays L0% and Ll%. The first one is 

dimensioned with nine elements to hold one image of a 

normal-sized letter, and the second is dimensioned with 25 

elements to hold the expanded image of a single letter. Next 

the message “Tall Letters” is placed in the string variable 

M$. Then XI is defined to give the base for the horizontal 
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positions of the letters. It will be used in the PUT commands. 

Next we set the horizontal and vertical sizing information. 

The horizontal size is 16 bits, just as before, but the vertical 

size is three times larger than it was (24 bits). Next we have a 

FOR loop that goes through the letters of the message. For 

each letter of the message, we print the letter by itself in the 

upper-left corner, we GET it, and then go into a smaller FOR 

loop that causes each row of the original array to be copied 

three times into the second array. This multiple copying is 

really all there is to magnifying lettering or any kind of pic¬ 

ture. Finally, we PUT the expanded letter in two different 

places on the screen, once using the PSET action option, and 

a second time right below using the PRESET action option. 

The PSET produces a direct image and the PRESET pro¬ 

duces a reverse image like a photographic negative. In both 

cases, the new image overwrites the old small lettering. 

AND and 
OR Actions 

There are two more possible actions for the PUT state¬ 

ment: AND and OR. Like the XOR, these operators work 

direcly on the bits. The truth tables are given in Tables 6-9 

and 6-10. 

Table 6-9 

Truth Table for AND 

X y x AND y 

0 0 0 

0 l 0 

1 0 0 

1 l 1 

Table 6-10 

Truth Table for OR 

X y x OR y 

0 0 0 

0 l 1 

1 0 1 

1 1 1 
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From these tables, the color number “truth” tables for the 

medium-resolution mode can be computed. They are shown in 

Tables 6-11 and 6-12. 

You can see that there is a lot of “color collapse.” That is, 

for a given background, several colors in the image will 

become the same color when put on the screen. For example, 

if the background is 2 and the image is being put onto the 

screen with the AND option, both color 0 and color 1 will 

collapse to color 0. 

In our next example, we will use the AND and OR options 

to “filter” the image we created in the last example, produc¬ 

ing some different colors out of the white lettering. 

Table 6-11 

Effect of AND on the Color Numbers 

y 

0 1 2 3 

0 0 0 0 0 

1 0 1 0 1 

2 0 0 2 2 

3 0 1 2 3 

Table 6-12 

Effect of OR on the Color Numbers 

y 

0 1 2 

C
O

 

0 0 1 2 3 

1 1 1 3 3 

2 2 

C
O

 2 3 

C
O

 

C
O

 

C
O

 

C
O

 

C
O
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] EXAMPLE 6-7 

COLOR FILTER 

Run the Tall Lettering example through a “color filter” 

using the AND and OR actions of the PUT command. 

Using a thin horizontal line, filter the image first with a 

red NTSC filter, then restore the image, and filter with 

a blue RGB filter. The output is shown in Figure 6-10. 

Solution 

2590 ' COLOR FILTER 
2600 ' 
2610 T4-"COLOR FILTER" 
2620 QOSUB 3080 ' title 
rsjL-rn • 2630 
2640 DIM FILTERX<81) 
2650 ' 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
2760 
2770 
2780 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
860 

FILTERX <0)“640 
FILTER*(1>«1 

load the filter pattern 
FOR I- 0 TO 39 

FILTER*(1+2)-&HCCCC 
NEXT I 

now filter the screen 
FOR J - 0 TO 199 

PUT <0,J>, FILTERX, 
NEXT J 

AND 

- 
SMh 
restore the missing elements 
FOR J - 199 TO 0 STEP -1 

8ET (0,J)-(318,J), FILTERX 
PUT <1,J>, FILTERX, OR 

NEXT J 

set up another filter pattern 
FILTERX(0) - 640 

2870 FILTERX<1> - 1 
2880 FOR I- 0 TO 39 
2890 FILTERX<I+2)-&H5555 
2900 NEXT I 
2910 ' 
2920 ' now filter the screen 

. 

: ■ 

■ 

iSI 

_ mSmiass ► : M - M mm 
<' ' '. V '■ •_ 
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Example 6-7 

The first step is to define the filter. It consists of an array 

that when put on the screen will correspond to a 320 horizon¬ 

tal by 1 vertical rectangle. This is a single line of dots on the 

screen. By placing a certain pattern along a single row, we 

create what is called a mask for our filtering. In general, a 

mask is something that allows you to “see” certain parts of an 

object, but not other parts of it. In computer programming, 

masks are often constructed out of bits with a 0 indicating 

what should be hidden and a 1 indicating what should be 

seen. In our example, the first filter we define has the follow¬ 

ing binary pattern for each of its integer entries: 

1100110011001100 

We will use it to mask the bits on the screen, 16 bits at a time. 

Starting from the left, this number indicates that we will 
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show two bits, hide two bits, then show two bits, and so on. 

IBM PC BASIC does not allow.the direct input of numbers 

in binary. The best we can do is hexadecimal. In this repre¬ 

sentation, we group the binary digits in groups of fours and 

convert each group into a single hexadecimal digit. 

Thus, sixteen bits of our filter is the quantity 

1100110011001100 = 1100 1100 1100 1100 

= c c c c 
= CCCC (hexadecimal) 

In line 2710, we use the PUT command to compare this 

filter to each line on the screen 16 bits at a time with a FOR 

loop indexed by the screen lines 0 through 199. The AND 

action is specified in the PUT statement. This means that 

each line of the screen will be combined with the AND action 

against the filter pattern (bit-by-bit) and placed back on the 

screen. The 0s in the filter will cause zero results for those bit 

positions and the Is in the filter will cause the original bits to 

stay intact on the screen. The effect of this particular filter is 

to clear (make equal to zero) every other dot on the screen. 

The visual effect is quite colorful on an NTSC monitor. When 

the program runs we see a horizontal line lowering down the 

screen. On an NTSC monitor, the letters are orange above the 

line, and they are still white below the line. 

The next step is to put the white color back by copying 

bits back to the places they were cleared from. To do this we 

copy bits from the dot just to the left. We use a FOR loop that 

scans through all the rows starting from the bottom toward 

the top (just for the sake of variety). In this loop, we first get 

the row into our one line filter FILTER%, and then we put it 

back, shifted over by one dot position. We use the OR action in 

the PUT statement. The fact that this works depends upon 

the following property of the OR operator. If a color number 

is being combined according to the OR action with a zero, the 

result will be the same as the original color number. This 

allows us to “add” the colors into place. We will see a line 

going from the bottom of the screen upward that restores the 

white color. Notice that the text is restored to almost the same 

condition that it was originally, but not quite. When text is 

printed by the IBM PC in graphics mode, dots are usually, 

but not always, doubled horizontally on the screen to give the 

best white color. Our method depends upon the doubling. 

Those dots that are not doubled will either be removed or will 
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be doubled after our filtration exercise. 

The last thing we do is to set up the filter again and filter 

out every other bit of the program. The integer that now 
makes our filter is 

0101010101010101 = 0101 0101 0101 0101 

= 5 5 5 5 

= 5555 (hexadecimal) 

This time we see a line going down the screen painting the 

text blue as it goes. The result is blue on both NTSC and RGB 
monitors. 

Now let’s see how the mechanics of the GET and PUT 

commands can be used in a computerized lesson. 

APPLICATIONS PROGRAMMING 

In this section we show how to use the GET and PUT 

commands to create a computerized lesson. With the GET 

and PUT commands we can place carefully designed, sym¬ 

bolic, graphic images called icons anywhere on the screen on 

top of a background drawn earlier in the program. By using 

the default XOR action for the PUT command, we write 

these images over a complicated background without fear of 

destroying any part of that background. To remove any icon, 

we simply use the PUT command a second time in the same 

spot and all traces of it disappear. The background is then 

correctly reinstated. 

In our example, we draw a picture of a small computer 

system, including a tray to store several floppy disks, a pair 

of floppy disk drives, a CRT screen, and a keyboard. These 

objects form the background of the scene. In the foreground, 

we use drawings of various forms of a human hand. We will 

call these drawings icons because, like statues, they are 

meant to suggest a real object without appearing or moving 

in a completely realistic manner. In such a computerized les¬ 

son we can use these symbols to indicate that certain actions 

are being performed. For example, selecting a floppy disk 

from the disk tray is represented by a drawing of a hand 

pointing toward the disks in the tray. 

The user can use the cursor keys to move the icons around 

Image Array Plotting 291 



the screen. As an icon is moved from one place to another, it 
may change form. If we move the icon from the disk tray 
area to the disk drive area, it will change from a pointing 
hand into a hand grasping a floppy disk, ready to insert the 
disk into one of the drives. 

What we have provided in this example merely represents 
a skeleton for a larger (and longer) program that would take 
a user step-by-step through a complicated procedure like 
creating a new disk and backing up a set of files. 

292 Graphics Primer for the IBM PC 



EXAMPLE 6-8 
—— • -------- 

' 

. ... ■ • • .. . ■ ■ ■■ . . • - .• : 

t illustrates how to use a floppy disk 

Show the floppy disks stored in trays, the 

and the keyboard. Allow the user to 

screen to select disks from the disk 

ilected disks to the drives where they may 

drives. Show the hands moving onto 

to type commands. An example of the screen 

lKEY OFF 

DIM HPX (800) , HQ*/. <800) , HK?4<800) 
. 

170 * d*-fin* hand icon* 
ion ' 

210 

op*n hand 
HOI* ■ “*8u9f4d 12r28d4120“ 
H02* «“r24d4124r20d4120r16d4136" 

220 HO* - HOI* + H02* 
230 ' 
240 ' hand pointing 
250 HP1* - HOI* 
260 HP2* - J'rSd418r8d418r8d4128“ 
270 HP* - HPi*+HP2* 
280 CLS 
290 DRAW HP* 
300 ' LINE <160,80)-STEP<40,40), ,B 

GET <160,80)-STEP(40,40),HPX 
' 

' hand gra*ping -floppy di*k 
HQ1* - "u4h2u8*2u16f 4d12r16" 

350 HQ2* - “ d 1 Og 2d4u4a2u10“ 
360 HQ3* - "r5ti30130d30r5" 
370 H84* - "bul3br8r2*u2hl2gd2-f" 
380 HQ5* - Hbu6u8r2dQl2” 
390 HQ* - HG1*+HQ2*+HQ3*+HQ4*+HQ5* ■ 
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] Example 6-8 

Solution, continued. 

400 
410 
420 

430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 

650 

660 

CLS 
DRAW HG* 

' LINE <150,50)-STEP(40,50),,B 
GET <150,50)-STEP(40,50),HGX 

* 

' hand* -for keyboard* 
' left hand* 

HKL1* - "u36r4d16u20r4d20u24r4" 
HKL2* - "d24u20r4d26" 
HKL3* - "r4e6r4d2g12d4g2" 
HKL* - HKL14+HKL24+HKL3* 

/right hand* 
HKR1* « "u3614dl6u2014d20u2414“ 
HKR2* - "d24u2014d26" 
HKR34 - "14h614d2f12d4f2" 
HKR4 - HKR1♦+HKR24+HKR3* 
CLS 
DRAW 
DRAW 

' line 
GET 

| CLS 

' 
■ LINE (0,0)-(319,199),,B 
/ define di*k tray* 
' 

LINE (50,150)-(90,54 >,,B 

iit>s 
"bml25,100"+HKL* 
" bm 195,100’* +HKR4 
<125,55)-STEP<70,45),,B 

(125,55)-STEP(70,45)fHKX 

670 ' 
680 FOR I - 1 TO 6 
690 Y « 150 - 16*1 
700 LINE(50,Y)-<90,Y) 
710 

•V..V •, - . -.v - v. LOCATE Y/8+1, 8 
720 PRINT 
730 PRINT USING *•#"> H 

t 

740 
750 
760 
770 
780 
790 
800 
810 
820 
830 

840 | 
850 1 

NEXT I 

define disk drive* 

(120,130) — <170,90),,B 
<120,110)-(170,110) 

f| mm M 
<130,118)-<160,122),,B 
<130, 98)-(160,102),,B 

LINE 
LINE 
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Solution, continued. 

860 ' 
870 ' 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1030 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 

crt screen 
LINE <200, 20)-<300,110),,B 
LINE <210, 30)-<290,100),,B 

■mm wm:mm 
keyboard 
LINE <200,1201- 
LINE <225,130)- 
FOR Y - 130 TO 

LINE <225,Y)- 
LINE <210,Y)- 

NEXT Y 
FOR X » 225 TO 

LINE <X,130)- 
NEXT X 
LINE <210,130) 
LINE <215,130) 

SPii 
<300,160),,B 
<290,135),,B 
155 STEP 5 
<290,Y) 
<220,Y) 

290 STEP 5 
<X,155) 

-<220,155),,B 
-<215,155) 

■ S . - ■' 

'mi* 

wMiSiM 
* | ~ fl 

11 
LOCATE 25,2 
PRINT "Use the cursor keys to "> 
PRINT "move the hand."if 
set up cursor keys 
ON KEY <11) 60SUB 1430 ' up 
ON KEY<12) 80SUB 1480 * left 
ON KEY<13) 80SUB 1540 ' right 
iON KEY< 14) 80SUB 1600 ' down 

XPOS - 1 
YPOS « 1 

HI 

KEY <11) ON 
KEY<12) ON 
KEY<13) ON 
KEY<14) ON 

main 1oop 

ON XPOS OOTO 1260,1320,1380 
GOTO 1210 

pointing to disk tray 
Y « YPOS 
PUT <5,136 - 16*Y) , HP7. 
PUT <5,136 - 16*Y>, HP/4 
OOTO 1210 

' 
•. • r'. . 

wmmmm 

r ■ 

'Wmm 
:'r gjUn 

Slit 

1 §§?? 
. .v 

v ■>: >v, 
' 

mm 

ism 
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Example 6-8 

Solution, continued. 

1310 1480 ' cursor laft 

1320 ' inserting a diek 1490 IF XPOS-1 THEN 1520 

1330 Y - YPOS 1500 XPOS - XPOS-1 

1340 PUT (125, 156 - 10*Y>, HG7. 1510 YPOS - 1 

1350 PUT <125, 156 - 10*Y>, HG7. 1520 RETURN 

1360 GOTO 1210 1530 * 

1370 » 1540 ' cursor right 

1380 ' typing * command 1550 IF XPOS-3 THEN 1580 

1390 PUT (220,150), HK*/. 1560 XPOS - XPOS+1 

1400 PUT (220,150), HK7. 1570 YPOS - 1 

1410 GOTO 1210 1580 RETURN 

1420 * 1590 4 

1430 ' cursor up 1600 ' cursor down 

1440 IF YPOS - 6 THEN 1460 1610 IF YPOS - 1 THEN 1630 

1450 YPOS - YPQS+l 1620 YPOS - YPOS-1 

1460 RETURN 1630 RETURN 

1470 .f : • ■ -s' > ' 1640 * 

U*. the cursor leys to novo tho hand. 

Figure 6-11 

Icons 

Let’s go through this program step by step. In line 150, we 

dimension the various arrays that store the hand icons. We 

have used identifying letters for these arrays that suggest the 

particular position or function of each icon. In particular, 

HP% is where the Hand Pointing is stored,HG% is where the 

Hand Grasping the disk is stored, and HK% is where the 
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Hands on the keyboard are stored. The percent signs indi¬ 

cate that these are integer arrays. 

The next several lines of this listing contain commands to 

draw and then save each icon. In each case, a string is built 

up that contains DRAW commands in the IBM PC GDL. The 

string is drawn and a rectangular region surrounding the 

resulting image is saved into the array with the GET com¬ 

mand. You may notice that in between the DRAW and the 

GET commands are LINE commands in the Box mode. They 

are really comment lines since they start with apostrophes. If 

you were to remove the apostrophes, these commands would 

be activated and would draw boxes around each icon figure. 

There is even a command (line 630) that draws a box around 

the whole screen. These boxes are useful when you debug 

your program. With the boxes present, you can better see how 

to position and GET your icons during program development. 
After the icons are defined and stored, we start drawing 

the background picture. We must wait until the icons have 

been drawn unless we can find a big enough area of blank 

screen in our background picture. Remember that the GET 

statement gets everything inside the indicated rectangle. The 

background scene is drawn in lines 630-1020. First the disk 

trays are constructed, then the disk drives, and finally the 

CRT and keyboard. A lot of LINE commands accomplish this 

task. 

Next comes the main loop. The cursor keys are set up for 

interactive interrupts (the ON KEY statements in lines 1080- 

1110 and the KEY ON statements in lines 1160-1190). Recall 

that ON KEY statements define the interrupt service rou¬ 

tines and the KEY ON statements actually activate the keys 

for interrupt mode. The main loop dispatches to particular 

sections of code that handle various situations. The horizontal 

position of the icon (XPOS) determines which situation is 

appropriate. You can refine this so that other conditions can 

also be used in the dispatching process. 

Each state or situation is handled in its own section of the 

program. In each case we need to position the icon. Other 

actions can be handled as well. For example, when you are in 

the keyboard position (extreme right position of the screen), 

you might want to have the user type some text onto the 

screen. The situation could get complicated if you want to 

interpret what the user types in. 

Notice that the XPOS and YPOS variables are used at 
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most once per loop through the dispatching and situation 

handling process. This is because they might be updated at 

any time. There are certain crucial places where variables 

cannot be changed in midstream. For example, if the position 

of the icon is changed between the two PUT statements that 

place it and remove it, it will not be properly erased. This is 

why we copy the variable YPOS, which can be updated by 

the interrupt service routines, to the variable Y, which is used 

to help position the two PUT commands. Then YPOS can be 

updated as much as we want while Y is used to draw the 

picture. 

The interrupt routines come last. They merely update the 

x-and y-position variables and return. In this case, the vari¬ 

ables XPOS and YPOS are used for communicating the 

updated information to the main loop. 

You are welcome to take this very basic example and 

expand it into something of use to you in your particular 

situation. You might want to turn it into a teaching tool for 

your employees who are learning about floppy disks and 
floppy disk operating systems. 

CONCLUSION 

■■■■■■■■■■■■■ 

In this chapter, we have studied the image array com¬ 

mands GET and PUT. These commands can be used in a 

variety of ways from animation, to filtering out parts of the 

picture, to achieving interesting color effects. In this respect 

you can use the GET and PUT commands to control the very 
bits that make the picture on the screen. 

The applications program in this chapter illustrates com¬ 

puterized learning, an area where tremendous growth is 

expected in the next few years. The graphics on the IBM PC 

now provide the necessary tools to make such lessons rela¬ 
tively easy to produce. 
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CONCEPTS 

Concepts 

Character Graphics 

Custom Characters 

Character Animation 

Page Flipping 

Commands 

LOCATE 

PRINT 

COLOR 

SCREEN 

Applications 

Font Editor 

Walking Man 

Ping-Pong Game 

Animation with Page Flipping 
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This chapter explains character graphics on the IBM PC. 

We will describe what character graphics is about and what 

is involved in producing custom character cells on the IBM 

PC graphics screen. We will also show how to assemble these 

characters on the screen to generate graphics effects, such as 

animation. 

Character generation in both the text modes and graphics 

modes will be explored. We will see the important difference 

between these two modes and will discuss the advantages and 

disadvantages of each, including some interesting side effects 

each generates. 

In the text modes, we will see how the characters are 

hard-wired into place with codes that are stored in a compact 

format in the screen memory. Taking up a fraction of the 

16,384 bytes of screen memory, these codes allow plenty of 

room in video memory for such effects as separate coloring 

for the foreground and background of each character on the 

screen. There is even room to store copies of several different 

full screens of characters, and thus allow “page flipping.” 
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In the graphics modes, we will see how the characters are 

painted on the screen by software and how, in these modes, 

the patterns for the characters are stored in tables in 

memory. Next, we will set up our own table to define 128 of 

the 256 available characters and demonstrate a simple but 

powerful font editor to customize these characters. 

Several applications programs will be presented, inclu¬ 

ding a simple Ping-Pong game using character graphics and 

a simple animation program that uses custom-defined char¬ 

acters. 
In this chapter we depart from our usual practice of hav¬ 

ing one large lesson program. Instead, we give individual 

short examples as needed to explain various concepts. Later 

in the chapter we return to our normal format with the 

applications programs. 
The important commands for character graphics (in 

either text or graphics modes) are LOCATE, PRINT, COLOR, 

and SCREEN. You can also use the commands CLS and 

WIDTH and the functions and system variables CSRLIN, 

POS, SCREEN, SPC, and TAB. In addition, all the string 

commands, functions, and operations are used. In this chap¬ 

ter, we will discuss only the first four commands and first 

three functions in detail. 

CHARACTERS AND CHARACTER GRAPHICS 

*L 

We define character graphics as the use of characters 

(placed in character cells) to draw pictures. This is different 

from the graphics we have been studying so far, which is 

referred to as all points addressable (APA) graphics. With 

APA graphics each pixel (dot) on the screen can be individu¬ 

ally located and changed independently from all the rest. 

APA graphics requires an APA display, such as the IBM PC 

Color/Graphics Adapter in graphics mode. 

In contrast, character graphics breaks the screen into a 

moderately large number of small blocks. In the 80-column 

text mode there are 2000 such blocks arranged as an array 

with 80 blocks horizontally and 25 blocks vertically. Charac¬ 

ter graphics can be done either via hardware on a video text 

display, such as the Color/Graphics Adapter in text mode, or 

through software on an APA display, such as the Color/ 
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Graphics Adapter in graphics mode. We will discuss both 

approaches. 

In character graphics each block is called a character cell. 

On the Color/Graphics Adapter in any of its modes, each cell 

contains an array or matrix, which is 8 dots horizontally by 8 

dots vertically. In this way, each dot on the screen may be 

located by specifying a cell position and then a dot position 

within that cell. This gives a very different and more difficult 

algorithm for specifying and plotting points and the other 

geometric shapes mentioned. 

Instead of trying to make character graphics display 

points, lines, and circles as is so easy with APA graphics, it is 

better to take approaches that take advantage of its cellular 

nature. 

In character graphics, the cells are designed to hold the 

dot matrix patterns for characters, that is, symbols for the 

letters of the alphabet, digits for a numbering system, punc¬ 

tuation marks, and special graphics characters. 

In the most rudimentary character graphics, only text is 

placed on the screen by putting these dot patterns in the var¬ 

ious cells. The screen becomes what is often called a “glass 

teletype” machine. The IBM PC will do more than this. 

To help steer the course between APA graphics and the 

“glass teletype,” the IBM PC has provided an extended char¬ 

acter set including more than one hundred special built-in 

shapes (available only in text modes) and even a way for you 

to design your own custom characters (available only in 

graphics modes). The custom characters can be defined only 

in the graphics modes because they require APA capabilities 

that are available only in those modes. As a result, you cannot 

do many things with custom characters that are possible in 

the text modes, including color attributes for each character 

position and page flipping. 
Effective character graphics depends upon the ability to 

control each character cell (block) of the screen. In an 8 X 8 

cell there are 64 dots. The possible patterns you can display in 

such cells are calculated by taking 2 to the 64th —about 

1.84E19, a rather large number! Out of all these only 256 are 

selectable at one time on the IBM PC. This is limiting, but not 

quite as limiting as these numbers seem to indicate. Perhaps 

four or five thousand combinations would suffice for many 

purposes. The problem with having a lot of combinations is 

finding a way to represent them in the computer’s memory. 

The IBM PC uses 8 bits to encode the 256 numbers that select 
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among the 256 different patterns. Each possible 8-bit pattern 

points to an 8 X 8 representation of the pattern in memory. 

Thus, each character only takes up a byte of main memory to 

specify its shape. If we used another entire byte to encode the 

shape, then with a total of 16 bits we could specify as many as 

65,536 different patterns. We have seen already how a second 

byte is used to encode color; thus, such a 16-bit selection 

scheme would make a total of three bytes for each character 

position. 

LOCATING AND MAKING CHARACTERS 

The easiest way to get characters on the screen is with the 

BASIC A commands such as PRINT and LOCATE. These 

commands, and a few related functions, are described in the 

following sections. 

CSRLIN, POS, and BASICA has several functions that tell you the condition 

SCREEN Functions of the cursor and the screen. The CSRLIN function returns 

the row, and the POS function returns the column that the 

cursor is currently on. CSRLIN requires no argument, but 

POS requires a dummy argument. Technically speaking, 

CSRLIN is a system variable, while POS is a built-in func¬ 

tion. The following example will set X equal to the current 

cursor column and Y equal to the current cursor row: 

X = POS(O) 

Y = CSRLIN 

The SCREEN function can be used to return both the 

ASCII code and the attributes of a character on the screen. 
Its syntax is 

x = SCREEN(row,column[,z]) 

where row is a numeric expression that specifies a row 

number between 1 and 25, and column is a numeric expres¬ 

sion that specifies a column number between 1 and 40 (for 

40-column displays) or 1 and 80 (for 80-column displays). The 

optional parameter z specifies whether you want the ASCII 

code or the attribute byte. If z is 0 (the default value), you use 

the ASCII code for the character position at that column and 

304 Graphics Primer for the IBM PC 



LOCATE Command 

row number; if z is nonzero, you use the value of the attribute 

byte in that position. The attribute byte is encoded with blink, 

foreground, and color information, as described in Chapter 2. 

In the graphics modes there is a similar function, POINT, 

which returns the color of any pixel on the screen. 

The LOCATE command has been used a number of times 

in our examples and applications programs. Its purpose is to 

position the text cursor on the screen. It is also used to specify 

the position for the next text to be printed. Its syntax is 

LOCATE [row] [.[column] [.cursor] [.[start] [.stop]]] 

All parameters here are optional. An omitted parameter 

retains its original value. 

The first two parameters give the current row and column 

for positioning the cursor. We have already used the LOCATE 

statement with just these first two parameters in a number of 

our examples to position text for labeling. 

The last three parameters (cursor,; start, and stop) only 

take effect in the text modes. The third parameter, cursor, 

tells whether or not the cursor is to be visible. A 0 means off 

(invisible) and a 1 means on (visible). 

The last two parameters, start and stop, control the size of 

the cursor (see Figure 7-1). With the Color/Graphics Adapter, 

the lines in a character position in text mode are numbered 

from 0 to 7 with 0 at the top. The start parameter specifies 

the starting line for the cursor and the stop parameter 

specifies its ending line. 

As an example, 

LOCATE 1,1,1,0,7 

will make a cursor visible in the upper-left corner of the 

screen. It will occupy the entire rectangle for that character 

position (see Figure 7-2). 

If the start position is greater than the stop position, the 

cursor is broken into two pieces, starting with the start line, 

running to the bottom, and then wrapping around the top to 

end at the end line. For example, 

LOCATE 1,1,1,7,0 

will produce a cursor with a line at the bottom and a line at 

the top. If we just wanted the cursor to have such a shape 
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0 
1 

2 

3 

4 

5 

6< 

kAAAAAAAAAAAAAAAA 

rrrr ▼TTT?ITfTTTfiVVfVfff 

Bottom Two Lines 

Whole Character Position 

Start 

Stop 

Start 

Stop 

Figure 7-1 

Cursor Start and Stop Lines 

Start = 0 

Stop = 7 

Figure 7-2 

Default Block Cursor 

without changing the cursor position or turning it on during 
program execution, we would use 

LOCATE ,„7,0 

Then when the program stopped, the cursor would appear as 
shown in Figure 7-3. 

306 Graphics Primer for the IBM PC 



PRINT Command 

l A A A A A A. A AAAAA A. AAA4Ai 

yyy wrrrr??i 

AAAAi 

LOCATE 1,1,1,7,0 

Stop -= 0 

Start = 7 

Figure 7-3 

Cursor Altered with LOCATE 

Everyone who has written a BASIC program knows what 

the PRINT statement is and how to use it. However, since it is 

the principal method of putting characters on the screen, we 

include a brief discussion of this command. 

The full syntax of the PRINT command is 

PRINT [list of expressions] [; or ,] 

The list of expressions can include numeric or string 

expressions. The value of each expression is placed across the 

screen in order from left to right. The expressions in the list 

can be separated by commas, semicolons, or one or more 

spaces. In general, commas cause wide spacing on the screen, 

semicolons no spacing, and spaces between items act the 

same as semicolons. 

On the IBM PC, each line is divided into “print zones” of 

14 character positions each. For the 40-column character 

modes there are two zones, and for the 80-column character 

modes there are five zones. A comma in the list causes the 

value of the next item to be printed starting at the beginning 

of the next print zone; whereas a semicolon in the list causes 

the value of the next item to appear right after the previous 

item. Since numerical values are displayed with a trailing 

space, semicolons will not jam them together in an unread¬ 

able form. Strings, however, do not have any extra spaces in 

front or in back; thus, they can be placed right next to each 

other. Most people quickly learn to take this into account in 

their programming. 
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Alternate Ways to 
Put Text on the Screen 

A comma or semicolon after the list of expressions will 

cause the next PRINT statement to continue its output on the 

same line, spacing it accordingly. For example, 

PRINT “HI”; 

PRINT “THERE” 

will cause 

HITHERE 

to be printed. 
Now let’s explore some other ways of putting characters 

on the screen besides printing them. They include using var¬ 

ious graphics commands to plot or place characters on the 

screen, and using the PEEK and POKE statements to 

directly modify the screen memory. 

In the chapters on the graphics commands, we learned 

how to create all sorts of shapes. They can easily include 

characters. However, any such method of producing charac¬ 

ters can never be done as easily as printing the characters. 

For example, an “A” can be made with the following DRAW 

command: 

DRAW “bd7u6e3rf3d6bu416” 

As you can see, this is a lot less efficient than using the 

PRINT statement. We have used a string of 17 command 

characters just to indicate one printed character. There are, 

however, certain advantages to using graphics commands. 

For example, drawn characters can be scaled up in size, 

whereas printed characters cannot. 

In the last chapter, we saw how the PUT statement can be 

used to produce enlarged images of characters that have 

already been printed. Again, this process is far from direct, 

but offers some interesting possibilities. 

Another method is to use POKE. In Chapter 2 we explored 

how the Color/Graphics Adapter’s “hardware” mapped the 

extended ASCII codes and attributes in text modes to the 

screen. We saw how to use POKE to generate characters on 

the screen. In the medium-resolution graphics mode, we will 

now use PEEK to look at the built-in tables that are used to 

generate characters. We will then use the POKE statement in 

a font editing program statement to help define new char¬ 
acters. 
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GRAPHICS MODE CHARACTERS 

Now let’s see what is involved in generating characters in 

a graphics mode. In these modes, the shapes of the characters 

are stored in memory in special tables. This is in contrast to 

the text modes, in which the character dot patterns are stored 

in a special ROM (Read-Only Memory), which is not acces¬ 

sible by the user. 

In the graphics modes, ASCII codes 128 through 255 (the 

upper half) are treated differently than ASCII codes 0 

through 127 (the lower half). For the lower halt a pattern 

table is permanently stored in main memory in ROM as part 

of the BIOS. On the other hand, there are no built-in tables 

for the characters in the upper half (ASCII codes 128 through 

255) in graphics modes. Instead the user is free to set up a 

custom table for the upper halt and in fact, must do so to get 

anything but incomprehensible symbols for ASCII codes in 

this range. 

We will show you a font editor to help you design your own 

custom characters for ASCII codes 128 to 255. But first, we 

present a program that uses PEEK to help us examine the 

ROM table that holds the dot patterns for any of the perma¬ 

nent characters (ASCII codes 0 through 127). You can find 

the table for these permanent characters near the end of the 

assembly language listing of the BIOS in the IBM PC Techni¬ 

cal Reference manual. Our program will give a magnified 

visual display of what is stored in this table. Consider this 

example a preliminary step to the font editor. 
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EXAMPLE 7-1 | 

ENLARGED CHARACTERS 

Design a program to display a magnified dot pattern for 

the permanently stored characters in medium-resolution 

graphics mode. An example of the output is shown in 

Figure 7-4. 

Solution 

1OO ' CHARACTER ENLARGEMENT 
iio ' 
120 ' This program displays 
130 ' charcters in enlarged form. 
140 ' 
.150 ' 
160 SCREEN 1 
170 CLS 
180 ' 
190 CBASE * &HFA6E 
200 DEF SEG - &HF000 
210 LOCATE 1,11 
220 PRINT "ENLARGED CHARACTERS" 
230 ' 
240 ' MAIN LOOP 
250 LOCATE 20,1 
260 PRINT "ASCII CODES "3 

270 LOCATE 20, 13 
280 INPUT ACODE 
290 IF ACODE>127 THEN 380 
300 LOCATE 5,5 
310 PRINT CHR#(ACODE) 
320 LOCATE 7,5 
330 PRINT USING "###"sACODE; 
340 PRINT SPACE#<20); 
350 G0SU8 430 ' load character 
360 GOTO 240 
370 ' 
380 ' error: acode>127 
390 LOCATE 23,18 
400 PRINT"too large"s 
410 GOTO 240 
420 ' 
430 ' SUBROUTINE - LOAD CHARACTER 
440 LOCATE 23,18 
450 PRINT"wait "s 

' ► 
. 
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Solution, Continued. 

460 FOR I* 0 TO 7 
470 AO-PEEK(CBASE+8* <ACODE)+1> 
480 FOR J = 0 TO 7 
490 XV. = AO AND 1 
500 IF XV. THEN X$="#" ELSE X*-H 11 
510 LOCATE 5+1,18+(7-J)sPRINT X* 
520 AO - INT<AO/2) 
530 NEXT J 
540 NEXT I 
550 LOCATE 23,18 
560 PRINT" *•» 
570 RETURN 
580 ' 
590 END 

Figure 7-4 
Enlarged Characters 

. .. . . 

Let’s look at this program in detail. First the screen is put 

into medium-resolution graphics mode and is cleared. Next, 

in lines 190 and 200, we define the offset and the segment 

number of the ROM character table. These numbers were 

determined by looking at the assembly language listing in the 

IBM PC Technical Reference manual.* 

♦For details on segments, see 8086/8088 16-Bit Microprocessor Primer by 
Christopher Morgan and Mitch Waite (Peterborough, N.H.: Byte Books, 
1982). 
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Next the screen is titled, followed by the main loop. In the 

main loop, the ASCII code is requested from the user, and the 

corresponding symbol is displayed on the screen. We call the 

subroutine that loads the character onto the screen in the 

enlarged format and then loop back for more. 

Looking at the subroutine (lines 430-570) in detail, we see 

that a PEEK statement transfers a byte from the table and 

pulls it apart bit-by-bit, displaying each bit as a space or “#” 

on the screen, depending upon whether its value is 0 or 1. 
An Enlarged F Each byte represents one row of the dot matrix for the char¬ 

acter. The algorithm used is a simple conversion to the binary 

representation of the number, as discussed in Chapter 6. 

Now let’s look at one particular pattern. If we run the 

program for the ASCII code 70, we would see the enlarged 

pattern of the letter “F,” as shown in Figure 7-5. 

In Chapter 2 we saw how the medium-resolution mode has 

twice the resolution with the NTSC color-encoding format. 

As a result, to get a true white dot, all dots must be doubled 

horizontally. But notice that this is not true for every dot in 

the pattern. Specifically, the serifs on the two arms of the 

letter are only one pixel wide. However, when you look at the 

character as it appears in a normal size on the screen, it looks 

as white as other characters in which every dot is doubled. 

We see that it is possible to use a small number of single dots 

with a blue tint to increase the resolution without changing 

the overall color of the character too much. 

Now let’s look at the font editor. In contrast to the last 

program, the font editor can only modify those characters 

whose ASCII code is greater than 127. These characters are 

stored in RAM rather than ROM and thus can be changed, 
that is, edited. 

You can use this program to load dot matrix patterns onto 

the screen from anywhere in the extended ASCII code 

(values 0-255), modify that pattern with cursor controls, and 

then save it as part of the second half of the extended ASCII 
code (values 127-255). 

####### 

.##.# 

.#### 

.##.# 

.##.. 
####. 

Figure 7-5 
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EXAMPLE 7-2 

screen is shown in Figure 7-6. 
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Example 7-2 

Solution, Continued. 

460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 

NEXT J 

LOCATE 4, 1 
PRINT "ASCII CQDEt 

F2 +1"; 
0 LOCATE 7,1 
0 PRINT "F3 -5 F4 +5"; 

LOCATE 1,30 
PRINT "CURSOR" 
LOCATE 2.30 
PRINT "D DRAW" 
LOCATE 3.30 
PRINT “E ERASE" 
LOCATE 4,30 
PRINT "M MOVE" 
LOCATE 6,1 

600 PRINT "FI 
61 

i nr a Ti- i 630 LOCATE 6,30 
640 PRINT "CHARACTER" 
650 LOCATE 7,30 
660 PRINT "C CLEAR"; 
670 LOCATE 8,30 
680 PRINT "L LOAD"; 
690 LOCATE 9,30 
700 PRINT "S SAVE"; 
710 LOCATE 11.30 
720 PRINT "F10 ESCAPE"; 
730 ' 
740 GOSUB 1710 ' display all chars 
750 ' 
760 ' GO TO MAIN LOOP 
770 GOTO 1850 
780 
790 ' SUBROUTINE ~ PLACE CURSOR 
800 BLINK7.«(BLINK7.+ 1) MOD 20 
810 IF BLINK*/.<10 THEN 880 ELSE 830 
820 ' 
830 ' cursor off 
840 IF A(ROW,COLUMN>*0 THEN CH$="." 

Igfta 

850 IF A(ROW,COLUMN)*1 THEN CH*«"#" 

■ ; 

IF CURS*—! THEN CH#*'"-" 
IF CURS- 0 THEN CH*««*" 
IF CURS= 1 THEN C#«" + " 
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Example 7-2 

I# Continued* 
: 

iftyu j-i asjsgfc, *•, ' a , i- 

-ATE 5+ROW,18+COLUMN 
T CH*: 

INE - REMOVE CURSOR 
d , COLUMN) =>0 THEN CH$="." 

A<ROW,COLUMN)=1 THEN CH*»"#" 
I, 18+COLUMN 

INE - SHOW CODE & SYMBOL 
4, 13 

"###"; ACQDE; 
WWW 

I>6 AND CH<14 THEN CH-32 

' - CLEAR CHAR 
23 18 

CHARACTER 
- - 1430 
23,18:PRINT "wait": 

- i 

wmm 
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Example 7-2 1 

Solution, Continued. 

1380 LOCATE 1S+I,i+J 
1390 PRINT CHR*<AC0DE) 
1400 LOCATE 23,18s PRINT *' 
1410 
1420 

RETURN 

1430 LOCATE 23,10 
1440 PRINT "cannot save ASCII<128": 
1445 FOR 1=1 TO 1000: NEXT I 
1450 LOCATE 23,10 
1460 PRINT " "? 
1470 
1480 

RETURN 

1490 ' SUBROUTINE - LOAD CHARACTER 
1500 LOCATE 23,18 
1510 PRINT "wait" 
1520 DEF SEG 
1530 COFF = CBASE+8* < AC0DE--128) 
1540 IF ACQDE>127 THEN 1570 
1550 DEF SEG=&HF000 
1560 COFF-&HFA6E+8*ACODE 
1570 FOR 1= 0 TO 7 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 

A7.=PEEK < COFF + I) 
FOR J= 0 TO 7 

X7. « A7. AND 1 
A<I ,7™J)=X7. 
IF X7. THEN X$="#" ELSE X*«".M 
LOCATE 5+1,18+(7-J):PRINT X# 
A7. = INT (A7./2) 

NEXT J 
NEXT I 

,1670 DEF SEG 
1680 LOCATE 23,18:PRINT " 
1690 
1700 

RETURN 

1710 * SUBROUTINE - DISPLAY ALL SYM 
1720 LOCATE 23,18:PRINT "wait"? 
1730 FOR 1= 0 TO 7 
1740 LOCATE 15+1,1 
1750 FOR J= 0 TO 31 
1760 CH«32*I+J 
1770 IF CH>6 AND CHC14 THEN CH-32 
1780 PRINT CHR$ <CH); 
1790 NEXT J 
1800 PRINT 
1810 NEXT I 
1820 LOCATE 23,18:PRINT " "; 
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Example 7-2 j 
Solution, Continued. 

1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 

2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 

RETURN 

main program 

Set cursor 
RGW=0 : CQLUMN«0 : CURS=0 

new ascii 
GOSUB 1040 

main loop 
BLINK7.-0 
IF CURS="”1 
IF CURS=+1 

Mi 

show code & symbol 

THEN A < ROW,COLUMN)=0 
THEN A <ROW,COLUMN)*1 

blink entry 
GOSUB 790 ' place cursor 

A*=INKEY* 
DEF SEGs POKE 106.0 
IF LEN(A*) = 0 THEN 
IF LEN(A*) » 1 THEN 
IF LEN(A*) * 2 
GOTO .1980 

' CLEAR BUF 
1980 
2080 

THEN 2190 

length is 1 
CODE 1 *=ASC (A*) AND &.H5F 

2100 IF C0DE1 27 THEN 3190 ' esc 
2110 IF CODE 1 22 ASC <"E") THEN 2880 
2120 IF CODE 1 as ASCC’M") THEN 2920 
2130 IF CODE 1 33 ASC <"D") THEN 2960 
2140 IF C0DE1 S3 ASC("C"> THEN 3230 
2150 IF C0DE1 S3 ASC <"L") THEN 3270 
2160 IF C0DE1 =3 ASC(“S") THEN 3310 

GOTO 1980 

IF ASC(A*)< >0 THEN 1930 
CQDE2ssASC (RIGHT* (A*, 1) ) 
GOSUB 970 ' remove cursor 

cursor 
IF C0DE2=b7 1 THEN 2400 ' home 
IF C0DE2=73 THEN 2470 ' upper r 
IF CQDE2=79 THEN 2540 ' lower 1 
IF CQDE2~81 THEN 2610 ' lwer rah 
IF C0DE2«72 THEN 2600 ' curs up 
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Example 7-2 

Solution, Continued. 

2290 IF C0DE2-75 THEN 2730 ' curs 1ft 

2300 IF C0DE2-77 THEN 2780 ' curs rgh 

2310 
2320 ' 

IF C0DE2-80 THEN 2830 ' curs dwn 

2330 ‘ ascii code 
2340 IF C0DE2-59 THEN 3000 ' -1 
2350 IF C0DE2-60 THEN 3050 ' + 1 
2360 IF C0DE2-61 THEN 3100 " -5 
2370 IF C0DE2-62 THEN 3140 ‘ 4-5 
2380 GOTO 1980 
2390 ' 
2400 ' upper left 
2410 ' IF R0W®0 THEN R0W»S 
2420 IF CQLUMN-0 THEN COLUMNS 
2430 ROW—ROW-1 
2440 COLUMN-COLUMN-1 
2450 GOTO 1930 
2460 ' 
2470 ' upper right 
2480 IF ROW-O THEN ROW-8 
2490 IF CQLUMN=7 THEN COLUMN®-! 
2500 ROW-ROW-1 
25i0 COLUMN-COLUMN*1 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 

GOTO 1930 
■ 

lower left 
IF R0W»7 THEN ROW—1 
IF COLUMN-O THEN C0LUMN«8 
ROW-ROW*1 
COLUMN-COLUMN-1 
GOTO 1930 

o ■c. 600 ' 
2610 ' lower right 
2620 IF ROW—7 THEN ROW—1 
2630 IF COLUMN®? THEN COLUMN®-1 
2640 ROW-ROW*1 
2650 COLUMN-COLUMN*! 
2660 GOTO 1930 
2670 
2680 ' curs up 
2690 IF ROW - 0 THEN ROW » 8 
2700 ROW-ROW-1 
2710 GOTO 1930 
2720 ' 
2730 ' curs left 
2740 IF COLUMN-O THEN COLUMN - 8 
li?L ..* . _« ‘ ..\s£..£S 
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Example 7-2 

Solution, Continued. 

2750 
2760 
2770 
2780 
2790 
2800 
2810 
2820 
2830 
2840 
2850 
2860 
2870 
2880 
2890 
2900 
2910 ' 
2920 
2930 
2940 
2950 ' 
2960 ' 
2970 
2980 
2990 ' 
3000 ' 
3010 
3020 
3030 
3040 ' 
3050 ' 
3060 
3070 

3090 ' 
3100 ' 
3110 
3120 
3130 
3140 ' 
3150 
3160 
3170 
3180 ' 
3190 ' 

COLUMN-COLUMN-1 
GOTO 1930 

curs right 
IF C0LUMN=7 THEN COLUMN « 
C0LUMN=C0LUMN+1 
GOTO 1930 

curs down 
IF R0W=7 THEN ROW « -1 
R0W=R0W+1 
GOTO 1930 

erase 
CURS«-1 
GOTO 1930 

move 
CURS=0 
GOTO 1930 

draw 
CURS=+1 
GOTO 1930 

ascii -1 
IF ACODE-O THEN 3030 
ACODE =AC0DE-1 
GOTO 1900 

ascii +1 
IF AC0DE=°255 THEN 3080 
ACODE “ACODE+l 
GOTO 1900 

ascii -5 
IF AC0DE<5 THEN 3130 
ACODE “ACODE-5 
GOTO 1900 
ascii +5 
IF ACODE>250 THEN 3170 
ACODE *ACGDE+3 
GOTO 1900 1 

escape from 

Si 

mi 

3200 LOCATE 23,1 
3210 
3220 ' 

GOTO 3350 

3230 ' clear ' 
3240 GOSUB 1130 ' clear 
3250 
3260 ' 

GOTO 1940 

3270 ' 1 oad 
3280 GOSUB 1490 ' load 
3290 
3300 ' 

GOTO 1840 

3310 ' save 
3320 GOSUB 1270 ' save ■ 
3330 
3340 J 

GOTO 1900 

3350 END 

FONT EDITOR 

ASCII CODE: 129 

n--h nth 

iiiS::: FIB ESCAPE 

s;SSii:S 
Figure 7-6 

Font Editor 

li 
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Before we describe how this program works, let’s describe 
how you operate it. When the program signs on, it displays an 
enlarged dot matrix work area in the center of the screen. A 
cursor blinks in one of the dot positions of this matrix. You 
can move the cursor up, down, left, and right within the work 
area by means of the cursor keys. In addition, you can move 
the cursor diagonally by means of the “corner” keys next to 
the cursor keys (see Figure 7-7). Moving diagonally facilitates 
the drawing of diagonal parts of the character symbols. 

On the right of the screen is a display of the cursor and 
character commands. With cursor commands, D (DRAW) 
causes the cursor to turn dots on wherever it goes, E 
(ERASE) causes the cursor to turn dots off wherever it goes, 
and M (MOVE) allows the cursor to move nondestructively 
around the dot matrix work area. With character commands, 
C (CLEAR) clears the dot matrix, L (LOAD) loads the dot 
matrix work area on the screen from the dot matrix of the 
current ASCII code (as indicated on the left side of the 
screen), and S (SAVE) saves the dot matrix on the screen into 
memory for the current ASCII code. Finally, function key Flo 

allows you to exit the program. 
On the left side of the screen, the current ASCII code and 

the current symbol for that code are displayed. The symbol 

Figure 7-7 

Corner and Cursor Keys for 
the Font Editor 
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will not necessarily agree with the dot matrix work area on 

the screen until after a LOAD or SAVE command is typed. 

You can increase or decrease the current ASCII code in steps 

of 1 or 5 by means of the function keys Ft, F2, F3, and F4, as 

indicated on the screen. You can think of Fl and F2 as the 

“local” keys, because they increase or decrease the current 

ASCII character by 1, and F3 and F4 as the “express” keys, 

because they increase or decrease the current ASCII value by 

5. At the bottom of the screen the complete extended ASCII 

code in 4 rows of 64 characters is displayed. 

Now let’s look at how this program works. The matrix A is 

dimensioned as 7 X 7 to hold the 8X8 pattern for the charac¬ 

ter symbol currently being edited. The screen is set to 

medium-resolution mode and is cleared; the function keys at 

the bottom of the screen are turned oft and the function keys 

Fl, F2, F3, F4, and Flo are redefined. In lines 280-350, an area 

in memory is reserved for the characters, and pointers are set 

up so BASIC knows how to find these characters. The charac¬ 

ters will be stored in memory starting at address 4000 (hex¬ 

adecimal), or 16,384 bytes into the BASIC data segment. This 

allows plenty of room for the BASIC font editor program, 

which uses about 8K. 

As documented in the IBM PC Technical Reference man¬ 

ual, the operating system and BASIC maintain certain “point¬ 

ers” (locations containing addresses of other locations) in the 

bottom segment of memory (segment number 0). Some of 

these pointers indicate where the patterns for our text char¬ 

acters can be found. Since we are defining our own set of 

characters, we need to initialize these pointers. 

In particular, locations 7C through 7F (hexadecimal) con¬ 

tain a 4-byte pointer to the tables for defining the characters 

with ASCII codes 128-255. The bytes 7C and 7D contain the 

offset (which we set in lines 310-320 to 4000 hexadecimal), 

and bytes 7E and 7F contain the segment number (which we 

set in lines 330-340 to the segment number for the BASIC 

data segment as stored in bytes 510 and 511). 

After loading these values we set the BASIC data segment 

back to its default value. We also set an initial value of 128 for 

the current character ASCII code (128 is the first one we can 

edit). 
The next section of the program (lines 390-750) sets up the 

screen with such things as a title, work area, various labels, 

and a display of all characters. 

Custom and Graphics Characters 321 



Now we jump to the main program, skipping over several 

useful subroutines that are used to place and remove the cur¬ 

sor from the work area, show the ASCII code and symbol on 

the screen, load the character from memory onto the screen, 

save the current character, and display all characters. 

The main program has several entry points for its basic 

loop structure. Line 1870 (set cursor) is used every time a new 

character is loaded from memory, line 1900 (new ascii) is 

used every time the current ASCII code is changed, line 1930 

(main loop) is used every time the cursor is moved, and line 

1980 (blink entry) is used if no key or a wrong key was 

pressed. This entry keeps the cursor in the work area blink¬ 

ing. The blink happens every 20 cycles of this loop. The sub¬ 

routine that places the cursor (lines 790-950) does the 

blinking. 

The next section (lines 2010-2380) gets your keystroke 

(through the INKEY$ function) and tries to match it with the 

appropriate action. Some keystrokes cause a string of length 

1 and some cause a string of length 2. A length 0 indicates 

that no key was pressed. The double character strings corre¬ 

spond to keys on the left and right sides of the keyboard, 

namely the function and cursor keys. We wish to use the reg¬ 

ular cursor keys plus the keys at the corner positions. We will 

use these corner keys to indicate diagonal motions. Because of 

this, we cannot use interrupt I/O, as in several of the exam¬ 

ples in previous chapters. 

After the main loop there are procedures to service the 

various keystrokes (lines 2400-3330). They include moving the 

cursor, selecting a new character, and exiting the program. 

We will not describe them, but you are welcome to explore the 

code yourself 

You should note there is no direct provision in our pro¬ 

gram for permanently saving a character set. However, this 

can easily be done using the BSAVE command. The following 

line can be used to save the current character table in the file 

CTABLE.BAS: 

BSAVE “CTABLE”, &H4000, 1024 

Now when you want to use this character set in another 

program (graphics mode only), you reload this table by set¬ 

ting the desired segment where you want the character set 

with the DEF SEG command and the BLOAD command. 
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For example, you can retrieve the file you saved with the 

command 

BLOAD “CTABLE” 

You must also set the pointers in low memory to point to this 

offset and segment, as we did in lines 300-350. Once this is 

done, the characters should be available for your use. In the 

next example we will demonstrate how to use custom charac¬ 

ters that have been defined using this font editor. 

CHARACTER ANIMATION 

In this section we present a short example of how custom 

characters can be used to create animation. In particular, we 

shall show how to make a program that displays a little man 

walking on your screen.* The man is constructed by drawing 

him on graph paper in a series of five positions. Each position 

is called an animation frame. Each frame is broken up into 

six 8 X 8 blocks. We have a separate custom character for 

each block of each frame. This requires a total of 30 custom 

characters. The characters, shown in Figure 7-8, are placed 

in the dot matrices for extended ASCII codes 128 through 157 

with the font editor. 

The main idea of the animation program is to display 

these frames in sequence over and over again. This is called 

the animation sequence. Thus, as the program “walks” through 

the animation sequence, the man walks on the screen. To do 

this, the program merely prints these custom characters on 

the screen in the right positions, using the LOCATE com¬ 

mand in the right sequence. 

Before you run the program, run the font editor from the 

last example, and form all of the ASCII codes shown in Fig¬ 

ure 7-8. After you exit the font editor, save the new characters 

with the command 

BSAVE “WALKCHAR”, &H4000, 1024 

*Our patterns for the walking man are courtesy of Mitch Waite and are from 
Computer Animation Primer by David Fox and Mitch Waite (Peterborough, 
N.H.: Byte Books, 1982). 
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128 

130 

♦ *♦♦♦♦♦ 
♦ *♦♦*♦» 
******* 

♦ ♦♦*♦»* 
♦ ♦♦♦♦»* 

*♦♦♦»♦* 
♦♦♦*♦XX 

♦ ♦ ♦ XXX A. 

♦♦XXX♦X 
♦ XXX * XX 

♦ XX♦ * X x 

♦ ♦ ♦ ♦ X X X 

♦ * * *XXX 

♦♦♦XXXX 

X X XIX X X t * 

132 

XXX*♦♦♦♦ 

XIXIX * * * * 

XX * » ♦ * 

****** 

»*♦♦♦* 

• *♦♦♦* 

*♦♦♦♦* 
****** 

♦♦♦XXX♦* 

* * xxxxx♦ 
♦♦xxxxx* 
♦*xxxxx♦ 
♦ * ♦XXX * * 

XXXX♦ ♦ ♦ ♦ 

XXXX♦♦♦* 

129 134 

X X X X * * * ♦ 

X X X X * * * * 

XXXX♦♦XX 
X X X X X X X X 

xxt xxx« i 131 
XX ****** 
XX ****** 

XXX * * ♦XX 

♦ X A- A. ♦ X X ♦ 

♦ * A- X X X ♦ * 

♦ » * XX * ♦ ♦ 

******** 

/»»»*»*» 

******** 

******** 
******** 

133 138 

135 

137 

139 

141 

143 

145 

147 

149 

151 

153 

155 

157 

Figure 7-8 

Dot Matrices for the Frames 
of the Walking Man 
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EXAMPLE 7-3 

WALKING MAN 

Make an animation program in which a man walks on 

your screen. Break the man into blocks with each block 

controlled by custom characters. One frame of the 

animation is shown in Figure 7-9. 

Solution 

100 ' WALKINS MAN 
110 ' 

120 GOTO 250 
130 ' 
140 ' subroutine - frame 
150 G=»128+6*F 
160 LOCATE 10.10 
170 PR INT CHR* < 3+0> 5 CHR* < G+1) 
180 LOCATE 11.10 
190 PRINT CHR$(G+2>:CHR$(Q+3> 
200 LOCATE 12,10 
210 PRINT CHR$(G+4);CHR$(8+5) 
220 FOR I«1 TO 20s NEXT 
230 RETURN 
240 ' 
250 ' load walk characters 

255 CLEAR , &H8000 
260 DEF SE6-0 
270 POKE 8<H7C, 0 
280 POKE 8<H7D, &H40 
290 POKE &H7E , PEEK. (&H510) 
300 POKE ?<H7F , PEEK < 8<H511) 
310 DEF SEG 
320 BLOAD "WALKCHAR" ,&H8000 
330 ' 
340 SCREEN 1 s CLS 
350 ' 
360 ' main loop 
370 FOR F » 0 TO 4 
380 GOSUB 130 ' frame 
390 NEXT F 
400 GOTO 370 ■ 
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The program is short and simple. Each frame is drawn 

with the subroutine (lines 140-230). In this subroutine, we 

compute an offset G from F, the frame number. G selects the 

particular section of the extended ASCII code containing the 

custom characters for that frame. For each of the three rows 

of the man, we use the LOCATE command to set the position 

of the cursor and then print with the CHR$ function to place 

two custom characters on that row. At the end of the subrou¬ 

tine is a delay loop (line 220). 
The main part of the program extends from line 360 to 

line 400. It first loads our character set and then runs 

through the five frames (with F from 0 to 4) over and over 

again in an endless loop, producing the animation sequence. 

Next, we turn our attention to some fun and games. We 

will show how the colorful text mode can be used to make a 

Ping-Pong game. 

COLORING TEXT CHARACTERS 

In Chapter 3 we saw that each character on the screen can 

be colored separately by placing attributes directly into 

memory. However, the “official” way to set the coloring of 

characters in the text mode is by the COLOR command. In 

previous chapters, we used this command to set the fore¬ 

ground palette and the background color in the medium- 

resolution graphics mode. Here we will explore how to use it 

to color characters in the 40-column text mode. 

In text mode, the syntax for the COLOR statement is 

COLOR [foreground] [.background] [.border] 

Here, foreground is the foreground color for the next charac¬ 

ters to be printed, background is the background color for the 

next characters to be printed, and border is the color of the 

border. Any omitted parameters retain their old values. The 

same numerical color codes are used, as discussed in the pre¬ 

vious chapters. 
Now we present a simple Ping-Pong game to illustrate the 

use of the COLOR statement. This program will illustrate a 
number of other ideas, including animation. 

In this game, there are two players. Player #1 (on the left 

side of the screen) uses the function keys Fi and F3 to move 
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the left paddle up or down, and player #2 uses the CURSOR UP 

and CURSOR DOWN keys to move the right paddle up and 

down. The ball can bounce off the paddles or the side walls. If 

the ball hits a paddle off-center, it is deflected at an angle. 

Each time a player lets the ball get past (go out of bounds), 

the game stops and the other player gets a point. Play is 

resumed by hitting any key. 

This program uses the SOUND command to make the 

play more interesting. 
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EXAMPLE 7-4 

PING-PONG GAME 

Design a Ping-Pong game. Use the COLOR statement to 

color the walls, paddles, and ball different colors. The 

playing field is shown in Figure 7-10. 

Solution 

1 DO ' 

HO ' 

120 
130 
140 
150 ' 
160 
170 
180 
190 
200 ' 

210 ' 

220 ' 

230 
240 

PING-PONG GAME 

SCREEN 0,1 
KEY OFF 
S*»SPACE*<37) 

text mode 

ON 
ON 
ON 
ON 

KEY<1) 
KEY <3> 
KEY <11) 
KEY(14) 

start 

KEY(1) 
KEY(3) 

GOSUB 
GOSUB 
GOSUB 
GOSUB 

1490 
1550 
1610 
1670 

250 KEY(11) ON 
260 
270 
280 
290 
300 
310 
320 
330 

350 

KEY(14) 

starting position 
12 s 
12 
20 

BCOUNT-O 

15,0 

Y1SCR 
Y2SCR 
YQLD 
DELY 
PAD2 

ILOR 
CLS 
print 
LOCATE 
LOCATE 

Y1 
Yi 
12 
0 

-1 

the scores 
1,1 ! 

1,35; 

side walls 
COLOR 1,1 
LOCATE 2,2 
LOCATE 24,i 

PRINT 
PRINT 

PLAYER1; 
PLAYER2; 

PRINT 
I NT iisifili 
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Example 7-4 

Solution, continued. 

470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 

790 
800 
810 
820 
830 
840 
850 
86 Oj 
870 
880 
890 
900 
910 
920 

main loop 
SND = 0 ' sound off 

update paddle #1 if needed 
IF NOT<PADI OR PAD2) THEN 820 
IF NOT PAD1 THEN 670 
PAD1*0 
erase old paddle 
COLOR 15,0 
LOCATE YlSCR-l, 1,0: 
LOCATE Y1SCR , 1,0s 
LOCATE YISCR+1, 1,0: 
make new paddle 
Y1SCR * Y1 
COLOR 15,4 
LOCATE YlSCR-l, 1,0: PRINT 
LOCATE Y1SCR , 1,0: PRINT 
LOCATE YiSCR+1, 1,0: PRINT 

PRINT •• 
PRINT “ 
PRINT " "j 

update paddle #2 if n 
IF NOT PAD2 THEN 820 
PAD2=0 
erase old paddle 
COLOR 15,0 
LOCATE Y2SCR-1, 39,0:PRINT " 
LOCATE Y2SCR , 39,0:PRINT “ 
LOCATE Y2SCR+1, 39,0:PRINT " 
make new paddle 
Y2SCR * Y2 

770 COLOR 15.2 
780 LOCATE Y2SCR-1, 39,0:PRINT " 

LOCATE Y2SCR , 39,0: PRINT ,l 
LOCATE Y2SCR+1, 39,0:PRINT " 

update position of ball 
IF BCOUNTOO THEN 860 
X * XOLD + DELX 
Y » YOLD + DELY 
BCQUNT*(BCOUNT +1) MOD 2 

IF X< >2 THEN 1040 
SND * 500 
DELX * 1 
IF Y < Y1 SCR-1 THEN 980 
IF Y > YISCR+1 THEN 980 

out on 1ef t 
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Example 7-4 ] 
Solution, continued. 

— 

v,;'„ • 

960 
970 

: GOTO 
GOTO 

930 IF V 
940 IF Y 
950 DELY 
960 DELY 
970 DELY * 1 : SND-1000 :GOTO 
980 COLOR 15,0 
990 LOCATE YOLD,3,Os PRINT " 
1000 LOCATE Y, 2,0 sPRINT 
1010 F'LAYER2®F‘LAYER2+1 
1020 GOTO 1320 
1030 ' 

Y1SCR-1 THEN 
Y1SCR+1 THEN 

0 s SND«500 
-1 : SND®1000 

1200 
1200 
1200 

"*out”; 

1040 IF X< >38 THEN 1210 'out on rqht? 
1050 SND « 500 
1060 DELX - -1 

Y2SCR-1 THEN 1070 IF Y < 1140 
1080 IF Y > Y2SCR+1 THEN 1140 
1090 IF Y * Y2SCR-1 THEN 1120 

1100 IF Y = Y2SCR+1 THEN 1130 
1110 DELY « 0 s SND»500 :GOTO 1200 
1 120 DELY » -1 5 SND®1000 s GOTO 1200 
1130 DELY « 1 s SND®1000 3 GOTO 1200 
1 140 COLOR 15,0 
1150 LOCATE YOLD, 37,0s PRINT " " 
1160 LOCATE Y,35,0 SPRINT "out*" 
1170 PLAYER1«PLAYER1+1 
1180 GOTO 1 320 
1190 ' 
1200 ' hit side wal1s? 
1210 IF Y = . : 5 THEN DELY » 1s SND=600 
1220 

1230 ' 
IF Y * 2‘ 5 THEN DELY ® ~1s SND®600 

1240 ' redraw the ball 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 

COLOR 14.0 
LOCATE YOLD,XOLD.O s PRINT 
LOCATE Y, X,0 s PRINT 
XOLD - X s:YOLD » Y 
IF SND THEN SOUND SND,2 
GOTO 480 ' back -for more 

out o-f bounds 
KEY <1) OFF 
KEY < 3> OFF 
KEY(11) OFF 
KEY(14) OFF 

1380 ' glissando 
[ ^ A ^ ^ i v- ;£> 

1360 
1370 

_ 

£ fMwM <’ 

WitMM 

■ 
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Example 7-4 
--- 

Solution, continued. 

1390 FOR 1-2000 TO 400 STEP -100 
1400 SOUND 1,1 
1410 NEXT I 
1420 ' clear buffer for pause 
1430 DEF SEG * POKE 106,0 
1440 LOCATE 25,1 ||§g 
1450 PRINT"press any key to restart"! 
1460 A*»INPUT*<1> 
1470 GOTO 210 ' restart game 
1480 ' 
1490 ' player #1 up 
1500 Y1 - Y1 - 1 
1510 IF Y1 < 2 THEN Y1 « 24 
1520 PAD1 » -1 
1530 RETURN 
1540 ' 
1550 ' player #1 down 
1560 Y1 ■ Y1 + 1 
1570 IF Y1 > 24 THEN Y1 - 2 
1580 PAD1 * -1 
1590 RETURN 
1600 ' 
1610 ' player #2 up 
1620 Y2 — Y2 - 1 
1630 IF Y2 < 2 THEN Y2 <* 24 
1640 PAD2 ■ -1 
1650 RETURN 
1660 ' 
1670 ' player #2 down 
1680 Y2 - Y2 + 1 
1690 IF Y2 > 24 THEN Y2 - 2 
1700 PAD2 « -1 Figure 7-10 
1710 RETURN ■ Ping-Pong Game 

Looking at this example closely, we see that the program 

uses interrupt I/O (see Chapter 4 for details). There is a main 

loop (lines 480-1300) in which the positions of the ball and the 

paddles are updated as needed. Service routines (lines 1490- 

1710) respond to the four active keys used in this game by 

Custom and Graphics Characters 331 



updating the variables Y1 and Y2, which control the position 

of the paddles. There is a special routine (lines 880-1180) to 

handle the cases when the ball goes out of bounds. Notice that 

the function keys are disabled during this routine and that 

the DEF SEG and POKE 160,0 commands are used to clear 

the buffer before the INPUT$ function is used to stop the 

game temporarily. This makes a clean break in the play. 

Without this POKE, the switch from interrupt-driven I/O to 

the INPUT$ function I/O will not work correctly. 

Now let’s see how the COLOR statement is used in this 

program. First look at the side walls. You can see that they 

are ASCII spaces whose background color is blue. The 

paddles are also colored spaces. One paddle is colored green 

and the other red. To move a paddle (lines 510-800), we erase 

the old paddle by setting the background color to black and 

placing spaces over the old paddle position. Then we write 

the new paddle by setting the background color appropriately 

and again placing spaces. This time the spaces are in the new 

paddle position. 

The ball is a yellow asterisk. The foreground color is used 

with the intensity bit on. Notice in lines 1240-1290 that the 

ball is replaced right after it is erased. XOLD and YOLD 

help keep track of where the ball was last time so that the 
erasure works properly. 

PAGE FLIPPING 

In the text mode only, the SCREEN command can be used 

to create animated effects using what is called page flipping. 

We have already seen how the SCREEN command can be 

used to put the graphics adapter into text mode or into the 

two graphics modes; we now explore its additional purpose 

associated with page flipping, namely, the assignment of the 
active and the visible page. 

The syntax for the SCREEN command is 

SCREEN [mode] [.[burst] [,[apage] [,[vpage]]] 

Here, mode and burst are defined as before, and the last two 

quantities (apage and vpage) determine the active and visible 
pages, respectively. 
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In the text modes, the screen memory is divided into sev¬ 

eral pages. The 40-character text mode has four pages. At 

any particular time only one page is active and only one is 

visible. The active page is the page on which you can print or 

place your cursor. The visible page is the one that is currently 

being displayed. Normally, both of these pages are the same. 

The ability to draw on a page that is not visible is the secret 

of certain types of animation. Unfortunately, the IBM PC 

falls short in this area. You cannot define custom characters 

or invoke graphics commands while you use page flipping. 

This would require twice the amount of screen memory that 

is available. 

Because of these limitations, our page flipping example 

will be rather limited. We will simply show an expanding 

double-walled box. Other effects are possible, but it is diffi¬ 

cult to draw things with the limited choices a fixed character 

set offers. Perhaps once you see how this method works, you 

will be able to mix in your creative character capabilities to 

achieve some interesting effects. 
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EXAMPLE 7-5 

SIMPLE ANIMATION SEQUENCE 

Use page flipping to make an animation sequence. Use all 

four pages of the 40-character text mode. Show a box 

getting larger and smaller. The box is shown in Figure 

7-11. 

Solution 

100 ' 

110 ' 

120 
130 ' 
140 
150 
160 ' 
170 ' 
180 ' 
190 ' 

200 
210 
220 
230 ' 
240 ' 
250 
260 
270 
280 
290 
300 ' 
310 ' 
320 
330 
340 
350 ' 
360 
370 ' 
380 ' 
390 ' 
400 
410 
420 
430 
440 : 

ANIMATION SEQUENCE 

FOR I » 0 TO 3 
iv y"Vji: v2‘- ■*? 

SCREEN 0, 0, 1, I 
CLS 

draw a box 

top 
L$«STRING$(2*1+1,205) 
L*=CHR$ <201)+L*+CHR*(187) 
LOCATE 10-1,18-1»PRINT L*? 

middle 
Lf“STRINGS(2*1+1,32) 
L*=CHR* <186)+L#+CHR$(186) 
FOR J » 1 TO 2*1+1 

LOCATE 10--I+J , 18-1: PRINT L*| 
NEXT J 

bottom 
L$«STRING*(2*1+1,205) 
L*;«CHR*<200> +L$+CHR* (188) 
LOCATE 10+1+2,18-I:PRINT L$; 

NEXT I 

animation sequence 

SCREEN 0,0,0,0 
GOSUB 580 
SCREEN 0,0,1,1 
GOSUB 580 
SCREEN 0,0,2,2 
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Example 7-5 

Solution, continued. 

450 GQSUB 580 
460 SCREEN 0,0,3,3 
470 GQSUB 580 
480 SCREEN 0,0,3,3 
490 GQSUB 580 
500 SCREEN 0,0,2,2 
510 GQSUB 500 
520 SCREEN 0,0,1,1 
530 GOSUB 580 
540 SCREEN 0,0,0,0 
550 GOSUB 580 
560 GOTO 380 
570 ' 
580 ' SUBROUTINE - DELAY 
590 FOR K*1 TO 40:NEXT K 
600 RETURN 

* 

Figure 7-11 
Page Flipping 

Lines 120-360 contain a FOR loop that draws a different¬ 

sized box in each of the four pages of the screen. The index of 

the FOR loop is used to specify the page as well as the size of 

the box. You can see the boxes being drawn. This is not yet 

animation. 

The rest of the program does the page flipping. See how 

fast the pages flip. In fact, we must introduce a delay to slow 

down the flipping so that we do not see double or triple 

images of the boxes. 

CONCLUSION 

In this chapter, we have discussed character graphics and 

have investigated how characters are stored and generated in 

the various modes of the IBM PC. We have also seen how 

character graphics can be used in games and animation. 
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This chapter explores some deeper levels of your IBM PC. 

You will learn how to program the Motorola 6845 video con¬ 

troller chip, which lies at the heart of your Color/Graphics 

Adapter. You will see how to send the chip commands to 

create new text and graphics modes. You will also see how to 

program some bits that correspond to switch settings on the 

adapter board. 

In previous chapters we have seen that it is possible to 

accomplish quite a bit with only the BASIC graphics com¬ 

mands for changing modes: SCREEN, WIDTH, and COLOR. 

In this chapter we show how even more is possible with spe¬ 

cial programming. 

This special programming uses the OUT command in 

BASIC to send bytes to a special set of addresses housed in 

what is called the I/O space of the machine. Using this 

BASIC command will enable us to access the I/O space 

directly and thus program the Color/Graphics Adapter and 

the video chip that makes it run. 

With this added control, we will show you how to do such 

things as squeeze the display, scroll it horizontally and ver¬ 

tically, and completely reformat it. We will also introduce you 

to some new, more colorful graphics modes. 
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THE 6845 I/O PORT5 

As we indicated in the introduction to this chapter, we will 

be communicating directly with the adapter board and its 

video chip through I/O ports. These ports are individual 

addressable 8-bit cells in the I/O space of the computer. The 

I/O space is like main memory only with a smaller range and 

with special, more limited ways to access it. Both memory 

cells and ports have bits that can be modified. However, not 

all bits in an I/O port need to be changeable. I/O ports are 

usually connected electronically to the I/O devices in your 

system rather than to any memory; thus, instead of storing a 

bit pattern in a cell, you are really sending bits to a device in 

your system. I/O ports help the programmer interface with 

such devices as printers, keyboards, communication lines, 

and video boards. To see which ports to use and what to put in 

them, you can browse through the IBM PC Technical Refer¬ 

ence manual. The I/O devices in your system and the I/O loca¬ 

tions (ports) that are hooked to them are described here. 

On older 8-bit machines other than the IBM, there are 

only 256 I/O ports with addresses 0 through 255. With the 

newer 8088 16-bit microprocessor that the IBM PC uses, the 

I/O space has 65,536 ports. However, only a small number of 
these are actually used. 

We will be interested in the seven I/O ports that are used 

to access the Color/Graphics Adapter. They are shown in 

Table 8-1. In Chapter 9, we will look at the ports that are 

Table 8-1 

Color/Graphics Adapter Ports 

Addresses (in hex) Description 

3D0 6845 index register 
3D1 6845 data register 
3D8 Mode control 
3D9 Color select 
3DA Status* 
3DB Clear light pen* 
3DC Preset light pen* 

*Not covered in this book 
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connected to the Monochrome Adapter. We will be interested 

in only four of the Color/Graphics Adapter ports—the ones 

that directly control modes and colors. Two of the other ports 

are used in conjunction with a light pen, which we will not 

use, and one other is used for status, which we will not need. 

Of the four ports we will use, two provide direct access to the 

Motorola 6845 video chip, and two are used to set certain bits 
on other parts of the adapter board. 

PROGRAMMING 
THE 6845 VIDEO CONTROLLER 

The Motorola 6845 video chip acts as the “traffic man¬ 

ager” for the Color/Graphics Adapter. Its job is to provide the 

horizontal and vertical synchronization video signals and the 

digital addresses that scan through the video RAM as the pic¬ 

ture is being displayed. The video chip also provides informa¬ 

tion for scanning through the rows of the dot matrix for each 

row of characters. The chip is designed by Motorola for dis¬ 

play of text, but the clever IBM engineers have made it do 

double duty: displaying both text and graphics. 

This video chip has 18 internal 8-bit memory cells called 

registers. These registers can be individually programmed 

(loaded with values that you specify). These registers hold 

such information as the number of bytes per line and the 

number of lines that are displayed on the screen. Fortunately, 

the computer automatically loads these registers for you upon 

start-up and whenever you change modes. However, we will 

see how to override these selections. 

In Table 8-2, we show the two output port addresses that 

are used to do special programming of the 6845 video chip on 

the Color/Graphics Adapter. Through these ports we will 

send bits to all 18 internal registers of the 6845 video chip to 

change some timing parameters of that chip. 

Now let’s take a closer look at these two ports. Port 3D0 

(hex) is called the index register. When you send a number 

between 0 and 17 to this port, you tell the chip which of the 18 

internal registers of the 6845 you wish to access next. To 

make this selection, use the BASIC command 

OUT &H3D0, number 
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4 

Table 8-2 

Output Port Addresses for the 6845 Video Controller 

Port address 

(in hex) 

Name of 

register 
Description 

3D0 Index Selects internal register on 
the 6845 

3D1 Data Holds data for the register 
selected with port 3D0 

where number is a number from 0 to 17 (decimal) correspond¬ 
ing to one of the 18 registers. This command only “sets up” a 
communications channel or pathway. It does not in itself send 
any useful information to the chip or the board. You can think 
of it as opening the proper “door” to the desired internal 
register. 

To send information, the previous command would then be 
followed by another command 

OUT &H3D1, value 

where value is the value that you want to send to the pre¬ 
viously selected 6845 internal register. Note that the address 
in this case is the address of the data port. This command 
sends the value to the adapter where it goes into the 6845 
internal register that you just selected with the previous OUT 
command. 

Most of the internal registers are write-only, which means 
you can only send data to them. However, registers 12 
through 17 are read-write, which means you can also read 
their internal values. To read the value of a register, put the 
number of the register on port 3D0 (hex) as we did before, 
and then give the command 

IN &HD31, variable 

The variable will then contain the value. Table 8-3 lists what 
these internal registers do. 

The first four registers (0-3) control the horizontal timing 
and the next five registers (4-8) control the vertical timing. 
Before we start detailed discussions of each register, it is 
important for you to recall what was said in Chapter 1 about 
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Table 8-3 

6845 Internal Registers 

Register 
Initial Values 

40-column 80-column 
number Function text text Graphics 

0 Horizontal time total 56 113 56 
1 Horizontal bytes displayed 40 80 40 
2 Horizontal synchronization position 45 90 45 
3 Horizontal synchronization width 10 10 10 
4 Vertical lines total 31 31 127 
5 Vertical adjust 6 6 6 
6 Vertical lines displayed 25 25 100 
7 Vertical synchronization position 28 28 112 
8 Interlace mode 2 2 2 
9 Maximum scan line 7 7 1 

10 Cursor start 6 6 6 
11 Cursor end 7 7 7 
12* Memory start address (high) 0 0 0 
13* Memory start address (low) 0 0 0 
14* Cursor address (high) 0 0 0 
15* Cursor address (low) 

16* Light pen (high) 

17* Light pen (low) 

*Can be read from or written to 

0 0 0 

how a TV picture is generated. In particular, you should 

remember that the picture is generated by an electron beam 

traveling through a zigzag raster scan pattern on the face of 

the picture tube. This pattern consists of two hundred left-to- 

right scan lines that are swept out one by one as the beam 

moves from the top to the bottom of the screen. Each trip 

through the raster is called a field. With an interlaced dis¬ 

play, two fields form a frame to make a complete picture. 

At the beginning of each horizontal line and at the begin¬ 

ning of each field, the IBM PC sends special synchronization 

signals so that a TV or video monitor can correctly follow and 

then reproduce this raster pattern. 

The first nine internal registers of the 6845 control the 

timing of the horizontal and vertical motions described here, 

including the timing of the synchronization signals. The 

parameters in these registers specify both the total time 

(including retrace time) and the time that the picture is actu- 
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ally being displayed. Fortunately, the parameters in these 

internal registers allow you to make the actual display time 

as small a part of the total as you need to ensure that the 

active part of the display will fall well within the visible part 

of the screen. Other registers can also be used to move the 

display to the left or to the right on the screen so that it is 

properly centered. 
The ultimate timing of the signals put out by the video 

chip is based upon a special character clock signal that is 

supplied by the Color/Graphics Adapter on which the video 

chip is mounted. This timing signal oscillates at a frequency 

that depends upon the graphics or text mode that the board is 

set for. The frequency at which this signal oscillates is called 

the character clock frequency. We will see later how to set a 

certain bit that tells the board which of two possible frequen¬ 

cies to generate. 

In the 80-column text mode, the character clock frequency 

is half the 3.579545 megahertz color subcarrier frequency 

described in Chapter 1. Thus, the character clock frequency 

is 1.7897725 megahertz in this mode. As a result, each color 

clock cycle takes about 279.4 nanoseconds (billionths of a 

second), and each character clock cycle takes about 559 

nanoseconds. Thus, in this mode each character clock takes 

two color clock cycles. This means that there can be at most 

two color changes horizontally across each character in the 

80-column mode if you use an ordinary NTSC color TV. 

For all the other modes, the clock frequency is one-quarter 

the color subcarrier frequency, which means that for these 

modes each character clock takes four color clock cycles. This 

provides much better color resolution with four possible color 

changes horizontally across each character. We will use these 

numbers later to figure out how to program the 6845 video 
chip. 

INDIVIDUAL REGISTERS 
OF THE 6845 

The 6845 internal registers are grouped into horizontal 

control, vertical control, internal control, cursor control, and 

memory scanning control. We start with the horizontal con- 
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Horizontal 

Registers 

trol registers. These control the timing of the individual scan 

lines of the display. 

Our examples in this section require the TEXT program 

that is given in Example 2-1. It displays an uppercase “A” in 

40-column text mode with all its possible attributes. 

Register 0, horizontal time total, determines the total 

number of character clock cycles per horizontal line of the 

display. It actually contains one less than the total. This is 

because if we count from 0 to this number we will arrive at 

the desired total. Some of the 6845 registers work in this 

manner (counting from 0), and some contain the actual count. 

There is some inconsistency in the way these registers are 

designed. This is because they are set up in a way that is 

natural for the chip and not for those who have to program it. 

This horizontal time total (register 0) determines the total 

time from when the beam starts one scan to when it starts the 

next scan line. This includes time that the beam is on for dis¬ 

play as well as when it is off during overscan and retrace. 

For the 80-column text mode, the IBM PC automatically sets 

register 0 equal to 113, and thus the true total is 114. Since 

each character clock cycle in this mode is equal to two color 

clock cycles, each line will take 228 color clocks. This is 

almost, but not exactly, equal to the IEEE standard of 227.5 

color clocks per line. But most monitors will forgive a dis¬ 

crepancy quite a bit larger; that is, they will adjust to pro¬ 

duce a good picture even if the timing is not exactly the 

standard. 

In the other modes, the IBM PC sets register 0 to the 

value of 56, which gives a true total of 57 character clocks per 

line. Since in these modes each character clock is worth four 

color clocks, each horizontal line contains 228 color clocks, 

the same as we just found for the 80-character text mode. 

As an example of how you can program this register, type 

the following line at the end of the program from Example 

2-1: 

310 OUT $<H3D0, 0 : OUT &H3D1 , 55 

You should see the display stretch a bit because a horizon¬ 

tal total smaller than the usual 56 is being used to cover the 

same size line on the screen. Thus, register 0 allows us to 

shrink and stretch the display. Looking closely at this line of 

code, you can see that register 0 is selected with the first OUT 

command (to the 6845 index port), and then the value 55 is 
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loaded into that register (through the 6845 data port) with the 

second OUT command. Other values may make your screen 

unreadable. 
Register 1, horizontal bytes displayed, determines the 

actual number of character positions or bytes of the video 

RAM that are displayed per line. This number must be less 

than the horizontal total discussed previously. For a striking 

example of how this register works, type in the following line 

at the end of the example right after the last line you just 

typed in: 

320 OUT &H3D0, 1 s OUT &H3D1, 32 

You will see the display suddenly squeeze itself, showing only 

32 characters per line instead of the usual 40. You will see the 

blue border fill up the space left by the missing eight charac¬ 

ters per line. Notice that this particular line of BASIC 

changes the mapping so that the first 32 characters map to 

the first line on the screen, the second 32 characters map to 

the second line, and so on. This is a key to producing new 

modes. 
Register 2, horizontal synchronization position, is used to 

position the display horizontally. You can load almost any 

value between 1 and the horizontal time total into this regis¬ 

ter. However, some values may cause the display to disappear 

or become illegible. This depends somewhat upon your TV or 

monitor. For the 80-column text mode, the IBM PC automat¬ 

ically loads this register with the value 90, and for all other 

modes, it loads 45 into this register. You can think of the syn¬ 

chronization signal as following the time period in which the 

characters are displayed. This is just the opposite view of the 

usual one in which the horizontal synchronization signal is 

said to start the line. As a result, you should choose large 

values—between the value in register 1 and the value in reg¬ 

ister 2—for this parameter. To see how this register works, 

try adding the following lines to our modified example: 

330 FOR I = 32 TO 46 
340 OUT &H3D0, 3 : OUT &H3D1, I 
350 FOR J - 1 TO 1000 s NEXT J 
360 NEXT I 

When you run this, you should see the display move hori¬ 

zontally across the screen. Here we use a range from 32 to 46 

for the horizontal synchronization position. These should be 

“safe” positions that do not cause problems with the display. 

Notice that the FOR loop on line 350 (indexed by J) is used to 
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slow down the program so that you can more easily study 
what happens. 

Register 3, horizontal synchronization width, will not pro¬ 

duce any interesting effects. It must be wide enough for the 

TV or monitor to detect and lock onto. In all modes, it is set to 

10. 

Vertical Now we come to the vertical registers. These registers 

Registers control the number of scan lines on the display and the 

number of scan lines per character. 

Register 4, vertical lines total, controls the total number of 

lines per field (one full screen), including lines that are not 

seen because of vertical retrace time. Unlike register 0, 

which controls the horizontal time total, changing this regis¬ 

ter will probably not shrink or stretch your picture. Register 

4 actually contains 1 less than the total number of rows of 

characters in a field. To get the number of scan lines in one 

field of the picture, we have to consider two other registers: 

register 9, which is called maximum scan line, and register 5, 

which is called vertical adjust. For the monitor to work prop¬ 

erly, this total must be fairly close to what the monitor is 

adjusted to expect. 

Register 9 determines the number of scan lines per char¬ 

acter row and thus the maximum height of the characters in 

the text modes. Again, you have to add 1 to get the total 

number of scan lines per row of characters. Register 5 

determines an extra number of scan lines to add to the screen 

to get the actual number of scan lines in one field. This is 

necessary because the number calculated by using just regis¬ 

ters 4 and 9 is not precise enough. 

The total number of scan lines per field is the total 

number of character rows times the total number of scan 

lines per row plus the vertical adjust. In terms of the contents 

of these registers, it is 

((REG4+ 1)*(REG9+ 1))+(REG5) 

where REGU is the contents of register 4, REG9 the contents 

of register 9, and REG5 is the contents of register 5. 

Just using registers 4 and 9 will not allow you to select a 

value that is exact to the nearest integer. Thus, we need the 

vertical adjust register to give this precision. It is interesting 

to note that the IEEE standard specifies this number to be 

262.5, which is a whole number plus half a scan line. 
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Vertical Values in Text Modes. In the text modes, register 

4, vertical lines total, is set to 31 (one less than the actual 

value); register 9, maximum scan line, is set to 7 (again, one 

less than the total number); and register 5, vertical adjust, is 

set equal to 6. This gives a total of 

(31+1M7+1) + 6 = 262 

scan lines. Comparing this with the IEEE standard of 262.5 

lines per field, we see that it is close, but not perfect. 

Vertical Values in Graphics Modes. For the graphics 

modes, the situation is more complicated. Here we have rows 

of pixels instead of rows of characters. In these modes, the 

vertical lines total is set to 127, the maximum scan line is 1, 

and the vertical adjust is 6. The answer, however, comes out 

the same: 

(127+1)*(1+1) + 6 = 262 

The added complication lies in the fact that the maximum 

scan line is 1 so that there are exactly two scan lines per 

“character row” in graphics mode, that is, two rows of pixels 

per “character row.” 

You should keep in mind that the 6845 chip is designed for 

text display by Motorola but is being cleverly used by IBM to 

display graphics while in the graphics modes. Thus, the 

graphics mappings are achieved by using character mapping 

schemes to put the pixels on the screen. It turns out that in 

the graphics modes, for each “character row,” the first scan 

line of dots is taken from the first half of the video RAM and 

the second line of dots is taken from the second half of the 

video RAM. Putting it another way, the video RAM is divided 

into two “banks” that are “interlaced” to make the whole 

picture. 

You might wonder why such a complicated scheme was 

used in the graphics modes. The answer lies in the fact that 

the registers cannot hold numbers large enough to do this 

mapping in a more straightforword manner. For example, 

register 4, vertical total, is only 7 bits wide, and thus the 

highest number it can store is 127; and register 5, vertical 

adjust, is only 5 bits wide, and thus the maximum number it 

can store is 31. If we reduced the number of scan lines per 
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More Vertical 

Registers 

character row to 1 (by setting register 9 to 0), we would not 

be able to reach a total of scan lines to any more than 

127 + 31 = 158 

scan lines per field. The monitor or TV would not be able to 

handle this; the picture would exhibit a severe case of “flips” 

(as if the vertical hold knob needed adjusting). You are wel¬ 

come to experiment with these registers. You will find that 

your picture moves up or down or starts to flip depending 

upon how you set them. 

Register 6, vertical lines displayed, offers some interesting 

programming possibilities. With it we can make a picture 

gradually unroll before our eyes. It specifies the number of 

character rows that are actually displayed. In the text modes 

it is set to 25 for the 25 rows of characters in these modes, and 

in the graphics modes it is set to 100. Since each character 

row consists of two rows of pixels, we have the 200 rows of 

pixels for the graphics modes. Try adding the following lines 

to the modified example: 

295 GOTO 400 
400 FOR I - 0 TO 100 
410 OUT &H3D0, 6 : OUT &H3D1, I 
420 FOR J - 1 TO 10 s NEXT J 
430 NEXT I 

When you run this you will see the color pattern being drawn. 

Then the picture disappears with a possible flipping of the 

picture. It then starts to appear line by line from top to 

bottom. 
Register 7, vertical synchronization position, can be used 

to align the picture vertically just as register 2, horizontal 

synchronization position, is used to align the position horizon¬ 

tally. Try various values for this register. We will use this 

register later to make a small adjustment in our new low- 

resolution mode. 
Register 8, interlace mode, can be used to put the picture 

into three different configurations with regard to interlace. 

Register 8 can accept four different values: 0, 1, 2, and 3 

(shown in Table 8-4). Of these, the values 0 and 2 give the 

same result, which is a noninterlaced picture. This means 

that each field is identical, one field makes an entire frame, 

and thus the frame rate is doubled, drastically reducing 
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Table 8-4 

50-Line 80-Column 

Text Display 

Interlace Modes 

Code Function 

0 Noninterlaced; fields repeat exactly 

1 Interlaced; fields repeat but are displaced 

2 Noninterlaced; fields repeat exactly 

3 Interlaced; fields are different 

flicker. However, the picture has only half the number of scan 

lines as a fully interlaced display. This is the interlace mode 

used by all the IBM PC text and graphics modes. It is the 

only interlace mode that produces a clear picture on the IBM 

PC. 
For the second interlace mode, the value 1 is loaded into 

register 8. This gives an interlaced display in which the two 

fields repeat the same information, first on the even lines for 

the first field and then on the odd lines for the second field. 

When this mode is selected on the IBM PC, the picture 

suffers a severe case of the jitters. We do not recommend this 

mode. 
The third mode is when 3 is loaded into register 8. In this 

case, the display is interlaced and the alternate fields display 

different pictures. Here lines 0, 2, 4, 6, and so on, of a charac¬ 

ter are on even-numbered fields, and lines 1, 3, 5, 7, and so on, 

of a character are on odd-numbered fields. On a normal TV 

there will be quite a bit of flicker. However, the vertical reso¬ 

lution is twice as good. As we mentioned earlier, one way to 

reduce flicker is to use a long-persistence phosphor monitor. 

Many monochrome monitors are available with this feature. 

There are now long-persistence phosphors available for color 

monitors. 

Let’s see how we can use this fourth interlace mode to 

create a display with twice the usual vertical resolution. It 

will have to be in the text mode because there is not enough 

memory to support such a display in the graphics modes. 
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EXAMPLE 8-1 1 
r, 

the screen with the lc 

Figure 8-1. 
' 

Solution 
>V S • )■. - >■ « §!&>?!; - tf-Wv 

100 ‘ INTERLACED TEXT 210 » 

110 ' 220 DEF SEG » &HB800 : 
120 ' Displays text in interlaced 
130 ' mode. 

230 FOR I * 3 TO 49 
240 FOR J - 0 TO 79 

140 250 POKE 160*I+2*J,65 
150 SCREEN 0,0 260 NEXT J 
160 WIDTH 80 270 NEXT I 
170 CLS 280 1 

180 OUT &H3D0,8i OUT &cH3Di,3 
190 ' 
200 PRINT TAB<12)s"INTERLACED TEXT" 

290 ) 

WPM ^'-v- 

§ sWPiiiriA^- ■.' 

1 V , 
. 

- . .- 
- 

Figure 8-1 
50-Line Text Mode 

In this example, we first set the screen to text mode and 

turn off the color with the SCREEN statement. The color is 

turned off to make the display more readable. Next the 
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4 

Scrolling Register 

WIDTH statement is used to select the 80-character text 

mode. The screen is cleared with the CLS command. 

Now comes the special programming. In line 180 we select 

register 8, interlace mode, and then place a 3 in it, thus speci¬ 

fying the fully interlaced mode that doubles the resolution 

vertically. 
Next the PRINT statement puts the title on the top row of 

the screen. Then we fill 80 characters per row for rows 3 

through 49 with the letter “A” by placing the ASCII code for 

that letter in every other memory location (the even-addressed 

ones) for the appropriate number of bytes of the video RAM. 

Recall that it takes two bytes to specify each character posi¬ 

tion. Notice that the DEF SEG command sets up the video 

RAM as the data segment for subsequent POKE commands 

into memory. 
When the example runs you might notice flecks across the 

screen. These occur because of contentions between the cen¬ 

tral processor (the 8088) and the video display circuitry. They 

both want to access the video RAM at the same time. For the 

usual modes, the circuitry is designed to avoid this kind of 

contention by locking out the central processor at those key 

times when the bytes are needed by the display circuitry. 

However, when we use special programming we may not be 

in step with the timing that is designed to do this. 

If you use an ordinary TV, you will also see quite a bit of 

flicker. It is also possible that there will be a certain amount 

of waviness in the picture. The letters may appear too small 

for you to read. IBM does not support this mode and so it has 

not tried to “tune” the adapter to work cleanly under these 

conditions. Further experimenting may lead to better pro¬ 

duction of this mode. 

The final set of internal registers we wish to examine are 

registers 12 and 13. These registers hold the memory address 

that corresponds to the beginning of the picture. This is 

called the start address. It is a 14-bit quantity that is a 

memory offset added to the beginning of the video RAM to 

get the starting scan address. The upper 6 bits are contained 

in register 12 and the lower 8 bits are contained in register 

13. By placing different values into this register, you can 

make the display scroll up and down. Even more interesting 
effects can be produced. 
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EXAMPLE 8-2 

SCROLLING 

Use the starting address parameter to cause scrolling in 

the 40-character text mode. Add the following statements to 

the TEXT program (Example 2-1). The output is shown in 

Figure 8-2. 

Solution 

310 
320 FOR ROW - 0 TO 8 
330 START * 80*RQW 
340 STARTH - INT<START/256> 
350 STARTL - START MOD 256 
360 OUT ?<H3D0,12s OUT &H3D1 , STARTH 
370 OUT &H3D0,13s OUT &H3D1,STARTL 
380 FOR J®1 TO 40s NEXT J 
390 NEXT ROW 
400 GOTO 320 

Figure 8-2 
Scrolling 

This section of code can be added to any program that 

produces a display in the 40-character mode. Let’s see what it 
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does and how it does it. When this section runs you will see 

the display repeatedly scroll up, each time starting from its 

original position. 
Looking at the code you will see that the FOR loop is 

indexed by the variable ROW, which is the number of rows 

that the display is to be scrolled. Each row takes up 80 bytes, 

so we multiply ROW by 80 to get the starting scan address 

offset. Before we can send this to the registers, we must 

separate this number into its upper 6 bits and its lower 8 bits. 

This is done in lines 340 and 350. STARTH is the upper part 

and STARTL is the lower part. In lines 360 and 370 these are 

sent out to registers 12 and 13 respectively. Line 380 provides 

a short delay to slow down the scrolling so that you can more 

easily see it. Line 400 is a GOTO that loops this scrolling in an 

endless loop. 

It is possible to increment the starting scan address by 

various amounts to get different kinds of effects. If we incre¬ 

ment it by a couple of bytes each time, the display will appear 

to scroll to the left (and creep slowly upward). If we incre¬ 

ment the starting scan address by a large amount, such as a 

whole screen worth of bytes, we will get page flipping, which 

is useful for animation. We explored the IBM PC’s built-in 

page flipping in Chapter 7. 

The other 6845 internal registers that are used for cursor 

and light pen control will not be discussed in this book. 

PROGRAMMING 
THE COLOR/GRAPHICS ADAPTER 

Now let’s discuss the bits that control various electronic 

switches on the board itself Some of these bits are set by the 

SCREEN and COLOR commands as they do their mode set¬ 

ting, but we will see here how to set them directly. Table 8-5 

shows the two ports that contain these bits. There are two 

types of these bits: mode bits, which determine the particular 

mode of the adapter (graphics versus text, or 40-column ver¬ 

sus 80-column), and color bits, which determine background, 
border, and palette colors. 
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Table 8-5 

Output Port Addresses for the 
Color/Graphics Adapter 

Port address 

(in hex) Function 

3D8 Graphics and text modes 

3D9 Color of background, border, and palette 

Port 3D8 (hex) is connected to six important bits on the 

board. You can think of each of these bits as an ON/OFF 

switch that controls some particular circuit on the board. 

Table 8-6 shows these bits and their functions. 
Each of these bits can be set whichever way you want. 

However, only certain combinations will occur in the four 

modes supplied by IBM. For example, in the 640 X 200 high- 

resolution black-and-white mode, bit 0 is always off for the 

slower timing, bit 1 is always on to select the graphics map¬ 

ping, bit 2 is always on to select black-and-white mode, bit 3 

is on so that you can see the picture, bit 4 is on to select the 

higher-resolution graphics mode, and bit 5 is set either way 

because it does not have any effect in the graphics modes. 

Now let’s examine these bits in more detail and try to see 

how they work. 

Bit 0 controls the selection of two possible speeds for the 

character clock signal. We discussed earlier that this is fed 

Mode Bits for the Color/Graphics Adapter 

Bit Function Bit = 0 Bit = 1 

0 Speed of character clock signal Slow (40-column text or graphics) Fast (80-column text) 

1 Text or graphics mode Text Graphics 

2 Color or black-and-white Color Black-and-white 

3 Display picture No picture Normal picture 

4 High- or low-resolution graphics 320X 200 medium-resolution 640X 200 high-resolution 

5 Function of bit 7 in character Blinking Intensity 

attribute bytes 
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into the 6845 video controller chip to provide a fixed clock for 

the operation of the chip as it sends out the bytes. It sends a 

regular sequence of electrical pulses into the chip through a 

pin called CLOCK and the timing of all signals coming out of 

this chip is in multiples of the pulses provided by this basic 

clock signal. For example, the horizontal synchronization 

signal produced by the 6845 on the Color/Graphics Adapter 

occurs as a multiple of the pulses of this clock, the exact 

number of which is determined by the contents of the inter¬ 

nal register 0. A value of 1 in bit 0 of port 3D8 (hex) causes 

this character clock to oscillate at a fast speed for operation 

with the 80-column character text mode, while a value of 0 in 

this bit produces a slower speed, which is used with all other 

text and graphics modes. The particular frequencies for this 

clock were discussed earlier in this chapter. 

Bit 1 controls the mapping of individual bytes from the 

video RAM onto the screen. You should understand that the 

6845 video chip was designed only for display of text. Thus, 

the graphics modes are produced by a special design of the 

board that “fools” the chip into thinking it is displaying char¬ 

acters when it is really displaying graphics. In the text and 

graphics modes, the actual data bytes that make up the char¬ 

acters or graphics do not go through the video chip itseli The 

chip only produces the digital addressing information and the 

video synchronization signals, but no data signals. The board 

itself contains other logic that processes the data, grabbing it 

from the video RAM, converting it from digital on/off infor¬ 

mation to a standard video signal, and delivering it to the 

video output, as shown in Figure 8-3. This logic on the board 

can be set up so the graphics serializer grabs the data directly 

for the graphic modes (bit 1 = 1), or it can run the data 

through the character ROM (read-only memory), where the 

dot patterns for the characters are stored for the text modes 
(bit 1 = 0). 

Let’s look more carefully at how text is mapped to the 

screen. Assume that each character is housed in an 8 X 8 

matrix; that is, each character occupies 8 pixels on 8 different 

scan lines (as shown in Figure 8-4). The 8-dot pattern for each 

scan line of each character is stored as a byte in character 

ROM. Thus, each of the 256 different characters requires 8 

bytes of storage in this ROM, so the ROM must have a storage 
capacity of 2048 bytes. 
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Figure 8-3 

Block Diagram of Mapping Hardware 

Character Dot Matrix 

Now look at what happens when a scan line of the picture 

is displayed. This scan line consists of a certain line from the 

dot matrix of all the characters in a given row of text on the 

screen. The line is specified by a 3-bit number which ranges 

from 000 (0 decimal) for the top line to 111 (7 decimal) for the 

bottom line of the dot matrix for the characters. These 3 bits 

are output by the 6845 video chip. 

As the beam traverses this scan line on the screen, the 

6845 video chip scans through the video RAM where the 
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ASCII codes for these characters are stored. The 8-bit ASCII 

codes are combined with the 3-bit line number to give 11-bit 

numbers that are fed to the character ROM. This 11-bit 

number is just the right size to specify one of 2048 bytes, 

which is exactly how many bytes are stored in this ROM. 

Immediately after the 11-bit number is delivered to the ROM, 

it outputs the corresponding byte, which specifies the appro¬ 

priate dot pattern. This byte is then sent to the alpha serial¬ 

izer that outputs the video signal dot-by-dot. 
From this, you can see that graphics mapping schemes 

are potentially simpler than text mapping schemes because 

they are more direct. However, they may put a bigger strain 

on the system because there are normally more bytes fetched 

from memory during the same time period for a graphics 

display than for a text display. 
Bit 2 controls the color. If no color is desired (a value of 1 

in this register), no color subcarrier is produced, and there is 

no color burst signal at the beginning of each horizontal line. 

Bit 3 is called the video enable bit. Putting a 0 in this bit 

will blank the whole picture. This might be a good idea in a 

program that changes graphics modes, especially if the pic¬ 

ture tends to flash into strange patterns during such a 

change. 
Bit 4 selects between a two-bits-per-pixel mapping and a 

one-bit-per-pixel mapping mode, and thus selects between the 

medium-resolution graphics mode and the high-resolution 

graphics mode. 

In the two-bits-per-pixel mode, each byte is divided into 

four pairs of bits. Each pair maps to a single pixel on the 

screen, which can be any one of four colors depending upon 

how the two bits are set. If they are both 0, the dot appears 

with color 0, and so on. 

In the one-bit-per-pixel mode, each of the eight bits in 

each byte maps to a different pixel on the screen, which can 

be either off or on depending upon whether the bit is 0 or 1. 

Bit 5 selects how the attribute bytes work (blinking versus 

intensity). It is effective only in the text modes. For a dra¬ 

matic demonstration of how it works, try typing the following 

lines at the end of the TEXT program (Example 2-1): 

305 FOR I - 1 TO 1000 s NEXT I 
310 OUT &H3D8, &H8 

When you run this program, at first the right half of the 

displayed characters will blink on and off because the blink 
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bit is on for these characters. Then the OUT statement will 

change the value of bit 5 from 1 to 0, and you will see the 

display suddenly change from its blinking mode to a con¬ 

stant, but more colorful display. The blink bit now functions 

as an intensity bit for the background. You will see that the 

background now shows all 16 possible color combinations. 

Now that we have discussed all these mode bits, let’s com¬ 

pare the roles of just two of these bits in combination, bits 1 

and 4. The choice of modes is determined by these two bits. 

Bit 1 controls text versus graphics, and bit 4 controls the 

mapping of the bits to the pixels (one bit per pixel versus two 

bits per pixel). In other words, bit 1 controls the mapping of 

the bytes and bit 4 controls the mapping of the bits within the 

bytes. There are four possibilities: 

1. Bit 1 equals 0 and bit 4 equals 0. This is the normal 

case for both text modes. 

2. Bit 1 equals 0 and bit 4 equals 1. This combination is 

not used for any legitimate mode. We have examined 

the display and have found that it definitely uses byte 

mapping for text. However, on the bit level there are 

problems in that half the dots are missing. 

3. Bit 1 equals 1 and bit 4 equals 0. This is the normal 

colorful medium-resolution graphics mode. 

4. Bit 1 equals 1 and bit 4 equals 1. This is the black-and- 

white high-resolution graphics mode. 

Table 8-7 summarizes in tabular form the bit settings 

within this port for the standard modes. 

Table 8-7 

Bit Settings for Standard Modes 

■■■■■ ■■■ 

■Hi 

Text or Color or Bit Bit Bit Bit Bit Bit 

Columns Graphics Black-and-white 5 4 3 2 1 0 

40 Text Black-and-white 1 0 1 1 0 0 

40 Text Color 1 0 1 0 0 0 

80 Text Black-and-white 1 0 1 1 0 1 

80 Text Color 1 0 1 0 0 1 

Medium-resolution Graphics Black-and-white 0 0 1 1 1 0 

Medium-resolution Graphics Color 0 0 1 0 1 0 

High-resolution Graphics Black-and-white 0 1 1 1 1 0 
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Table 8-8 

Color Bits in the Color Port 

Bit Description 

0-3 Four-bit color of border (text) or background (graphics) 

4 Intensity of background (text) 

5 Selects palette 0 or 1 

6-7 Not used 

Before we can really control the machine, there is one 

more port that is of interest to us, port 3D9 (hex). It contains 

bits that set the border and background colors. There is also a 

bit that selects one of the two palettes used in the medium- 

resolution mode. Table 8-8 shows what these various color bits 
do. 

Now let’s experiment with all these registers, mode bits, 

and color bits to produce some colorful new modes. We should 

warn you, however, that modes other than the ones supported 

by IBM will have certain defects, like flecks or color prob¬ 

lems. This is because the hardware has not been “tuned” to 
work under these conditions. 

LISTEN — MAYBE 
you shoulp takf 

A BREAK FROM 
computer graphics 

FOR A WHILE .... 
YOU'RE GETTING 

THE JAGGIES 
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NEW MODES 

We will now show you how to design two new graphics 

modes for the Color/Graphics Adapter. Remember, these 

modes are not “real” graphics modes, but they show you some 

of the capabilities of your IBM PC. 

Special 16-Color, The first mode we wish to produce is an 80 X 100 graphics 

80 X 100 Graphics Mode type of mode with 16 colors for each pixel on the screen. We 

will set up the mode bits (port 3D8 (hex)) as follows: 

Bit 0=1 (fast character clock) 

Bit 1 = 0 (text) 

Bit 2=0 (color) 

Bit 3=1 (video signal enabled) 

Bit 4=0 (usual text bit mapping) 

Bit 5=0 (blink off) 

Thus we will load the value 9 into port 3D8 (hex). We will also 

set the color bits (port 3D9 (hex)) as follows: 

Bit 0 = 0 

Bit 1=1 (border color = green) 

Bit 2 = 0 

Bit 3=0 

Bit 4 = 0 

Bit 5 = 0 

Thus we will load the value 2 into port 3D9 (hex). This will 

make the border color green. We found that the natural 

choice, a black border (a value of 0), did not produce any color 

on our NTSC monitor. 
The 6845 internal registers also need to be set up. We 

would like to have 80 character clocks per line. This implies 

that the horizontal values should be set the same as for the 

80-column text mode, as shown in the following: 

Register 0 = 113 (horizontal time total) 

Register 1 = 80 (horizontal bytes displayed) 

Register 2 = 90 (horizontal synchronization position) 

Register 3 = 10 (horizontal synchronization width) 
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The vertical timing should have 100 lines of character rows, 

each of which consists of two scan lines. This is the same as 

the following graphics modes: 

Register 4 = 

Register 5 = 

Register 6 = 

Register 7 = 

Register 8 = 

Register 9 = 

127 (vertical lines total) 

6 (vertical adjust) 

100 (vertical lines displayed) 

106 (vertical synchronization position) 

0 (interlace mode) 

1 (maximum scan line) 

We will leave the other registers alone. 

Since we have a new mode, we need a new way of plotting 

points. Let’s develop a subroutine to do this. The subroutine 

should use the x- and y-coordinates of any point to compute 

the memory position (in video RAM) for that point for our 

special mapping. First we develop a formula. Let X be the 

variable that holds the x-coordinate and let Y be the variable 

in charge of the y-coordinate. Now each point uses two bytes 

horizontally and each horizontal line uses 160 bytes. A quick 

calculation reveals the following formulas for the byte offset 

address for the two corresponding bytes: 

Data byte: 160*Y + 2*X 

Attribute byte: 160* Y + 2*X + 1 

We will actually use the second address, since it contains the 

coloring information (the attribute byte). If we use a space for 

all our character positions (ASCII code equal to 32), we can 

control the color of each position via its background color. If 

C is the desired color, then multiplying C by 16 will give the 

correct background color because the background color is 

stored in the upper four bits of the attribute byte. 

Here is an example program that will display things in 
this new mode. 

362 Graphics Primer for the IBM PC 



EXAMPLE 8-3 

80 X 100 16-COLOR MODE 

Write a program that displays graphics in a new mode that 

is 80 pixels horizontal by 100 pixels vertical with 16 colors 

for each pixel. Write subroutines to initialize and clear the 

screen and to plot points given their x- and y-coordinates 

and color. Use these subroutines in a demonstration 

program that shows all 16 colors in a color bar and some 

diagonal lines to show the resolution. The new mode is 

shown in Figure 8-5. 

Solution 

100 ' 80 by 100 graphics mode 
110 ' 

120 GOTO 380 ' go to main program 

initialize & clear 
130 ' 
140 ' subroutine 
150 SCREEN 1,1 
160 WIDTH 80 
170 SCREEN 0,1 
180 KEY OFF 
190 ' 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 ' 
300 
310 
320 ' 
330 ' 
340 
350 
360 
370 ' 
380 ’ 
390 ' 
400 

OUT &H3D1,127 
OUT &H3D1*6 
OUT &H3D1,100 

Wmm 
"■■'Mi": 

0* 

OUT &H3D0,4 : 
OUT &H3D0,5 s 
OUT &H3D0,6 s 
OUT &H3D0.7 s 
OUT &H3D0,8 • 
OUT &H3D0,9 s 
FOR J=1 TO 100jNEXT J 
OUT &H3D9,2 
FOR J = 1 JO 10s NEXT J 

OUT &H3D1,112 
OUT &H3D1 ,0 
OUT &H3D1,1 

DEF SEG 
RETURN 

&HB800 

subroutine - plot a point 
M * 160*Y + 2*X + 1 
POKE M, 16*C 
RETURN 

main program 

GOSUB 140 ' initialize & clear 
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Example 8-3 

Solution, continued. 

410 ' 
420 ' set up some color bars 
430 FOR C ■* 0 TO 15 
440 FOR X » 4*C+8 TO 4*C+11 
450 FOR Y - 10 TO 15 
460 GOSUB 330 ' plot <x,y> 
470 NEXT Y 
480 NEXT X 
490 NEXT C 
500 ' 
510 ' draw some lines 
520 ' 
530 C * 1 
540 Y « 20 
550 FOR X » 0 TO 79 
560 GOSUB 330 ' plot <x,y> 
570 NEXT X 
580 ' 
590 C - 4 
600 Y - 99 
610 FOR X - 0 TO 79 

620 GOSUB 330 ' plot (x,y> 
630 NEXT X 
640 ' 
650 C - 2 

Figure 8-5 
Low-Resolution Mode 

Looking through this example in detail, we see that there 

are two subroutines and a main program. 

The first subroutine (lines 150-310) initializes and clears 

the screen in our new mode. In detail, it sets up the mode to 

graphics, selects the 80-column width, and then sets the mode 

to text. Since there is a forced change of mode, the video 

RAM is cleared. Next the function keys are turned off with 
the KEY OFF statement. 

Since we are in the 80-column text mode, all the horizon¬ 

tal timing parameters are set for our new mode. Thus, we 

only have to set the vertical timing parameters. These are set 

up as specified by the graphics modes, with the exception 

that the vertical synchronization is set to 112 to raise the pic¬ 
ture because it was low. 

364 Graphics Primer for the IBM PC 



Other Special 

Graphics Modes 

Finally, the mode bits in port 3D8 (hex) are set to the 

value 9, and the color bits in port 3D9 (hex) are set to 2, as we 
indicated earlier. 

The second subroutine (lines 340-360) plots points, given 

their x- and y-coordinates and their color. The algorithm was 

discussed previously. 

The main program first draws a small square of each of 

the 16 possible colors. We call this the color bar. Next the pro¬ 

gram draws a series of horizontal and diagonal lines in dif¬ 

ferent colors. Since there is no line plotting routine, it is all 

done with FOR loops that contain calls to the point plotting 

subroutine. 

You will have to reboot your system after running this 

program since you cannot give any more commands. This 

example is only meant to show the possibilities of new modes. 

We have just shown how to create a new mode that has an 

80 X100 resolution with 16 colors. It is possible to modify this 

mode to create a mode with the same number of colors, but 

twice the horizontal resolution (that is, 160 X 100). This can 

be done by using an ASCII character for each character posi¬ 

tion whose symbol is half foreground and half background 

color. A search through the ASCII code table reveals that an 

ASCII value of 221 or 222 will do. Suppose we pick 222. For 

this case, the background color controls the left pixel and the 

foreground color controls the right pixel. With this choice, 

the attribute byte is used to color the two pixels contained in 

the corresponding character position. The upper nibble (upper 

four bits) controls the background, and hence the left pixel, 

and the lower nibble (lower four bits) controls the foreground 

and hence the right pixel. This makes the point plotter sub¬ 

routine more complicated. When you plot any point you must 

make sure that you do not disturb its neighbors. This can be 

done with a little logic. 

An algorithm for plotting in this mode should proceed as 

follows: First, you must use the PEEK command to move the 

appropriate byte of video RAM into a BASIC variable. Then 

you must strip off the old color value of the pixel by combin¬ 

ing a certain pattern with the variable containing this byte 

with the AND operator. Next you must bring in the new color 

by combining the new value with the stripped byte using 

either AND or OR operator. Finally, the result of all of this 
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must be placed back into memory with a POKE command. 

We leave the implementation of this to you. 
Other modes can be created in other ways. For example, 

we could use the 320 X 200 medium-resolution graphics mode 

with a different point plotting function to get more colors 

with half the horizontal resolution (that is, 160 X 200 in 16 

colors). This would depend upon using the peculiarities of 

NTSC video output and cannot be done with an RGB video 

output. The following lines show what the point plotter rou¬ 

tine for this mode would look like: 

200 ' subroutine - plot point 
210 Cl - C/4 
220 C2 = C MOD 4 
230 PSET <2*X,Y>, Cl 
240 PSET <2*X+1,Y>, C2 
250 RETURN 

The input to this routine is given in the variables X, Y, and 

C. The first two variables hold the x- and y-coordinates of the 

point. Note that X is supposed to range from 0 to 159, while Y 

ranges from 0 to 199. The third variable C contains the color. 

It ranges from 0 to 15. 

The algorithm behind this subroutine relies upon the fact 

that two medium-resolution pixels reside in one color clock 

position. The color that appears within that color clock posi¬ 

tion depends upon what colors are set for both of these 

medium-resolution pixels. There are 16 possibilities for each 

color clock position (one pixel in our new mode) since there 

are four possible colors for each of the two pixels that com¬ 

prise it. The algorithm just takes a number in C, splits it into 

its lower two bits and upper two bits, and then plots these 

values in two adjacent medium-resolution pixels. The hori¬ 

zontal positions of these two pixels are just 2XX and 2XX+1. 

You are welcome to type in this subroutine and make up your 

own program to test it out. 

CONCLUSION 

In this chapter we explored ways to program the Color/ 

Graphics Adapter and its video chip directly. We saw how to 

use OUT command to do this. Once we mapped out all the 
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bits involved, we showed how to develop new modes. We saw 
that we could set certain parameters according to the way 
they are set for one mode and set certain other parameters 
according to other modes to get entirely new modes. In par¬ 
ticular, we actually demonstrated the existence of a 16-color 
80 X 100 graphics mode, and we explained two ways you 
could create 16-color 160 X 100 graphics modes. 
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INTRODUCTION 

This chapter explores making graphics on the IBM PC 

Monochrome Display Unit. We will see that although the 

Monochrome Adapter is more limited in its graphics capabil¬ 

ities than the Color/Graphics Adapter, it is well designed for 

putting images on the terminal—the job for which it was 

intended. In spite of the Monochrome Adapter’s limitations, it 

can still produce very useful graphics. 

We will look closely at this adapter and its display unit, 

comparing them with the Color/Graphics Adapter. You will 

see that the Monochrome Adapter has only one display mode, 

which is a high-density text mode with 80 characters horizon¬ 

tally by 25 characters vertically. This mode has special high 

definition in that each character sits in a 9X14 dot matrix. 
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Screen Display 

Format 

We will show the similarity between this text mode and the 

text modes available on the Color/Graphics Adapter. You will 

see how to extend what we learned in Chapter 7 about text 

modes on the Color/Graphics Adapter to program the Mono¬ 

chrome Adapter effectively. You will learn how to take 

advantage of the Monochrome Adapter’s special built-in 

graphics characters and how to use the character attributes 

to cause such effects as blinking, high intensity, and under¬ 

lining. 
Since the Monochrome Adapter can display only text, we 

will be limited to character graphics (see Chapter 7 for a dis¬ 

cussion and explanation of this area of computer graphics). 

We will, however, show how to work within this limitation to 

produce graphics that will have particular use in the business 

world, such as bar charts and business forms. We will also 

discuss other applications, such as animated games. 

EQUIPMENT 

The IBM PC Monochrome Adapter and Display Unit are 

two separate pieces of equipment. The adapter is a printed 

circuit board that fits inside the IBM PC, and the display 

unit is a video monitor that connects to the Monochrome 

Adapter through a special cable. The Monochrome Adapter 

and Display Unit are designed to deliver a clear, crisp display 

of text suitable for word processing and computer terminal 

uses. The IBM engineers achieved this high-density, high- 

quality image in part by selecting an 80-column by 25-row 

display, in part by selecting a density dot matrix for the 

characters, in part by using a digital method of transmitting 

the video signal to the display, and in part by using a long- 

persistence phosphor on the display screen. The Monochrome 

Adapter and Display Unit do, however, have the disadvan¬ 

tage of not being compatible with standard video signals used 

in the United States. In this section we will explore these var¬ 
ious ideas in detail. 

The Monochrome Adapter’s display format of 80 columns 

and 25 rows of characters is important for the uses for which 

it was designed. This size is the current standard for display 
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devices for today’s computer systems. On larger systems 

(minicomputers and mainframes) these displays are handled 

by CRT terminals. Since the IBM PC is a modern, self- 

contained computer system, it needs the built-in equivalent of 

a CRT terminal. Both the Color/Graphics Adapter (with a 

monitor) and the Monochrome Adapter and Display Unit can 

supply this essential function. However, the Monochrome 

Adapter looks and performs more like a traditional computer 

terminal, while the Color/Graphics Adapter looks and per¬ 

forms more like the display device of many other personal 

computers. In this regard, the 80-column, green phosphor 

display of the Monochrome Display provides a more tradi¬ 

tional environment for systems development (editors, debug¬ 

gers, and so on), business applications (data base manage¬ 

ment), and word processing. 

Users of the first generation of personal computers were 

not so fortunate. Most of these early users were stuck with 

displays that had 64 columns and 16 rows of characters, pro¬ 

ducing cramped results with excessive wraparound. In these 

cases, there were often logical lines generated by the comput¬ 

er that were too long for the screen and hence had to be awk¬ 

wardly broken into two or more physical lines on the screen. 

A particular area in which output to a terminal is 

extremely critical is text editing. Perhaps more computer 

time is spent in editing textual information than in any other 

task. This comes about because of the inefficient manner in 

which people produce information in comparison to what 

machines can do, and because a large portion of computer 

input is textual. Of course, once speech recognition is working 

effectively, the situation may turn around. 

An 8 1/2X 11-inch sheet of paper usually corresponds to 80 

columns by 60 rows of text. Most applications use less than 

this to give adequate room for margins. Very often 72 

columns by 55 rows of text will actually be printed. Thus, in 

the horizontal direction, the IBM Monochrome Display and 

the Color/Graphics Adapter (in high-resolution text mode) 

are both well-suited to handle 8 1/2-inch wide text formats. In 

the vertical direction, however, there are severe limitations. 

The standard 25 display lines cannot show even half a page of 

text. The IBM display is not alone in this regard, for very few 

computer displays can do better. Perhaps future standards 

will have 60 or more lines of text. When this happens, we will 

be able to work with documents page by page rather than 
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Display Format 

several lines at a time as on the IBM PC. This will allow us to 

produce documents that look better and read better. 

We have shown you in Chapter 8 how to produce a 50-line 

display on the Color/Graphics Adapter. However, the results 

were not very readable because the characters were too short 

vertically in comparison to their width horizontally. This 

means they had the wrong aspect ratio. A 60-line display 

would produce an even worse aspect ratio. Some manufactur¬ 

ers and indeed some owners of personal computers have 

managed to turn the screen on its side and make the text go 

across the narrow direction to achieve a much better aspect 

ratio. Meanwhile, IBM’s decision to have 25 rows of charac¬ 

ters keeps the cost of the system down and the readability of 

the text on the screen up. 

The IBM PC Monochrome Adapter Unit uses a 9X14 dot 

matrix for each character. Such a dense dot matrix provides 

the possibility of adding detail to each symbol on the screen, 

and it also allows a great deal of flexibility in adjusting the 

relative placement of characters. Both of these factors make 

the screen easier to read and character graphics easier to 

design. 

You should understand that most characters do not use the 

entire 9X14 dot matrix. For example, each capital letter 

occupies a 7X9 dot matrix that sits inside the total 9X14 

matrix (shown in Figure 9-1). The smaller 7X9 matrix does 

not include the leftmost and rightmost columns of the larger 

matrix, and it also does not include the upper two rows and 

bottom three rows of the larger matrix. This means that 

there will always be at least two dot positions horizontally 

and five dot positions vertically between capital letters. Most 

of the lowercase letters fit within this smaller matrix, but 

some, like “g,” “p,” and “q,” descend two rows below, reaching 

the next-to-bottom row of the full matrix. Thus, in a mixture 

of upper- and lowercase letters, there will always be at least 

three dot positions vertically between letters. 

There are some symbols, like the caret (A), that reach the 

very top row, and there are block characters that fill the 

entire dot matrix. There are also some special graphics sym¬ 

bols for drawing single and double lines and corners; some of 

them reach the bottom row, some reach the very top row, 

some reach the leftmost column, and some reach the right¬ 

most column. These symbols are of special interest to us 
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Upper- and Lowercase Letters on the 
Monochrome Unit 

because they form building blocks for graphics. We will dis¬ 

cuss them in more detail later. 

It is interesting to compare the characters available on the 

Color/Graphics display with those displayed on the Mono¬ 

chrome Display. The same set of characters is displayed on 

both devices; however, they look quite different because the 

dot matrix representations for any given character differ 

significantly between the two adapters. The character tables 

in the IBM BASIC Reference manual and the Technical Refer¬ 

ence manual work for both adapters in spite of this differ¬ 

ence. The tables give only the extended ASCII code for each 

screen character together with an equivalent typeset charac¬ 

ter, which does not correspond exactly to the dot matrix for 

the character on either adapter. 

On the Color/Graphics Adapter each character position 

has an 8X8 dot matrix. However, each capital letter is con¬ 

tained in a smaller 7X7 dot matrix that consists of the upper 

7 rows and the 7 leftmost columns of the total matrix (shown 

in Figure 9-2). As a result, capital letters on this display are 

separated at most by only one dot position horizontally and 

one dot position vertically. Lowercase letters, such as “g” and 

“p,” descend to the bottom row of the total dot matrix and in 

this way can merge into an upper- or lowercase letter on the 

line below. Because of the smaller dot matrix for all charac- 
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Figure 9-2 

Capital A on the Color/Graphics 
8X8 Dot Matrix 

ters and the merging of some characters, text on the color 

display is definitely harder to read. This only points out how 

the Monochrome Display is better suited for the display of 

pure text. 

When you use the Monochrome Adapter, you cannot sub¬ 

stitute an ordinary TV or TV monitor for the Monochrome 

Display Unit. Likewise, you cannot use the Monochrome Dis¬ 

play Unit as a monitor for the standard video signals pro¬ 

duced by ordinary television broadcasts, for the Color/Graph¬ 

ics Adapter, or for many other personal computers. The main 

reason for this incompatibility is a difference in timing 

between the video signals. 

The whole issue of video timing on the IBM PC can be 

understood in terms of the frequency at which dots, character 

lines, screen lines, and the whole screen are generated. Let’s 

start with dots. For the Monochrome Adapter, the dots that 

make up the characters are generated at a rate of 16,257,000 

per second. In the language of electrical engineers, that is 

16.257 megahertz. This frequency is called the dot clock fre¬ 

quency. On the high-resolution text mode of the Color/Graph- 

ics Adapter, the dot clock frequency runs at a slightly slower 
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rate of 14,318,180 dots per second. It is interesting to consider 

that these rates are several times the speed at which the CPU 

operates. Finely tuned crystals on the adapter boards gener¬ 

ate and precisely maintain these high dot frequencies. To get 

the sharpest possible image, your TV or video monitor must 

be able to handle video signals consisting of square waves at 
such frequencies. 

Monitors are rated according to the highest dot frequency 

they can handle. This is called their bandwidth. The Mono¬ 

chrome Display is rated for a 16-megahertz bandwidth, 

which works fine with the 16.257-megahertz dot clock fre¬ 

quency produced by the Monochrome Adapter. If a monitor is 

not able to handle dot clock frequencies that are fed to it, the 

resulting image will be somewhat blurred. The same would 

happen if you could use an ordinary TV with the Mono¬ 

chrome Adapter. TVs are not designed to handle such high 

frequencies because they have bandwidths of 4 megahertz at 

most and thus are not as suitable for high-resolution displays 

as the Monochrome Display Unit. There are, however, other 

video monitors that do as well as or better than the Mono¬ 

chrome Adapter. We should warn you that there are some 

subtle nuances to understanding these ratings, so manufac¬ 

turers of video monitors are now advertising the horizontal 

resolution of their equipment. 

All the other timing signals on the adapter can be derived 

from the dot clock. For example, on the Monochrome Adapter 

each line of the dot matrix of a character position contains 9 

dots; thus, the adapter generates these individual character 

lines of the dot matrix at a rate of 16,257,000 divided by 9, or 

1,806,333 lines per second. This is called the character clock 

frequency. This frequency is fed into the Motorola 6845 video 

chip on the adapter through its clock input, providing a basis 

for all its timing signals. This character clock frequency is 

the frequency at which the video chip has to fetch new 9-bit 

words from the character ROM. Both the character ROM and 

the video chip must be able to work at this speed—a reason¬ 

able requirement for such circuitry in today’s microcompu¬ 

ters. If we had to operate this type of equipment at the origi¬ 

nal dot clock frequency, we would have to pay considerably 

more money. 
Let’s examine some of the other frequencies in the Adapt¬ 

er. Consider the horizontal frequency, the number of screen 

lines per second. On the Monochrome Adapter, the 6845 video 
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chip is programmed to display 80 characters per line, but it 

has to be told to allow for a total time of 98 characters per 

line. The extra time is needed for overscanning and horizon¬ 

tal retrace (shown graphically in Figure 9-3). Both the char¬ 

acters displayed per line (80) and the total characters per line 

(98) have to be conveyed to the 6845 chip by loading its inter¬ 

nal registers. With 98 character lines in each screen line, we 

divide the character clock frequency by 98 to get a horizontal 

frequency of about 18,432 screen lines per second. The 

Monochrome Display Unit is set up to expect this number as 

its horizontal frequency for display. On the other hand, ordi¬ 

nary televisions and video monitors in the United States are 

designed to accept a horizontal frequency of about 15,734 
lines per second. 

Now we look at the frame rate. The Monochrome Adapter 

displays 25 rows of characters, and each character row con¬ 

tains 14 screen lines. Thus 350 lines need to be displayed on 

the screen. However, another 20 lines are needed for vertical 

retrace, yielding a total of 370 lines per screen with only 350 

visible. These values have to be conveyed to the video chip by 

loading them into certain of its internal registers. Dividing 

CT' 80 characters displayed 

18 character cycles retrace 

and overscan 

80 characters displayed 

Figure 9-3 

Displaying 80 Characters per Line 
with Retrace 
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Digital Versus Analog 

the horizontal frequency (18,432 lines per second) by 370 

gives 49.82 screens (frames) per second. This is sometimes 

called the refresh rate. Our calculations give a refresh rate of 

almost 50 frames per second, nearly that specified in the IBM 

manuals. Most monitors and TVs in the United States will not 

accept a video signal with this slower refresh rate. However, 

50 cycles per second is the standard frequency for European 

TVs. Since many companies that make video equipment for 

sale in the United States also make versions of such equip¬ 

ment for Europe, monitors tuned for this lower frequency 

should be available by special request from many sources 
other than IBM. 

There is also a difference in the way that the video signals 

are sent from the Monochrome Adapter through the connec¬ 

tors and cable to the Monochrome Display Unit. An ordinary 

television signal can be carried over one wire (with a ground 

wire for return). This signal has a range of voltages and thus 
may be considered an analog signal. In contrast, the video 

signals for the Monochrome Unit are carried over a collection 

of wires in digital form. These wires carry the basic video 

signal that turns the electron beam on and off as it scans the 

screen, and in addition, signals that control vertical syn¬ 

chronization, horizontal synchronization, and highlighting. 

There are also a couple of ground lines. 

A digital format for these lines means that each signal 

line alternates between two voltage levels. These levels cor¬ 

respond to the yes/no logic inside the computer as it scans 

through a picture that has been stored as digital information 

in the computer’s memory. Incidentally, these two voltage lev¬ 

els are the same as are used inside the IBM PC (and a lot of 

other computers as well) and are sent “as is” from the Adapt¬ 

er to the Display Unit. 

The digital method of transmission has a number of 

advantages that help produce the best possible picture. First, 

each part of the total signal is carried separately. This is 

because the parts have to be separated eventually to operate 

the various components inside the monitor. The processes of 

combining the separate parts of the signal in the Adapter and 

then separating them in the Display Unit would cause a loss 

of information in transmission and thus a loss of definition 

(an increase in fuzziness) in the resulting picture. In general, 

it is best to have as few steps as possible in processing infor- 
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mation because each internal step can introduce errors or 

noise that degrade the final results. 
Another advantage to the digital method is the reduction 

of noise from external sources as the signal travels from the 

Monochrome Adapter to the Display Unit. With the digital 

method, only “pure” information is transmitted over the cable 

to the Display Unit. Because it is encoded in electrical signals 

alternating between two voltages, any extraneous signals that 

creep in should affect the voltages only slightly —not enough 

to change any of the digital information carried by these 

voltages. 
It is interesting to note the tremendous similarity between 

the wiring of the video output produced by the Monochrome 

Adapter and the output produced by the RGB of the Color/ 

Graphics Adapter. In fact, if you look closely at the back of 

the IBM PC, you will see that the same type of 9-pin D shell 

connector is used for both of these adapters. This similarity is 

not just superficial; it extends to the way the parts of the 

video signal are assigned to the various pins on the connec¬ 

tors. For both adapters, the video signals are transmitted in 

digital form over a collection of signal lines, and most of these 

signals are carried over the same wires on both adapters. For 

example, on both adapters, pins 1 and 2 are ground, pin 6 

carries highlighting information, pin 8 carries the horizontal 

synchronization, and pin 9 carries the vertical synchroniza¬ 

tion. However, the basic monochrome video signal from the 

Monochrome Adapter is carried over pin 7, which is not used 

by the Color/Graphics Adapter, while the three separate red, 

green, and blue (RGB) signals from the Color/Graphics 

Adapter are carried over pins 3, 4, and 5, which are not used 

by the Monochrome Display (but are produced by the Mono¬ 

chrome Adapter). Thus, even though you can physically plug 

the Monochrome Display Unit into the output of the Color/ 

Graphics Adapter without causing any sparks to fly, such an 

arrangement will not produce any picture. This pseudo¬ 

compatibility has many advantages: easier and less costly 

testing, as well as the prevention of catastrophes when 

absent-minded technicians plug in the wrong device. 

The choice of long-persistence phosphor on the CRT screen 

of the Monochrome Display Unit is important. With such a 

phosphor, light remains for a longer time after the phosphor 

is energized by the electron beam that draws the picture on 
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the face of the tube. This is important since the picture is 

“refreshed” only so often (50 times a second on the Mono¬ 

chrome Display Unit). Since the phosphor dots that make up 

the picture are energized only so often, the amount of energy 

that is fed to each bright dot on the screen is actually rapidly 

oscillating in intensity. If an ordinary phosphor is used on the 

screen, the amount of light put out by a bright dot will also 

rapidly oscillate. If this oscillation is fast enough, it is not 

perceived and the picture appears to be steady. If the oscilla¬ 

tion is too slow, the picture will appear to flicker. Even if the 

oscillation is fast enough to give the illusion of steadiness, this 

oscillation in light levels is still present and can fatigue your 

eyes. Using a long-persistence phosphor smoothes this oscilla¬ 

tion because, with such a phosphor, light is produced for a 

longer time after the phosphor is energized. Thus each dot 

continues to produce light even when it is not being directly 

energized by the beam. The result is a very even, steady pic¬ 

ture that will cause less strain on the user’s eyes. 

In the next section we will look further into the details of 

operation of the Monochrome Adapter, investigating how to 

program its single text mode. 

PROGRAMMING THE MONOCHROME UNIT 

Before discussing how to program the Monochrome Adapt¬ 

er we should say a few words about switching back and forth 

between the two displays. 

Switching Between To switch between adapters you must have both adapters 

the Two Adapters installed. The secret to doing this lies in a certain byte of 

memory used by BASICA and the operating system to store 

the switch settings that you have set for your monitors and 

other pieces of equipment, such as disk drives and memory. 

This byte is located in segment 0 at offset 410 (hex). Bits 4 

and 5 of this byte specify the type of monitor, as shown in 

Table 9-1. 
IBM supplies programs to switch between these two moni¬ 

tors, but you can do this yourself with your own program or 

just with a few BASIC commands. Starting with the Mono- 
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Table 9-1 

Switch Settings for Monitors 

Type of monitor Bit 5 Bit 4 

None 0 0 

Color/Graphics Adapter with 

low-resolution monitor 1 0 

Color/Graphics Adapter with 

high-resolution monitor 0 1 

Monochrome Adapter or 

both adapters 1 1 

chrome Adapter as the current display device, enter the 

following: 

DEF SEG=0 

X=PEEK(&H410) 

POKE &H410,(X AND &HCF) OR &H10 

The first line sets BASICA’s data segment so that it starts 

at 0. This is where the system parameters are located, includ¬ 

ing the system’s copy of the equipment byte. The second line 

picks up this byte, and the third line computes and puts back 

a new value into the same location. The new value is com¬ 

puted using some logic. First the old byte is combined with a 

bit pattern 11001111 (written as &HCF) with the AND func¬ 

tion. This clears the two bits (4 and 5) that control the moni¬ 

tor settings. Next the result is combined with the bit pattern 

00010000 (written as &H10) with the OR function. This 

inserts a new value for these bits into the byte. 

At this point your cursor should be showing on the 

Monochrome Display, but anything you type should be on the 

Color/Graphics Adapter’s display. Bits 5 and 4 of the equip¬ 

ment byte say you have the Color/Graphics Adapter with a 

low-resolution monitor, but the change is not complete. Now 

type 

SCREEN 1 

At this point the computer system sets the medium-resolution 

graphics mode on the Color/Graphics Adapter and you see 
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The Programmer's Model 

your cursor in this mode on the Color/Graphics Adapter. If 
you now type 

SCREEN 0 

you will go into text mode, but you will see no cursor. To get 

the proper cursor, type 

LOCATE „ 1,6,7 

This turns on the cursor and places it at the bottom two rows 

of the dot matrix in which it resides. 

If you now want to go back to the Monochrome Display, 
type 

DEF SEG=0 (if SEG has been changed) 

X=PEEK(&H410) 

POKE &H410, (X OR &H30) 

SCREEN 1 

SCREEN 0 

WIDTH 80 

LOCATE ,,1,12,13 

Here we set both bits 4 and 5 to 1, change the mode (with 

the two SCREEN commands), set the width to 80, which is 

the proper size for the Monochrome Adapter, and set the cur¬ 

sor for the Monochrome Display Unit. 

As with the Color/Graphics Adapter, you may program 

the Monochrome Adapter in a number of ways. It is conve¬ 

nient to view these ways in terms of levels of programming. 

At the highest level is what you can do with the BASICA 

statements PRINT, LOCATE, COLOR, and WIDTH. At this 

level the programmer does not have to understand the inter¬ 

nal details of how the adapter works —just what it is capable 

of doing under the action of these commands. This under¬ 

standing is called the 'programmer’s model of the machine. 

Lower levels of programming require more knowledge of the 

equipment by the programmer, and hence they have a more 

complicated programmer’s model. These lower levels use the 

POKE command to change the contents of the screen memory 

directly and use the OUT command to modify registers on 

the adapter and the internal registers of the Motorola 6845 

video chip. 
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High-Level 

Programming 

For the Monochrome Adapter, a programmer’s model 

includes the fact that each character position on the 80- 

column by 25-row screen corresponds to a unique pair of 

memory cells that controls what appears in that particular 

character position. Physically, all these memory cells are 

located on the Monochrome Adapter and are “mapped” as 

part of main memory. A high-level programmer does not 

have to know this, but lower-level programmers do have to 

understand more about how this works. 

The programmer’s model at any level should also include 

some memory cells that store information about the cursor 

such as its location and its shape. Physically, these cells are 

inside the Motorola 6845 video chip, but again, a high-level 

programmer does not have to know exactly where these cells 

are located. 

It is helpful to realize there is a strong similarity between 

the way the Monochrome Adapter works in this regard and 

the way the high-resolution text mode is set up on the Color/ 

Graphics Adapter. The programmer’s model for both 

machines is quite similar. In particular, the screen is the 

same dimension in both cases, and there is an ASCII code 

memory cell and an attribute memory cell for each character 

position on the screen. As we observed, the same ASCII codes 

work on both adapters but with slightly different dot patterns 

resulting on the screen. In both cases, we also have attributes 

called foreground, background, and blink. However, attri¬ 

butes work differently from one adapter to another. Instead 

of controlling background and foreground colors, as on the 

Color/Graphics Adapter, the attribute cells on the Mono¬ 

chrome Adapter control underlining, highlighting, blinking, 

and reverse video for the character positions. We will look at 

this more closely when we examine the COLOR statement. 

Next we will look at the PRINT, COLOR, LOCATE, and 

WIDTH statements and how these commands are used to 

control our programmer’s model of the Monochrome Adapter. 

If we restrict ourselves to using just the PRINT, COLOR, 

LOCATE, and WIDTH commands while using the Mono¬ 

chrome Adapter, we will do high-level programming. We 

start with a few brief comments about the PRINT command. 
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PRINT Command. We will not need to discuss the PRINT 

command in much detail because it has been explained in 

Chapter 6 and is a standard part of BASIC. It suffices to say 

that the PRINT command allows us to print messages and 

numerical values on the screen according to a set of rules that 

is standard to most BASICs and that it has the usual syntax. 

The only unusual aspect might be the size of the print 

fields—the same as for the Color/Graphics Adapter. 

COLOR Command. The COLOR command controls the 

attributes for all characters that are printed by subsequent 

PRINT statements. The current attributes stay in one setting 

until the next COLOR statement. Characters that have 

already been printed do not suddenly change attributes when 

a new COLOR statement is executed. 

When used with the Monochrome Adapter, the full syntax 

for the COLOR statement is 

COLOR [totalforeground] [,background] 

where totalforeground is given by 

totalforeground = foreground + 16 * blink 

The quantities foreground, blink, and background are de¬ 

scribed in detail below. 

Notice that we have omitted the third parameter, border- 

color, from this command. This is because bordercolor has no 

effect on the Monochrome Adapter. 

For each character position on the Monochrome Adapter, 

there are three attributes that are stored in different parts of 
its attribute memory cell. These attributes are called fore¬ 

ground, blink, and background, the same as they are on the 

Color/Graphics Adapter. However, they do quite different 

things and follow somewhat complex rules as they interact 

with each other. The various combinations of foreground and 

background are described in Table 9-2. 

The first attribute for the Monochrome Adapter is called 

foreground; it controls both the foreground intensity and 

whether or not the character is underlined. It ranges from 0 

to 15, but only a few of these values produce different results. 

The second attribute is called background. It ranges from 

0 to 7, and it controls whether or not the symbol is reversed, 

but only if the foreground color is 0 or 8. 

The third attribute is called blink. It controls whether or 
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Table 9-2 
■ 

Foreground and Background Attributes 

Foreground 

0 1 2-7 8 9 10- 15 

0 Off Underlined Off Underlined 

and normal 

intensity 

and high 

intensity 

1 
i 

Background 6 

Normal 

intensity 

Normal 

intensity 

High 

intensity 

High 

intensity 

7 Reversed 

and 

normal 

intensity 

Reversed 

and 

normal 

intensity 

not the character blinks. In the COLOR statement, this 

attribute is combined with the first according to the formula 

given in conjunction with the syntax for the COLOR 

command. 

To see exactly what happens in each case for the COLOR 

command, run the TEXT program from Example 2-2 on the 

Monochrome Adapter. You should see 8 rows of characters, 

one for each possible value for the background, ranging from 

0 for the top row to 7 for the bottom row (as in Figure 9-4). 

There are 32 columns, one for each possible value for the total 

foreground, ranging from 0 for the leftmost column to 31 for 

the rightmost column. You should look closely at rows 0 and 7, 

which contain the key values for the background. You should 

also look at columns 0 and 8, which correspond to the fore¬ 

ground “colors” that allow the background to do its best job. 

LOCATE Command. The LOCATE command is used to 

control both the shape and the position of the cursor. Its full 
syntax is 

LOCATE [row][,[column][,[cursor][,[start][,stop]]]] 

where the parameters row and column act the same as with 
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Figure 9-4 

Example 2-2 on the Monochrome Unit 

the Color/Graphics Adapter. The cursor parameter specifies 

whether or not the cursor is visible or invisible (0= invisible 

and Invisible). The fourth and fifth parameters, start and 

stop, specify the size and shape of the cursor. Because there 

are 14 lines in the dot matrix for a character position on the 

Monochrome Adapter, the values for start and stop can range 

from 0 to 13. Within the character position where the cursor 

is located, the cursor will consist of those rows of the dot 

matrix starting with the one specified by start and ending on 

the one specified by stop. Examples for how this works on the 

Color/Graphics Adapter can be found in Chapter 6. Why 

don’t you try some of these possibilities on the Monochrome 

Adapter? Modify them so that the values range from 0 to 13 

instead of from 0 to 7. For example, try start=0 and stop=13. 

WIDTH Command. The WIDTH command can be used to 

control the line length of the display. However, instead of 

doubling and halving the width of the characters at the same 

time, it forces the PRINT statement to use either the full 

width of the screen (with WIDTH 80) or half the screen (with 

WIDTH 40). Try typing 

WIDTH 40 
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uMtk 41 

Ok 

riia> 
com ah# con chiisi 
basic* .con ibipc 
MEDItr IAS LOU 
HSCROLL IAS I nil 
nSUITCH MS IIVTIST 
C3LISS0H. MS MKHAIT 
rurni ms piichart 
C4LISSOH. MS SPACKS 

PCHAH MS CSIKSSOM 

PICICII MS PHOUSI 

IOSLKSS .MS CHIPLOT 

POUT .MS POK 

timti ms nssACi 
IOXCS .MS 

Ok 

con poihat 
IAS TPXT 

BAS SCROLL 

MS CSMITCH 

IAS SUITCH 

IAS PUK2I 

MS HOUSK 

MS ISP10UK 

IAS PIIPILL 

MS CSLISSOn.MS 

MS ILOUUP MS 

■AS HSU .MS 

MS MALI -MS 

con 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

MS 

Figure 9-5 

Monochrome 40-Column Display 

Figure 9-6 

Monochrome 80-Column Display 

and then displaying the disk directory. There should be only 

three entries per line occupying only the left half of the 

screen, as shown in Figure 9-5. Now type 

WIDTH 80 

and again display the disk directory. This time there should 

be six entries per line, occupying the full width of the screen, 

as shown in Figure 9-6. 

These are the only commands you need to do all sorts of 
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Special Programming 

graphics with the Monochrome Adapter. Much of the power 

of these commands stems from the regular and graphics 

characters available with IBM’s extended ASCII code. 

If you are interested in special programming, you will 

have to understand how the memory is “mapped” for the 

Monochrome Adapter and how the internal registers of the 

6845 video chip are set up. That is, you will have to add these 

internal details to your programmer’s model of the Mono¬ 

chrome Adapter. Fortunately, there is a tremendous similar¬ 

ity between how these details work on the Monochrome 

Adapter and on the Color/Graphics Adapter. 

Memory Map. The only difference between the memory 

mappings of the two adapters is the base address for the 

video memory. Otherwise, they are both organized in a linear 

fashion with bytes for ASCII code alternating with bytes for 

attributes. 

As we saw in earlier chapters, the Color/Graphics Adapt¬ 

er’s screen memory is contained in the segment whose 

address number is B800 (hex). This has a base or starting 

address of B8000 (hex). The Monochrome Adapter’s screen 

memory is contained in the segment whose address number is 

B000 (hex). This has a base or starting address of B0000 

(hex). For PEEKs and POKEs to work right you must tell 

BASICA about this. To do this, use the command 

DEF SEG=&HB800 

in BASIC before directly accessing the Color/Graphics screen, 

and 

DEF SEG=&HB000 

before directly accessing the Monochrome screen. 

The character positions are mapped from the screen 

memory, starting with the “home” position (upper-left corner 

of the screen) and continuing across each row, row by row, 

until reaching the bottom of the screen, as shown in Figure 

9-7. Mapping the characters to the screen is the same as dis¬ 

cussed in Chapter 2. 
If you know the foreground, background, and blink bit 

attributes for a character position, you can compute its attri¬ 

butes byte with the following formula: 
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Segment = BOOOh RAM 

BOOOOh 

BOOOlh 
B0002h 

B0003h 

B009Eh 

B008Fh 

BOOAOh 
BOOAlh 

B0F9Eh 

B0F9Fh 

ASCII 
Attribute 

ASCII 
Attribute 

ASCII 
Attribute 

ASCII 
Attribute 

ASCII 
Attribute 

Figure 9-7 

Memory Map for the Monochrome 
Adapter 

ATTRIBUTES = 128*(blink) 4- 16*(background) + 

foreground 

Notice that the foreground is not the totalforegrmind; that is, it 

does not contain the blink bit as before in the COLOR com¬ 

mand. The blink bit is handled separately. 

We can put each character code and attribute into place 

with the POKE command and equations in Chapter 2. We 

can also look at each character code or attributes byte with 

the PEEK command. Just to make sure that we understand 

this, let’s try the following example: put an “X” in the middle 

of the second row. We first determine the row and column: 

ROW = 2 

COLUMN = 40 
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Now compute the offset: 

OFFSET = 160*(2—1) + 2*(40-l) = 238 

Now look up the ASCII code for “X.” It is 88. Put this into 

memory with the BASIC commands 

DEF SEG=&HB000 

POKE 238, 88 

You should now see the letter “X” on the screen in the middle 
of the second row. 

Now let’s change the attributes of the “X” to make it 

underlined with high intensity and blinking. The attributes 
are 

foreground = 9 (High intensity and underlined) 

background = 0 (Not reversed) 

blink — 1 (Blinking) 

Then compute the attribute byte. 

ATTRIBUTES = 128*(1) + 16*(0) + 9 = 137 

Now put this into the next byte with the BASIC command 

POKE 239, 137 

You should now see the letter become underlined, more 

intense, and begin to blink. Try different ASCII codes in 

location 199 to get different symbols on the screen; and try 

different attributes bytes in location 200 to get different 

appearances for the symbols. 
Sometimes it is necessary to use this method of POKE 

commands to put characters on the screen. For example, sup¬ 

pose you want to display the symbols for ASCII codes in the 

ranges 7 to 13 and 28 to 31. If you merely print these charac¬ 

ters (using PRINT with CHR$), the codes will be treated by 

BASICA as bell, cursor, and carriage control codes and not 

sent directly to the screen. For example, Table C of the IBM 

Technical Reference manual says that ASCII code 7 corre¬ 

sponds to a circular dot, but if we try to reproduce it by giv¬ 

ing the command 

PRINT CHR$(7) 

we will get a “beep” (the PC’s bell). To produce the dot, you 

must give the command 

POKE 238, 7 
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and a dot symbol will appear on the screen. 

Setting Mode Bits. Like the Color/Graphics Adapter, there 
are certain bits that can be set on the Monochrome Adapter 
board in addition to the internal registers of the Motorola 
6845 video chip on the adapter board. On the Monochrome 
Adapter, there are only three bits on the board itself that you 
can set. These are the high-resolution, video enable, and enable 
blink bits. All three are accessed through output port 3B8 
(hex). The high-resolution bit (bit 0) must always be 1. The 
video enable bit (bit 3) determines whether or not the video 
signal is being sent to the display unit. A value of 0 turns off 
the display and a value of 1 turns on the display. The enable 
blink bit (bit 5) controls blinking of the text characters in 
that if this bit is 0, the blink attribute will not cause blinking 
of the corresponding character. As far as we know, there is no 
way to prevent the cursor from blinking. The formula for set¬ 
ting this whole port is as follows: 

CONTROL = 32*(blink enable) + 8*(video enable) + 1 

You use this variable to set the port with the command 

OUT &H3B8, CONTROL 

If you have cleared the screen since running the TEXT 
program in Example 2-2, run it again. Try the following. 
First load and run the TEXT program, and then type 

OUT &H3B8, 1 

The display should disappear. Both the blink and the video 
bits are of£ This might be useful if you wanted to blank the 
screen while someone is typing a password, but less extreme 
methods will also work, such as using the COLOR statement 
to change attributes temporarily to hide just the characters of 
the password. 

Now type 

OUT &H3B8, 9 

Unfortunately, you will not be able to see what you are doing 
because the screen should be entirely blank except for a 
lonely blinking cursor that moves as you type, but does not 
show anything. When you press the ENTER key the video en¬ 
able bit is turned on. The display should reappear, but none of 
the characters will blink. 

392 Graphics Primer for the IBM PC 



Next, type 

OUT &H3B8, 41 

The characters on the right half of the screen should now 

blink. These are the character positions which have the blink 

bit on. Thus we have established control over these few bits. 

Next, let’s take a look at the internal registers of the Motorola 

6845 video chip. 

Programming the 6845 Chip. The Monochrome Adapter 

uses the Motorola 6845 video controller chip, the same type as 

the Color/Graphics Adapter uses. This chip acts as a traffic 

manager on the Monochrome Adapter in that it generates the 

address information and the synchronization signals that con¬ 

trol the flow of bytes from the screen memory to produce the 

video signal, which drives the Monochrome Display Unit. 

As we saw in Chapter 8, the Motorola 6845 video con¬ 

troller chip has 18 internal registers. The Monochrome Adapt¬ 

er has only one mode, and therefore only one set of values is 

provided by IBM for programming these registers. Table 9-3 

gives the initial values. The Monochrome Adapter uses the 

same method as the Color/Graphics Adapter to program 

these registers; that is, one output port (the index port) is 

used to select an internal register and another output port 

(the data port) to place data in that register. For the Mono¬ 

chrome Adapter, port 3B4 (hex) is the index port and port 

3B5 (hex) is the data port. 

Because the Monochrome Adapter uses completely differ¬ 

ent timing for its video signals, the values for these internal 

registers are quite different from any of the modes on the 

Color/Graphics Adapter. The closest is the 80 X 25 high- 

resolution text mode. In fact, if you were to make a compari¬ 

son between the values given in Table 9-3 and the values used 

to program the 80 X 25 high-resolution text mode on the Color/ 

Graphics Adapter, you would see that register 1 (horizontal 

displayed) and register 6 (vertical displayed) are the same, 

but most others are different. In particular, register 0 (hori¬ 

zontal total) and register 5 (vertical total) are set up differently. 

Let’s experiment with some of these values. In particular, 

let’s see how to make a 50-line display on this adapter as we 

did on the Color/Graphics Adapter. 
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Table 9-3 

6845 Internal Register Values for 

Monochrome Adapter 

Register Value Register function 

0 97 Horizontal time total 

1 80 Horizontal bytes displayed 

2 82 Horizontal synchronization position 

3 15 Horizontal synchronization width 

4 25 Vertical lines total 

5 6 Vertical adjust 

6 25 Vertical lines displayed 

7 25 Vertical synchronization position 

8 2 Interlace mode 

9 13 Maximum character line 
10 11 Cursor start 
11 12 Cursor end 
12 0 Memory start address (high) 
13 0 Memory start address (low) 
14 0 Cursor address (high) 
15 0 Cursor address (low) 
16 — Light pen (high) 
17 — Light pen (low) 
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EXAMPLE 9-1 l 
TEXT DISPLAY 

text display mode on the Monochrome Adapter 

that has 50 lines and 40 columns. Use the full interlace 

mode. To demonstrate this format, fill the screen with the 

letter “A.” The result is shown in Figures 9-8 and 9-9. 

Solution 

100 
110 
120 
130 
140 
150 
160 
170 
ieo 
190 
200 
210 
220 
230 
240 
250 
260 
270 
200 

310 
320 
330 

INTERLACED TEXT 

Displays text in interlaced 
mode. 

KEY OFF 
CLS 
WIDTH 80 

MR 

interlace, 40-column, and center 
OUT &H3B4,8l OUT &H3B5,3 
OUT &H3B4,1i OUT &H3B5,40 
OUT &H3B4,2t OUT &H3B5,65 

PRINT TAB<12>f"INTERLACED TEXT" 

DEF SE0 - &HBOOO 
FOR I - 3 TO 49 

FOR J - O TO 39 
POKE 80*I+2*J,65 

NEXT J 
NEXT I 

LIST 

®li 

if' 
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Example 9-1 

Solution, continued. 

iHi' . 
iflpiippiy jcn '*** § \ 

I W$4 

■ .Vf.. •• . ■$%"% mm 

',H " V‘ > 

■pnKf~ 

] 

Figure 9-8 
50-Line Text Display 

Before LIST 

Figure 9-9 
50-Line Text Display 

After LIST 
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In this example, we first turn off the function key display 

and clear the screen. We also set the width to 80. Then comes 

the special programming. We select register 8 (interlace 

mode) by sending an 8 to the index port for the 6845 video 

chip, and then we place a 3 in this register by sending a 3 to 

the data port. This sets up the fully interlaced mode. Next we 

select register 1 (horizontal displayed) by sending a 1 to the 

index port, and we send 40 to it via the data port. This speci¬ 

fies that 40 characters will be displayed per line. Next we 

select register 2 (horizontal synchronization position) by send¬ 

ing 2 to the index port, and we send a value of 65 to it via the 

data port. This adjusts the picture to be displayed in the 

middle of the screen. 

Next the PRINT statement puts the title on the top row of 

the screen, and the next section fills rows 3 through 49 with 

the letter “A” by placing the ASCII code for that letter in 

every other memory location for the appropriate number of 

bytes of the video RAM. Recall that it takes two bytes to spec¬ 

ify each character position. Notice that the DEF SEG com¬ 

mand sets up the Monochrome Adapter’s video RAM as the 

data segment for subsequent POKEs into memory. 

On most TVs, a fully interlaced computer display would 

cause a great deal of flicker. However, on the Monochrome 

Display, there is no flicker, even when we run this special 

program. This is because of the long-persistence phosphor. 

You might notice that we used only 40 columns and not the 

full 80 columns. This was done because the Monochrome 

Adapter has only enough video memory for 2000 character 

positions. This number is exactly right for the standard 80 X 

25 mode, but not enough if we have an 80 X 50 display. If we 

halve the number of columns, it works out just right. If how¬ 

ever, you want to experiment, try putting 80 instead of 40 in 

line 210. You will see two copies of everything on the screen, 

one in the upper half and one in the lower half of the screen. 

This happens because, when the screen mapping runs out of 

video memory, it repeats itself, starting at the beginning of 

its video RAM. 

This mode demonstrates that it is possible to achieve very 

dense, yet readable text displays. If we had twice the amount 

of memory in the Monochrome Adapter’s video RAM (and 

twice the addressing range for it), we would be able to have 

text displays with 80 columns and 50 rows of characters. 

We have seen how to program the Monochrome Adapter 
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on several levels: first on a high level, by using PRINT, 

COLOR, LOCATE, and WIDTH commands; then on lower 

levels using POKE to get directly at the screen memory and 

the OUT command to get directly at the bits on the board and 

the internal video chip registers. In the next section, we learn 

how to arrange special graphics characters to create interest¬ 

ing patterns on the screen. 

WORKING WITH SPECIAL GRAPHICS CHARACTERS 

As we saw in Chapter 7, character graphics involves posi¬ 

tioning characters on the screen to form pictures. This area 

of graphics involves an added layer of complexity beyond that 

of plotting points, because our “points” have shapes, colors, 

and other attributes of their own. Thus, the programmer or 

user must understand picture-making in two stages: the 

selection process and the positioning process. When we stud¬ 

ied dot or APA graphics, we learned many commands for 

stringing dots together to make interesting shapes, and we 

found many tools for assisting with the positioning process. 

We had only one command, the COLOR command, for chang¬ 

ing the attributes (blinking and colors) of the points. With 

character graphics, the situation is reversed. Instead, we are 

given 256 predefined shapes and many possible attributes to 

choose from. With so many shapes to choose from, selecting 

just the right shape and attributes now becomes as important 
as positioning that shape. 

We start by looking at a special subset of graphics charac¬ 

ters available on the IBM Monochrome Unit. These charac¬ 

ters allow us to draw single and double lines, corners, 

T turns, and crossings. With these characters we can con¬ 

struct rectangular figures, including boxes and borders, par¬ 

ticularly suitable for business graphics applications. 

These special graphics symbols have been assigned ex¬ 

tended ASCII codes in the range from 179 to 218 in a some¬ 

what unusual order. Each row of our chart contains varia¬ 

tions of one particular shape. For example, the first row 

contains the two variations of the vertical and horizontal 

lines, single and double; and the third row contains all four 
“left-to-top” corners. 

Notice that there are two variations of each line and four 
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Vertical and Horizontal Lines 

Left to Top Corner 

Left to Bottom Corner 

Right to Top Corner 

Right to Bottom 

Left to Vertical T Turn 

Right to Vertical T Turn 

Top to Horizontal T Turn 

Bottom to Horizontal T Turn 

Vertical/horizontal crossing 

single 
ASCII 179 

m 
single/single 
ASCII 217 

single/single 
ASCII 191 

single/single 
ASCII 192 

single/single 
ASCII 218 

single/single 
ASCII 180 

single/single 
ASCII 195 

single/single 
ASCII 193 

H 
single/single 
ASCII 194 

single/single 
ASCII 197 

double 
ASCII 186 

single/double 
ASCII 189 

a a 
single/double 

ASCII 183 

0 ffl 
single/double 

ASCII 211 

single/double 
ASCII 214 

H 
single/double 

ASCII 182 

single/double 
ASCII 199 

single/double 
ASCII 207 

single/double 
ASCII 209 

single/double 
ASCII 216 

single 
ASCII 196 

double/single 
ASCII 212 

H E H 
double/single 

ASCII 213 

double/single 
ASCII 181 

double/single 
ASCII 198 

double/single 
ASCII 208 

BE 
double/single 

ASCII 210 

0 H H 
double/single 

ASCII 215 

Figure 9-10 

Chart of Line and Corner Symbols 

double 
ASCII 205 

double/double 
ASCII 188 

a 
double/double 

ASCII 187 

ffl 

double/double 
ASCII 200 

ffl 

double/double 
ASCII 201 

0 

double/double 
ASCII 185 

OTl 
BE 

double/double 
ASCII 204 

rra 
LIE 

double/double 
ASCII 202 

m 

double/double 
ASCII 203 

an 
double/double 

ASCII 206 

era 
BE 
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variations of each corner, T turn, and crossing. 

You cannot print these symbols on most printers, but if 

you have a Color/Graphics Adapter, you can use the font edi¬ 

tor to make a set of custom characters in graphics mode that 

corresponds to these hard-wired characters. Then use the 

“screen dump” to print displays that you make on the screen 

in graphics mode. 
There is a special way to produce these symbols directly 

on your screen using the ALT key. Just hold down the ALT key 

and type the corresponding three-digit ASCII code on the 

numeric keypad. When you release the ALT key the symbol 

appears on the screen. You can use the cursor keys to move 

around to different parts of the screen to place these charac¬ 

ters where you want them. In this manner you can design 

forms. Later we will show a character graphics editor to do 

this more efficiently. 

These symbols are designed to fit neatly together to make 

larger figures, such as boxes and frames. Try making a small 

box on your screen using the ALT key with the ASCII codes 

from Figure 9-10. Start out by using the four single line 

corners. 

For each symbol, you see that the patterns are set up in a 

consistent manner within their dot matrix and all protruding 

lines extend all the way to the edges of the dot matrix. This 

ensures the continuity of lines from one character position to 

the next. Let’s look at this in more detail, starting with single 

line symbols and then extending to double lines and mixed 

single and double line symbols. 

The symbol for a single vertical line is represented by a 

column of dots in the center of its 9 X 14 dot matrix. Counting 

from the left (starting with 1 as the first column), this is 

column number 5. The pattern consists of a full column of 14 

dots extending from the bottom to the top of the dot matrix. 

This ensures continuity if we want to make a long single ver¬ 

tical line by placing a number of these single vertical line 

symbols together, one on top of another. The dots for one 

character position just merge into the dots for the next. 

Single horizontal lines fit together just as nicely. However, 

there is not a “center” row on a 9 X 14 dot matrix, because the 

number of rows is even. (In the previous case the number of 

columns was odd.) The center position for the rows is really 

between rows 7 and 8, counting from the top. The lower of the 

two rows (row 8) is used for horizontal single line patterns. 

For a single horizontal line, the full 9 dots of this row are 
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filled in, ensuring continuity in this direction as well. 

Single line corners, T turns, and crossing work well too, 

because any lines extending out from the corners always use 

column 5 or row 8 and always extend to the edge of the dot 

matrix. 

You can check out these various possibilities by hand, but 

Example 9-3 will demonstrate how well all these single line 

shapes fit together. 

Now let’s look at how character graphics can be used to 

create graphs. The type of graph that character graphics 

does best is the bar chart. The next example shows how this 

can be done. To make this program, we started by designing 

the actual layout of the axes on the screen. We used the ALT 

key and the cursor keys to place graphics symbols on the 

screen as we wanted them to appear when the program ran. 

We then put line numbers and PRINT statements before each 

line in our design and enclosed that line in quotes. We used 

the INSERT key to move the design as we typed in the line 

numbers and PRINT commands. We then had a program 

that would produce the axes (including labeling). To this pro¬ 

gram we added statements to display the data in the form of 

bars on the bar chart. 
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EXAMPLE 9-2 

BAR CHART WITH CHARACTER GRAPHICS 

Use character graphics on the Monochrome Adapter and 

Display Unit to draw a bar chart of the monthly sales for a 

book for the year 1981. The output is shown in Figure 9-11. 

Solution 

too 
110 
120 
130 
140 
150 
160 
170 
175 
180 
182 
184 
190 
195 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
315 
320 
330 
340 
350 
360 
370 
380 
390 
400 

' BAR CHART WITH CHARACTER GRAPHICS 
KEY OFFiCLS 
t 

COLOR 0,7 
LOCATE 9,18 t PRINT "1981 SALES DATA" 
COLOR 7,0 
LOCATE 10,1 
PRINT " * 1.0 2.0, 3.0 4.0 5.0 (thousand)” 
' Use ALT and keypad to type in graphics characters 
PRINT " t ■! 1 J l-l i I \ M H" 
' Left corner is ALT 201, right end is ALT 181 
' Bar is ALT 205 three times, tick is ALT 216 
PRINT “J " 
' Vertical bar with tick is ALT 182 
PRINT "F - 
PRINT "M • 
PRINT "A ■ 
PRINT "M • 
PRINT "J ■ 
PRINT "J 
PRINT "A 
PRINT "S 
PRINT "0 • 
PRINT "N 
PRINT "D -• 
PRINT " "| 
' Bottom is ALT 208 
* 

' plot the data in a bar chart 

FOR MO-1 TO 12 
READ DLR 
SCDLR-DLR/125 
FOR H-l TO SCDLR 

LOCATE MO+11,H+3 
PRINT "■•‘i 

'scale to fit in 40 columns, 125 per incr 
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Example 9-2 

Solution, continued. 

40S ' Block is ALT 219 
410 NEXT H 
420 NEXT MO 
430 * 
440 LOCATE 1,1 ' put the cursor back at horns 
445 ' 
450 ' Salss income -for Jan - Dsc 
455 ' 
460 DATA 478, 958, 2055, 1291, 950, 963, 1049, 787, 1623, 841, 

\  \ 

Looking more carefully at this program, we see that after 

the function key display and the screen are cleared, the color 

is changed to give reverse video for a title. If we wanted to, 

we could have highlighted the title instead. 

Immediately after the title is printed, the color is set to 

normal. Next the axes are drawn. Notice that the graphics 

characters are included directly in the PRINT statements. 
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The method for creating these PRINT statements is de¬ 

scribed previously. We found this, took fewer steps and was 

easier to read than using FOR loops and CHR$ functions. For 

your convenience we have indicated the ASCII code in REM 

statements. If you type in the program, you can make these 

graphics characters by using the ALT key. 

In the last part of the program, a nested pair of FOR loops 

draws the bars on the graph. The block character that is used 

to produce the bars fills up an entire character position. This 

gives a “resolution” of 80 X 25. By some very tricky pro¬ 

gramming you could use block characters that are one- 

quarter the size of a character position, and thus increase the 

resolution to 160 X 50. 

After the picture is drawn, we return the cursor to home 

(to prevent scrolling). The data for the chart is found in a 

DATA statement at the end. 

In the next example we show how to use these single line 

characters to draw a window. Windows are useful for many 

applications. For example, they can be used to form game 

boards, signs, and frames for menus and text. 
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EXAMPLE 9-3 

WINDOW PANES 

Use the Monochrome Adapter Display to draw a window 

with six window panes arranged in a 2 X 4 pattern. Use 

the single line, corner, T turn, and crossings characters. 

Write your program so that the number of panes can be 

easily changed. The result is shown in Figure 9-12. 

Solution 

100 ' WINDOW PANES 
110 ' 

120 X-25*Y-3iZ»3 ' window *ix« 
130 ' 
140 S- 32i V-179* H-196lVH-197 
150 LT-217iLB-191tRT-l92iRB-218 
160 LV-lS0lRV-195»TH-193»BH-194 
170 ' 
ISO DEF FNL*<X,A,B,C,D»E> - SPACE*<12)+CHR*<A)+STRINS*<X,B> 

+ CHR*<C> +STRINS* < X,D)+CHR* <E> 

190 ' 
200 DEF FNT*(X >-FNL*(X,RB,H,BH,H,LB) 
210 DEF FNM*<X>-FNL*<X, V,S, V,S, V) 
220 DEF FNJ*<X>-FNL*(X,RV,H,VH,H,LV> 
230 DEF FNB*<X)«FNL*<X,RT,H,TH,H,LT> 

■ 240 ' 
250 KEY OFFjCLS 
260 PRINT FNT* <X>tFOR J-l TO YtPRINT FNM*<X>»NEXT 
270 FOR K - 1 TO Z 
2B0 PRINT FNJ#(X>iFOR J-l TO Yi PRINT FNM*<X>«NEXT*NEXT 
290 PRINT FNB* <X > 
300 LOCATE 1,1 
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Example 9-3 

Line 120 gives the window size parameters: 

X Width of a window pane 

Y Height of a window pane 

Z Number of panes vertically 

These parameters are used in the last part of the program to 

control the FOR loops that draw the window. 

Next we define ASCII codes for each single line, corner, 

T turn, and crossing. We have used shorthand names for each 

of these ASCII codes and included the code for a blank. These 

are shown in Figure 9-13 

Next we define a string function FNL$ that makes a 

generic line of the window. It starts with twelve spaces (to 

better center the window on the screen), then one character, 

then a string of X characters, then another character, then 

another string of X characters, and then a single character. 

The characters are specified as arguments to this function. 

Notice that the function occupies two lines of the display, with 

no line number on the second line. We used the SPACE key to 
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wrap the line around until the second part of the line was 

aligned underneath the first part. 

The next step of the program is to define the various typi¬ 

cal lines of the window. This is done via the string functions 

FNT$, FNM$, FNJ$, and FNB$. FNT$ corresponds to the 

top of the window, FNM$ corresponds to a midsection, FNJ$ 

corresponds to a junction where the panes come together, and 

FNB$ corresponds to the bottom of the window. In each case 

we use the generic line-making function FNL$, with parame¬ 

ters equal to the codes for the appropriate types of pieces. 

First, the top line of the window is printed, then Y mid¬ 

lines of the window are drawn, and then Z copies of a junction 

line followed by Y midlines are printed. Finally the bottom 

line of the window is laid down. The X is used as an argu¬ 

ment to the line-making functions to control the width of each 

pane and hence the width of the window. The program can be 

used to draw windows just about as large as the screen. 

This example can easily be modified to demonstrate how 

well the double line characters fit together with each other. 

Try changing the ASCII codes in lines 140-160 to the 

following: 

140 S-32 t V-186 i H-205 i VH-206 
150 LT-188 i LB-187 t RT-212 i RB-201 
160 LV—185 i RV-204 I TH-202 I BH-203 

□ 
m 

S - Space 

V - Vertical 

H - Horizontal 

VH - Vertical/Horizontal 

LT - Left to Top 

LB - Left to Bottom 

n 

o 

RT - Right to Top 

RB - Right to Bottom 

LV - Left to Vertical 

RV - Right to Vertical 

TH - Top to Horizontal 

BH - Bottom to Horizontal 

Figure 9-13 

Single Line Shapes and 

Their Abbreviations 
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When you run the program after making this modification, 

you will see the window with double lines around all the 

panes. 
You can even change this program so that it uses single 

lines vertically and double lines horizontally or vice versa. 

Look up the appropriate codes in Table 9-3 and enter them 

into your program. 

CHARACTER EDITOR 

Our next example shows you how to write a graphics edi¬ 

tor. You can use this editor to design axes for Example 9-2, 

the chart program. Just make the appropriate image on the 

screen and put line numbers, PRINT commands, and quota¬ 

tion marks around it to turn it into program statements. 
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EXAMPLE 9-4 

CHARACTER GRAPHICS EDITOR 

Write a screen-oriented editor for character graphics on 

the Monochrome Adapter and Display Unit. The cursor 

keys should allow you to move freely around the screen. 

There should be a choice of several character sets, 

including one with all the single and double lines, corners, 

T turns, and crossings. There should be an adjustable 

pointer that determines the direction in which the symbols 

will be printed. The result is shown in Figure 9-14. 

Solution 

100 ' DESIGN 
110 ' 

120 FOR K-l TO 10!KEY K," "« NEXT 
130 CLS 
140 ' 
150 ' sot up key at bottom of screen 
160 DIM KEYS(3,52) 
170 ' 
180 ' first a row of keys to hit 
190 LOCATE 24,1 # 
200 FOR K-65 TO 90 tPRINT CHR4(K>;tNEXT 
210 FOR K-97 TO 122lPRINT CHR*<K>jiNEXT 
220 FOR K-l TO 52iKEYS<0,K)-32iNEXT 
230 ' 
240 ' now a row of special symbols 
250 FOR K-l TO 52*READ KEYS(l,K)I NEXT 
260 DATA 128, 129, 130, 131, 132, 133, 134, 135 
270 DATA 136, 137, 138, 139, 140, 141, 142, 143 
280 DATA 144, 145, 146, 147, 148, 149, 150, 151 
290 DATA 152, 153, 154, 155, 156, 157, 158, 159 
300 DATA 160, 161, 162, 163, 164, 165, 166, 167 
310 DATA 168, 169, 170, 171, 172, 173, 174, 175 
320 DATA 127, 32, 32, 32 
330 * 

340 ' now another row of special symbols 
350 FOR K-l TO 52iREAD KEYS<2, K)iNEXT 
360 DATA 224, 225, 226, 227, 228, 229, 230, 231 

370 DATA 232, 233, 234, 235, 236, 237, 238, 239 

380 DATA 240, 241, 242, 243, 244, 245, 246, 247 

390 DATA 248, 249, 250, 251, 252, 253, 254, 1 
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] Example 9-4 

Solution, continued. 

400 
410 
420 
430 
440 
450 

610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
795 
800 
810 
620 

DATA 2, 3, 4, 5, 6, 14, 15, 
DATA 19, 20, 21, 23, 24, 25, 26, 
DATA 28, 29, 32, 32 

18 
27 

corntr symbol* 
ir8(3,K>»NEXT 

460 DATA 179, 186 
470 DATA 196, 205 
480 DATA 217, 189, 190, 188 
490 DATA 191, 183, 184, 187 
500 DATA 192, 200, 211, 212 
510 DATA 218, 214, 213, 201 
520 DATA 180, 182, 181, 185 
530 DATA 195, 199, 198, 204 
540 DATA 193, 207, 208, 202 
550 DATA 194, 209, 210, 203 
560 DATA 197, 216, 215, 206 
570 DATA 176, 177, 178 
580 DATA 219, 220, 221, 222 
590 DATA 16, 17, 22, 32 
600 * 

. ;■ ' ■ 

LOCATE 24,60* PRINT"now gi 
LOCATE 25,1 
FOR K-l TO 52»PRINT CHR* 

DELX-1 
LOCATE 
LOCATE 
LOCATE 
LOCATE 
LOCATE 
LOCATE 
LOCATE 

ON KEY 
ON KEY 
ON KEY 
ON KEY 
ON KEY 
ON KEY 
ON KEY 
ON KEY 
ON KEY 

lDELY-0 
1,71* PRINT"pointsr 
2,74lPRINT CHR*<26)| 
3,71*PRINT“f1-up "I 
4,71iPRINT"*3-l®*t 
5,71 * PRINT"f4"right "» 
6,711 PRINT"-f 5«down 

11,71 *PRINT"f9»nsw key"f 

223 

graphics"$ 

<KEYS(CHRSET,K))j * NEXT 

830 ON KEY 

<1> 
(3) 
(4) 
<5) 
<9> 
(10) 
(11) 
< 12) 
(13) 
(14) 

GOSUB 
GOSUB 
G08UB 
GOSUB 
GOSUB 

GOSUB 
GOSUB 
GOSUB 
GOSUB 
GOSUB 

Us |i§i 

1230 
1280 
1330 
1380 
1140 

1590 
1430 
1470 
1510 
1550 
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Example 9-4 

Solution, continued. 

840 KEY(1) ON 
850 KEY <3) ON 
860 KEY(4) ON 
870 KEY(5) ON 
880 KEY(9) ON 
885 KEY(10) ON 
890 KEY(11) ON 
900 KEY(12) ON 
910 KEY(13) ON 
920 KEY(14) ON 
930 ' ■ 

940 ' main loop 
950 LOCATE Y,X,1 
960 A*-INKEY* 
970 IF A*-"" THEN 940 
980 ASCII-ASC(A*) 
990 IF CHRSET-0 THEN A-ASCIIaGOTO 1050 
1000 IF ASCI I<65 OR ASCII>122 THEN 940 
1010 IF ASC11>90 AND ASCI I<97 THEN 940 
1020 IF ASCI I>90 THEN ASCI I-ASC11-6 
1030 A-KEYS(CHRSET,ASCII -64) 
1040 
1050 LOCATE Y, X, 1 
1060 PRINT CHR*(A) $ 
1070 X-X+DELXaY-Y+DELY 
1080 IF X<1 THEN X«1 
1090 IF X>70 THEN X-70 
1100 IF Y<1 THEN Y-l 
1110 IF Y>23 THEN Y-23 
1120 GOTO 940 
1130 » 

1140 ' next character eet 
1150 CHRSET - (CHRSET+1) MOD 4 
1160 LOCATE 24,60 
1170 IF CHRSET-0 THEN PRINT "now alpha "j 
1180 IF CHRSETOO THEN PRINT "now graphic*"j 
1190 LOCATE 25,1 
1200 FOR K—1 TO 52a PRINT CHR*(KEYS(CHRSET,K))j a NEXT 

1210 RETURN 
1220 t ■ ;y ‘ 

1230 ' tarn the turtle up 
1240 DELX- OiDELY—1 
1250 LOCATE 2,74a PRINT CHR*(24); 

1260 RETURN 
1270 ► 
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Example 9-4 | 

Solution, continued. 

1280 - turn the turtle left 
1290 DELX — liDELY- 0 
1300 LOCATE 2,74iPRINT CHR*<27>| 
1310 RETURN 
1320 * 

1330 turn the turtle right 
1340 DELX- liDELY- 0 
1350 LOCATE 2,74iPRINT CHR*<26)» 
1360 RETURN 
1370 » 

1380 *■: turn the turtle down 
1390 DELX- OiDELY- 1 
1400 LOCATE 2,74*PRINT CHR*<25>| 
1410 RETURN 
1420 
1430 cursor up 
1440 IF Y>1 THEN Y-Y-l 
1450 RETURN 
1460 > 

1470 * 

cursor left 
1480 IF X>1 THEN X-X-l 
1490 RETURN 
1500 V: 

1510 * cursor right 
1520 IF X<70 THEN X-X + l 
1530 RETURN 
1540 . * 

1550 cursor down 
1560 IF Y<23 THEN Y-Y+l 
1570 RETURN 
1580 ' # 

1590 t 

exit program 
1600 LOCATE 23,1 
1610 END 

■ 

Before looking at this program, we will explain how to 

operate this program. When the program first comes up, it 

displays a character set key at the bottom of the screen and a 

function key display on the right side of the screen. You can 

control several things in this program, including the charac¬ 

ter set (by pressing function key 9), the direction that the 

412 Graphics Primer for the IBM PC 



Example 9-4 

characters will go on the screen (function keys l, 3, 4, and 5), 

the cursor position (the cursor keys), and the particular char¬ 

acter. To select a particular character, first determine if it is 

in the normal alpha character set. This includes all charac¬ 

ters corresponding to keys on the IBM PC keyboard. If it is 

one of these, press function key 9 until the alpha character set 

is indicated. If the desired character is not in the alpha set, 

press function key 9 until the desired symbol is visible on the 

bottom line of the display. Then press the key on the key¬ 

board that corresponds to the upper- or lowercase alphabeti¬ 

cal character listed on the screen directly above the character 

you want. To exit the program, press function key 10. 

Now for a detailed look at the listing. We first disable all 

function keys, clear the function key display, and clear the 

screen. The function keys are disabled to avoid buffer prob¬ 

lems if you press a wrong function key while running the 

program. 
The next part of the program sets up the character sets at 

the bottom of the screen. On line 24 (next to the bottom line) 

the alphabet in upper- and lowercase is displayed. We will 
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display the various character sets directly underneath (on 

line 25). There are four character sets. Character set 0 con¬ 

sists of the usual keyboard characters (including numbers 

and various punctuation marks). Character sets 1 and 2 con¬ 

sist of various miscellaneous symbols, and character set 3 

consists of all the single and double lines, corners, T turns, 

and crossings. 
When you use a character set (other than character set 0), 

you press the key indicated on the upper line and the symbol 

immediately below appears on the screen. 

Next we set up our own function key display along the 

right side of the screen. We will be using keys 1, 3, 4, 5, and 9. 

The first four keys are used to set a pointer that will deter¬ 

mine the direction in which the character symbols will 

appear on the screen as we press the keys. Initially, the point¬ 

er points right. This is the usual direction for typing text, but 

we will be able to use these function keys to point the pointer 

up, down, left, or right. Then after typing each character, the 

cursor will move one position over in that direction, ready to 

place the next character on the screen. In this way, we will be 

able to type forward, backward, upward, or downward. When 

we use graphics symbols, we will be able to follow the figures 

around, adding in characters in any of these basic directions. 

Function key 9 will allow us to select new character sets. 

Just press this key and a new character set appears at the 

bottom of the screen. We can use this key to cycle around and 

around all four sets. 

Lines 750-920 assign and enable the function keys for 

interactive input. 

Lines 940-1120 are the main loop. Here we wait for a char¬ 

acter from the keyboard (allowing interrupts from the func¬ 

tion and cursor keys). Once we have a character, we check for 

the alpha character set. If we are using this set, we go right 

on, skipping the next part, which checks for range, adjusts to 

make a continuous selection of all upper- and lowercase 

alphabetical characters, and then looks up the corresponding 

extended ASCII code in the KEYS array for the selected 

character of the selected character set. Then the character is 

printed on the screen in the location (X,Y), and the cursor is 

moved to the next location, depending upon the direction of 

the pointer. We then make sure that we will not be running 

off the screen. Finally, we loop back to look for the next char¬ 
acter from the keyboard. 
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The rest of the program (lines 1140-1580) consists of inter¬ 

rupt service routines to handle the cursor and function keys. 

They are all short, performing just a few updating functions. 

The pointer (turtle) routines update DELX and DELY for the 

pointer and the arrow on the pointer display. The cursor key 

routines update the position (X,Y). The “next character set” 

routine updates CHRSET, displays the new character set on 

line 25, and indicates whether or not we are in the alpha 

mode (character set 0). 

Try using this program to design a few displays. Try mak¬ 

ing a face, a set of axes, and a ship sailing on the sea (our 

pictures are shown in Figures 9-15 and 9-16). 

This program does not allow you to save your picture 

directly, but you can put PRINT statements around your pic¬ 

ture, turning it into a BASIC program, which you can then 

save. This process was described earlier. 

Another way to save your work is to use the BSAVE 

(Binary SAVE) command to save your whole screen. To do 

this, exit the character graphics editor, press CONTROL- 

SCROLL LOCK, and find four free lines on the screen to type 

DEF SEG=&HB000 

BSAVE filename, 0, 4000 

where filename is the name in quotes of the file in which you 

Figure 9-15 

Playing Card Drawn with the Editor 
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Figure 9-16 

Equation Drawn with the Editor 

want the screen. Then any time you want that screen back 

again, type 

DEF SEF=&HB000 

BLOAD filename 

CONCLUSION 

In this, the final chapter, we have explored the world of 

character graphics on the IBM PC Monochrome Adapter and 

Display Unit. We have discussed how the Monochrome Adapt¬ 

er Unit is designed to give a clear, crisp, and dense display of 

characters useful for applications on the terminal, especially 

business applications. We then examined some special line, 

corner, T turn, and crossing characters, showing how they 

can be used in programs. We showed a graphics example and 

finally a character graphics editor program that you can use 

to design your own monochrome graphics screens. 
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APPENDIX A: 3-D ROTATIONS 

In this appendix we provide the formulas for the principal 

3-D rotations and show how to derive formulas for rotations 

that result when we combine them. Such rotations are used in 

Chapter 3 as part of the viewing process for both the 3-D 

function plotting program and the program that displays a 

3-D view of a house. 

For any 3-D rotation there is a plane of rotation, an axis of 

rotation, and an angle of rotation, as shown in Figure A-l. 

The axis of rotation is always perpendicular to the plane of 

rotation. Thus, to completely specify a rotation, it is necessary 

to give only its plane of rotation and its angle of rotation. 

A principal rotation is a rotation whose plane of rotation 

is one of the principal axis planes. There are three principal 

types of 3-D rotations corresponding to the three principal 

General Rotation 
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axis planes: the xy-plane, the xz-plane, and the yz-plane. 

Formulas for these three types are given in Figure A-2. Here 

(x,y,z) are the 3-D coordinates before the motion and (x',y',z') 

are the 3-D coordinates after the rotation. These principal 

rotations can be expressed as 3 X 3 matrices, shown in Figure 

A-3. 

Matrices are an easy way to denote and store sets of for¬ 

mulas like these. Matrices can easily be stored in the comput¬ 

er as arrays. 

Plane of rotation: xy-plane 

x' = x*cos(a) — y*sin(a) 
y' = x*sin(a) + y*cos(a) 
z' = z 

Plane of rotation: xz-plane 

x' = x*cos(a) — z*sin(a) 

y' = y 
z' = x*sin(a) 4- z*cos(a) 

Plane of rotation: yz-plane 

x' = x 
y' = y*cos(a) — z*sin(a) 
z' = y*sin(a) + z*cos(a) 

Axis of rotation: z-axis 

Axis of rotation: y-axis 

Axis of rotation: x-axis 

Figure A-2 

The Principal 3-D Rotations by an Angle a 

xy-plane of rotation: 

/ cos(a) —sin(a) °\ 
1 sin(a) cos(a) 

0 \o 0 1/ 

xz-plane of rotation: 

/ cos(a) 0 —sin(a) 

° 
1 0 

\ sin(a) 0 cos(a) 

yz-plane of rotation: 

/! 0 0 

° 
cos(a) -sin(a) 

\o sin(a) cos(a) 

Figure A-3 

Matrices of the Principal 3-D Rotations 
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It turns out that any general 3-D rotation can be written 

as the composite of principal 3-D rotations; that is, you apply 

a sequence of principal 3-D rotations, one after the other. You 

will need at most three principal rotations to get any specific 

rotation. Composites can be computed easily by a process 

called matrix multiplication. If A and B are matrices given 
by 

A 

(All A12 A13 

A21 A22 A23 

A31 A32 A33 

(Bll B12 B13 

B21 B22 B23 

B31 B32 B33 

then their matrix product is a matrix C 

(Cll C12 C13 

C21 C22 C23 

C31 C32 C33 

where the Cij are given by the formula 

Cij = Ail*Blj + Ai2*B2j + At3*B3j 

More explicitly, 

Cll = A11*B11 + 

C12 = A11*B12 + 

C13 = A11*B13 + 

C21 = A21*B11 + 

C22 = A21*B12 + 

C23 = A21*B13 + 

C31 = A31*B11 + 

C32 = A31*B12 + 

C33 = A31*B13 + 

A12*B21 + A13*B31 

A12*B22 + A13*B32 

A12*B23 + A13*B33 

A22*B21 + A23*B31 

A22*B22 + A23*B32 

A22*B23 + A23*B33 

A32*B21 + A33*B31 

A32*B22 + A33*B32 

A32*B23 -f A33*B33 

In computer programs that do matrix multiplication, the 

more general Cij formula is most often used. However, in 

Chapter 3, we used six of these formulas. 

In Chapter 3 we started with two rotations, one for “spin” 

and one for “tip.” The “spin” rotation is a principal rotation 

whose plane of rotation is the xy-plane and whose angle is 

called SPIN. The “tip” rotation is a principal rotation whose 
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plane of rotation is the yz-plane and whose angle is TIP. The 

matrices for these are 

/I 0 ° \l 1 cos(SPIN) —sin(SPIN) 
°\ 

P cos(TIP) —sin(TIP)l| sin(SPIN) cos(SPIN) 
0 V sin(TIP) cos(TIP) /' y o 0 i / 

If you multiply the corresponding matrices together, you 

should get the following matrix: 

(cos(SPIN) —sin(SPIN) 0 \ 

cos(TIP)*sin(SPIN) cos(TIP)*cos(SPIN) -sin(TIP)] 

sin(TIP)*sin(SPIN) sin(TIP)*cos(SPIN) cos(TIP)/ 

You will see formulas similar to these in the programs in 
Chapter 3. 
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APPENDIX B: ASCII CHARACTERS 
AND SECONDARY CODES 

Table B-l contains the ASCII codes for the 256 characters of 

the PC. These codes are used with the CHR$ function and with 

the alt key to generate characters on the display. They are also 

returned as values when you use the ASC function. 

Table B-l. 

ASCII Codes for the PC 

Decimal 
Value 

Hexadecimal 
Value 

Character 

0 00 Null 

1 01 © 

2 02 

3 03 ▼ 

4 04 ♦ 

5 05 ♦ 

6 06 4 

7 07 Beep 

8 08 □ 

9 09 Tab 

10 0A Line-feed 

11 0B Cursor home 

12 OC Form-feed 

13 0D Enter 

14 0E 

15 OF 

16 10 (► 

17 11 ◄ 

18 12 \ 
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Table B-l. 

(Continued) 

Character 
Decimal 

Value 
Hexadecimal 

Value 

19 13 M 

20 14 <r 
21 15 § 

22 16 

23 17 1 
24 18 4 
25 19 4 

26 1A -► 

27 IB 

28 1C Cursor right 

29 ID Cursor left 

30 IE Cursor up 

31 IF Cursor down 

32 20 Space 

33 21 I 

34 22 »» 

35 23 # 
36 24 S 
37 25 % 
38 26 & 
39 27 ’ 

40 28 ( 
41 29 ) 
42 2A * 

43 2B + 
44 2C 

45 2D 

46 2E 

47 2F / 
48 30 0 
49 31 1 
50 32 2 
51 33 3 
52 34 4 
53 35 5 
54 36 6 
55 37 7 
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Table B-l. 

(Continued) 

Decimal 
Value 

Hexadecimal 
Value 

i 

Character 

56 38 8 

57 39 9 

58 3A 

59 3B 

60 3C < 

61 3D = 

62 3E > 

63 3F ? 

64 40 @ 

65 41 A 

66 42 B 

67 43 C 

68 44 D 

69 45 E 

70 46 F 

71 47 G 

72 48 H 

73 49 I 

74 4 A J 

75 4B K 

76 4C L 

77 4D M 

78 4E N 

79 4F O 

80 50 P 

81 51 Q 

82 52 R 

83 53 S 

84 54 T 

85 55 U 

86 56 V 

87 57 w 

88 58 X 

89 59 Y 

90 5A Z 

91 5B [ 

92 5C \ 

ASCII Characters and Secondary Codes 423 



Table B-l. 

(Continued) 

Decimal 
Value 

Hexadecimal 
Value 

Character 

93 5D ] 

94 5E A 

95 5F _ 

96 60 * 

97 61 a 

98 62 b 

99 63 c 

100 64 d 

101 65 e 

102 66 f 

103 67 g 
104 68 h 

105 69 i 

106 6A j 
107 6B k 

108 6C 1 

109 6D m 

110 6E n 

111 6F o 

112 70 P 
113 71 q 
114 72 r 

115 73 s 
116 74 t 
117 75 u 
118 76 V 

119 77 w 
120 78 X 

121 79 y 
122 7A z 
123 7B { 
124 7C 

125 7D } 
126 7E 

127 7F O 
128 80 c 
129 81 u 
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Table B-l. 

(Continued) 

Decimal 
Value 

Hexadecimal 
Value 

Character 

130 82 e 

131 83 a 

132 84 a 

133 85 a 

134 86 
0 

a 

135 87 9 

136 88 e 

137 89 e 

138 8A e 

139 8B 1 

140 8C 1 

141 8D 1 

142 8E A 

143 8F A 

144 90 E 

145 91 ae 

146 92 /E 

147 93 
A 

o 

148 94 6 

149 95 o 

150 96 
/A 

u 

151 97 u 

152 98 y 
153 99 o 
154 9 A u 

155 9B c 

156 9C £ 

157 9D ¥ 

158 9E Pt 

159 9F / 

160 AO a 

161 A1 
a 

i 

162 A2 6 

163 A3 u 

164 A4 n 

165 A5 N 

166 A6 a 
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Table B-l. 

(Continued) 

Decimal 
Value 

Hexadecimal 
Value 

Character 

167 A7 o 

168 A8 6 

169 A9 i— 

170 AA —i 

171 AB '/2 

172 AC lA 

173 AD i 

174 AE « 

175 AF » 

176 BO 

177 B1 

178 B2 

179 B3 1 

180 B4 H 
181 B5 H 
182 B6 HI 
183 B7 “71 

184 B8 

185 B9 HI 
186 BA II 
187 BB 

188 BC =dJ 

189 BD _jj 

190 BE =j 

191 BF —I 

192 CO L 

193 Cl _L 

194 C2 ~r 

195 C3 h 

196 C4 — 

197 C5 + 
198 C6 i= 

199 C7 ii- 
200 C8 
201 C9 lr 

202 CA JL 

203 CB nr 
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Table B-l. 

(Continued) 

Decimal 
Value 

Hexadecimal 
Value 

Character 

204 CC 11= 

205 CD = 

206 CE JL 
nr 

207 CF 

208 DO _u_ 

209 D1 =p 

210 D2 "77“ 

211 D3 

212 D4 k= 

213 D5 F 

214 D6 rr 

215 D7 + 

216 D8 + 

217 D9 j 

218 DA r 

219 DB ■ 

220 DC 

221 DD 1 
222 DE 1 
223 DF — 

224 E0 a 

225 El p 

226 E2 r 
227 E3 7T 

228 E4 V 

229 E5 O 

230 E6 M 

231 E7 T 

232 E8 

233 E9 6 

234 EA a 

235 EB 8 

236 EC oo 

237 ED 0 

238 EE e 

239 EF n 

240 F0 
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Table B-l. 

(Continued) 

Decimal 
Value 

Hexadecimal 
Value 

Character 

241 FI ± 

242 F2 > 

243 F3 < 

244 F4 r 
245 F5 j 
246 F6 ~7~ 

247 F7 ~ 

248 F8 O 

249 F9 • 

250 FA 

251 FB 

252 FC 
n 

253 FD 
2 

254 FE ■ 

255 FF (Blank) 
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APPENDIX D: GLOSSARY 

■■1 

Analog. A type of electronic signal that has a continuous 

range of meaningful values. Analog signals are often used 

to represent and simulate continuously ranging quantities. 

The amplitude of an analog signal is usually proportional 

to the magnitude of the quantity that it is being used to 

represent. See also digital. 

Animation. Making artificially constructed images appear 

to move by rapidly showing a sequence of still views. 

APA Graphics. All Points Addressable graphics. Computer 

graphics displays in which every point on the screen can 

be separately addressed for drawing and thus controlled. 

See also pixel. 

ASCII. American Standard Code for Interchange of Infor¬ 

mation. A standard code for representing symbols (letters, 

numbers, and punctuation) and control functions by num¬ 

bers. 

Aspect Ratio. The ratio of a picture’s height to its width. 

Attribute. A modifier such as color or intensity for graphics 

objects like points, lines, and characters. 

Bandwidth. The total range of frequencies that can be car¬ 

ried by a communication channel. The bandwidth deter¬ 

mines the rate at which information can flow through the 

channel. 

Bar Chart. A graph in which the magnitude of each quan¬ 

tity is represented by a bar of proportional length or 

height. 
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Buffer. An area of memory used to store information tem¬ 

porarily. 

Cartesian Coordinates. For a two-dimensional space, the 

usual coordinate system in which the position of each 

point is specified by its x-coordinate (horizontal position) 

and its y-coordinate (vertical position). For a three- 

dimensional space, there are three coordinates x, y, and z 

to specify the position of any point. 

Character. An individual symbol such as a letter of the 

alphabet, a digit of a number, a punctuation mark, or a 

graphics shape. 

Chrominance. Having to do with color. The chrominance 

signal carries the color information. 

Color Burst. A special color alignment signal at the begin¬ 

ning of each scan line that is part of the standard TV 

signal. 

Composite. Combined. In TV, a composite signal is a signal 

that contains synchronization, intensity, and color infor¬ 

mation. 

CRT. Cathode Ray Tube. The picture tube of a TV set or 

video monitor. 

Cyan. A blue-green color used in graphics. 

Device Coordinates. A coordinate system used to locate 

points on a graphics display device, such as a video dis¬ 

play screen or a digital plotter. 

Digital. Using discrete numbers to represent quantities. On 

computers, these numbers are combinations of the num¬ 

bers 1 and 0. See also analog. 

Dot. A very small area on a display that represents a point. 

Editor. A program to assist the user in entering and modi¬ 

fying information stored in a computer system. Text edi¬ 

tors are used with documents like manuscripts, and 

graphics editors are used with pictures like engineering 

diagrams. 

Field. On a raster scan system, one traversal of the screen 

by the beam. Often it takes two fields to make a complete 

picture. See also frame. 
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Flicker. The scintillating effect caused when a picture is not 

refreshed often enough, allowing the viewer to perceive 
the change in light intensity. 

Font. The specific set of symbols assigned to a named set of 
characters. 

Frame. On a raster scan system, one complete traversal by 

the beam of the entire picture. Often it takes two times 

through the screen for the beam to hit every part of the 
picture. See also field. 

GDL. Graphics Definition Language. A concise language 

for representing graphics commands. IBM has a GDL 
that is used by the DRAW command. 

Hue. The color (red, green, blue, and so on) of an object. 

Icon. A symbol that is used to represent an object. An icon 

should look something like the object it represents. 

Interlace. On a raster scan system, two separate but inter¬ 

locking scans of the picture. 

Interrupt Programming. A method of programming in 

which events from outside the program (such as pressing 

a key) control the flow of the program as they happen. 

Magenta. A purplish color. 

Mapping. An assignment of values from one system to 

another system. For example, there is a mapping from 

memory to the screen on a raster scan video system. 

Mask. Something that is used to hide something else. In 

computer programming, a mask is a bit pattern that is 

placed against other bit patterns to allow only certain bits 

to appear (like looking through a picket fence). The binary 

value of 1 in the mask is used to retain the contents of the 

bit in the corresponding position, and the value of 0 is 

used to hide the contents of the corresponding bit. 

Megahertz. One million cycles per second. 

Menu. A display of choices for the user on a page or video 

screen. 

Monochrome. Having one color. 

Nanosecond. One billionth of a second. 

Nibble. Half a byte. A nibble is four bits. 
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NTSC. National Television Standards Committee. A stan¬ 

dard for broadcast color television. 

Object Space. A space in which the objects of a particular 

application are situated. 

Offset. A memory address relative to the beginning of a 

memory segment. 

Overscan. A situation in which an incoming display is 

mapped to a region larger than the active display area of 

the display device. 

P39. A long-persistence phosphor that is used in some pic¬ 

ture tubes to reduce flicker. 

Paint. To fill a region on the screen with a color or pattern. 

See also seed. 

Palette. A selection of colors used to draw a picture. For 

example, in the medium-resolution mode there are two 

palettes, each of which provides a selection of four colors. 

Phosphor. A material used to coat the inside face of picture 

tubes. When the electron beam hits the phosphor, the 

phosphor emits light in proportion to the voltage of the 

beam. 

Pie Chart. A graph in which quantities are represented by 

sectors of a circle. The angle (and hence the size) of each 

sector is proportional to the magnitude of the quantity it 

represents. 

Pixel. A picture element. A pixel is the smallest element of 

a picture that can be separately addressed. See also APA 

Graphics. 

Point. A mathematical object having position, but no size. 

Pointer. A memory cell that contains the address of another 
memory cell. 

Port. An addressable logical cell through which input and 

output information can be passed. Ports are accessed via 

special input/output instructions. 

Projection. A shadow-like image of an object, usually in a 

lower dimension than the object itself. For example, you 

can view a 3-D object by drawing its 2-D projection on the 
viewing screen. 
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Radian. A measure of angles. On a unit circle the radian 

measure of an angle is the length of its arc. 360 degrees 
equals 2XPI radians. 

Raster. A scanning pattern in which a beam moves back 

and forth and up and down to cover a two-dimensional 
area. 

Recursion. A situation in which procedures can call them¬ 

selves either directly or indirectly. 

Retrace. On a raster scan system, the time period during 

which the electron beam is moving without displaying. 

RF Modulator. Radio Frequency Modulator. A device used 

to convert direct video signals to broadcast band frequen¬ 

cies higher than a TV is designed to receive. 

RGB. Red, Green, Blue. RGB is a system for separately 

sending the three primary colors of a color video picture. 

Rotation. A circular motion in space that involves turning 

by an angle. 

Scan Line. On a raster scan system, one traversal of a beam 

horizontally across the picture. 

Seed. The beginning point for painting an object. See also 

paint. 

Segment. A contiguous section of memory used by the pro¬ 

cessor to store programs or data. 

SGP. Simple Graphics Package. A set of routines that helps 

interface between applications programs and graphics 

devices. 

Stack. An area of memory used to store data in a last-in, 

first-out manner, like the in box on a desk. Associated 

with a stack are two instructions: PUSH and POP. PUSH 

is used to store data on the stack and POP is used to 

retrieve data from the stack. 

Subcarrier. A frequency relative to the base frequency of a 

channel used to carry information separately within the 

channel. 

Synchronization Signals. Signals used to help align the pic¬ 

ture on a raster scan system. 

Topology. A branch of mathematics that studies the shapes 

of objects. 
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Translation. A motion in space in which all points move the 

same distance in the same direction. 

Turtle. An imaginary graphics cursor used for drawing on 

paper or on a video screen. As the turtle moves, it leaves a 

trail of ink or light showing where it has been. 

User Coordinates. A coordinate system natural for describ¬ 

ing objects in the user’s application. 

Vector. A mathematical quantity that has magnitude and 

direction. 

Vertex. A corner of a figure made of edges and faces. 

Viewport. A rectangular region of the active area of a dis¬ 

play device. The picture appears within the viewport on 

the device. 

Window. A rectangular region of the object or user coordi¬ 

nate space containing the objects that are to appear in the 

picture. 

436 Graphics Primer for the IBM PC 



INDEX 

A 
A command, 181-83 
Adapters, video 

connection of, 9 
initialization of, 10 
switching between, 10, 

381-83 
Algorithms 

scan conversion, 241 
scan line, 214 

ALT key, 400-01 
Animation, 196-98 

character, 323-26 
page flipping, 332-35 
with PUT XOR action, 

273-78 
Arrays, 259-86 

and GET command, 278-83 
integer, 297 
and PUT PRESET/PSET 

actions, 283-86 
and PUT XOR action, 

266-78 
real and string, 281 
size of, determining, 263-65 

ASCII codes 
and custom characters, 

309-23 
extended in IBM PC, 40 
secondary, and characters, 

421-28 
for special graphics 

characters, 398-400 
Aspect ratio 

and the A command, 181 
default value for, 113 
defined, 110 

Attribute bytes, 40-41, 358-59 
controlled by COLOR 

command, 385-86 
and video mapping, 389-91 

B 
B command, 175-77 
Background color, 34-35, 41, 

51 
use in background scene, 

250-55 
using PRESET to plot a 

point of, 63 
and PUT XOR action, 272 
set by bits in color port, 

360 
BLOAD command, 322-23, 416 
Border color, 34-36, 41, 360 
BSAVE command, 322, 415 

c 
C command, 179 81 
CALL command, 21 
Character graphics, 302-35, 

372-416 
and animation, 323-35 
character cells in, 303 
cursor and character 

commands in, 320 
custom characters of, 

309-26 
editor for, 408-16 
graphics characters of, 

304-08, 326-32 
with the Monochrome 

Adapter, 372-416 

Character graphics, continued 
special graphics characters 

of, 398-408 
vs. APA graphics, 302-04 

Character ROM. See 
Read-only memory (ROM), 
character. 

Charts 
bar, 128-30 
bar, with character 

graphics, 401-04 
coloring a pie, 246-47 
pie, 113-16 

CHR$ function, 226-29 
Chrominance signal 

color burst of, 17, 32 
color subcarrier frequency 

of, 17 
hue and saturation of, 16-17 

CIRCLE command, 103-16, 
213 
aspect ratio parameter of, 

110-11 
use of commas in, 113 
drawing arcs with, 107-10 
drawing ellipses with, 

110-12 

drawing globes with, 
139-40 

drawing pie charts with, 
113-16 

radius drawing feature of, 
113 

radius parameter of, 107, 
110 

CLEAR statement, 240 
CLS command, 22, 33, 120 
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Color clocks, 17-18, 345 
Color codes, 41-43 
COLOR command, 33-36, 41, 

332 
and color bits in Color/ 

Adapter, 354 
in graphics mode, 46 
use with Monochrome 

Adapter, 385-86 
in text mode, 326 

Color/Graphics Adapter 
basic characteristics of, 

11-14 
and character graphics, 

302-03 
color bits for, 360-61 
display formats of, 372-76 
graphics mode of, 13-14 
I/O ports of, 340-41 
mode bits for, 354-55 
programming, 354-60 
special graphics mode for, 

361-66 
text mode of, 11-12 
and the 6845 video chip, 

341-44 
Color video 

limitations of, 14-16 

Computer graphics 
defined, 5 
examples of, 6 
history of, 6-8 

Coordinates, Cartesian 
absolute and relative, 65 
defined, 64 
use of expressions in, 89 
order in graphics 

commands, 67 
use of STEP keyword 

with, 65 
COS function, 86, 101-02 
CSRLIN system variable, 304 
Current position 

default value of, 67 
function of, 26 
function with CIRCLE 

command, 105 
function with LINE 

command, 72 
function with PSET and 

PRESET, 65 
returning to its previous 

position, 177-78 
as seed point, 244 

Cursor control keys, 140 
animation and, 196-99 
font editor and, 320 

Custom characters, 309-26 
animation with, 323-26 
enlarging, 310-12 
font editor for, 313-23 

D 
D command, 172-75 
DEF SEG statement, 40, 322, 

382-83 
Device coordinate system. See 

Screen coordinate system. 
DIM statement, 260-63 
Disk drives, 10 
Display, video 

aspect ratio of, 113 
controlling number of scan 

lines on, 347-50 
coordinate system of, 117 
format of, 372-74 
horizontal and vertical 

retrace on, 15 
initialization of, 25 
interlaced fields on, 15 
overscan of, 16 
scrolling on, 352-54 
shrinking and stretching 

of, 345-46 
DRAW command, 21, 166-205, 

212-13. See also Graphics 
Definition Language, 
drawing arrows with, 169, 

176, 182 
drawing electronic symbols 

with, 199-204 
drawing polygons with, 

180, 188, 190 
drawing space-filling 

curves with, 193-95 
drawing spirals with, 173, 

184, 186 
drawing stars with, 171, 

178 
painting with, 241-45 

E 
E command, 172-75 

F 
F command, 172-75 

Font editor, 313-23 
explanation of program, 

321-23 
operation of, 320-21 
program, 313-19 

Foreground color, 34-35, 41, 51 
using PSET to plot a point 

of, 63 
Forgetting transformations, 

143, 145-46 
Frequencies, video 

character clock, 377 
color subcarrier, 17 
dot clock, 376-77 
horizontal, 377-78 

Function keys, 197, 320-21, 
413-14 

G 
G command, 172-75 
GET command, 259-63, 

278-83. See also PUT 
command. 

GOSUB statement, 63, 130 
GOTO statement, 58, 127 
Graphics characters, 304-08 

coloring of, 326-32 
special, 398-408 

Graphics cursor. See current 
position. 

Graphics Definition Language 
(GDL), 166-205 
calling subroutines in, 

189-91 
drawing space-filling 

curves with, 192-96 
global move command in, 

166-71 
interactive input with, 

197-205 
local move commands in, 

172-75 
moving the current position 

with, 175-78 
painting in, 241-45 
scaling figures with, 187-89 
setting the angle of a 

frame with, 181-86 
vs. turtle graphics, 191-92 

Graphics devices, 8 
Graphics modes 

colors in, 47-49 
custom characters in, 303 
high-resolution mode in, 

12-14, 50-53, 270 
medium-resolution mode in, 

12-13, 46-49, 270 
programming special, 

361-66 
vertical register values in, 

348-49 
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H 

H command, 172-75 

I 

Icons, 291-98 
using GET and PUT to 

position, 291-92 
program, 293-98 

IN command, 342 
INKEY$ function, 322 
Input/Output (I/O) 

devices, 340 
port addresses on Color/ 

Graphics Adapter, 355 
port addresses on Mono¬ 

chrome Adapter, 393 
ports, 340-41 
space, 339-40 

Image arrays. See GET 
command; see PUT 
command. 

K 
KEY ON command, 22, 

197-98, 297 

L 
L command, 172-75 
LINE command, 20-21, 23, 

68-102 

advanced programming 
uses, 94-102 

Box Fill option of, 47, 
77-78, 219-21, 240-41 

Box option of, 73-74 
color parameter of, 70 
drawing polygons with, 

91-97 
drawing rectangles with, 

71-77 
line style option of, 79-84 
types of coordinates used 

with, 68 
LOAD command, 20 
LOCATE command, 62, 204, 

305-06, 386-87 
Luminance signal, 16 

M 
M command, 166-71 
Mapping, video, 38-42 

attribute bytes and, 40-41 
controlling with SCREEN 

command, 119 
in high-resolution graphics 

mode, 52-53 

Mapping, video, continued 
of line style bits to pixels, 

83-85 
in medium-resolution 

graphics mode, 50 
in the Monochrome 

Adapter, 389-92 
starting position of, 79 
from video RAM to display, 

356-59 
Masks, 289-90 
Matrix method, 101-02 
Memory capacity, IBM PC, 10 
Memory offsets, 40, 352, 391 
MOD function, 99, 183, 226 
MODE command, 10 
Monochrome Adapter 

basic function of, 11, 372 
display formats of, 372-76 
examples of graphics with, 

401-08 
graphics editor for, 408-16 
high-level programming of, 

384-89 
lower-level programming 

of, 389-98 
mode bits for, 392-93 
special text mode for, 

395-98 
video memory, size of, 397 
video signals of, 376-80 

Monochrome Display Unit 
bandwidth of, 377 
basic function of, 9-11 
display of, 373, 380-81 
raster scan rate of, 11, 

376-79 

N 
N command, 177-78 
National Television Standards 

Committee (NTSC), 17 
Normals 

face, 152-54 
in three-dimensional 

drawing, 149 
Numbers 

binary, 281 
double-precision, 85 
hexadecimal, 290-91 

O 
OUT command, 339, 342, 

345-46, 392-93 

P 
P command, 241-45 
PAINT command, 21, 210-41, 

245-55 
applications of, 245-55 
background option of, 

235-37 
boundary option of, 222-25 
function with complex 

regions, 238-40 
paintcolor option of, 219-21 
seed point of, 210-18 
tiling with, 225-37 
vs. LINE BOX Fill option, 

240-41 
Palettes, 47, 360 
PEEK function, 40, 281, 

308-09 
Pixels, 46 

choosing number of bits 
mapped per, 358 

and video mapping, 50, 79 
PMAP function, 125-26 
POINT function, 125-26, 305 
POKE command, 40, 308-09, 

390-91 
POS function, 304 
Positioner functions, 97 
PRESET command, 63-68, 213 

color options of, 64 
default color scheme of, 64 

PRINT command, 307-08, 385 
Programs 

entering and deleting 
lines, 19 

initialization of, 58-59 
loading, 20 
saving, 19-20 
timing of, 95 

PSET command, 23, 63-68 
color options of, 64 
default color scheme of, 

64-65 
range of coordinates 

allowed, 23 
PUT command, 259-78, 283-98 

action options of, 265 
AND and OR actions, 

286-91 
and icons, 291-98 
PSET and PRESET 

actions, 283-86 
XOR action, 266-78 

R 
R command, 172 
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Random-access memory 
(RAM), video 
determining number of 

bytes displayed, 346 
divided in graphics mode, 

348 
how colors are stored in, 

283 
and PUT command, 265 
size of in Monochrome 

Adapter, 397 
size of in text modes, 38-39 
starting address of, 38 
and tiling, 225-26 
and 6845 video chip, 341, 

348 
Raster scan pattern 

defined, 14, 343 
horizontal and vertical 

retrace of, 15 
scan line of, 15, 343 
and synchronization 

signals, 16 
and video mapping, 38 

Read-only memory (ROM), 
character, 356-58, 377 

Recursion, 192-93 
RETURN statement, 198 
RF NTSC modulator, 11 
RGB transmission, 18, 380 
RND function, 75 
RUN command, 58 

s 
S command, 187-89 
SAVE command, 20 
SCREEN command, 22, 32-33, 

382-83 
and mode bits of Color/ 

Graphics Adapter, 354 
and page flipping, 332-35 

Screen coordinate system, 
117-18 
viewing transformations, 

122-24 

Screen display. See Display, 
video. 

SCREEN function, 304-05 
Signals, video 

digital vs. analog, 379-80 
RS-232 standard for, 16 

SIN function, 86, 101-02 
SOUND command, 327 
Space-filling curves, 192-96 

Stacks, 239-40 
STEP keyword, 65 
Subroutines 

to draw a bug, 261-63 
function plotting, 132-34 
to initialize and clear 

screen, 363-64 
interrupt service, 198 
outline, 218 
pause and title, 61-62 
in space-filling curve 

program, 196 
special point plotting, 

362-63, 366 
Synchronization signals, 16-18, 

346-47 

T 
TA command, 183-86 
Text modes 

graphics characters in, 303 
high-resolution mode of, 

12-14, 32 
low-resolution mode of, 

12-13, 32 
page flipping in, 332-35 
programming special, 

395-98 
size of video RAM in, 38-39 

vertical register values in, 
348 

Three-dimensional (3-D) 
cubes, drawing, 220-24 
defined, 117 
function plotting, 147-49 
graphics, 141-44 
house, drawing a, 149-60 
painted house, drawing a, 

247-49 
parallel projections to 2-D, 

143 
rotations, 143, 417-20 

Tiling, 225-37 
creating new NTSC colors 

with, 230-32 
drawing wallpaper with, 

234-35 
over a previously tiled 

area, 235-37 
and video RAM, 225-26 

Trigonometric functions, 86, 
105 

TTL RGB color monitor, 12 
Turtle graphics, 191-92 
Two-dimensional (2-D), 117 

U 
U command, 172-75 
User coordinate system, 97-99, 

117- 18, 122-24 

USR command, 21 
Video chip, Motorola 6845, 

340-54 
and the Color/Graphics 

Adapter, 356-57 

horizontal registers of, 
345-47 

interlace mode in, 349-52 
I/O ports of, 340-41 
and the Monochrome 

Adapter, 393-98 
using registers of, 341-44 
scrolling registers of, 

352-54 
vertical registers of, 347-52 
and video frequencies, 

377-78 
Video RAM. See Random- 

access memory (RAM), 
video. 

VIEW command, 20, 98, 
118- 25 
SCREEN option of, 119 
setting up a viewport 

with, 124 
Viewing transformations, 

97-99, 118-25 
deriving the constants of, 

122-25 
and the SCREEN option, 

124 
viewports and, 118-21 
using the WINDOW and 

VIEW commands, 118-22 
windows and, 120-22 

Viewports, 118-21 

W 

WIDTH command, 22, 33, 
387-89 

WINDOW command, 20, 98, 
118-25 
SCREEN option of, 121 
setting up a window with, 

124 
Windows, 120-22 

panning and zooming, 135 

World Coordinate System. See 
User Coordinate System. 

X 

X command, 189-91, 192 
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COMPLETE LIST OF DISKETTE PROGRAMS FOR 
GRAPHICS PRIMER FOR THE IBM PC 

The following programs are contained on the diskette: 

HiRes Mandala Color Boxes 
Character Plot GDL — Move 
Text Mode GDL — Star 
Medium Res Color Mode 
Lines Across Screen 
Rectangles — 3 Ways 
Colored Boxes 
Filled Color Boxes 
Line Styles 
Styled Disk 
Right Triangles 
Regular Polygons 
More Polygons 
Circle the Easy Way 
Arcs the Hard Way 
Arcs Using Circle 
Family of Ellipses 
Pie Chart 
Bar Chart 
2D Function Plot 
3D Function Plot 

Painted House 
Painted Background 
Animated Bug 
Background-Foreground Animation 

Character Font Generation 

Colored Fonts 
Enlarged Characters 
Iconic Operating System 
Walking Man Animation 

Animation Strings 
50 Line Text Mode 
Color Text Scroller 
160 X 80 Hidden Mode 
50 Line Monochrome Mode 
Alt Character Set Bar Graph 
Alt Character Set Windows 
Alt Screen Designer 
3D Globe Using Windows 

GDL — Spiral 
GDL — Arrows 
GDL — Asterisk 
GDL — Rectangles 
GDL — Arrows Turning 
GDL — Rounded Spiral 
GDL — Spiraling Circles 
GDL — Triangles 
GDL — Polygons 
Fractals — Space Filling Curve 
Electronic Symbols 
Electronic Painting 
Colored Patterns 
NTSC Colors 
Wall Paper 
Baffles 
Bug 
Piefill 

DISKETTE TIME-SAVER AVAILABLE 

A diskette containing more than 70 graphics programs presented in this book is available 

separately. It will save you hours of time and trouble by eliminating the need for you to type in 

all of the listings contained in this book. Now you can get right down to what you’re really 

interested in doing—learning all about IBM PC graphics—without having to spend time prac¬ 

ticing your typing skills. 

The single-sided, double-density diskette, containing more than 110,000 bytes of code, is 

compatible with DOS 1.0 and up. And, since all of the programs are provided in IBM PC 

BASICA source code, you can easily modify and extend them to suit your own applications. 

The diskette contains programs covering the following areas: 

Computer Art Plotting & Line Drawing Games 
Computer Aided Design Character Editing 3D Transformations 
Animation Mathematics Business Graphics 

To order your copy, write or phone: 

Comprehensive Software Support 

2316 Artesia Blvd., Suite B 

Redondo Beach, CA 90278 

213-318-2561 

The price of the diskette is $29.95 (*) plus $3.00 shipping and handling charge. California 

residents please add 6.5% sales tax ($1.95). 

MasterCard or Visa accepted. 

*Price subject to change without notice. 

Magnetic-surface program adaptations described above are solely the work of The Waite 

Group and are not a publication of Osborne/McGraw-Hill. 
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GRAPHICS PRIMER FOR THE 

Create dynamic graphics displays on your IBM" PC with the help 
of this comprehensive, .full-color teaching guide. 

By following the simple, step-by-step instructions in Graphics 
Primer for the IBM" PC you'll learn to master your system's 
graphics commands to produce effective color graphics for 
business, education, and entertainment applications. With 
the help of this primer, yoMI sbon be designing charts, maps, 
forms, animation sequences, games — even two- and three- 
dimensional pictures. ’ A. 

• 3*V 

Every graphics command in-IBM PC Advanced BASIC is covered, 
including the new graphics commands available in BASIC 
Version 2.0—plus each graphics example is illustrated in full color. 

Graphics Primer for the IBM " PC is an important purchase for 
IBM PC users—beginners and experienced alike — who want to 
take full advantage of the extraordinary graphics capabilities 
of this computer 

Look for these other Osborne/McGraw-I 

■ Your IBMH PC: A Guide td the IBM * Pe: 
■ Some Common BASIC Programs: IBIv 
■ Practical BASIC Programs: IBM" PC E 
■ IBM"' PC DiskGuide™ 

r 
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