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25 Graphics Programs in
MICROSOFT® BASIC

by Timothy |. O’'Malley

An outstanding
programming handbook
that shows you how to take full
advantage of your micro’s
graphics capabilities!

® (Generate computer art—in-
cluding mathematically defined
art and animated graphics!

® Draw “still” pictures—realistic
and abstract!

® (Create an interactive space shut-
tle simulation!

® Plot architectural and landscape
drawings—with high- or low-
resolution graphics!

® Constructa 3-dimensional model
of a function!

® Plot 2-dimensional graphics,
statistical relations, maps, dia-
grams!

You can do it all with this super
collection of graphics programs written
in MICROSOFT BASIC that are adapta-
ble to just about any BASIC micro sys-
tem.

Here’s a book that carefully ex-
amines the ways different BASIC
machines handle graphics, one that
shows you what kinds of graphics your
own micro’s screen or printer can
handle, and how to get the most
graphics performance possible from
your machine.

You’ll start by experimenting with
simple plot and graph programs that
demand as little as 8K. Then, you’ll
move gradually into more complex
programs that fully utilize the memory
capabilities of machines up to 32K.

(continued on back flap)
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Preface

Graphics are one of the most interesting applica-
tions of microcomputers. Video games are one very
obvious example. Graphics do more than just en-
able us to play games. Graphics allow us to design
and test models without actually building anything.
The versatility of the computer allows us to create
simulations that reflect the performance of the ac-
tual model.

But what are graphics and what is the scope of
this book? Graphics, in its broadest sense, is the
representation of data in a visual formrather thanin
a numerical or written form. Graphics include ev-
erything from graphs to pictures to abstract art.
You name it; if it’s visual, it’s graphic. Specifically
this book covers graphics that are written in Mi-
crosoft BASIC primarily for use on microcomput-
ers. The programs in this book do not purport to
cover all areas of graphics but they give a cross
section of some of the applications available to the
microcomputer user and programmer. They in-
clude bar graphs, two-dimensional graphs, art,
three-dimensional graphics, and others. All of the

programs that appear in the book were actually run
on a microcomputer, and all the figures were
printed by a dot matrix printer.

Who can use this book? This book and its pro-
grams are self-explanatory. For example, we dis-
cuss several techniques for making three-dimen-
sional figures before the relevant programs are
presented. This book could be used in a classroom
situation or as supplementary reading because it is
designed to be an educational tool. It canbe used by
the designer who wishes to see what a product will
look like without actually building it. Some of the
programs might be used or be of interest to ar-
chitects. Whoever uses the programs should have a
working knowledge of BASIC.

The programs, which are written in Microsoft
BASIC, may be used with slight changes on any
given microcomputer that uses a Microsoft BASIC
interpreter for its operating system. They are the
best programs in BASIC for their specific applica-
tion; they do not use functions that are peculiar to a
particular manufacturer’s version of BASIC. In

vii



short, they are written in the BASIC used by most

microcomputers today.

Itis my hope andintention that these programs
will help you as a programmer and user to utilize
your computer and your talents to their fullest. I

viii

would like to thank TAB BOOKS for their generous
help and support in getting this book print.

This book is dedicated to anyone who will take
a simple idea to its furthest limit: may you find the
significance of doing it.



Chapter 1

Introduction to Graphics

Personal computers are capable of many functions:
they can control home appliances, synthesize
music, listen, talk, calculate biorhythms, compute
complicated algorithms, and they can display
graphics. Graphics are one of the most fascinating
applications of computers because the output is ina
form that is easily recognizable by everyone; it's
visual. Since human beings are sight-oriented crea-
tures, it makes perfect sense to display computer
output in a visual form.

GRAPHICS: THE VISUAL MEDIUM

An old adage says, “a picture is worth a
thousand words.” This comment is still true today.
Computers can be used to draw not only pictures
but all kinds of graphs and plots as well as animated
figures. This ability makes them invaluable as a
graphic tool.

Generally speaking, anything visual can be in-
cluded in the category of graphics. We can think of
graphics as an intelligent arrangement of points.
These points can simply be black and white dots or

a spectrum of colored dots. Collectively they com-
prise a graphic image. Because computers can re-
produce and generate a series of points, they lend
themselves readily to graphics. Since computers
can manipulate these points, they are alsouseful for
animated graphics.

Advantages of Pictures

Why are pictures so useful? Because ev-
eryone, even the smallest child, knows what a pic-
ture represents. A picture is a realistic representa-
tion of a collection of objects. We quite naturally
relate to pictures.

Pictures can be simple diagrams or figures or
they can be complex images. They can be realistic
or they canbe abstract. They can also be imaginary.
Whatever their nature, they convey an almost in-
stantaneous meaning.

Using Computers for Graphics
What kinds of images can computers create?



The answer lies with the sophistication of the com-
puter system and the imagination of the program-
mer. Practically speaking, the images run the
gamut from simple black-and-white still figures to
animated scenes in full color. As one increases in
graphic sophistication, larger computers are re-
quired.

Personal computers of modest size are capable
of some rather interesting graphics. Almost every
compiiter can draw a graph of some kind. Most are
able to display the graphics necessary for a visual
game, given the proper programming. Computers
with sound and color can augment the realism of the
visual display. An imaginary world in microcosm
can be created within the memory of the personal
computer. Again, the kinds of applications depend
on the capability of the computer system and the
imagination and talent of the programmer.

MATHEMATICAL DEFINITIONS USED IN GRAPHICS

All computers process numerical data. The job
of the programmer is to write an algorithm in a
language that the computer can interpret and 1o use
that algorithm to transform numerical data into vis-
ual data. Consequently, a fundamental understand-

ing of mathematics is required.

Points, Lines, Curves, Planes

All images are made of points. Sometimes it’s
more convenient to think in terms of the individual
points themselves, as in an X-Y plot. For comput-
ers, a point is the smallest dot that the computer
can display on the video display screen. The posi-
tion of that point relative to other points would give
that point its meaning. On some systems a point
would be a tiny rectangle illuminated on the screen.
On other systems a point weuld be a graphic charac-
ter with a dot lit (on a visual screen) or printed (on
paper). Still others might simply use a period, plus
sign, or lowercase “0” to designate a point on a
graph (see Fig. 1-1).

Lines are simply a linear arrangement of
points. Lines can be vertical or horizontal, or at any
angle in between. They are drawn by placing ap-
propriate graphic characters at specific print posi-
tions on a screen or paper (see Fig. 1-1). The
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computer program would control what character to
print and where it should be placed.

Curves are lines with variable linearity.
Curves, like lines, are computed and plotted by
software. To draw a circle, for instance, the com-
puter would plot all points a given distance from a
specific coordinate.

Planes are all points within a specified bound-
ary. The boundary might be intersecting lines or
curves. A plane might be drawn as all the points
within a given distance from a specific coordinate
on the surface.

Graphs and Plots

Graphs and plots are very similar. We can
think of plots as figures containing a set of points, as
onanX-Y plot. Graphs couldinclude figures like the
bar graph (histogram), where rectangles are
positioned along an axis. The difference is trivial.

Plots can have more than two axis, i.e., more
than two dimensions. The third dimension might be
at a given angle relative to the other axes. This

vermi2l A Berm n thenan Almmanctianal affant arhish 3
WoULd ZiVe g tiree-Gimensional efisct which might

make the image more realistic.

Pictures

Mathematical pictures can be made by posi-
tioning figures defined mathematically on the video
display. A simple example might be a game board,
such as a chessboard or a backgammon board. As
the game is played, pieces are moved on or re-
moved from the board. Animated graphic figures
are another case, however. Generally the more
advanced the graphics, the more heavily you must
rely on the computer for generating the pictures.

TYPES OF COMPUTER GRAPHICS

Let’s now turn our attention to some types of
graphics. There are artistic works created by pro-
grammers as a form of self-expression. There are
realistic graphics, which attempt to depict the
world as we see it and there are abstract graphics,
which are exaggerations of reality. There are
noninteractive graphics, which we cannot adjust or
change, and there are interactive graphics, which
we can change.
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Artistic Creations

Computers are a natural medium for video art.
Very elaborate images can be synthesized, stored,
modified and otherwise manipulated by computer.
Color computers can be used to make aesthetically
pleasing pictures. Some are so realistic that they
can be mistaken for photographs.

There are all kinds of video art. There are still
works and animated works, realistic and abstract
art, and hand-made and computer-generated crea-

tions. The kind of art that the programmer-artist
makes depends on what he wishes to convey.

Realistic Graphics— Simulations of Reality

Computer images of real objects such as build-
ings are realistic graphics. Sometimes only particu-
lar aspects of the real object might be displayed.
Even in these cases, if the picture is an accurate
representation of reality, it is an example of realis-
tic graphics. Realistic graphics attempt to look like

Fig. 1-2. Abstract graphics, orbiting objects.
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the objects that they represent. Figure 1-1 also
shows realistic playing cards, for example.

Abstract Graphics—Exaggerations of Reality

Abstract graphics are another story. Like
abstract art, they are distortions of the real world,
altered so as to highlight some feature, perhaps.
Figure 1-2 shows five sets of points which form
concentric rings about a cross at the center. This
image might represent orbiting objects. Figure 1-3,
which looks like moire patterns, is even more
abstract. Abstract images can be made from realis-
tic images by using programming that modifies
some feature of the realistic object.

Noninteractive Graphics

When a programmer is behind a keyboard con-
sole, he can sometimes change what he sees instan-
taneously and sometimes he can not. If he can’t

readily change the display, he is using noninterac-
tive graphics. Digitized portraits of someone and
the figures that we have seen already are examples
of noninteractive graphics.

Interactive @raphics— Conirolling What You See

Interactive graphics are far more interesting
than the noninteractive variety, because you are
actively involved with what is happening on the
display screen. Any video game player can tell you
that. Games are not the only application of interac-
tive graphics. You can use your computer as a
sketchpad with the proper programming. By typing
certain keys you can draw lines, add color (with
color computers), or shade areas. This is called
“painting”. There are any number of possibilities
with interactive computer graphics. The limits are
determined only by your imagination and your will-
ingness to pursue an idea to its logical conclusion.



Chapter 2

Two-Dimensional Graphing

One of the easiest ways to represent numbers visu-
ally is to construct a graph or plot. Ona graph, like a
bar graph, a number is equivalent to a length of a
line. On a plot a number is a point with a particular
position. Since these figures are drawn on a flat
surface with axes that are perpendicular, we call
them two dimensional graphs.

HISTOGRAMS: PLOTTING
AN ORDERED SET OF NUMBERS

Let’s say that a realtor wanted to compare
the number of houses that he sold each month over
12 months. First he would obtain the number sold
each month, starting with the first month and going
through the last month. He would then have an
ordered set of numbers. To compare these num-
bers to themselves, he might construct a bar graph
or histogram. Then he would have a visual idea of
how each month compared.

The histogram is a graph that has bars running
either vertically or horizontally along some axis.
Each line represents some number or element in a

set of numbers. Usually there is a scale present.
The bars might be narrow if there are many num-
bers or wide if there are few numbers. The bars
may be colored to provide contrast. Bar graphs are
generally titled to provide explanations. They may
or may not start at zero.

Histograms are used to show comparisons.
Our realtor, in the example, might notice trends if
he made a histogram for each of several years. He
might notice that not only do houses sell poorly
during the winter months, but when compared to
prior years, the number of houses sold decreased.
The histogram helps him by making a basis for
comparison and providing a visual image of his
sales. He might then alter his business practices.

Let’s jump right into an example of a BASIC
program that makes a histogram. We will look at
two similar histogram programs and then at a pro-
gram that produces a two dimensional plot of points.

Figure 2-1 shows a histogram using the upper-
case H as the graphic character. Twelve numbers
that have values ranging from three to eight are
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Fig. 2-1. Histogram using the uppercase H.

plotted. Eachbaris three characters wide andthere  of three. Alternately, we could have had zero as the
is a space between the bars. The bars are propor- lower limit on the Y axis. The listing for this prog-
tional to the values of each number above the value . ram follows.

18 REM HISTOGRAN GRAFHING PROGRA]
=8 REM WRITTEM 8Y 7IMoTAY J. O7MALLEY
8 REM
46 GOSUE Z200: REM DATA READING SUBROUTINE
=GOSl e Tan: REM Poga Ty SR TIHG SUBROUTIMNE
28 GOSUE 4988 REM STOGRAM PRIMTING SUBROUTIHE
Ve EMD
lag FEM DAaTa FOR HISTOGRAR
116 DAETA 1Z2:REM THIS IS M. THE HUMBER OF ELEMEHTES IM SET
128 DATA S & 2. 4. Zx Ta I 4. ¥ 4 S0 B
e REM LIME 1z@ IS THE ORDERED SET OF H ELEMENTS



plal
z18
T
2R
T
256

Sk

iy
wck® st

o & 8 O

o
U )

-,
!

A ERAN]
Lot

(T
-ttt

EE R r NS By SO IO SRR B G Bl o Bt B 5 (O | N 0 O
SN

H

[ R R A R R R R R A LG R R R RS R

DT

P2 o

T T
U

RN

Lt

DR

T LR

T

T 1T

[ SIS L MR X R XY Bt B ¥ 5
DX I )
e’ ot

Tt 0%
s

(i3
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FRIMNT CHRE£O1Z23 0REM CLERRS WIDEQ

FEM DATH RERDING SUBROUTIME

FEAD H:REEM THIZ I3 THE HUMBER OF ELEMENTES IM SET
LIf sk e REM ALLOCATE SPACE IN MEMORY FOR SET W
FoR J=1 TO MHiREM LIMES 238-250 READ DATA IMTO SET
REAL: «0Ta

HEST I

FETLURH

DATA S0ORTIHG SUBROUTINE

FASEIGH AREITRARY MIMIMUM VELUE OF

FESIEM GREBEITRARY MAKIMIM WALUE OF

MIM==C1 2 REM
=01 3 REM
FOR J=1 ToO H:REM LIMEZ 323
IF H0T0aMIM THEM MIMH=:C]
IF HoJaxMak THEM M= O
HE=T I
FETLURM

FEM
WID=cd: REM
HET=Z8: REM
Cip="H" s REM

SET
SET
M

HISTOGREAM PRIMNTIMG

SUBROUT IME
MARIMUM WIDTH OF HISTOGRAN
Mes THUM HE TEHT 0OF HISTOSREM

GREFHID CHAaRACTER TO BE LEEDR

SCREEM

=g REM pLLOW SFACE FOR ORDIMSTE SCalE
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subroutine that reads data. Line 50 directs the com-

Let’s look at the program line by line. Lines
10-30 are remark statements stating the nature and
author of the program. Remarks are useful to help
identify programs and explain lines. Use them
when writing your own programs. Line 40 goestoa

puter to a subroutine that sorts the data and finds
the maximum and minimum values of the data en-
tered. This is used to compute an appropriate scale.
Line 60 prints out the histogram using the sub-

9



routine that starts at line 400. Line 70 ends the
program.

Line 100 is a remark statement used as a
header for lines 100-130. Line 110 has a data state-
ment and then a remark statement explaining it. It
says that there are 12 elements in the ordered set
that the computer will read to make the histogram.
Line 120 is the data statement with the 12 values
that we will use. Line 130 is a remark statement
describing line 120.

Line 200 is a remark statement heading the
subroutine that actually reads the data contained in
lines 100-130. Line 210 is a read statement and a
remark statement. It reads the first value that it
finds in the first data statement that it can findin the
program. That data statement is in line 110. It
assigns that value to the variable named N. Notice
that a colon separates two statements that are on
the same line and that the remark statement is last.
Reason? The computer ignores anything after a
remark on aline. Line 2201is a dimension statement
that allocates space in memory for the twelve val-
ues that we want to graph. Specifically it creates a
vector (a linear array) called X consisting of N
elements. The remark statement on the same line
explains this. Lines 230-250 contain a “loop” that
reads the twelve values from available and unused
data statements. It creates a variable called ] to be
used as a counter. ] is originally set at 1 and will
count up to N, which is 12. Line 240 is a read
statement that places a 5 (from line 120) into the set
X at the J (initially the first) position. Line 250 is a
next statement and seeks to increment the variable
J. If JThas increased to the value N, it will direct the
computer to go on to the next line, line 260. At this
point J has the value, 1, so the computer will direct
control to the first line number after the for state-
ment, line 240, to read more data. J will have been

increased to 2 before line 240 is executed, however.

Line 240 then enters the value 6 into the second
position of set X. This process continues until J is
equal to N, when the return statement in line 260
directs control back to line 50, the subroutine being
completed.

Line 50 calls the subroutine starting at line
300, which sorts the data entered in set X. Lines

10

300is aremark statement describing lines 300-370.
Line 310 assigns the first value in set X to a variable
called MIN. We will use this value as a basis of
comparison when finding the lowest number in the
set. Line 320 assigns the first value in set X to a
variable called MAX. MAX is a value that will hold
the largest number of set X. Lines 330-360 are
another loop. We will use the same variable, J, for a
counter. This loop finds the true maximum and
minimum values in set X. Line 340 contains an if
statement that says if the Jth element in set X is less
than the value of MIN, assign that value to MIN.
MIN is now equal to the value of X(J). Line 350 says
if the Jth value of set X is greater than the value of
MAX, increase the value of MAX to be equal to the
Jth value of X. Line 360 is a next statement which
will increase the counter, J, up to the value N and
send control back to the first statement after the for
statement, line 340. If J is already equal to N,
control goes to line 370, which is a return state-
ment. This statement directs control back to line 60
because the subroutine is completed.

Line 60 calls the subroutine that starts at line
400. This subroutine actually prints out the histo-
gram. Line 400 is a remark that describes the sub-
routine. Line 410 assigns the value of 64 to a vari-
able called WID. The remark statement on that line
explains that this value will be used when scaling
the maximum width of the histogram. If your video
screen is less than 64 characters wide, you might
want to change WID to a smaller value, say 32 or
40. Line 420 assigns the value of 30 to the variable
HGT, which is used to scale the height of the bar
graph. Line 430 assigns the literal character, H, to
the string variable, C$. This string variable con-
tains the literal character to be used to draw the
bars in the graph, as the remark on that line says.
Line 440 causes the computer to print the character
that has an ASCII code of 12. 12 is the code for the
form feed on printers. It will also clear the video
screen completely. Some computers can use the
command CLS for the same purpose. PRINT
CHR$(12); will work on more computers, though.
The semicolon in this statement keeps the print
position on the same line after the clear. That posi-
tion is in the upper left corner of the video screen.



Line 450 assigns the value 8 to the variable named
S. Sis the number of spaces that we will allow the
computer to print for the numbers of the ordinate
(Y) axis. Line 460 is an if statement that says if N is
greater than the width minus S, an error message
stating that there are too many numbers to make
bars for will be printed, and control will return to
line 70, which is the end statement. Line 470 as-
signs the value of INT((WID--S)/(N+1)) to the
variable L. INT is the integer command and rounds
fractional numbers down to next integer. L is the
width, in characters, that each bar will be in the
graph. Line 480 attempts to divide the vertical axis
into as many reasonably spaced increments as pos-
sible still using as much height as it can. SP could
alternately be assigned a specific value if you'd like.
Line 490 says that if the value assigned to SP in line
480 is too large (making too many lines), divide the
value of SP in half and then go to line number 490
again to see if SP is still too large. If it is, it will be
divided in half and checked again. Eventually SP
will be made small enough to work and the com-
puter will go on to line 500.

Line 500 is the start of a loop with a counter,
K, assigned initially to the value equal to MAX. The
value of K in this case will decrease to the value
MIN-SP by steps (or increments) of —SP. Line
510 is another loop inside the K loop, and uses the
variable J as a counter. These loops are said to be
“nested.” J will go from 1 to N. The J loop will be
executed many times because it is inside the K
loop. The K loop is for the rows and the J loop is for

the columns. Line 520 says that if J is equal to 1,
print the value of K and stop the print head in that
position (because of the semicolon). Line 530 is a
print tab statement that moves the print position to
the J*L+S position and stops it there. Line 540 says
if X(J) is greater than or equal to K, print L—1
graphic characters and stop the print head. This is
accomplished by yet another nested loop, the M
loop. Not all versions of BASIC allow for the if-
then—for-next combination so be careful. Line 550
terminates the J loop if J gets larger than N. Line
560 causes the print head to be moved to the begin-
ning of the next line. (Remember the semicolons
holding the print head at specific positions?) Line
570 either increases K or terminates the K loop.
Line 580 is a simple print statement that puts a
space between the bars and the X axis scaling num-
bers. Line 590 says that if L is less than or equal to
two, skip the printing of the abscissa scale because
there are too many elements in the set to print an
index for each of them. Control will return to line 70
which will end the program.

Lines 600-620 print the abscissa scale under-
neath the bars in the graph. The J loop goes from 1
to N. Line 610 will tab to the approximate center of
the bar, print the index (the value of J), and hold the
print head in that position. Line 620 will then in-
crement J and go back to line 610 to print the next
number under the next bar. This loop continues
until J exceeds the value N. Line 630 will return
control to line 70, which ends the program. That’s
it! The modified program listing follows.

18 REM HISTOGRAM GRAFPHIMNG FROGREAM

=8 REM WRITTEH B% TIMOTHY J. OTpMAaLLEY

28 REM

4@ EOSUE Z8E: REM DATA READIHG SUBRDUTINE

e GosSUE Tao: REM DAETh SORTIMNG SUBROUTIMHE

S8 GOSUER 408 REM HISTOGERAM PRIMTIMG SUBROUTIHNE

S8 GOSUE 1oa@: REM  OFTIOHAL SCREEH DUMP T2 PRIWNTER

38 EMD

1ea FEM DAaTA FOR HISTOGRAM

116 DATA 1Z2:REM THIS IS M. THE MUMEBER OF ELEMEWTES I SET
128 DATAa S & 8. 94, I 72 3. 4. Ve 4. 5. &

136 REM LIME 128 IS THE ORDERED SET OF M ELEMEMTS
=288 REM DRaTa READIHG SUBROUTIME
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REALD HiREM THIS IS THE HUMEBER OF ELEMEMTS IM SET
LeIf ok s REM ALLODCHTE SPACE I MEMORY FOR SET ®
FoR I=1 70 HiREM LIHES 2382550 READ DATa IMTO SET
READ =T

HEST I

RETURHM

FEF DRTa SORTIHG SUBROUTINE

MIM=E01 s REM ASEIEH ARBITREAREY MIMIMUM UplUE OF SET
MfE=0 1 0 s REM A IEN ARBITREARY MrIMIM UsLUE OF SET
FOR T=1 T0 MiREM LITHES ZIEA-Teft FIMD REfL MIR SR b
IF =oJsaaMI THEM MIM
IF SoTaxMAak THEM Prs=eEo T

HEWT .

FETLIFEM

REM HISTOGERAM PRIMTIHG SUBROLITIHE

W De=ezdd s REM FEs TR WIDTH OF HISTOERAM

HET=3E8 REM MEgs TR HETGEHT OF HISTOERAM
CE=CHEECITT e REM GRAFHIC CHARACTER TD BE LEEED
FRIMT CHEfO1Z2050REM CLEARS WIDED SCREEM

=z REM FLLOW SPARCE FOR ORDIMSTE SColE

IF HEoWID—-ZD THEH PRIMNT "TO0 MakHy HUFBERSY : RETURH
L IHTOOMID-S0 Ok p o s REM 222 1GH WIDTH TO BaRS ITH O GRaPH
SR THRT LS e PIT R e Ml TR Y cbb s RER ORI TR T TR RERT
IF  OMEE=MIM - SPR CHET~4 0 THEM SF=SP-2GaTo 45056
FOR =M= TO MIH-5F STER —-5F
FOR JI=1 TO H

IF J=1 THEH FRIHT Ei:REM PRIMT ORDIMATE Vsl UE
FRIMT TEBTEL+50s sREM TEE TO EaCH BaR ITH GREFH
IF s X0 =k THERM FOR =1 T0 L-13PRINT CFs sHEST M
HE=T T
FREINT
HE=T E
FRIMT
IF Le=2 THEH REETUREM:REM TOO MabyY ELEMEMTS TO PRIMT S0OSLE
FOR I=1 T0 MHMiREM LIMED &F 1 ! ) HLLEIJJH SUAlLE
FREIMT TAES LS SGE 0 L -0 o2 ]
HEST X
B3 RETUREH
R CET IO, SCREER DUME TO R TRTER
I W28 @ e FOR I=1 TO ZRsFOR E=1 TO &6
o mPEER S ad ] T ] R0 0 s MEST K. T

ITHT CasRMDT L 22 REM USE RBAMDOM FIH

‘EG.H FOKE 281 8:PO0RE @828 FOEE 1. 27
Sa FPRASGPOEE ZL12:P0OKE 4,224 P0OEE 5. 2581
CEa R FPORE L850 mE=UsR @ i FORE L. 28 Se=UER S
TO Z@eFOR Le-n TO -1
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TS FOR E=g TO 59 IF RolS=IHTOR-150 THEM GOSUE 1126

Tersg Ch=FEER LS 25800000 T kL 3 2 00 FOR M=7 TO @ STEF -1

116 F = L MLIREEHCOH Bl M s = USRS HEST Mk

1118 PORE 1. 130 =UERCE D 8 HEMT L. JEFORE 1. 128 Me=LESR 0 s RETURH
1128 PORE =S CE D PORE 1. VS

1138
FE Ly

Now let’s consider the altered program. In the
second version of this histogram graphing program,
we will change line 430 to assign the literal charac-
ter whose ASCII code is 177 to the string variable,
C$. This is where a lot of computers differ. We
want the computer to print a solid rectangle instead
of a capital H. A solid rectangle on some computers
has an ASCII code of 191 or another number. Check
your system’s manual. Figure 2-2 shows the histo-
gram printed using a special graphics character.
Some computers do not have any special graphic
characters at all. In this case you might want to
substitute the code for the # sign or the code for the
asterisk.

We have also added lines 80 and 90 and deleted
line 70. Line 80 calls the subroutine starting at line
1000, which is an optional screen dump. This takes
what is located on the screen and prints it on paper.
This subroutine is highly system-specific. It de-
pends on the printer that you are using as well.
Many manufacturers provide screen dump routines
for their computers, so substitute that routine at
line 1000. We will go through subroutine starting at
line 1000 very briefly now.

Line 1000 is a remark describing the sub-
routine. Line 1010 dimensions an array called VA.
This two-dimensional array consists of 30 rows and
60 columns, corresponding to HGT and WID, re-
spectively. We could also have written it DIM
VAMHGT, WID) in some BASICs. We also start a
nested ] and K loops. Line 1020 looks at what
characters are in what positions on the screen and
assigns the ASCII codes of those characters to the
corresponding positions in the array, VA. The
upper left corner on one system has a memory
address of —3968, while on another system it has
the address of 15360. Systems are not compatible
in their memories. Line 1030 assigns one of the

pins on a dot matrix printer to be used in the print-
ing. Again all printers are not alike. Lines 1040-
1060 poke a Z-80 machine language subroutine into
a reserved section of memory. The rest of this
subroutine simply sends the array, VA, to the
printer line by line. Don’t be overly concerned
about understanding it.

Advantages and Disadvantages

Histograms have the advantage of displaying
data visually and providing a basis for comparison
between elements in a set. Histograms have the
disadvantage of being misleading, particularly if the
scale does not start at zero. Figure 2-1 starts at 3
and goes to 8. Since it does not start at zero, it
might appear at first glance that some of the values
are several times those of some of the others; they
are not. Sometimes histograms can show an unfair
comparison. Trends or the lack of them, may not be
reflected in the histogram.

CARTESIAN COORDINATES:
PLOTTING TWO DATA SETS

When you have pairs of numbers in a set, it
might be useful to plot the numbers as points. Since
the numbers may not be evenly distributed on
either axis, a histogram would be out of the ques-
tion. In this case, we need a Cartesian coordinate,
or X-Y, plot.

The X-Y plot is a true two-dimensional plot; it
has an axis that is at right angles to the other axis.
Generally, the horizontal axis is the abscissa, or X
axis, and the vertical axis is the ordinate, or Y axis.
Points are plotted according to the scale on each
axis.

The X-Y plot is very useful for statistical pur-
poses. You can see how points are clustered to-
gether, how Y-values change in relationship to

13
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changes in X-values, and how linear the points are.
If you can manipulate the independent variable (the
abscissa values) and the dependent variable (the
ordinate values) is altered as a consequence, you
canprove a functional relationship. Plots thus make
statistics meaningful.

An Example in BASIC

Let’s now look at another BASIC program, one
that will plot a two-dimensional figure. Figure 2-3

18 REM
REM
REM
REM
CLEARR

D&

[ax]
ex ]

1 ITHCREARSE

L0 e (e B2
i
Jo i3 B3
1'»'1 [ ]
R

o3
e GOSUR 2608 RE
Ve GOELR A E REM DT
2E G0EUE SBd: REM SCALIMG A
20 E0EUE 1890 REM COFT IOMSL

EMD
REM
DETH DEYEEM DS
DETH 02 FART.
DETH %

fx

CrTra FOR

iy
1t 5

FRES,
=SRT. OF HE OBRY

Ty
AN ]

s

REM
CaTw ﬂ-luu ES
AT 16 R
RERM
READ
READ

poi,
[N

CX Ot IR S SO | O S 0 O O B ey B T R A O Y

[
'ﬂ r1

I-.l l .. -
DHTH
FERLs
FE
FEMD
FEM

1

3

M s REM
Ak REM
23E READ OF:REM
FEAD H:REM
SEE DIM SOy
Zed FOR JI=1 TO H3pEM (LIHES
278 READ S0 Fr YO0

2E0 HERT X

22 READ MM P Sl REM READ
FEAD MY .
RETLIRM
REF

FoR JTs=1
C=J 8 REM

O N O S B e T N S S 1)

I LY IR
e T

ke

LRI O ]

DETH
T H=18REM LIk

B o i
O N B e x|
fax]

JE R R R S I 0
R}

THO DIMEHSIORAL
WEITTEH EY TIMOTHY .J.
CORPYRIGHT 1382,

STRIMG
1 LETH READTHG
SORT IHGE

=5 1581l sRE:
E’L.HL..IHLJ FES MIM = e Z.«
FLIHE @E
FESD TG
MAIH TITLE

pEEC TSN TITLE
CREGIMATE TITLE
HUMBER (OF
YO REM r~1LL.LIL,+¢11 E P

Pt s W0 REM READ W-500L THE
LT T

R T
THEM B

shows the display of the program. This program
plots the percent saturation of hemoglobin as a
function of the partial pressure of oxygen in torr
(units of pressure equal to 1/760 of an atmosphere).
Lowercase letter os represent the points plotted.
Notice that the computer made titles for the axes
and the plot. This plot shows that as the partial
pressure of oxygen increases, the percent satura-
tion of hemoglobin increases and asymptomatically
approaches 100%.

FLOTTER
o7 ML LEY
THE BOOKES THC.
SPARCE FOR TITLES
SUBROUT IHE
SUBEROIT IHE
FLOTTIMG SUBROQUTIHE

SCREEM DUMF TO FRIMTER

FLOTTER:
SOCIATION CURVE:REM THIS 1S
CTORRD:REM THIS IS
022 REM THIS

Ml TITLE
ABSCISESS TITLE
IS ORBIMATE TITLE

DATa 18 REM MUMBER OF <-4 FARIRES
ODETA 18908, 2832, 4, B0 Sa. 4, 8. T4. 2. SRLEILS
DT S8 59, 1, Se o SELPE LS. BEL DG, "_ o 1B, V.3

alWl. H2NE. ETC.
LIVIEIONS
MIM Y. MAE Y LIVISTONS
SUBROUT IHE

] R
TR FOR

NS
R

LT

G UVRRIaBLES
Lak I aBELES

SR

ROLET THE
HORET Y DECE
THCRERSTHG
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EEE FOR k=1 TO 2

JEE FOR T=Fps TO MEH STEF #D

BLE LSk TP 1oL

SEE IF k=1 THEM FRIMT TEoUss " s

SEE IF k=2 THEM FRIMT THECU-THTCLEHCSTRE T30 s 0
S HERT T

SEE PRIMT

HEE HERT 1

SFE PRINT

SEE PRIMT TRE S+ 80— BN aED 00201 5%

FEE RETURH

1EuEE RER CPTIOMAL SCREEM DUMF TO PRIMTER
PR DIF LA 3@ 600 FOR T=1 TO $

LEEE LR T ko =FEEE © g T-

LEEE M= THT ¢S RHE 1 3 0 8 REH

1645 FORE 2665 FOEE 261,03 PORE

1856 PORE 2. 285:PORE 3. 128 POk |_ kS BRIER

VSR M=lUER G Bt FORE 1. 650 VEPOKE 1,28 Ml SR @
187E FOR J=1 TO Z@:FOR L=

1SR FOR K 150 THEM GOSUE 1128
1353 8 CH=FEEK =7 TO B STER 1
1186 FOKE 1. H1: EHT Mok
1118 FOKE 1,10 5 LR 8 RE TURH
1128 POKE 1,273

1136 FOKE 1.1%2

RE R

We now examine the program line by line.
Line 10 states the nature of the program with a
remark statement. Line 20 states the author and
line 30 states that it is copyrighted by TAB Books
Inc. Line 40 is a remark statement that is used
simply to separate the lines. Line 50 is a clear
statement that increases the amount of available
string space for string variables to 200 characters.
Not all versions of BASIC will do this, so check
your particular BASIC. This line also contains a
remark statement. Line 60 is a subroutine call to
line 200, which reads data for the plot. Line 70 is a
call to a subroutine that starts at line 400. That
subroutine sorts the data. Line 80 is a subroutine
call for scaling and plotting. Line 85 is an optional
screen dump for printers. Line 90 ends the pro-
gram.

Line 100 is a remark statement for lines 100-
190, which contains the data for the program. Line

110 contains a data statement and a remark state-
ment, as do lines 120 and 130. Data statements
should not contain commas since commas are used
to separate data. Line 140 is a data statement in-
forming the computer that the number of (X,Y)
pairs will eventually be set to 10 (from line 240).
Lines 150 and 160 are the data statements that
contain those ten (X,Y) pairs. Line 170 is a remark
statement stating that fact. Line 180 states that we
want the abscissa scale to go from 0 to 100 by
increments of 10. Line 190 says that we want the Y
scale to go from 0 to 100 by increments of 10.
Line 200 is a remark statement for the sub-
routine in lines 200-310, which reads the data into
the variables. Line 210 reads the string variable,
MS, from the first data statement. This is used for
the main title of the plot. You can, of course, change
this by changing line 110. Line 220 reads the
abscissa title from the next data statement and
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assigns that to the string variable, A$. Line 230
does a similar thing for the ordinate title, assigning
it to the string variable, O$. Line 240 reads the first
number, N, which is the number of (X,Y) pairs,
from line 140. Line 250is a dimension statement for
the arrays, X and Y. Line 260-280 are a loop that
reads in the elements of those arrays. Lines 290 and
300 read the data from lines 180 and 190, respec-
tively. These values are the scaling variables for
the plot. Line 310 is a return statement that directs
the computer out of the subroutine to line 70.

Line 400 is a remark statement describing the
subroutine in lines 400-590, which sorts the data.
Lines 410-530 are a modified shell sorting routine
that sorts the (X,Y) pairs by decreasing Y-values. If
two Y-values are equal, it sorts them by increasing
X-values. Line 410 starts the J loop. Line 420 sets
K equal to the current value of J. Line 430 says that
if the Kth element of Y is greater than the (K+1)th
element of Y, go to line 530, which will attempt to
increase the ] counter and continue the loop. Line
440 says if Y(K) is equal to Y(K+1), goto line 500,
which will check to see if the X values are increas-
ing. If the computer has not met either of the logical
conditions of lines 430 or 440, it assumes that Y(K)
is less than Y(K+1) and it must swap them and their
associated X values. Line 450 swaps the X values
and line 460 swaps the Y values. Notice that they
are first assigned to a variable, A; otherwise X(K)
and Y(K) would be lost: X(K) would have been
made equal to X(K+1), and Y(K) would have been
made equal to Y(K+1). K is then decreased by 1,
and line 480 checks to see if K is greater than or
equal to 1. If it is, control branches to line 430 to
compare the switched values to the last Y value.
Line 490 branches to line 530 if the condition in line
480 is not logically true. Line 500 checks to see if
the X values are increasing for equal Y values. If
they are, control goes to line 530, the next J part of
the loop. If the condition in line 500 is false, the
X-values in line 510 are swapped and control is sent
back to line 470 by the goto statement in line 520.
Lines 540-580 find the minimum and maximum X
values using a loop. Line 590 ends the subroutine
call and control returns to line 80.

Lines 600-990 scale and plot the data as shown
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in Fig. 2-3. Line 600 is a remark statement for that
subroutine. Line 610 sets the width of the plot to a
maximum of 60 and line 620 sets the height of the
plot to a maximum of 30 characters. Line 630 as-
signs the lowercase letter o as the graphic charac-
ter to the string variable C$. Line 640 clears the
screen. Line 650 sets the variable DY as the differ-
ence between the maximum Y value and the
minimum Y value. This value will be used to calcu-
late the appropriate height of the plot. Line 660
assigns YC as the plot height by dividing DY by YD.
This may be changed later. Line 670 sets DX as the
difference between the maximum X value and the
minimum X value. This value will be used to de-
termine the actual plot width. Line 680 sets the plot
width. Line 690 sets up space for the ordinate title
and scale. Line 700 will keep increasing the value of
YCif YCis too small for the height. Line 710 does a
similar multiplication on the variable XC for the
actual width of the plot.

Line 720 tabs to the approximate center of the
plot and then prints the title of the plot, M$. It
centers the main title by subtracting the length of
one-half of the characters in the title. Line 730 finds
the position to center the ordinate title and sets the
line number to the variable L. This line also sets the
variables P and W.

Lines 740-880 form a loop that draws the rows
of the plot. J is set to the maximum Y value and will
decrease to the minimum Y value by decrements of
—DY/YC. Line 750 says that if L is greater than
zero, the Lth character in the ordinate title should
be printed. The semicolon will hold the print head
at the next position. Line 760 says that if we are ona
line that has a scale number, the number and a
hyphen should be printed and the print head should
be kept in position. Line 770 will tab to the first
possible position for a point to be printed. Line 780
says that if there are no points to he plotted on that
line, go to line 860, the next row of the figure. Line
750 checks to see if any points are within the row
also. Ifnot, control goes toline 860. Line 800 sets V
as the exact position of a point on the plot. Line 810
says that if the point is to the left of the print
position, move the print position back (W—V+1)
spaces. The cursor control code 1 is used. Some
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Fig. 2-3. Oxygen dissociation curve, an example of two-dimensional plotting.

computers use PRINT CHR$(24) instead to move
the cursor back one space without erasing the
printed character or number. Check your system.
Line 820 says that if the point is to the right of the
current position, move the cursor or print head to
the right (V-W) spaces by using the control code 19.
Again, some computers use the code 25 instead of
19. These actions are accomplished by a nested
loop using the variable R. Line 830 prints the
graphic character. Line 840 sets the variable W
equal to the current print position and P is in-
cremented by one. If P is less than the number of

points to be plotted (in line 850), control goes to
line 790 to see if any those points are on the current
row of the plot. Line 860 moves to the next row of
the plot. Line 870 increases the line number
counter and sets the first possible print position
variable, W, to the left most part of the plot, S. Line
880 checks for the next row of the plot. It is the next
statement of the J loop.

Lines 890-960 form a loop that prints the X
axis scale and markings. It computes the proper
positions for the apostrophes and attempts to
center the numbers under each apostrophe. Line
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950 moves the print position to the next line and
line 960 ends the K loop. Line 970 puts a space
between the scale and the abscissa title. Line 980
centers the abscissa title and prints it. Line 990
returns the computer control to line 85 ending this
subroutine.

Lines 1000-1130 form an optional screen
dump, which places whatever is on the video screen
onto paper. We will not describe it since it is sys-
tem specific and uses Z-80 machine language.

This completes the description of our two-di-
mensional plotter. Other programs could be writ-
ten that would print plots. Later we will examine
some examples of high resolution plotting pro-
grams.

DIAGRAMS

Personal computers can construct two-dimen-
sional graphs other than histograms and Cartesian
coordinate plots. They can construct polar coordi-
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nate plots. In polar plots, points are determined by
the angle and length of a line that is rotated about a
given point. An example of polar coordinate plot-
ting is given in Chapter 6.

Highly detailed diagrams like maps can also be
produced on some personal computers with good
graphics. Other possibilities include flowcharts,
logic circuit diagrams, and floorplans of houses. A
personal computer might make a good tool in de-
signing schematic diagrams. Components could be
moved, added, and erased while on the video
screen. When finished, a print out might be made of
the final diagram. Time and paperwork could be
saved.

There are probably other two-dimensional
diagrams and graphs that could be made by com-
puter. Applications will continue to present them-
selves as people with varied interests and back-
grounds use personal computers. Experiment and
see what you find.



Chapter 3

Three-Dimensional Graphing

Three-dimensional graphing is a method of repro-
ducing three-dimensional figures on two-dimen-
sional surface, such as a video screen or on a sheet
of paper. There must be a systematic procedure for
incorporating the third axis as a function of the
other two axes so that the figures acquire a realistic
spatial quality.

HOW TO PLOT IN THREE DIMENSIONS

If we assume that the horizontal axis is called
X and the vertical axis is called Y, a third axis would
be called Z. Often mathematicians consider that the
Z values in a graph are a function of the X and Y
values. In such case the Z axis would be the vertical
axis, the X axis would be the horizontal axis, and
the Y axis would be representedin some other way.
Let us look at a way to define that other axis.

A simple method would be to have that axis at
anangle relative to the other axes. The angle might
be 30 or 45 degrees above the horizontal axis. To
plot points, you would measure the X value along
the horizontal axis, then move along the angle of the

Y axis, and then move vertically for the Z axis. The
resulting point would be produced as a function of
all of these actions. So long as the angle remained
constant the points would be accurately placed on
the two-dimensional plotting medium. That is a
simple solution to three-dimensional graphing.

A more sophisticated solution would involve
making the X axis not horizontal, but at a slightly
declining angle, and the Y axis at a given angle as
before. This produces a plot that is a little more
realistic. Again, the points would be placed by
travelling along the X axis; then along the Y axis;
then vertically along the Z axis the correct number
of units.

The first solution just presented is called ob-
ligue projection while the secondis called axonomet-
ric projection. There are also other methods involv-
ing vanishing points to make a perspective graph,
but we will not use those methods. Instead, we now
briefly look at a perspective method that doesn’t
use vanishing points.

In this method of doing three-dimensional
graphing, the equations, V=F1*ATN(F2*DZ/DY),
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and H=F1*ATN(F2*DX/DY) are used. V is the
vertical position; H is the horizontal position of a
point; F1 is a magnification factor; F2 is a perspec-
tive factor that distorts the image; DZ is the differ-
ence in distance from the viewpoint to the point
along the Z axis, DY is the distance along the Y axis;
and DX is the difference along the X axis. ATN is
the arctangent function in BASIC. When these
equations are used for each point plotted, an accu-
rate perspective graph is made without the use of
vanishing points. We will investigate these equa-
tions further in the next chapter although we will
use them in two programs in this chapter.

USING TRANSFORMATION
EQUATIONS TO ROTATE IMAGES

When plotting in three dimensions, it is often
necessary to rotate the figures so that different
views can be presented. It may also be necessary to
move the points in some direction. To perform both
of these manipulations, you must use transforma-
tion equations. We use a set of rotation transforma-
tion equations to rotaie a sei of points around eacn
of the three axes and a set of transformation equa-
tions to displace the points along each of three axes.
Rotation of points around the Z axis would involve
changing the X and Y coordinates of the points, for
instance. If we wanted to displace the points along
the Z axis, say, five units, we would add five to each
of the Z values for all the points involved. The next
chapter will go into more detail about rotations in
space.

GRAPHING RESOLUTION AND GRAPHIC CHARACTERS

All graphs or plots require some degree of
resolution. There are two kinds of graphics that are
commonly used today. There are bit image

4 H vridiial A
1100 1nr1.m1r§ud} dots to

alres an
use naivida 1

graphics, which make ar
image, and there are block type graphics. Bit image
graphics are composed of rows and columns of dots,
some of which are dark. Block graphics are com-
posed of rows and columns of squares, some of
which are dark.

Bit image graphics have greater resolution,

but many computers designed for personal use
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today do not have that kind of resolution available
for display on a video screen. There are lowcost
printers available that will make print high-resolu-
tion pictures using bit image graphics.

Some computers use block graphics to place
graphics on the screen without using a lot of mem-
ory. Certain screen elements, of the block style,
would be turned on to comprise the image. Thus
graphs, plots, or other images could be produced.
Some computers have predefined graphics or
user-defined graphics to assist in the production of
images.

Computers with graphic capabilities typically
use characters that have ASCII codes above 128.
When these characters are printed on the video
screen, the graphic characters appear. Some com-
puters allow for user-defined graphics so that
foreign letters or symbols can be created. This
provides a great deal of flexibility in graphing.

Some printers will print user-defined graph-
ics. The state-of-the-art is changing rapidly. Often,
however, what a programmer will do is display the
graphics on the video screen and have the computer
“dump” whatever is on the screen onto the paper.
As we discussed earlier, the programmer would
either buy a software package that would ac-
complish this or create his own software to do the
job.

ELIMINATING HIDDEN LINES AND POINTS

Computers can draw line drawings quite easi-
ly, but what requires a great deal of computing is
the elimination of lines and points that are not
supposed to be seen. This is due to the fact that the
computer must be programmed to decide what lines
or points are really unseen. Algorithms for ac-
complishing this do not come easily and those that
do generally require a lot of number crunching.
Without the elimination of hidden lines and points,
you would see all the points at once, and the image
would be confusing. We will look at a couple of
methods to get rid of hidden lines in some programs
in this book.

THREE-DIMENSIONAL MODELS OF FUNCTIONS
We now turn our attention to two programs
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Fig. 3-1. The function Z=X*X-Y*Y, a saddle-shaped figure.

that display three-dimensional functions; one will
be in low-resolution and one will be in high resolu-
tion. Within the programs we will see one method
of eliminating some hidden points.

A Low-Resolution Program In BASIC—Program 4

Figure 3-1 shows the result of plotting the

function Z=X*X—-Y*Y. A saddle-shaped figure is
produced. We showed only some of the points as we
will explain later. Notice that it is difficult to see the
three-dimensional effect. The image looks more
like a spider than anything else. Figure 3-2 has the
hidden points of our saddle-shaped function re-
moved. It looks a little more like a three-dimen-
sional figure.
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Let’s look at the program. Lines 10-40 are
remarks that state the nature of the program and the
credits. Line 50 is a subroutine call to line 100 for
defining the data points. Line 60 is a subroutine call
to line 300 to find the extreme points for plotting
purposes. Line 70 is a subroutine call to print the
figure on the video screen, and line 80 ends the
program.

Line 100 is a remark for the first subroutine.
Line 110 sets the variable N at 500. This is the
maximum number of points that we want to plot.
We use this variable in the dimension statements in
line 120, which are for the vertical and horizontal
positions on the screen. Line 130 sets a counter
variable, C, to zero. We then use two nested for-
next loops to define the X and Y values used in the
function in lines 140 and 150. Line 160 increases
the counter. Line 170 computes the value of Z from
the current X and Y values. Lines 180 and 190
compute the vertical and horizontal position of
point C according to the axonometric projection
that we discussed earlier. The Y axis is at 30 de-
grees above the horizontal, the X axis declines at
about 15 degrees below the horizontal, and the Z
axis is vertical. The numbers in line 180 are the
sines of those degrees and the numbers in line 190
are the cosines of those degrees. Line 200 contains
the next statement for the nested loops, and line
210 returns control back to line 60.

Lines 300-410finds the extreme values for the
points. The variables MINH, MAXH, MINV, and
MAXYV are set at arbitrary first values line lines 310
and 320. Lines 330-380 find the maximum and
minimum vertical and horizontal values by using a
loop with the variable counter J. Lines 390 and 400
range (the difference
maximum and minimum values of the vertical and
horizontal values). Line 410 is a return statement.

Lines 500-700 form the subroutine that prints
out the figures. Line 500 is a remark statement.

£ .. .~
find the
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Line 510 sets the width of the plot to a maximum of
64 characters. You may change this to another val-
ue, particularly if your video screen is not 64
characters in width. If your screen is 80 characters
wide, you might want to change WID to 80. Line
520 sets the height to 30. You could also change this
value to, say, 24. Line 530is a dimension statement
which defines a screen array of height, HGT, and
width, WID. We will use this to place points that
are to be erased or plotted. Lines 550-570 form a
loop that places an ASCII 32 in the entire array. 32
is the ASCII code number for a blank space. We will
use this so that the computer will know what to
print where there are no points in the array. Lines
580-620 form a loop that fills the S array with points
at the proper positions. Lines 590 and 600 adjust
the positions in an attempt to use the maximum area
of the arrav. Line 610 sets the arrav at the location
of each point to 111. 111 is the ASCII for the
lowercase letter o. If your computer does not have
lowercase letters, you might substitute the
number, 79, which is the uppercase letter O, or the
number 42, which is the code for the asterisk. If you
want to erase the hidden points, add line 615, which
is a subroutine call to line 800. Line 620 is the next
statement of the current loop. Line 630 clears the
video screen. The nested loops in lines 640-690
print the characters corresponding to the ASCII
codes stored in the S array. Line 700 returns to line
80, which is an end statement.

The subroutine in lines 800-860 erases all
points below the current point in the same column
of the S array. If the vertical position of the current
point is less than 2, line 820 will send control back
to the main program, since there could be no points
below the current point; we are on the bottom row
of the array. Line 830 sets up a loop with the
counter K and erases all the possible points below
the current position in the same column in the array
by setting all the elements to 32, the blank space



Fig. 3-3. A high-resolution plot of a function.

code. Line 850 terminates the loop, and line 860 is
the return statement, which sends control back to
line 620.

That’s the complete program! To change func-
tions, substitute another line in line 170, which
defines the Z-value. Be sure that you have suitable
X and Y values or else you might get a domain error
(or something to that effect).

A High-Resolution Program in BASIC—Program 5
We now direct our consideration toward an-

other program that plots three-dimensional func-
tions, this one in high-resolution graphics. First of
all, to plot in high-resolution, you must either have
high-resolution capabilities on your video screen or
have a high-resolution printer. Figure 3-3 was
printed using a lowcost, high-resolution printer,
but it was not displayed on the screen. It was made
using a machine-language subroutine that bypassed
the BASIC operating system of the microcomputer.
We will look at a way to write the entire program
using BASIC for ease of comprehension.

S HIGH RESOLUTION FUMHCTION PLOTTER

O MalLLEY
TrE BOOES THC,

18 REM

Z8 REM MEITTEWM BY TIMOTHY J.
38 FEM COPYRIGHT 1332,

e REM

S8 GOSUE 1o REM IMITIALIZE FPROGRAM
ad GOSUE 288 REM FLOT POIMTS IN ARREAY
T8 GOSUE 288 REM PRIMNT QUT ARRRA

Y OM FPRFER
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28 END

188 REM IMITIRLIZE FROGEREAM
116 HET=2T: WID=253W2=127
128 DEF FHACR)Y=18%CERKPC—-F¥R 1O0E e 00s JR

136
14@ G0SUE Po6: REM
FRIMTEFR

FIOR $=—%8 TN 36

[ A O N
L Py o= 5O

DR ]

N, SRR S T D
HEWIDTHEHZEE

Lo TW . TH =W T THY OR PU

I X O X
e AR
DA A R r

SFOsUE

288 HEXT Y. H:RETURN
488 REM

IF D=8 THEH RETURH
428 FOR J=DU~-1 TO @

I8 IF CRAC IV THY AMD JTZ0=J2
dadr MEXNT T:RETLRH

SEE REM ERASE FOIMTS
5168 IF ITuU=8 THEH RETLRH

ZTEF @, 5t FOR
R=SER (KR D 1 Z=FHATRD E U=!#E, 17 -5,
fIF LB OR URHGET OR HOE DF:

GOSUE 4a8: REM ERASE FOIMTE BELOW FU

ERASE POIMTE BELDW PU

=18l T IH =@ NEST T
FRIMT QUT AERAY O FAFER
—-1:FOR M3=11 TO @
18 50sUE

b B

LIM WACHGT . WID e REM DIMEMSION AaRREAY FOR FLOT
SET WP MACHINE LaMHGUAGE

SUBROUTIMNE FOR

8 RETURH
g REH FLOT POIMTS I AREAY

V=0 T 36

B3+

STEP @.2

E+HET 2

IM=THT (MY s THSTHT oM s LU= THT S 12 0U— T o 8 PLl=2 L)

IM W I TH2

Sad: REM ERASE POIMTES BELOW WAC I THY

IM Ll T TH2

STEF —1: J2=2"T
THEM LIFC I,

IH =L T, THY -T2

BELO W c I, THY

i RETURM

STEF ~1
I

SEMCEE AMD LTS, KED
SRCEDHERT ME, I8

S

Fhsme=UERC@ s POKE 1. 02

SEe FOR JI=IuU-1 TO & STEF

=88 REM

=18 FOR JT3=HG3T TO & ZTEF

28 BS=IMTC2MZiFOR LE=a TO

538 FOR ES=Losid2 TO LSsdzedZ—-1sFOREE 1.
548 muE=USREOA e MEST RS- L5:POKE 1. 132K
258 POEE 1. 128 We=UERCE Y RETURH

e FORKE 1,278 a=0sR0@as i POKE 1,

SV wE=UERCEIPOKE 1. 88 kEsLERCB 3 I RETLRRH
TEE REM SET

FRIMTER

FOKE 263, 61 POKE

TR FHFE T 1,_'“Fn} E

Let’s look at the program line by line. Lines
10-40 give the name of the program and other cred-
its using remark statements. Line 50 is a sub-
routine call to line 100 where the program will be
initialized. Line 60 is a subroutine call to line 200,
which places points in the array. Line 70is a call to
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LIF MeCHINE LakHGLURIGE

J:LH FOkE

S. 23

SUBROITIMNE FOR

FRFORE 2
= 15R U AEPORE 1.

o a

G.o2aPORE 1.

(]
5

by
=

the subroutine at line 600, which prints out the
array on paper. Line 80 ends the program.

Line 100 is a remark, heading the subroutine
that sets up (initializes) the program. Line 110
defines the height, HGT, as 25, the width, WID, as
253 and the variable W2 as 127. HGT and WID will



be used to dimension the VA array, but there is a
very subtle “catch”. Each number in that array can
represent up to 12 different points. That makes the
figure have a height of 12*%25-+1) or 312 points
maximum, and a width of (253+1) or 254 points
maximum. The one extra came from using the Oth
index (0,0) of our array for both the rows and col-
umns. All told, they are a maximum of 79, 248 posi-
tions in which points can be printed. We will see
how this is attained later. Line 120 is a defined
function that makes the figure. If your computer can
not define functions, simply substitute the equiva-
lent of this function when defining Z in line 220.
This function contains the exponential function and
the cosine function that are predefined in BASIC.
Line 130 dimensions the array used in the point
plotter. Line 140 is a subroutine call to line 700,
which sets up a machine language subroutine to
pass numbers to the printer, bypassing the BASIC
operating system. Again, we will explain this in
detail and show alternate ways to do approximately
the same thing in BASIC. Line 150 is a return
statement (to line 60).

Line 200 is a remark statement for the plotting
subroutine, lines 200-280. Lines 210-280 form
nested for-next loops that define the X and the Y
values. Line 220 sets the variable R as the square
root of X squared plus Y squared. R is the distance
from the center of this model. Z is defined as a
function of R. R is already a function of X and Y. V,
the vertical position of the point, is defined in the
same kind of axonometric way that we dem-
onstrated in the last program. In line 230, H is the
horizontal position of the point, defined in a similar
manner. If H or V are outside the bounds of our
array’s dimensions, control goes to line 280, which
is a next statement for the next set of X and Y
coordinates. Line 240 is where it starts to get
tricky. In this line we define IV as the integer, or
whole number part of the value of V. The same is
done for H. Now we define DV as the integer part of
12 times the fractional part of V and we set PV to 2
tothe power of DV. That means if the fractional part
is zero, PV is 1; if the fractional part is over 0.083,
PV is 2; if the fractional part is over 0.167, PV is 4;
if the fractional part is 3/12 or more, PV is 8 and so

onup to 11/12 or more where PV equals 2048. Line
250 does a Boolean-algebra binary-logical OR bet-
ween the array at VA(IV,IH) and PV, and sets the
result equal to VA(IV,IH). In this way we can actu-
ally represent several points by one number. Make
sure your computer can do a binary-logical OR;
Type PRINT 3 OR 1. Does it equal 3? Line 260
erases all the bits below PV in VA(IV,IH) using its
subroutine call to line 400. Line 270 is a subroutine
call that erases all numbers below VA(IV,IH) in the
same column by going to line 500. Line 280 contains
the next stagements for the nested loops and causes
a return to line 70 after the loops are completed.

The subroutine in lines 400-440 erases bits in
the VA array. Line 400 is a remark statement for
the subroutine. Line 410 says if DV is zero, return
to the main program because PV is 1 and there are
no bits below the bit for the number one. Lines
420-440 use a loop and the Boolean-algebra binary-
logical AND operator to find out whether or not if
bits exist at certain positions. If your computer
works with the OR function in line 250, it will work
with the AND function in line 430. Line 420 sets the
J counter initially at a value DV-1, to be decreased
to zero by decrements of — 1. J2 is set to 2 to the
power of J. Line 430 says if the bit of the array at
VA(IV,IH) exists for the number J2, subtract J2
from the number and redefine VA(IV,IH). This pro-
cedure effectively erases a bit if it exists. Line 440
is the next statement for this loop, along with a
return statement to line 270.

Lines 500-520 erase all the numbers below
VA(IV,IH) in the same columnin the VA array. Line
500 is the remark statement for the subroutine.
Line 510 says that if we are already at the bottom of
the array, forget it and return to line 280. Line 520
contains a loop that says to set all the elements of
the array below our current point to zero and then
return to line 280.

Lines 600-650 print out the bits of the array on
paper. Line 600 is the remark statement for the
subroutine and line 610 contains two nested loops,
JS, and inside that, MS. ]S is for the rows of the
array and MS is for the bits of the numbers of the
array. Line 620 sets BS equal to the integer of two
to the power of MS and contains yet another nested
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loop inside the MS loop, the LS loop. The LS loop is
used to configure the computer to print a line of
high-resolution graphics. It does this by going to
the subroutine at line 660. Line 630 contains yet
another nested for-next loop inside of the LS loop.
This loop uses the variable KS for a counter for the
columns of the array. Line 630 also contains a poke
command. It pokes the sign of the binary logical
AND of BS and VA(JS,KS) into memory position 1.
Line 640 makes a machine- laﬁguage subroutine call
and prints a possible bit on paper. It then goes to the
next KS and LS. Then it pokes the number 13 (code
for carriage return) into memory position 1 and
does a machine-language subroutine call to send it
to the printer. Then the next statement for MS and
JS are encountered. Line 650 pokes the number 12
into memory position 1 and sends it to the printer.
12 is the code for the form feed control character.
Then the return statement returns control to line 80
to end the program.

Lines 660-670 configure the printer to print
the next W2 characters that it receives as high-

,-m‘.nl i inn m—m—.l-.. o ’T‘km:n l inog arp om “mln,—.f tor
1 g ar

PRINT CHR$(27) CHR$(75); CHR$(W2);
CHRS$(0), 27 is the code for escape; 75is the code

for “K”; W2 is the number 127 and tells the compu-
ter to print the next 127 characters it receives as
graphics. The 0 are for characters in excess of 128
(none).

Briefly stated the machine language in lines
700-730 says to LD A with the number at memory
location 1, CALL SEND (the memory position to
send the contents of A to the current output device)

and return from the machine-language subroutine.
Lines 720 and 730 also poke the numbers 65 (for
“A”), and 1 to tell the printer that it will be advanc-
ing the line by a length equivalent to 1/72". If this
makes no sense to you, don't worry about it; this
book is about BASIC, not about machine-language.

That concludes the two programs concerning
three-dimensional models of functions. We now
look at two similar programs that print out space-
filling models of molec
spheres.

ules, which are presented as

THREE-DIMENSIONAL, SPACE-FILLING
MOLECULAR MODELS

Let’s look at two programs that do look realis-
tic; one is alow-resolution program that prints the
figure on the video screen and one that creates a
high-resolution figure using a printer.

A Low-Resoiution Program in BASIC—Program 6

Figure 3-4 shows a series of low-resolution
figures denicting two hexagons made of circles.
Originally one hexagon ring is tilted “back” into the
plane of the page. This model might represent the
carbon atoms of the molecule biphenol. We will use
this organic molecule to be the model that we will
view in the two programs. Figure 3-4 shows the
partial rotation of the model about the vertical (Z)
axis. Figure 3-5 shows partial rotation about the Y
axis; Fig. 3-6 shows partial rotation about the X
axis; and Fig. 3-7 shows partial rotation of the left
part of the molecule about the X axis.

18 REM LOW-RESOLUTION. SPACE-FILLLIMHG

28 REM FEOTAHTING MOLECULAR MODEL

A REM WRITTER B& TIMOTHY T, 0% Mol | ER

48 REM COPYRIGHT 1332, TaE BOOES IHC,

=8 REM

a8 G0SUE 188 REM IMNITIALIZE FPROGEAM AHD READ DETH

TE OGOSUE 288 REM SORT BY DECRERASIMG DISTAMCES TO UIEWPOIHT
28 E0sSUE 488:REM PLOT POIMTS sl PRIMT OH PAFER

SR GOSLUE aB@: REM ROTATE POIMNTS ABOUT AN SEIS

SR OE0OTD FR:REM REFEAT ROTATIONM &HD PRINTIMNG IHMDEFIHITELY
lgg REM IMITIRLIZE PROGREM AHD RESD DATA

1160 E=@,del=12 0=, 5 F=@, 1 205=0, 328 HET==542 I D=04
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HEST J:RETURM

Lines 10-50 are remark statements stating the
nature of the program and giving the credits. Line
60 is a subroutine call to line 100, where the pro-
gram is set up and the data is read. Line 70 is a call
to a subroutine that sorts the points at the centers of
the spheres in the order of decreasing distances
from a defined viewpoint. This viewpoint could be
likened to your eye as it would see the molecule.
Line 80 1s a subroutine cail o line 400, which plois
the points and prints them on paper or the video
screen. Line 50 is a subrottine call to line 600,
which rotates the points about a specified axis. Line
95 is a goto statement that repeats the rotation and
printing endlessly. You must interrupt the program
to stop it. You might write a loop that would rotate
and print out the figures a finite number of times.

Lines 100-195 set variables and arrays and
read in data. Line 100 is a remark statement for the
section. Line 110 sets E equal to 0.4. E is the
rotation increment in radians. N1 is the number of
points (spheres) in the figure. RD is the radius of
the spheres. F is the perspective factor that makes
close objects seem large and far objects seem
small. G is the magnification factor. HGT is the
height and WiD is ihe widih. You may need to adjust
the HGT and WID to get a proper figure. Line 120
dimensions the arrays used. X, Y, and Z are the
coordinates of the points; V and H are the vertical
and horizontal arrays for the positions of the points;
RS is the adjusted radius of each sphere; DI is the
distance from each point to the viewpoint; Ris the
point of rotation for each of the axes. Line 130 is a
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loop thatreads in the X, Y, andZ coordinates. Lines
140-170 contain those values. Line 190 sets R(1)
equal to 2.5. R(1) is the point about which the model
will rotate when rotating parallel to the X-axis. R(2)
is the point that the molecule will rotate about when
rotating parallel to the Y-axis and R(3) is the rota-
tion point for the Z-axis, X(0) is the X-value of the
viewpoint; Y(0) is the Y-value of the viewpoint and
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your eye would be if you were actually viewing the

molecule in reality, if that were possible. B$ is a
literal string variable that designates the axis of
rotation. Changing B$ to “X” or “Y” will allow
rotation around the other axes. Line 195 returns
control back to line 70.

Lines 200-370 sort the points by their decreas-
ing distances from the coordinates of the view-
point. Line 210 is a remark statement for the sub-
routine. Lines 202-209 form a loop which defines
DY, the distance from the point to the viewpoint
along the Y-axis; DX, the difference between them
along the X-axis; and DZ, the difference between
them along the Z-axis. If DY is negative the object is
behind your head, as it were, and you would have to
“back off”’ by decreasing Y(0). Line 208 defines D,
the distance from the viewpoint to each point. This
is the square root of the sum of the differences
squared. RS is the adjusted radius for each sphere.
In line 209 V and H are the adjusted vertical and
horizontal positions for each point.

Lines 210-270 are a modified shell sorting
routine that moves the points’ coordinates and



other associated arrays according to their decreas-
ing distances from the viewpoint. We've seen a sort
like this before.

Lines 280 and 285 set the minimum and
maximum heights and widths to an arbitrary value,
the first one in the array. Lines 290-340 find the

actual minimum and maximum values for the height
and width values of the points. Line 340 sets DH as
the difference in the width and DV as the difference
in the height.

Lines 350-370 form a loop that adjusts the
values of the points so that they will fill as much of
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Fig. 3-4. Partial rotation of a molecular model about the Z axis (continued on page 34.)
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Fig. 3-4. (Continued from page 33.)
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the screen or paper as possible. The loop adjusts
the height V, the width, H, and the radius, RS, of
each point. Then control returns to line 80.

Lines 400-480 plot the points and print them
on the screen or on paper as asterisks. The variable
MV is set to zeroin line 405. This variable is used
to denote where the first line of printing is located.
It is used so that we can quickly “tab” down to
where the printing begins. The rest of line 405is a
loop used to find the actual first position of printing.
Line 406 ends the loop and sets MV as the INT(MV)
plus one. We don’t want to miss part of the first line
of print.

Lines 410-460 contain three nested loops that
compute the distance of each point from the current
screen position or print position. If that distance
equals the radius of a sphere it momentarily sets
the variable SS=1. If a sphere is nearer to the
viewpoint, and that position is within the radius
distance, it will reset SS to zero. JS is the loop for
the height, KS is for the width, and NS is the loop
for distance of the spheres from the viewpoint. Line

470 is a form feed command and line 480 returns
control back to line 90.

Lines 600-740 are a rotation-transformation
equation set that allows points to be rotated about
specific points parallel to either of the three axes.
For each point, the angle of which it lies is com-
puted, and then the increment angle, E, is added to
its angle and the position is redefined. When points
are rotated about the Z axis, the Z-values of the
points do not change; only the X and Y-values
change. Similar things happen with rotations about
the other axes. Rotations about the Y-axis do not
affect the Y-values of the points, and rotations about
the X-axis do not affect the X-values of the points.
Line 670 has an interesting feature. If P2=0 then
A5 equals the negative of the value of the result of
the logical condition, P1is less than zero, times the
value of pi. Not all computer’s will give a result to
PRINT —(2=1) or similar requests for the display
of the result of logical operations. Check your sys-
tem. If P1 is less than zero, the result within the
parentheses would be true or equal to— 1. ifit were
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Fig. 3-5. Partial rotation of a molecular model about the Y axis (continued on page 37).
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false, it would equal 0. Thus A5 equals Pi if P1 is
less than zero, and A5 equals 0 if P1is not less than
zero. A similar type of operation exists in line 690.
A5 is the angle (in radians) at which the point lies
from the origin, relative to the axis that is involved
in the rotation. The increment is added in line 700.
The rest of the lines transform the point to the
coordinates of its new position after the rotation.
Line 740 ends the loop and returns control back to
line 95, which repeats the entire process. You may
have to finagle a little with the height and width to
get the best figure possible.

This low-resolution program really doesn’t do
justice to what the program is really capable of

doing. The next program uses the same data and
much of the same programming to make superlative
plots.

A High-Resolution Program in BASIC—Program 7

Figure 3-8 shows several partial rotations of
the model about the Z-axis. Youmust admit that the
clarity has improved greatly. Figure 3-9 shows the
partial rotation about the Y-axis and Figure 3-10
displays a rotation about the X-axis. Figure 3-11
gives the rotation about the X-axis for the six
spheres on the left. These figures could be made
larger by increasing the HGT and WID variables in
the program. Let’s look at the program.
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The two programs are the same except for
several lines. Line 10 says “high-resolution” in-
stead of “low-resolution.” In line 100 we've added
the variable W2 and have increased the values of
HGT and WID. We have added line 180 which sets
up the machine language subroutine for passing
numbers to the printer, bypassing the BASIC
operating system. Again, we could change that sub-
routine to BASIC statements. We have also added
line 420, which is a nested loop that sets up the
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configuration for the printer to accept numbers and
print them as graphics. Line 430 has been changed,
as has line 460. Line 470 is also different. Lines
490-540 are the same kind of instructions as we saw
for the high-resolution function plotter earlier. The
rest of this program is the same as the low-
resolution version.

By changing N1 you can read in more data and
plot more spheres. You can increase the height and
width of the plotting area by changing WID and
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Fig. 3-6. Partial rotation of a molecular model about the X axis.
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Fig. 3-7. Partial rotation of left group about the X axis.
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Fig. 3-8. Partial rotation of a high-resolution molecular model  Fig. 3-10. Partial rotation of a high-resolution molecular
about ihe Z axis. model about the X axis.
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Fig. 3-11. Partial rotation of the left group of the high-resolution model about the X axis.

HGT. If you want to show different kinds of atoms  viewpoint. You might even change line 450 to ran-
in the molecular model you might read in different ~ domly shade the spheres. We could spend a lot of
radii for them with data statements. All the spheres  time with this program, but let’s go on to bigger and
in our model had the same actual radius, although better things. It doesn’t pay to stay in one place too
they looked larger when they were closer to the long.
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Chapter 4

We briefly discussed perspective when we plotted
a three-dimensionai figure. We learned a littie bit
about erasing hidden points both in the function
plotters and in the molecular model. This chapter
deals with the drawing of figures that have straight
lines and are in perspective. We will see all the
lines at once, giving the figures the appearance of
wire models.

THE NATURE OF PERSPECTIVE

What is it about sight that makes distant ob-
jects appear small and close objects appear large
and that makes tall buildings seem to shrink down
toward ihe horizon? The answer lies with geometiy
and trigonometry. Distances twice as great, make
objects seem one-half as large. When our eyes are
very close to chjects, that object appears very large
and vice versa. The angle between the top of the
object, our eye, and the bottom of the object de-
creases with distance. The same is true for the
width. Although we have not really answered the
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erspective

question, we have enough information now to write
Ao oy 15

computer programs that diaw per spective line
drawings.

Perspective Plotting

In Chapter 3 we mentioned a couple of equa-
tions that we used to plot points in perspective.
They contained some numbers that we had to define
rather arbitrarily. We will now talk about them
further and discuss how to draw perspective lines.

Let’s look at those equations. They were:
V=F1* ATN(F2*DZ/DY) and H=F1*(F2*
DX/DY), although in the plogxams we used the
var xablc,a, G and F, forFlandf
actually used two steps. We set V—ATN(F*DZ/
DY); then adjusted it to fill the screen, and then
readjusted it using the G factor. In these equations
G or F1 is the magnification factor, and F or F2 is
equal to the inverse of the distance that we set as
one-half infinity to the eye. In other words if we
were using a vanishing point type of perspective

2 raon/:.\ﬁhvphr ‘NP



drawing, this would be equal to one-half the dis-
tance to the vanishing point on the paper. It's a
fudge factor, really. The F1 factor is for the scaling
of the figure and the F2 factor is for the apparent
distortion in size as an object approaches very
close. If we increase the value of F1, the figure will
be magnified. If we increase the value of F2, it
really becomes distorted, much as if it were viewed
through a fisheye lens.

In the equations, V is the plotted vertical posi-
tion of the point on the screen or paper, and His the
horizontal position of the point. DX is the differ-
ence, along the X dimension, between the coordi-
nate of the point and the X-coordinate of the view-
point. DY is the difference between the Y-co-
ordinate of the point and the viewpoint, and DZ is
the difference between the Z-coordinate of the
point and the viewpoint. ATN is the arctangent
function.

What we do in the perspective line drawings is
to find the V and H and construct a linear line
connecting them. We make the assumption that all

the points on a straight line between two perspec-
tive points are in perspective also. I offer no
mathematical proof; we must rely on an intuitive
feeling that the assumption is true.

PERSPECTIVE LINE PLOTTERS IN BASIC

We will look at two perspective line plotters;
one is low-resolution and one is high-resolution.
The low-resolution plotter will be used to draw
some simple solid geometric shapes, and the high-
resolution one will be used to draw the perspective
lines of a house.

Low-Resolution Program in BASIC—Program 8

Figure 4-1 shows solid geometric forms as
they are rotated about the vertical axis. The objects
are supposed to be a pyramid on a square base, a
cube, and two flat diamonds. The low resolution
really does not do justice to the program, which will
be modified to create a high-resolution drawing of a
house.

19 REM LOW-RESOLUTION LIME FPLOTTER
=28 REM WRITTEM BY TIMOTHY J. O7MALLEY
8 REM COFYREIGHT 13232, TaB BOOREES IMC.
S8 REM
5 G0SUER ZTEdE REM ITHITIALIZE WERIMEBLES
FEOFOR J=8 TO UWeFOR k=0 TO WS T =32 HEST K..J
T3 OGEHEUE SBEs REM FOTAHTE FOIMTI ABOUT @eEls
S8 GOSUE 280 REM TRAMSLATE M2 42 TO Ha Ll
188 GOSUE 1288 REM  DEAW LIHES COMMECTIMNG POIMTS
185 GOEUE 188t REM PRINT OUT Lo BRESOLUTION
118 QoTo 7a
Toe REM THITIALIZE VAaRIABLES
IES IF=211 [H=43
F1E DIM ICERl s Bl IPa YIR s S0 IR RO E 0 W IR HO IR
IEe FOR J=1 TO IF
II8 READ HoTh 8o Ta. E000
248 MEST J
45 DETAa B.8:1, 1.8.1. 1.8:8, B.8.8, &.1.1
I DATAE 1121 1.1:68. B. 1.8, 2 e FaEa B
247 DAaTA 2. 3.8 2238 2% 2005,

=oDnTe 3.8, 1 P X P P e R s I S

LTy &, Fa A, Bl 3, 5o 3, S X PN :1'-:2;.5:-@-5
FoaR JI=1 T Im
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ToE READ TOT0

B OMEST T

C DETE L Ee Da s Lo S B T B T Ba v a1, 2ai
BoDETE 218 L1, 129 13188011 135 12 6
ALE DAETE 14 15 L& 17 143

e DATE DS DR 08 21, 18

d
]

e
va il s

i

S T
P E=1iREM F 15 THE DISTORTION AHD & TS5 MEGHTFICHTION.

AFE LSS L=
) EI?T*MiuU.Mb
GE E=GL 4 BEM ROTETION IMCREMENT

BES RETURM

SRR REM FROTETE POIMNTS ABOUT @elE
=l| FOoR JI=5 TO T
seE IR BEE="ET THER n]"
IF BEsg=ritt THER =@
IF ET*”““ THLH Frd et s s

A THEM fiSsmE
FHD L0 THEM @S=aTHOPZ P 0P Lo@ndd, 14159

It

ol

S S E AL
IF FEE=tFY THEH @oJa=leC0m0aSreR0 D sa Y Vo= THOnS ) +RO2
IF Bag=tyt THER G O SR NI THCRE Y +E K
IF EfE=vay THEM WO o=sl o C0sSo@mSo R0 2o 20 T sl S THOSS s 4RI
HEST ¥
FETLRH

FEX RN X IRt

=EE REM TREAMSLATE =% 2 TO Ha W
= FﬂP J=1 TOQ IF
e =YOTo- B0 I DYO=0 THEN FRINT “DECREASE 080" STOP
=E D B I L =
= K} v, K
=EE LW T ~-HTH' F*L'"w DdoaslREM UERTICAL SCREEM POSTTION
SRR HOJa=aTHOFRDE DY 2 s REM HORIZONTHL SCREEM POSITION
T L gL e T

i [l ot

x|
(5]
5]
£
5]
£
AR PTTRI=L0 L 8 Pt =g ]
5]
£
5]
5]
i
5]

B
D
b
D
b

=
=
=]
=
=
35'

L1t

FIIMH=HCL 2 MRsH=HC L

For JI=1 TO IF

IF LTIy THEM MIMW=L00T
ITF LT bMesly THEM  Megsli=tic T
IF HOI3<MIMH THEM MIMH=HCT
IF HOI2 EpesH THER MisH=Ho0 T2

2 o] P ors T
i

bonmt

g ey
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PRy

G B N S Tl ot B o T e S B ST o S S O At B

T,
T
R X RN ]

HEWT T
Lo =M H-1 T HH
D=y 1 T AL
FOR J=1 TO IF
M i T o T HH 3 D1
DA BT ket Dl I I IR o I O 8 U B Il e M I
NEHST T
RETLRH
REM DREW LIHES COMHECTING POIMTS
FOR J=1 TO Ig-1
IF IcJo=@ 0OF I¢J+ls=@ THEM 1349
M= T T+ o Do T
LI T T el T T3
SH=EGEMCHH
IF SH=8 THEM 17Z86
=t L HH
Bldf 1233 3 —MsHET €195
R LM, ot g Ay e
FUR ks ToTss TO HoIoT+ls 0 STER HH-SF
b -
e R R SENS
2, MEHT K
1548 HERT T
13568 RETURH
B REM SLOFE EOUALS IHFIMITY

=4 T

[

ol T e e e R IR X IR s By LYY

AR~
LU U AU KU K R K

px]

S RN SR ORI O B O L Y

1288

[N
RN S B R )

U H

1=1

I O I S B B
=

ted £ad L e R

e,

B

B =M I T

B OIF SEMON = THEM PR T T 0 s GOSUE 1988 G0T0 1343

8B OFOfR P I e TO IS a s STER RGH S

BOE0EUE 155G
1418 HEST R

SE 0T 1348

BOREM FLOTTIMG SUBROUTIHE

BOIF P OR PO OR R OR ECS THEMN RETURH

SR 1HT F':"mIHTCHh
PEZEE Uil =
1546 ﬁETUhH
18 REM Lokl REZOLUTION FRIMTER
1TEES M= FOR MM=1 TO IR IF MHCUCRR S THER FH==L R
187 HEST MM MH=IHTOMH 41
Tl FOR JTS=MH TO @ STER ~18FOR ES=8 T 1
lHﬁH FRIMT CHREFOG VS S ss s HEST RSt PRINT
el HERT JTSiPRIMT CHREECLZ s RETURH
FEHD“

Let’s look at this program line by line. Lines Line 50 is a subroutine call to line 300, which sets
10-40 are remarks about the nature of the program.  up the program by reading data, defining variables
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Fig. 4-1. Partial rotation of solid geometric forms about the vertical axis.
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and dimensioning arrays. Line 70 is a nested loop
that sets all the elements of the VA array equal to
32. 32is the ASCII code for a blank space. Line 75is
a subroutine call to line 600, which rotates points
about an axis. Line 80 is a call to line 800, which
translates the X, Y, and Z coordinates of each point
to a horizontal and vertical value so that it can be
stored in the array, VA. Line 100 calls the sub-
routine at 1200, which draws lines between points,
and line 105 prints out the low-resolution figures as
asterisks. Line 110 goes to line 70 to repeat the
rotation and printing without end. You might want
to change it to a finite number of repetitions, possi-
bly by using a loop.

Line 300 is a remark statement for the ini-
tialization of the program. In line 305, IP is the
number of points that we give coordinates for.
These points are corners in the figure. IA contains
the number of points in the I array. This controls
which points are connected to which points. Line
310 dimensions various arrays used in the program.
Lines 320-340 read the coordinates of the points,
these coordinates are found in lines 345-349. Lines
380-400 form a loop that reads in the I array ele-
ments from data statements in lines 405-416. Point
1 is connected to point 2, which is connected to
point 3, which is connected to point 4, which is
connected back to point 1, which is also connected
to point 5, and so forth. A 0isused as a terminator
for the line connections. By using this scheme, the
computer will be able to compute the points for the
connecting lines and thus determine where the
lines are to be made. Line 420 says that the X-axis
rotations are to be made about the line X=2; Y-axis
rotations about the line Y=2 and Z-axis rotations
about the line Z=0.5. In line 430 the coordinates of
the viewpoint are defined. Line 440 sets the
perspective factors. Inline 450, Sis theindex of the
first point to be rotated and T is the index of the last
point to be rotated. In this case, we want to rotate
all of them. Using these variables allow greater
flexibility for the rotations. Line 460 says to rotate
the points about the Z axis. Line 470 contains the
variables for the width and height respectively.
Line 475 dimensions the VA array, which will store

the points and lines of the figures. Line 480 defines
the rotation increment. Line 500 returns control to
line 70.

Lines 600-750 rotate points using the same set
of transformation equations that we have seen be-
fore. Line 610 allows you to rotate only some of the
points, those from index S to index T. It then
returns control to line 80. Lines 800-1120 form a
subroutine that translates the three-dimensional
points to two-dimensional positions in the arrays H
and V. We have examined this subroutine before,
so enough said about it. Line 1120 returns control
to line 100.

Lines 1200-1350 draw lines connecting the
points indicated in array I. If two points have the
same vertical position the short subroutine in lines
1360-1420 is used. The subroutine is necessary
because the program defines the equation of the
slope of the line between the two points and a
vertical line has an infinite slope. Line 1220 checks
for the zero, indicating the terminus of a line con-
nection. Lines 1230-1240 find the difference be-
tween the horizontal and vertical positions of the
points so that the slope, M, can be calculatedin line
1270. Line 1280 computes B, the Y-intercept, so
that the equation of the current line can be com-
puted in line 1310 of the program. SP, in line 1290,
is the distance between the two points. Lines
1300-1330 fill the space between the two points
with an appropriate number of other points, making
a line.

The plotting subroutine in lines 1500-1540 is
called by the line connecting subroutine. This sub-
routine checks to see whether or not the points are
outside of the dimensions of the array by using the if
statement in line 1510. If they are not, it rounds the
position of the point to integers in line 1520 and sets
the VA array at that position to 42. 42 is the ASCII
code for the asterisk. You may change this number
if you want to print a different symbol.

Lines 1600-1660 form the low-resolution
printer routine. The variable MH is used as the row
number in the array where the printing should start.
This way we eliminate the printing of a lot of empty
spaces at the top of the array. AsI said before, itisa
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“tab” of sorts. The loop starting in 1610 simply
prints out the CHRS$ of each of the elements in the
array. Line 1660 contains a statement that clears
the screen because it is a form feed command.

That concludes the program. Now we will look
ata program that uses much the same programming
to produce a line drawing of a house.

High-Resolution Program In BASIC—Program 9

Figure 4-2 depicts a few of the possible views
of the house produced by the high-resolution line
drawing program. When using line drawings, it is
best touse as few lines as possible or else the figure
will appear cluttered and confusing. Let's examine
the program listing.

18
=28
38
A5

REM
REM
REM
EEM

FERSPECTIVE LINE FPLOTTER OF HOLEESE
WRITTEW BY TIMOTHY J. Q°fFALLEY
COPYRIGHT 1982. TabB BOOKE INC.

5@ GOsUR FaB: REM IMITIALIZE VaRIABLES

V@ FOR J=6 TO WsFOIRE K= TO bsUad T, Ki=asHEST K.J

o E0sUER &a8: REM FEOTATE POINTS ABOUT AXKIS

28 GOsSUE 299 REM TEAMSILATE .42 TO H- WU

iBe GOEUE 126@:REM  DREAW LIMES COMHECTING FOIWTE

g% GOEUR 1888 RENM PRIMT OUT HIGH RESOLLTION

i1e 3070 7Pa

Zag REM IMITIALIZE UARIABLES

RS IP=34: 1a=87

Z18 DI IR RNO IR IR 20 IR RIZ 0 W IP s HO TP

SEW POm WI=1 Td1Ir

Z30 READ HOTs%oTa,Z0Jn

Zad HEAT J

45 DATH .00, G.458,80, I 488, JE. 18,8, 28 12.8

Z48 DATH 28.8.8, 288,18, 88,18, 8,5, 16, 26:.58. 14

Z47 DATH 18,312, 8,520, 18,2.27,. 28. 5, 28:58:43.28

B DT LG 45, 27, 26,48, 208, 18,3427, 28, 28, 28, 28, 34, 27
Z4 DATE 289458, 20, 28,428,277, 36,42, 28, FE. 28 28, @2 28, 27
ZEG DATH 28,2812, JE, 28,12, FE. 158,18, 29 153,18

IS DATH Z2EL, 958, 2084948, 138, 28,48, 18,8, 42, 18, 8,48, 12
Zod FOR J=1 T IM

20 READ I0T

dEE HEST T

AFE DTo 1.2 91213514168
A16 DeaToy 12, 15,1 P P = e I

415 DATA 159 25. ;

Hie DATA 23 5.8, Bilo S 859, 5.8, 85, S8, BV 0. S8 4. @
417 DATAE 21.38.E .3‘. »:33ﬂ~1Mn1|"u11H‘1"M4

G158 DATA 816 178,14, 1%

AZE ROl =13 RE02 =2 4uF'~*—14

X R s IR RURE o 1 ICEC T [ o T Rl s BT Y

B A5 F B o laf=12REM F IS THE DISTORTION AabD G IS MAGHIFICATION.
458 S=1:T=IF

E:$: I:E 0
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=257 =25 W2=1 27
LI sl WD

E=@.4:REM ROTEHTION IMCREMENT

FORE Z8.@8:FOKE 2el.8:FOKE &. F:-F’“W"E 1. 27:FORE 2
FOEE 2. 128P0OKE 4, 2240 POKE S, 2318 SM=USRCE 8 FOKE 1. 65
sesUZROE A PORKE 1 1 E=USREOE : RETURH

FEM REOTATE POIHTS ABEOUT AMIs
FOR J=5 TO T

IF BfF="Z" THEHM Al=H0Ti@g2=Rql s @m3="Y 0T fd=Renn

IF BF="4" THEH Al=ECIiiaZ=Rdl ig3=27 711 ad=R

IF BEF="s" THEHM Al=Y{Jri@2=RJ{2ria3=20T0 fd=Roa
Fl=m1-82: PE=nl—nad

L=SR P LRF ] +F 2 2

IF PZ=@ THEM AS=@-0FP1l1{0o3, 141593

IF Fl=& THEM AS=5SGMOP2as], SPa7ed

IF F2<x3 AL FLO 8 THEM AS=STHORZCFL-oF L@, 141593
FAS=RE+E

IF BEE=UZ" THEM SoIr=sLeCOS0aSo+R0 sy ol isl R IO @S s +Re 2
IF E$="%" THEN M0Jo=l#COSCASI+RI101 20T D=L kS THLHS -+
IF Ef="i" THEM YoJrsLaCOSCaS +R02NE 20T =L RS THAS ) +ROE)
MERT .7

RETLIRH

REM TRAMSLATE Ha%:Z TO H, W

FOR J=1 TO IF

D=t To—4 @02 IF DY<=@ THEM FRIMT "DECREASE Y@ ":STOF
Dosgmtd ol T o=t

HOE

=0 T a—20
LIC T a=QTHY F*E'.._ E' YOIREM VERTICAL SCREEM POSITION
HOTo=fTHOF DD 2 s REM HORIZOMHTAEL SCREEM FOSTTION
MHEST T
FITRHU=100 1 s Mit)=1000 1 0
FIMHH=HC L8 M= 1
FOR JI=1 TOJ IF
IF WWT2EMIMY THEM MIMUW=LI T
IF LRI EMAEL THEM ML=t T
IF HOJ24MIMH THEM MIMH=H:.I
IF HOT2=MAEH THEM MasH=HD I
HMESET I
CeH=PFEH~M T HH
Lot =iyl — M TR
FOR J=1 TO IF
HO T a=Ga M 0T D TR s o Dol

LI T oS L0 T o e TR Cat bzl |

HE®T T

HETLIRH

FEM DEA LIHES COMHECTIME FOIMTS
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FOR J=1 TO In-1

IF IoJo=@ OF I0J+10=@ THEH
HH=H G T T+ 1 a-HOT 0T

LI b 0 T T o =l W T T
SH=SEMCHH

IF SH=@ THEM 1366

=10 HH

Erst 0l T T2 =P 1T

1Aﬂw SR =EnE L LI H AN
1700 FOR K=HOTo Ty TO HOIO T+ 00
1218 P=rk+B

el

GOSUE 15
HEST K

qult]

1343 MERT J

58 RETURH

T8 REM SLOFE ERURLE

IVE R=HOIOT

@ IF SEMOM =R THEM P=HOTOT:

1338 FOR P ToTsy TO WL 0T+1 20
EOEUE 1560

[ R S

MEXT

EOTO 1S4

REM FLOTT IHG
IF Pl OF Po@ OF K3 OR K<
W= THT R s s 2= T Ok
L] o LIS s gy L U 0RE
RETLIRH
REHM
FiR =) T & “TEFR
EE=IMTOE ME s FOR L= TO
FOF ES=lmdsds T Ledid2eldz—-1s
sr=ER R s HERT S LS

FOKE 1, 128550l ﬂmiapETHFH
Ful" <) ped =
w_H:PfMluPle

b ek b e
PR SN A
DU o I |

e
nd

!

1518
15268
15738
1545
1&ena
11
1&28
135
1t
145
16 ...iU

FEHD“

Lines 10-40 are remark statements for the
program. L Tines 50110 are the same ag ﬂ‘\PV werein
the last program, except that now the subroutine at
line 1600 prints out figures in high-resolution. Line
70 sets the elements of the array to zero rather than
32 since we are using a different method to print out
points. Line 305 sets IP and IA at larger values
because there are more points and connections. We
have added a few more data statements to include
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FOEE 1.1

SPOKE 1.7
sr=lSR A s RETURN

17248

STEF HH-SF

IHFIHITY

aEEISRUE 1Sa8: G070
STER SEMOL 12

134

SUBEROUTINE
5 THEM RETLUREH

THT O 2P o
HIGH RESOLUTION FRIMTER

—1iFOR ME=11 TO 8 STEF
e EnsUE

-
1858

FOKE 1.S5EHCES AND WA TS, KE D
TE k= SR ORI HERT ME. T3

S wk=lER oAy POKE L. W2

this information. We have changed iine 420 to ro-
tate the figure about different axes than we did in
the last program. Line 430 is also different. In line
nriahlo ‘X7") and oltornr] the

%7\1, WwEeE added the variable W2 and altered the

values of Wand U. We have added the statements in
lines 490-510 to set up a machine-language sub-
routine to pass numbers directly to the printer as
we have done in other programs.

The translating subroutine is exactly as it was



before. The line connecting subroutine is the same
except for line 1390, which divides the step
SGN(VV), by 12. Line 1530 does a Boolean algebra
binary-logical OR on the numbers in VA(V1,V2)
using 2 to the power of the integer of 12 times P
minus V1. In this program we are actually plotting
bits of numbers when we plot the figure.

The high-resolution printer is very different
from the low-resolution printer. Therefore we have
added a nested loop, MS, to take care of the bits of
the numbers. It’s much like the high-resolution
printer routine that we used in the program that
created a three-dimensional plot of a function.

ROTATING POINTS IN SPACE

We've seen programs that are rotation trans-
formation equations, but we really have not dis-
cussed how we arrived at the equations. Neither
have we discussed how to rotate points about an
arbitrary axis. We will do both in this section.

Rotation About a Defined Axis

We can rotate a set of points parallel to the X,
Y or Z-axis, although the rotation doesn’t have tobe
about the axis itself. We can designate R(1) to be
the point about which the points are rotated when
we perform an X-axis rotation; for example, if
R(1)=3, we are rotating about the line X=3. R(2) is
for the Y-axis and R(3) is for the Z-axis.

If we rotate points about the X-axis, the
X-coordinate of each point does not change. As a
point is rotated, it circumscribes aplane. The locus
of the points is a circle on that plane. The other two
coordinates do change, however. As we rotate
about the X-axis, the Y-coordinate changes as a
function of the cosine of its original angle plus the
increment of rotation. The Z-coordinate changes as
a function of the sine of its original angle plus the
rotation increment. In the programs that include
rotations, we have generalized the set of equations

so that Al is the first coordinate that changes and
A2 is the second. We must find the size of the angle
that each point is rotationally displaced about its
axis. Then we must add the increment to that angle
and redefine the points to get the rotation.

Rotation About an Arbitrary Axis

What if we wanted to rotate a set of points
about an arbitrary axis, one that isn’t parallel to any
of the three axes? One solutionis torotate the set of
points parallel to an axis first, then perform the
rotation that you want, and finally rotate the points
back from the parallel axis to the original position.
The result would be that the points would seem to
rotate only about the arbitrary axis. Another solu-
tion is to redefine our transformation equations to
include rotation about an arbitrary axis. In the pro-
grams that follow, we will rotate some points about
an arbitrary axis using the first method.

INTERACTIVE SPACE
SHUTTLE SIMULATIONS IN BASIC

We now look at two versions of a space shuttle
program in BASIC; one is a low-resolution version
and one is a high-resolution version. We will be
able to manipulate the model in three dimensions
and operate the cargo bay doors.

A Low-Resolution
Perspective Line Program—Program 10

This first program uses block-type graphics to
make a figure. Figure 4-3 shows the model of the
space shuttle as it may look on the video screen
when the program starts. Figure 4-4 shows the
result of rotating the model along the X-axis 1.0
radians. These figures show the wings, tail, cargo
bay doors, nose and windows of the spacecraft. By
adding more points and lines, you could embellish
the figures; however, in low-resolution they might
look too jumbled.

16 REM LOW-RESOLUTION SPACE SHUTTLE SIMULATION
Z8 REM MEITTEH BY TIMOTHY J. O°pMalLEY

28 REM COPYRIGHT 13582, TRE BOORES IMC,

IS5 REM

48 FRIMT CHRE$FO1203
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We now look at the lines of the program. Lines
10-35 give the remarks about the program. Line 40
clears the video screen. Line 41 prints three blank
lines and lines 42-44 print out the name of the
program on the screen. Line 45 prints three more
blank lines, and then line 46 asks whether or not
you want to see the instructions for the program. If
the answer is yes, line 47 sends program control to
the subroutine at line 2000. After three more print
statements in line 48, the computer tells us that it is
setting up the program (line 49). Line 50 is a sub-
routine call to line 3000, which defines the block-
type graphics. Delete this line if your computer
uses the set or reset commands, if it cannot define
graphic characters, or if it doesn’t conform for any
reason. Line 60 is a subroutine call to line 300,
which reads the coordinates of the data points and
the lines that connect them, dimensions the arrays,
and sets variables. Line 65 contains the subroutine
calls that display the first figure. Line 70 requests
you to enter the command to manipulate the com-
puter model. Line 75 breaks the reply up into the
alphabetic and numerical portions and assigns them
toM1$ and E, respectively. Line 80 is a subroutine
call to line 4000, which interprets the commands.

LIES 113?1311-33 FETLHRH

e L I

T PRIMTER

1 “:':3'22'."‘l| R

150 THEM GOSUE 6126
PFOR M=7 TO @ STER -1
R O 8 MERT s K
UL TEPOEE 1. 128 HEsUER R 8 RETURMN

R a0
3 e Sy

s

Line 90 is an optional line, which should be used
only when you want a hard copy of the figures on the
screen. It is a call to a subroutine that sends the
image to the printer. Line 100 goes to line 70,
where the next command is requested.

Lines 300-490 contain the statements that ini-
tialize the program. Line 300 is the remark state-
ment for the heading. Line 305 says that IP, the
number of points, is 112 and IA, the number of line
connections, is 187. PTR is the index of a stack
that we are going to use when operating the cargo
bay doors. ID is a variable that indicates the level of
subroutine calls, also for the cargo bay door opera-
tion. Line 310 dimensions the line connection ar-
ray, I, the X, Y, and Z-coordinate arrays, and R, V,
and H. Line 315 dimensions an array for a stack of
command letters, and line 316 dimensions the ar-
rays that contain the coordinates of the points at the
start of the program, for use with the door manipu-
lations. Line 318 contains the array for the stack of
numbers also used for the doors. The loop in lines
320-340 reads in the data for the coordinates at the
start of the program.

Lines 345-371 contain data statements for the
X, Y, and Z coordinate of each point. Lines 380-400
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4-2. Perspective line drawing of house (three views).
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read in the connection array from the data state-
ments in lines 405-426. Line 429 sets the points
about which the craft will rotate. For all three axis
the coordinate of the point is 81. Line 430 sets the
viewpoint’s coordinates, and line 440 sets F and G.
Line 450 sets the values of Sand T, thefirst and the
last points that we want to rotate. Line 470 sets the
width and height of the video screen, minus 1. You
may change this for your computer. If your com-
puter uses set and reset, you may want to use 127
and 47. Line 480 dimensions an array for a screen
dump. Line 490 returns control back to line 65.

The subroutine in lines 500-550 blanks the
screen dump. Line 490 returns control back to line
65.

The subroutine in lines 500-550 blanks the
screen. Another method of blanking the screenis to
use a loop that resets J and K. Where J is the loop
from 0 to U and K is a nested loop from 0 to W.
Other computers may require a different technique.

The subroutine in lines 600-700, which uses
subroutines at lines 1700, 1800, and 1900, rotates
points about an axis in exactly the same way as the
rotation subroutines that we saw earlier did. How
ever, this subroutine is faster. Lines 800-1120 form
a subroutine that translates the points into vertical
and horizontal positions for use on the screen. It is

the same as ones that we've seen before. Lines
1200-1420 contain the familiar subroutine that
draws lines connecting points. Lines 1500-1560 are
a plotting subroutine that is rather system-specific.
If your computer uses set, you might change lines
1520-1555 to SET(K,P). This command turns on a
screen element on some systems.

Lines 1700-1750 are part of the rotation sub-
routine that rotates points around the X-axis. Lines
1800-1850 are part of the subroutine that rotates
points around the Y-axis, and lines 1900-1950 ro-
tate points about the Z-axis. Lines 2000-2140 form
the subroutine that prints the instructions. The first
six commands move the spacecraft using our refer-
ence system. If we type A 1.5, the model turns
about 90 degrees counterclockwise on the screen.
Lines 3000-3090 form a subroutine that defines
user-defined graphic characters. It may not work on
your system, or you may not need them as we
stated earlier. I won’t explain how these state-
ments are defined, except to say that they create
graphic characters that are a 3 X2 rectangular block
of squares.

The commands for the program are interpret-
ted by the subroutine in lines 4000-5520. Lines
4010-4080 transfer control to appropriate sub-
routine for the letter entered. Lines 5000-5020
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Fig. 4-3. Low-resolution video display of a space shuttle model.
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Fig. 4-4. Low-resolution video display of a space shuttle model as it is rotated.
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record the commands if they are the motion of the
entire craft, i.e., letters A-F. Lines 5100-5120 are
for motion in the X-direction; 5200-5220 are for
motion in the Y-direction; 5300-5320 are for motion
in the Z-direction. The number entered is simply
added to each points’ coordinates in whatever di-
mension it is moved.

Lines 5400-5520 are statements for the opera-
tion of the cargo bay doors. A positive number will
cause the doors to open and a negative number will
cause them to close. These numbers should not
have values outside of the range of —1.6 to 1.6 or
the doors will appear to pass through the wings. We
should also note that you should not use large num-
bers when moving the spacecraft as the points could
shift off the screen, out of the field of vision and you
would be lost.

When a command is received to operate the
starboard bay door, the program will run through
lines 5400-5460. With the port door, lines 5500-
5520 are called. They in turn also call lines 5420-
5460 of the starboard call. This is simply a space-
saving technique since the routine is the same; only
the points involved and the p oints of rotation are
different. In line 5410 S is set to 33 and T is set to
40. These are the first and last points of the star-
board bay door. Rotation is about the X-axis since
that is the axis they rotate about at the start of the
program. Point 36 is the point of one of the hinges of
the door and we use that point for the axis of rota-

tion. On the starboard door, we set E equal to
negative E since a positive number opens the door.
Line 5420 defines the points of the door as their
original values at the start. Line 5425 performs the
opening rotation on the door and sets the point of
rotation back to the original 81. Lines 5430-5460 is
a stack reading loop that manipulates the points
through all the commands that the computer has
received up to this point. This is the method of
putting the doors back on the model.

What we actually accomplish with this sub-
routine is to rotate the cargo bay doors about an
arbitrary axis. We rotated the doors about their
original axis, the X-axis, then went through the
stack of all the manipulations to move the points of
the doors back to where they should now be relative
to the rest of the model.

Lines 6000-6130 are the subroutine for the
optional screen dump to printer. We will not dis-

cuss it here as we have already covered it in other
programs.

A High-Resolution
Perspective Line Program—Program 11

This program is the same, in many respects,
as the low-resolution version. However, the
images created by this version are meant to be
printed on paper. No pictures appear on the video
display. The program draws a much finer line when
printing the pictures.

18 REM HIGH-RESOLUTION SPACE SHUTTLE SIMULSTION
28 REM WRITTEM BY TIMOTHY J. O°MAalLLEY

I8 REM COFYRIGHT 1922, TaB BOORES THC.

5 REM

48 PRIMT CHREFC120s

41 PRIMT:FPRINT:FRINT

A2 FREIMT TAEBCL1SH: "IHTERACTIVE SPACE SHUTTLE SIMULATION®
43 FRIMT TaRC1S»: "WRITTEH BY TIMOTHY J. 07 MAaLLEY™

44 FPRINT TREC1S2: "COPYRIGHT 1982. ThRE BOORS IHOY

43 PRIMT:FRIMT:FRIMT

G THFOT “L0 %00 WakT IMNSTRUCTIONS CYES OR MO s aME

47 IF ANF="YEZ"
)
G4
ey

FRINT:FRIMNT:FPRINT
FEIMT "THE COMPUTER

EHOSUE Zac BREM

THEM GOEUE 2005

WILL HOW =ET UF THE FROGEAM. Y
IHITIALIZE VaRISEBLES
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FRIMT: FRINT

FRIMT "COMMEME" . "DESCRIFTION" » "EXAMFLE"
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FRIMT
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Let’s look at the lines that are different. Line
10 indicates that this is a high-resolution program.
We have deleted line 50, lines 3000-3090, and lines
6070-6130, along with lines 2010, 1540-1555, and
line 480. Lines 1520 and 1530 have been changed
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FORE 1,278 mk=UER0@ s FOKE 1. 75

fE= SRR FOKE 1. W3

1o @8 sl hER |.1 drRETURRM
LAakElAGE

SUHEROUTINE FOR FRIMTER

.r:';

B als PORE 1.2V iPOREE 2. 28
BTt s B M-I EASE S I end = v R B S o T

because we are using a different plotting sub-
routine. This plotting subroutine is the same type
as the one that we used when we drew the perspec-
tive line drawing of the house. Line 470 was
changed to make W=253, U=18 and W2=127. We



IMTERACTIVE SFPFACE SHUTTLE SIMULATION
WEITTEH BY TIMOTHY J. 07 pallEY
COPYRIGHT 1982, TaE BOOES IMC.
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e DESCRIFTION EsihFLE
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Fig. 4-6. Display of instructions for space shuttle simulation.

added a subroutine at lines 7000-7030 to set up the
machine-language routine for the high-resolution
printer. We changed the subroutine at lines 500-
550, which blanked the graphics. Now it sets all the
elements in the VA array to zero. We changed the
printer subroutine, which starts at line 6000.

Figure 4-5 shows how the model appears after
some manipulations. Fig. 4-6 shows what the video
display looks like if you request instructions. Both
programs are essentially the same in their opera-
tion. We will discuss high-resolution a little more in
the next chapter, along with line elimination.
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Chapt

esoiute

erS5

and Line Elimination

This chapter discusses high-resolution graphics
and the hidden line m,
BASIC programs which create large-scale high-
resolution plotters and three-dimensional solid fig-
ure plotters.

DEFINING HIGH- AND LOW-RESOLUTION GRAPHICS

Let’s define some terms concerning resolution
in graphics. We will consider low-resolution fig-
ures to the figures drawn using alphanumeric
characters as symbols. In the first histogram pro-
gram we used the uppercase letter H as a graphic
symbol. The images created using the lowercase
letter o, the plus sign, and other similar symbols to
create images are examples of low-resolution
graphice, High-resolution chall be defined 25 the
use of symbols where more than one position of a
point can iie within the area occupied by a low-
resolution symbol. Our low-resolution space shut-
tle model was really a high-resolution figure since
we used tiny squares to represent the points and
about four of those squares equaled the area oc-

p\rn}\] )

roble and contains four

Qliu LULILGIAD 12U
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cupied by an alphanumeric character. We called it
low-resclution to distinguish it from the second
shuttle program, which had greater resolution.

Types of Graphic Characters

Some computers have a predefined graphic
character set for creating high-resolution graphic
images. Some use a block-type of graphic set and
the characters have ASCII codes above 127. To
print the graphic character, you would simply de-
termine the code number of the character that you
want to print and enter PRINT CHR$(X), where X
is the code number. By placing this character at the
proper position, you can create a graphic image.
Other computers use much the same technique
excent the characters used can he straight lines in
all directions, curved lines, or special figures like
those used in Fig. 1-1.

Other computers allow you to define your own
graphic characters. You or your computer can make
a user-defined graphic set, which can be very use-
ful. The images in Fig. 5-1 were made using a



Fig. 5-1. High-resolution video displays of a space shuttle model.
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shuttle simulation program that defined the graphic
characters and displayed the images on the video
screen in high-resolution.

Some computers skip the use of graphic
characters completely and turn onindividual screen
bits to display graphics. The disadvantage of this
technique is that it uses a lot of memory. The
microcomputer industry is rapidly changing, and
even as you are reading this book, bigger and better
ways of displaying graphics are being invented.

Dot matrix printers create their alphanumeric
characters using a 7x5 dot matrix. Many comput-
ers also show alphanumerics on the video screen
using this method. If we could coax a computer to
print out individual dots, we would have high-
resolution. In fact, the high-resolution figures that
we made of the house were made by programming a
dot matrix printer to print in terms of the dots
themselves, not in terms of alphanumerics.

Some computers use an 8 x8 dot matrix for
displaying characters. Since a lot of microcomput-
ers are 8-bit systems, each character, particularly
the graphics characters, would consist of eight 8-bit
numbers.

THE HIDDEN LINE PROBLEM

We have seen several ways to eliminate hid-
den points. In program 3 and 4, it was done by
erasing all the points below the current point being
plotted. Because we used functions and were work-
ing from left to right as the function was being
plotted, this type of erasing was a legitimate
method to use.

What happens when we want to make a line
drawing and delete the lines that do not show? The
computer has no way of knowing that certain lines
should not be visible. We have seen some al-
gorithms that will eliminate hidden lines. Generally
they are mmmbher-crunchers which uge 3 lot of time,

We really must find another way to represent the

2 EEM HIGH RE=SO
4 REM WREITTEM BY T
o REM COFYRIGHT 13
= REM ALL RIGH
7OREM

~
(o ¢]

data. We can’t simply use a set of coordinates and a
list of line connections and expect the computer to
know what we consider to be solid surfaces.

In the molecular model program, we sorted
the points according to decreasing distance to the
viewpoint. We then considered that anything within
a given radius from the molecule was a surface of
the sphere and points inside of it were to be erased.
That was an easy solution but it could not be applied
to other line drawings. One approach to the line
drawing model would be to designate surfaces in-
stead of lines. The lines could be the edges of
surfaces. Another solution, for simple figures,
would be to store what lines are visible from each
point of view. As the model was manipulated, cer-
tain lines would not be printed. That would effec-
tively eliminate them. Later in this chapter we will
look at another methods for eliminating hidden
lines within three-dimensional solid figure plot-
ters.

LARGE-SCALE, HIGH-RESOLUTION PLOTTERS

We will now Inok at two nrograms that are
capable of plotting in high-resolutionbut that covers
alarger area than the programs that we saw earlier.
One program plots data points and functions, and
the other one is an expanded version of the three-
dimensional function plotter we discussed in Chap-
ter 3.

A Data Point Plotter in BASIC—Program 12

Figure 5-2 is the result of running the program
called High Resolution Plotler, using the function
that is defined in line 15 of the program. This
program can plot either (X,Y) points or a function in
which Y is a function of X. In the figure, we labeled
the axis and the graph as a whole. The points are
individnal points so this program will not work on

all computers. Let’s look at the program listing.

LUTIOH FLOTTER
IFCTHY T, 07 MALLEY
22, TAE BOOKS IHC.

TE RESERLELD,
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CIM GTOSE AT OSE OT RS
FRIMT CHRE$O 12
FRIMTSFRIMTSFRINT
FRIMTTEECZL s ") 1 111 111 1 i
FEIMTTRECZL s "] 1 1 1 1 i

FREIMTTAECZ10: 11111 1 1 141 11111"
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178 PRIMT"L 11 1
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CETE SET V@ IE SCRLTHG: DEFIHE FURCTION, DEFIFE TITLES
DAETa IMITIATE GRAFPHIMG

REM DEFIMES QW80 POIMTES

GEOEUE @@ THFUT  “YHOW Maky POITNT

.‘1

iiH

k1
k1

u

2 1R . 1l

e

FRIMT "EHTER THESE":DF: "FOIMTS A5 4% J0HE PRIE FER

LIMES™

FOR J2=1 TO DF: IMPUT S0 J22 W0 20 NEST J2
FRINT "[OHE EMTERIMG. Y TLR

FOR J=1 T DFsPORE MOTD HOI2 s HEST JTiRETURM
FEM LIME @86 CLEmRES WIDED SCREEHN COMPLETELY
FPRIMT CHREFOLZ: s POKE 3983, ETLURH

REM LIMHEDS 188318738 FoR FOINTS MOT OM SCREEH
P T =R Mo Y o=3502

FoR k=1 TO 25

FORE k-1 F50. CRSs oM IDhg D m0mE POINTE ARE OFF GRAFH" K
1Twaa

HE=T Kt RETLHRR

FEM LIMES 12881248 PRIMNT BORDER OF GRaFH
FOSUE 2 &JL1

FOR F=8 T0 29 PORE O d-E08eePil o, Tas MEST J
mer PO i 2

SPML D S FORE Rl T=E36E 0. LPES HERT T

-

. TITLES OH GERAFH
FspiL ~

T GTeE P 'rJ+praTch:HEHT 3
bl ZEE S~ THT CET R -

FOR T=1 TO @ToO@0a PORE ST aTo s MEST T




e TR T R 2
FOR T=1 TO OTOEEFORE  CdwTeka, 0T 0T s HEST
RETLIRH

BOLTHES 14881458 IMPUT TIT
LEmm THFUT “GEREFH TITLE" G
1418 IF GTO80 58 THEH GTX
130 FOR T T

CFOR GEREFH

. R RO v s HERET T

14726 THFUT & TITLE" s cks u1'H'ﬂLEHim$D

Lebebimn IF ST o] THEH FUT R ==

14568 FOR J=1 T2 @ATCRemToIo=mS00MIDECRE, T Lo HEST I

lded IWFUT "ORDIMATE TITLE"'UF HT-M-*LEH'HI'

14*7 IF OaTo@s 25 THEM OTCgo=

l4za FoOR JI=1 T ”T'”'n”T'T'*Hul'“ILF‘“$ slaxaHEST I

14938 RETUEM
FEM LIMES 1&@@-1&858 PRIWMT POIHTS O GRAFH
FOSUE S EsilE 25 H

ibii EOEUE 123688

1885 FOR JT=1 T DFs ke Sdepil, sl w0 T @ s mB—-mil s

118 =250 0T oty e O B4

1h:3 PO T e e D 28 TRT L 0 e BRSSP+ THT O R

H'1-~13“+m¢IHTnu%'!M]H1xr'--+1HT&HTfL ----- IHT a2

IF Mo Fsa-39E8 OF MO 22305 THER GoesuE 1 os

HEST T8 GResUE oS RETURH

ey
12

ool x_u

Pl
)]
[ X B O Sn ]

e FHOSUE 2R GOELE 2EAE GhElE 24898

[y
T
!'_Z

£ FEM LIMES 17¥@@E-171a LDEFIMNE POIMNTES

FOR T=1 TO D 50T 5 T B DF

W T amFHeEC T a s NERST T8 RETLRRM

GUESLIE e

THFUT Y"EMTER MIHIFWUF . MosIFb s AkD THCREMEHT! §
HEs HE s M

FETURH

SOeslE 2O

ITHFUT “EMTER MIMIPILE Y% MEsITRO e @D THOREMEMT' 3
RN 2 E =P
RETLRH
FEM LIMES
SHOmUE 2858 FOR
::‘“' ""-1 HL RE R E

(R R B RO o X X x"x

4
o
5]
i
@
1

[5X

s

FRE H-p T
O HE STEF

STl TG

ST HERT P

HoERE Y
Jemhten T YRR

G ELEROUTIME

le l" | ||_‘ ;‘:‘ul“l! kR lI



2918 ZE=2E3 O -YEo o0 - s IF ZZ2FE5S THER 2483

FOLPEDACHREECLPESTHEEC LS 0 CHEE D LS v DHEE S 1480
L ER A THEEC LIS T HREEC L 3T

LA TR e SR THT O ES s s Lo

i ; AP FORE K e

HI*-TFYI1-nL“LLHIH$HuFHF Pazi TO L

FObEE okl 14F o CEECoMIDE T DE P L

HEST Fa.J8 FL1HFH

FEM LIMED & GIVE WIDTH OF WeSC@l THE

ML= FOR TIs STER YT

CETREC I e IF ,ﬂL THER L=l

HEST JTsRETUREM

REM CEFIHE GREOFHIC CHAaRmZTERS

FiaR J=-S312 TO ~LaPORE J. @i MHEST T

IREN = E B o EoR i e

Fo k=1 TO @sFOR I=1 TO &

F==pd+7 8 FORE Mo WS HERT T8 M=k

Llzt b2 d MEET ks RETIURM

REM IMZTRICTIONS FOR LSE

FRINT CHRE$C120:

FRIMT ¢ IMETRUCTIONS FOR EEE"IPRINT

FEIMT" First st the domain and the ramas.”

FRINT"Thisz i= for the X oand % awses. Make zure v

FEIMT"that Lthe roints will Ffall within 1k3 s

FREIMT"and the domain or elz=e 200 will =@set oan!

FRIMT"?FC ERROR IH 1718 pmesszaase oFr sonethins Lol

4 PRIMT"that effect.”

i FRIMNT

FRIMT" W maw el ther define the roints or”

FRIMT" haesse Lhe compater do it uzins the Ffunction®

FREIMT"in limse 15 which 900 can redefins, IF wog”

FRIMT" hawse thee comeoter define the roints. tupae!

FRIMT"DEFIME FUHCTION JIF wou choose o define!

138 PRIMT"the points woursel f. wou can enter exch”

E1EE PRIMTY cooadi nesbe :wkilut@lyIDF anter waY rairs.

145 PRINT

I1EE PRIFTY b defined 3t anwe time.

Sled FRIMT"Ad.dustmen an b omads to the = o % ¢

TATE PRIMNT "o e et

IlEd PRIMTUIL imLDmF]l Fzd lazt bw tusinz. V

1EE PREIMTYINITIATE GRAFPHIMG®

FRIMTSFEIMNTIFRINT

THPUT "REE&DS s (bF

FRETLIER

FER Frabl T TITLE

Filak Z=1 T 28

-
Lol

[ ]

b
TR ]

L

T T I T
[SOUIE KX T K I Y 8 X

O b ke = 3
o Ey R G B 3

ot
)

L I x|

P’
I kx ]

IR R

i 131
[RX IR Y
DAL

-y
o
-r
Ry
-
ol
-
o
-
=y
s
)
iy
=)
s
-
-
)
—r
"t
e
=y
-
=
.
=
-
]
-
ot

Ealit et S K B 5% TR % T % SN
10
Fo I ox o B 8 1 s S X

AN

i b
i

i

<t

thedir =online, Graehina®




FOR k=-g2% e

o R I B o )

 FORE

DIE Ko 2SS AHD T

B OHERT I
FOR I=1 TO L8@E:HEST I
HERT 2 RETLIRH

4 RER
S I L BT TR .
2 I I P g S A L DL o

Cln

1 E

Fr
Bl A I W o

REFL™

Lines 3-7 give the name of the program and
other information about it. Line 10 increases the
available string space to 100. Line 15 defines a
function. Line 20 sets the data points at 100. Lines
30-35 dimension arrays. GT is for the graph title;
AT is for the abscissa title; OT is for the ordinate
title. Line 40 clears the video screen. Line 50
contains three print statements for spacing down.
Lines 60-270 are print and tab statements that con-
tain graphic characters, which are printed as ones.
Line 275 calls the subroutine at line 4000, which
changes the graphic characters while they are on
the screen, making them appear to sparkle. After
three more print statements in line 280, line 285
asks if the user wants instructions. If the answer is
yes, it calls the subroutine at line 3000. Line 287
calls the subroutine at line 2600, which defines
graphic characters containing a dot in each of 64
possible positions. Line 290 calls the subroutine at
line 500, which asks you to enter certain parame-
ters, or ways that you want the result to be printed.
Line 295 calls the subroutine at line 5000, whichis a
screen dump to the printer. Line 300 ends the
program.

TR ERIHTER
SR R T A

Sle B FORE e a2 FORE 1.2V

) = LR S I
THEM Gresls 5as

' TO @ OETER -1
T H:x l‘:iv

n LR O E D RETURR

o RETIL R

Lines 400-480 define the variable (if you want
to enter them one number at a time). Lines 500-600
enter the graphing parameters. Some of the data is
located in lines 580-610. Note the use of the restore
statement in line 570. Lines 700-740 request you to
enter the coordinates of the points you wish to plot.
You must enter each X and Y as a pair. Line 8801is a
subroutine that pokes the points onto the screen.
Line 900 clears the video screen. Lines 990-1030
are used when you enter coordinates for points that
will not appear on the screen. An error message is
poked on the bottom line of the screen. Lines
1190-1240 print the border of the graph. Lines
1290-1340 print titles on the graph. Lines 1390-
1490 allow you to input the titles for the graph.
Lines 1590-1650 calculate the positions at which
points must be printed on the graph. Lines 1690-
1710 define the points when you are using the
functioninline 15. Lines 2110-2220 are for entering
the scaling of the graph. Lines 2290-2360 are for the
X-axis scaling. Lines 2390-2460 are for the Y-axis
scaling. Lines 2490-2520 give the width of the
Y-scaling. Lines 2600-2650 define special graphic
characters that are represented as dots. Lines

83



. N FREGUENCY PLOT

;

M 25

P

L

-

T

I
D- 25

E

- .75

e e e e S B s
B¢ 4 & B 1@ 12 14 16 18 28
TIME (MSEC. )

Fig. 5-2. A large-scale high-resolution data point plot.

3000-3220 give the instructions for use. The sub-
routine in lines 4000-4060 fades cut the title by
changing the graphic characters on the screen,
Lines 5000-5110 are an optional screen dump,
which wiil enable you to print the graph.

As we have said, this program may not work on
the many computers that do not allow you to define
graphic characters.

A Function Plotter in BASIC—Program 13
The high-resolution function plotier that we
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discussed in Chapter 3 can be expanded so that each
number in the array can represent more than the 12
points that it represented in that program. In this
program we will attempt to have it represent up to
19 numbers. Since &-bit microcomputers use up to
24 bits to represent the mantissa of a number and
will typically hold an integer as large as six digits
before it converts it to floating point notation, we
have approached the practical limit of representing
numbers as bits of another number in order to plot
them as points. Since the Boolean algebra binary
logical OR and AND functions may not work for



such large numbers we have to split the number of errors when such large numbers are added to such
bits in half and then do the logical operations on the  small numbers. The many manipulations necessary
two halves. The result is in Figure 5-3. The tat- when erasing bits also contributes to the imprecise
tered appearance of the figure is due to rounding appearance. The method is nonetheless valid.

o’
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Let’s examine the program. Lines 10-50 give
the name of the program and the other credits. Line
60 calls the subroutine that initializes the program.
Line 70 plots points in the array. Line 80 prints out
the points on paper using high-resolution graphics.
Line 90 ends the program.

Line 100 is the remark statement for the ini-
tialization subroutine found in lines 100-150. Line
110 sets the height, width, and the variable W2 for
the printer. Line 120 defines a function. Lines 130
and 140 dimension arravs and get the variahle K to
1. Line 150 stores the powers of 2 in an array called
Al. Then program control returns io iine 70.

The points are plotted in lines 200-290 with
line 200 being the remark statement which contains
the subroutine’s heading. In line 210 we have the
start of two nested for-next loops that give the X
and Y-coordinates. In line 220 R is set as the dis-
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tance from the middle of the plot. Z is a function of
this distance. In this program if the number PV or
VA(IV,IH) is greater than 512 (2 to the power of 9),
the numbers are too large for the OR function and
the AND function, and they are split in two (not
divided by two). Then the binary logical operations
can be executed to plot the points. Lines 270 and
280 erase points below the most recently plotted
point.

Lines 300-330 are the lines of the subroutine
which gplit the numbers for the OR functicn. Lines
350-390 are the lines of the AND function sub-
routine which spiit the numbers that are too large.
Lines 400-450 erase the bits in the number below
the present bit position. Lines 500-520 erase the
bits in the numbers below the current number by
setting those numbers in the same column of the VA
array to zero. Lines 600-670 form a machine-



Fig. 5-3. A large-scale high-resolution function plot.

language utilizing subroutine that sends numbers to
the printer, set up by the subroutine in lines 700-
720. If the numbers are too large for the AND
function used in the printing subroutine, the sub-
routine in lines 800-840 is used.

THREE-DIMENSIONAL SOLID FIGURE PLOTTERS

We now look at two programs that eliminate
lines to make three-dimensional solid figures.
These two programs use different techniques to

eliminate hidden lines. We have already seen a
couple of methods of eliminating points; namely,
erasing points that are below the points plotted ona
function, and sorting and ignoring points in the case
of the molecular models.

An Architectural Drawing in BASIC—Program 14

Figure 5-4 shows one of the possible views of a
simple solid figure in the shape of a building. This
low-resolution figure is also in perspective.
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Let’s quickly run through the program to see
how we eliminated the hidden points. Lines 10-40
give the credits. Line 50 calls the subroutine at line
200, which sets up the variables, dimensions the
arrays, and reads data, etc. Line 60 blanks the array
that is used to store the points by calling the sub-
routine at line 500. Line 70 calls the subroutine at
line 600, which rotates the points. Line 80 calls the
subroutine at line 800, which plots the lines and
erases the hidden points. Line 90 prints out the
array of points. Line 100 directs control toline 60 to
make an endless loop to present all the different
views of the model.

In the subroutine in lines 200-370, IP is the
number of points used to determine the figure. IA is
the number of polygon sides or faces on the figure.

The other variables are the same as in other pro-
grams. The LL array is a linked list of line connec-
tions for the polygon sides. Each line (row) of the
array is the connection for a side. The first number
in each row of the array is used to tell the number of
line connections for each side. The remaining num-
bers in the array indicate the number of the point
used, much like in other programs.

Line 500 sets all the array elements of VA to
32, the ASCII code for the blank space. Lines 600-
750 rotate points exactly as in earlier programs.
Lines 810-840 find the mean (average) distance to
each polygon face. This information is used to de-
termine what face to plot first, second and so forth.
We plot the face furthest from the viewpoint first.
Lines 860-940 sort the indices of the points by
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Fig. 5-4. An architectural example of three-dimensional solid plotting.
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decreasing distances of the faces from the view-
point. Lines 950-1150 convert the X, Y, Z coordi-
nates of the points to horizontal and vertical values
much like in earlier subroutines that plotted
perspective lines. Here we complicate things a
little by making use of the linked list.

In line 1440, MPV is the vertical value of the
midpoint of the polygon side, and MPH is the hori-
zontal value of that midpoint. We set it to zero
initially, and then find its true value in lines 1450-
1480. Lines 1500-1620 erase points within each
polygon side. It changes the value of anything near

A Landscape in BASIC—Program 15

Figure 5-5 depicts an artificial landscape made
by a computer and a printer. It resembles a rocky
terrain in which the valleys in the background are
hidden by the peaks in the foreground. Since this
program uses the random (RND) function, this
figure is only one of many that are possible.

The program is fairly simple. Lines 10-40 give
the credits. Line 50 sets the height of the printout at
60, and sets W, the number of ridges in the figure,
to six. Line 60 dimensions the VA array to those
values. The nested loop in lines 70-100 determines
the values of the points in the array using the RND

18 REM FETiEml SCEME CEROMMTaM GEMERAT IO S
S RERM LREETTER By TIMOTHY J. 07 MallEY
e CORYEIGHT DwEz. TaEs Bodks TR,
KU RS R P 11
FOR M= T L
R B IR 3 & B v | DA B
OOk ] TO L
oLt M sl T b M ORI L DS S e e Dol L
e HEST LhaH
116 Co Lt T L
= T 1)
Ll [
IF DI S W CHET LEnd
FRIMNT Tkl s ety

[z ¥

the midpoint to 32. Lines 1630-1660 change the
number 40 in the array to42, the ASCII code for the
asterisk. We used the number 40 to indicate the
boundary of the polygon, a number that would not
be erased by the program. See line 1530. Lines
2000-2080 print out the array as characters, either
blanks or asterisks.

function. Lines 110-180 print out the figures. Line
150 says if a value position of a point is to the left of
the last points, that is hidden, go to the next point.
This corresponds to a valley in the figure.

This programuses so-called Brownian genera-
tion because each point is determined in part by the
position of the last point in the same ridge.
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Chapter 6

The video display screen and printer of the personal
computer may be used for many purposes; among
them is computer art. Imagine! Think of all the
possible images that can be created and displayed
on the screen or on paper. Any image that can be
made as a pattern of light and dark points, and in
some cases, colored points can be generated by the
personal computer.

Let’s look at some of the ways of producing the
images that comprise computer art. Remember
that the imagination of the programmer and the
sophistication of his system determine the quality
of the computer-produced art.

HOW TO GENERATE COMPUTER ART

It all starts with an idea. A programmer has an
idea which he wants to turn into a work of art to
display using the computer. He can approach itin at
least two ways: he can sketch the work on graph
paper and then transfer the points to the computer
for precise definition and positioning; or he can
have the computer define all the points mathemati-
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cally, according to some algorithm. He might then
refine the image by deleting some points to high-
light a particular feature. When finished, he has a
work of computer art.

Handmade Method

Let’s examine each of these methods in detail.
In the handmade method, you might start with a
photograph or drawing of a subject of interest.
Since points lie in specific positions, graph paper
can be used to specify their locations. Squares con-
taining points would be filled in. If a line ran through
a square on a graph paper, the square could be filled
in.

In a method called simple thresholding, 2
square of the graph paper would be filled in if a line
ran through that square or if, in the case of shading,
that square corresponded to an area that was
darkened. In partially shaded squares it would be
filled if the square was 50% (or more) filled. Each
picture element would be transferred until the en-
tire image was completed. A more complex method



would be to assign values, of for example, zero to
nine, to each picture element and then to use col-
ored dots ranging from a bright color to a dark color
as the values ranged from zero to nine. This process
would be very tedious and may not be worth the
time because there are better alternatives.

The handmade method is good for defining still
images especially still components. A still image is
alarge picture that is intended to be displayed once.
It can’t be manipulated easily and will occupy the
same part of the video screen each time that it is
displayed. A still component is a small portion of
that image that can be moved about on the video
display.

Computer-Generated Method

Computer-generated art does not require the
nitty-gritty kind of labor that the handmade method
demands. Software is used exclusively to syn-
thesize a picture. To make the picture, the compu-
ter would run through a program and decide what
picture elements to turn “on” or leave “off’. It
might also be programmed to alter the image to
create an abstraction, an exaggeration of reality.

To make a circle, for instance, the computer
would use the equation of a circle to plot points.
Squares, triangles, and other figures might also be
plotted from their mathematical definitions. Vari-
ous techniques might be used to generate altered
images: simple figures could be distorted by some
factor; false colors might be applied to perform
highlighting.

STILL IMAGES

We will now direct our attention to the making
of a still image using the handmade method. We will

look at two types of graphic characters.

As we said earlier, some computers use
graphic characters that have ASCII codes above
128. To print these characters, the programmer
simply types: PRINT CHR$(N), where N is the
code number for the graphic character. The pro-
grammer might supply the values for N in data
statements in the handmade method. The program
would contain a series of data statements contain-
ing the location of points that the computer would
read in the print as graphic characters.

Other computers allow you to activate indi-
vidual dots or rectangles on the video display
screen. Some of these computers use a function
called set, where (SET(X,Y) would turn “on” the
rectangle at position (X, Y) on the video screen. The
programmer need only supply a list of coordinates
and have the computer perform a series of sets to
display the image on the screen. Other computers
that activate individual dots turn “on” the points by
altering the bits of the memory location that relate
to the screen RAM.

The Space Shuttle As An Example—Program 16

Figure 6-1 is the image of the space shuttle
made using the handmade method. In this case we
drew the shuttle on graph paper, filled in squares
that were dark areas, then calculated the numbers
that resulted if we assumed that the dark areas
were bits of a number. That is, using groups of eight
positions, if the rightmost square is the only one
that is darkened, the number is 1. If the leftmost
square is darkened, the number is 128. Thus we
take the binary of the squares and make decimal
numbers. We present the BASIC program that
made the figure but we will not examine it in detail.

19 REM HIGH RESOLUTION REALISTIC ART
28 REM WMEITTEM BY TIMOTHY T. O°MaLLEY
38 REM COPYRIGHT 19E2. Tak BOOKE IHC.
46 REM

45 FRIMT CHR#C1Z33 sREM CLEAR SCREEH CS0ME LUSE CLZ
TE GOEUER 1EBB=FEM DEFIME GRAFHICS

s GOEUE 28 REM PLACE GRAPHICS OM SCREER

126 EHD

Sad DATe 8
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Fig. 6-1. Top view of space shuttle created using the hand-
made method.

Advantages and Disadvantages of Still images

Still images are good if they are to be used
once and do not need to be manipulated in any way.
Still images would be good for file purposes.
Perhaps you want to store a picture on tape or disk
for retrieval at a later date. Still images would be
good for that purpose. Should you want to manipu-
late the still image, you would be at a disadvantage;
still images are not easily moved.

STILL COMPONENTS:
MOVABLE UNITS OF STILL IMAGES

One way to manipulate still images is to divide
those stills into components and then move the
components. By taking small blocks, you can man-
age the images fairly easily.

If your computer is capable of defining graphic
characters, you can create specific still compo-
nents. These components can be whatever you
need: electrical symbols for wiring diagrams, elec-

tronic units, or even plumbing parts. They can be
arranged on the video screen according to your
wishes. The ease with which they can be manipu-
lated makes them valuable for images with moving
parts.

The numbers that define each component are
stored as an array under a variable name. When that
component is needed, the computer locates the
correct position on the screen and then uses the
numbers from the array to print the still component
on the video display.

Chessmen as an Example—Programs 17 and 18

Figure 6-2 is the display of a chessboard and
Fig. 6-3 is a display of a chessboard with chess
pieces onit. A chess game is a pefect example of the
use of still components: the men have to be moved
about on the screen, and the programmer can define
the way the men are made to suit his personal
wishes. The chess program that uses the pieces
would control where the pieces are placed during
the course of the game.

We will not look at how we defined the
chessboard or the chessmen, but we will present
the BASIC programs that created them. Each dark
square on the chessboard was made of eight rectan-
gular graphic characters in a 2x4 array. Each
chessman was made of a 2x2 array of four graphic
characters that were defined by numbers in data
statements. Since squares were either white or
black, we had to make two sets of men: one for use
on white squares and one for use on black squares.
The men occupy the center of each square. You can,
of course, change the way the chessmen appear by
redefining them.

18 REM CHESSEQARD AMD SCREEM DUFF
28 REM WEITTEH BY TIMOTHY JT. O pMallLEY
SEREM COPYRIGHT 1232, TaE BOQES IHC.
48 REM

TE REM FREIMT CHESSBOARD OM SCREEH

G PRIMT CHESC120: s P=-300200 L=—1

FEOFOR J=@ TO ZliP=F4+1tFOEE P i78 i HEST JiP=F+1
m=E FOR JI=1 T0 S:FOR M=1 TO 2iP=F+31:FOEE F. 135

HE FOR R=10TO
HMEST Mel=HOT

SrFOR MH=1 TO d:P=F+1tFOEE P 177+ 14500
LaMEST Eil=HOT LiF=F+1iFOKE F. 128
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118 L=H0T sMEST Mal=MH0OT LiHEST J:P=F+31

126 FOR JI=1 TO Z2spP=P+1iPOFE F. 1TT=HEHT T

2EE REM SCREEH DUMPE TO PRIMNTER

215 Ml=Twae ]HT'M*PHbli"

EE PORE He P OE Sel. B POKE 882 POREE 1,27

FF‘IF“E : =T OEE Z. 128 FPOKE 4. 2248 POKEE S, 281

DEE 1.8t H=ER0o@ s POKE 1 -;.'H-:-—“'—wF' S
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FIOEE 1a.HM1 SHOCH JHD 2 E=UERCE A HEST Mak

FOEE 1:1306E=USREC@ tHEST L. JePORE 1,128 8=USRC@d : RETURN
FIOEE 1:2Fss=LUSR0@d s PORKE 1. 750 s=lER I8

= FOREE 1. 1288 ==SR. @0 FOKE 1,88 =05k 0@ RETURRM
PEHD”

LA

2172, 148, 172, 148, 172, 148, 17

18 REM CHESSEDNRD AMD SCREEM DUMF
0 REM WRITTEH E% TIMOTHY J. 0°MELLEY
30 REM COFYRIGHT 1982, THE BODQKS IMC.
48 REM
45 REM CLEAR SCREEH
58 FPRINT CHRS$01203
F2 FOR JT=1 TO 2IFOR k=1 TO S:READ BDCT.KY:HERT K. J
=7 FOR J=7 TO S:FOR K=1 TO 2:READ BDOT. KIeHENT b
S DETE ZRE. 232, 204, 220, 193, 228, 208, 224
S5 DATA 236, 212,276,212, 236, 212, 236, 212
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MATHEMATICALLY DEFINED ART

Computers are mathematical tools and as such
they can compute numbers at high speed. Comput-
ers can use their talents to draw pictures, provided
that those pictures are defined mathematically. If a
program can be written that will enable the com-
puter touse numbers to draw images, the artist will
have a new tool at his disposal.

We will now look at a few BASIC programs
that display realistic and abstract art. By realistic,
we mean resembiing reality, the worid as we seeit.
By abstract, we mean an exaggeration of reality, an
unreality, if you will. Both have their proper place
in art

L Lo

A Realistic Low-Resolution Program in BASIC

Program 8, the low-resolution perspective
line plotter in Chapter 4, which showed a pyramid,
a cube, and two diamonds, is an example of a realis-
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tic low-resolution art program. It is considered
low-resolution because we used asterisks instead
of special graphic characters to show positions of
points. Please refer back to it as an example of
realistic low-resolution art.

A Realistic High-Resolution
Program in BASIC—Program 19

Figures 6-4 to 6-6 are show figures produced
by arealistichigh-resolution art program. Although
the images in Figures 6-5 and 6-6 are larger than
that in 6-4, they are of clightly lower resolition,
They also have an additional feature; they contain
three types of shading: solid black, gray, and white.
This is a trinary color scheme, not a simple binary
one. The solid black represents the void of space,
and the gray, the black areas of the ship. The white
areas are the white area of the ship. Figure 6-6 isa
longer version of Figure 6-5. It is 50% longer.
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Fig. 6-5. A shortened trinary-colored space shuttle.

Let's look at the program listing. Lines 10-40
are remarks about the title and credits for the pro-
gram. After a clear screen command in line 50, the
computer goes to the subroutine that starts at line
3000. This sets all the user-defined graphic charac-
ters to zero, or blank. Line 70 goes to the sub-
routine at line 2000 which pokes those blank
T apuu, characters on the screen. Lines 80 and $0
define the graphic character set that is currently

displayed on the screen. The characters change on
the screen as the data statements are read for the

Wil AaCHILD AL

points of the graphic characters. These are binary
graphic characters. Line 100 blanks the screen
again. Line 110 defines the trinary graphic charac-
ters for the Figures 6-5 and 6-6. Line 120 reads the
data for the image and prints the characters on the

108

screen. Line 190 ends the program. Lines 200-780
are data statements for the first set of images.
Lines 1000-1060 define the graphic characters for
the binary images. Lines 2000-2090 place them on
the screen. Lines 3000-3040 blank those graphic
characters. Lines 4000-4140 define the trinary
graphics Lines 5000-5030 read data for the trinary

uuage lllt ﬂumumb m um Ud!_d, deLelﬁt:LlLb lll !llle
6000-6600 are the code numbers of the graphic
characters used in the image.

An Abstract Low-Resolution
Program in BASIC—Program 20

This program prints low-resolution abstract
figures using asterisks as shown in Figures 6-7 and
6-8.
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Let’s look at the program. Lines 10-40 give the
title and credits in remark statements. Line 451is a
subroutine call to line 500. Line 50 is a dimension
statement which reserves memory space to hold
the coordinates for up to 500 points. Line 60 sets
the point counter to zero. Line 70 reads the number
of different figures to be plotted on the same graph.
Lines 80-200 contain two nested loops which read
in the data and compute the coordinates of the
points. The loops also sort the points so that they
can be printed from top to bottom, and from left to

short program that we will examine now. These
figures resemble moire patterns but were produced
in a different way. The program is very simple.

Lines 10-40 give the title and credits. Line 50
calls a subroutine at line 300 which sets up a
machine-language subroutine to pass numbers to
the printer. Line 60 calls the main program at line
100. Line 70 ends the program. We can change this
program to a low-resolution program that does not
use a machine-language subroutine, but let’s look at
the main program a bit first.

e REM MOIRE FATTERME

=28 REM MRITTEM EY TIMOTHY J. 07 mMallEY

B REM COPYRIGHT 1982, TaBR BOOES TR

e REM

EECGOELE TEEs REM THITIALIZE PROGREAM

e EOELE DaE s REM Malh FROGRERM

TEL R

lEe REM fE T PROGREAM

185 FoR P=@,1 T 1.8 STEF &.1

118 FOR Yes--2d@ TO Zebds W=yl

28 FOR s=--248 TO IR ECS@=IHT 28 THEM GOSUR 482

F=IHT OO EFR OV SR s 3
IF Reo2-—-IHT. THEM PORE 1.H1gHEE=USROAY 2 E0TD L7
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FEST WaPORE 1. 130 HE=UsRCOay s HEST YaPORE 1. 128 mE=USR0E

MEST P EMG
FEM
Hi-—;;-H:H I*IH FI“I'

SITION LSED
L B PORE

[

e ':"”“ F‘ CE D PO RN ket =
RETIH=H
ForE 1§
FOREE 1. 28 k=lis

1 oo 0

2 AT R eI

SRS VP ORE

1a
SUE R POKE

t i é‘
RERLN

right. Lines 290-400 include the lines that print out
the final figures. The data statements in lines 410-
440 contain information concerning what to plot.
Lines 500-760 give the instructions.

An Abstract High-Resolution
Program in BASIC—Program 21

Figures 6-9 to 6-17 were all made by the same

T l2eFOKE 4. 2242 FORKE T
FOEE 1.1

IMITIALIZE FROGRAM

FoR PRIMTIHG
1o kE ]~h.
2El

A b

...:.Z.'*

O 5 I e S ]

ot P RETLURH

In lines 100-180 of the main program, we have
three loops that are nested. The first loop, contain-
ing the variable P, is for the power of a number in
the program. The Y and X loops are for the X and Y
coordinates. Line 130 computes R, which is the
integer of 1E7 times X squared plus Y squared to
the power of P. Line 140 says that if R is an even
number, print a dot; line 160 says otherwise, printa

113



=
e
e e

i

=
e

_

=0.1.

Fig. 6-9. Moire pattern at P



e e

_mr;a’-‘"“ —‘i-:;ﬁa‘ e :

ey i
i T W
s
T

e
2

cappoersirf HIET
1o

st T ety

sty

i, i
i
= i .a;ﬁf;; FEF gﬁ-ilg;‘g
—_ 7
fi%ﬁ ﬁiﬁ 7 I / ‘

)
)

e F '-f ! FEFFAF
= 7

s
by
‘ql"rq‘l?'
N
i
N
R
4 w‘h
%
‘mh%;:% i,
N
o

kY S S
i =y

SR, e LA
iy e Al
Y e s SEAFE
S e A
B e e i{j}}?
S e, /

g
o

i
N
i
Fig. 6-10. Moire pattern at P

g,
SRg, i,
e D

?k% ) N y
W% S, iy ,f-éf
‘E%%un W‘@?p—- E‘ﬁFﬁﬁ £ it F

e
% %Q%%&“}b S
oy

%g%% m—
NS

—
—
(]



N

cemososassoeoee
S
i

e e H:C:h*«-.,_ i S 1“::%; ‘TN
=

S

. "1-.‘.‘1"{“-"-;_1#1 Syl
IO
am ““i\%%

AN by
A,
;;;%w#ﬁ
S
Wi -.'-&T;l.‘

L

i %ﬁ?{h‘ﬂ\\)&\
A
)

ALY H’ %' i ;

. %%

.‘ i
i ﬁ}i

iy

i
N
R
Wﬁ‘}%ﬁ\ )
1A ,t"'l‘;!:‘ 1!‘: ‘ ke
L ﬂi@m{\ !

G i bstitiie
ik x”x,‘.’,&gllil;',“_ﬂ'I"'l}!'x‘(i‘ ﬂ," !1 lﬂa 1
,.nn111.1_1,1,!”,1{11,11111% 1 Laly L
(A AT TSI 1 L
il '-;%il.l‘iw!i il l‘ iI.ll L :
Hi b LT Y

1
|

2 e

Hunai
R

ool oo

oSy
L
e o % : by '-,‘.:2, o
o mmE B iﬁ;‘“ﬁ =
e o, = iy it
R ET et Tt s ek, 1y
x __:..,'-'"'w-:.:.... i i e -«"“% Ly 1"“-“""-.2 .E % Y
* e s "‘«ﬁ.‘_"__:h R o .
= e BRI ‘H““‘v..,‘
i R £ S 2 EL"'-,,
: R L A o }
= o R s 1o
23 = BB 5% .,;";".:‘

# i ;
i |
L i

it

N s
Tt
positt

= St
it
S
e ey
e el ot
e

e

AT Iy
%LI ‘31 H!l 1! i i‘”‘[.i;!‘!ll nli'i ’#3;’2 l’I‘!‘lf’;}:’;" !
AL u]l ,1;.{1’1‘”,;[x i .1&!’;;;,,,:,: Y
i

1 Y
i1hil 1,5',',‘;'},‘: )

i

ﬁ i 1 s L |

& 1L fl'p g e Tl T

i l,‘@%‘:‘?m!’,}%ﬁ,qni“l ) i

?}1 "‘;X‘l,'Ll;'.;il"."!‘ul'",’i:x:ik,‘,‘ix’;','t:xl ',:; W :’:';{'f'ﬁ:f:'i’:;s':'?»{f"l' x;“:!‘l’;’f(r {l' ] ﬁx '{ ; f(jr :

R SR

IR e i

) A R T

PR AR i

SR R i
A Aol / ;
1‘;, R
5y i‘:‘

7
AR, TEAEET
)
i £
e
Sy
= i

1 h ] ey
A
e =
% i S e e ey _
2 - R e e e e Tk

K
R T O : S
By ‘_::_-.. L S b S e e R s
e
AT —:ﬂ%

o {{}%
f’fr : e
_

e
NN————
S

, T, et e T e T T

T e O

116

3
(=]

1
o

Moire pattern at

-
T
(<]
o



R T e S T
ol p———
o Sl

By
e it

11,

o SFT
F

;
1

i
4
‘

= el
e 3
asréafd'ff i,
[%.!{JL e
BELLERIE
IR e
AR - e
el

el y
et el b

gfk‘“

E:E;

T i, 2y lx
D
51,7 >
!»_".

Py
s
S d e
i

SR

: e —"‘-v—..LL.-H:- t-.
W;%«&
T e =
e e T

s
L e il

0.4.

Fig. 6-12. Moire pattern at P

—
—r
~



3

ol
i
57
i
it

i
i

!
. .gﬂﬁ

e

HEIELT R ST E Y )
"‘1,! ARV 112"3;"':“ "&,1 Lh

3,
)
'+ .7;::1 LG

1
i

it
e

SEm. .

-
P ———y

et g gy Fl

ik
e
iy

U
Mg

g,

s
in

kg
i,
i
Hhy
g,

R

orcge

il
511 i’ﬁlxl.i;ﬂ‘ \ ]
iy )
U
111 &31}1;: e
b L'l:" i

il

iy

b
-

i,
.

,.._.
St

T

ey
i
ety
'—‘;i‘_.‘ﬁi’-f-——:,
i
e
el

e L
ar
sotsifit
it
!

preiiessd

i
At
e

)

"
e

Tii st
o

T
ey

i
i
/
o
7

:

i
1
fF“

/
"?/

I‘l

o et

it
‘i

1

__A%ﬁ T 5?}}
L
=

r
I sls.x‘x
i i‘l i
11 llf.’x 5

1

btk

l’ 'X‘ LN

i
t RN

"«x“}h} %&“ﬂ—mﬂ“"if

e,
iy P

"1'.1 j g %_%@*’F.mrf

et P=0.5.

i
T

e

it @l
s

Sl e
‘!’x’x'.lelxl““‘n’l’uuu”‘
|

PO
1l1, A
S
i
i

W

) 2 )
ey 1t
'.‘i.'%"-."-?f'w&:f’:’:.ah'.‘u.

& ‘!lqﬂm
lk(gl !

Fig. 6-16. Moure pattern

‘ﬂ]‘
y

118



ey

et

i
vy

il iir!l;i;! 1;,:_,f '
i

it St
et e

o
o
&
7
=

,
e
e

2R

.,._m-
ettt
e
s
]
e
For
ey
e

o
e
it
’ir':; @"'} :

e
il

;m'“’“"m_.m
B e
e
-
T
e
'F"J
e
o

mmmnmE————
B vt

sl
s
-
-
ity
i

i
i
3

e
-
gﬁ'.f*“‘
i
J’#

&ﬁf‘fgf‘f
f
i

|

i
y
i

e

e

el oeetpen

Zobmmreanlt S
ot

eosseroreres
ir
s

o

i
i e,
it
Wi
e,
e

ha

3 e,
1o
)

ik,
R J
5
) i
11
Y
§|‘

0.6.

K

AR %%,%é
SR Y
Y

Ll
whiya s

:_“‘f_;_—i“‘%:"%a; % &'pﬁﬂ% g §§' F ﬁ;—j
o e Ty ZEF; ==
h&ﬁ?@%ﬁ 0 55;5? e

S";;Z;
.Egg
i,
et
uf!

“‘-n'umx%
i
i
oy

i
5
N
i
6-14. Moire pattern at P

i By £ # .
noby 5 G k ; o ;‘f;
f"a‘i‘;“{:% i F FEE R s, i e
RN PEFTATIAIfY "«uu‘z;',',;':;‘ﬂ' e | " rfﬁ,-'
gf:;:a;%fﬁh NS =y gf 3 %{ififﬁéiif?ﬁé :
Y i ff.fg ﬁfﬁlﬁ‘;:',J;*si*I'i'if:gixﬂg:g:vﬁﬁ@%ﬁ*::w e j’? i f;{/ffﬁ o
R U T L G R et et A WM 8

119



ﬂ.hw_..m%_ﬁ:...

e

e
T

oy,
Ty

e e

iy
SN

i

ot
Af_._u.,fsaa,a

D

8 e

gty : :
i e e
P
b, o ;
g gl

gy o
i & : i Bt

!




z kﬁmé%%; e : s et ) . SRR st
n..T‘..._.. r, .um. 3 X 5 % v rfr J.u:rrnmefw.ul.um.llnm
Wﬁhmumﬁrm ___ gy e o = s | rw,ﬁ.f#ﬂfn&{ﬁm
EE . nﬁ E : 5 . 5 ",

¥
ey
W..muh.u...n... i
]

i
S
e

115

0

.A_ﬂ

1.t
N 2
.unn..dnn.aal:\nu:..mma_m

]
o m‘f 5 X ) .L_hm e
. = =

e

A R = : s il

12



1) I".'-.%"P.igq‘
B

Pl - X 4 L
e Lol 1 RVES L o F 1 G L
S A

o % L EE T

T i,

P T

6-17. Moire pattern at P=0.9.

Fig.



blank dot. It’s that simple! You could change the
program so that it would print an asterisk if R was
even and a space if R was odd. Then you would not
need to use high-resolution graphics or machine-
language subroutines to pass numbers to the
printer. In all of these figures the dark points are
where even numbers are found, and the light points
are where odd numbers are found.
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Another Abstract
High-Resolution Art Program—Program 22

Figure 6-18 shows the result of rotating and
shrinking a triangle. This figure was made by dis-
playing user-defined graphic characters on the
screen and then doing a screen dump to place the
figure onto paper. The triangle is turning clockwise
as it is shrinking. Let’s briefly look at the program.
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Fig. 6-18. Abstract art, the rotating shrinking triangle.

First the program sets up the arrays and vari-
ables using the subroutine in lines 300-490. It com-
putes the coordinates of the three vertices which
the program will later rotate about an axis. The
subroutine in lines 800-1120 translates these coor-
dinates into a horizontal and vertical position, just

T Ve 3=FEEK (C2+E.T 2

HEUSROR Y S HERT Ha T2 PRPOKE 1. 102 d=USRoa
2 H=LIER @ s RETURH

as the perspective line-plotting programs did.
Lines 500-590 blank the graphic characters and
then place them correctly on the screen. Lines
1200-1420 draw lines connecting the vertices for
the sides of the triangle. Lines 1600-1710 are a
screen-dump routine which sends the image to the
printer.

You might change some of these lines to pro-
duce a low-resolution program. Use the low-
resolution perspective line plotter in Chapter4 as a
guide.

A Final High-Resolution
Abstract Art Program—Program 23

The images in Fig. 6-19 are the results of
running the next program. ihese two images are
oscillating lines that spiral clockwise to the center
of the figures. Notice that in the lower image the
lines on the right half have turned white instead of
black and the lower part of the image has half of the
vertical columns of lines missing.

18 REM HIGH RESOLUTION aBSTRACT ART
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Fig. 6-19. Abstract art, spiralling lines.
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We present the program listing but we willnot ~ displayed on the video screen and then dumped to
look intoit. What we did was simply to compute the the printer as in the last program. Again, you can
positions of various points and connect lines be-  change the program to suit your computer. With
tween consecutive points. The final figures were  that, let’s go on to animated graphics.
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Chapter 7

Animated Graphics

Animated graphics are an interesting area of com-
puter graphics. Unfortunately, many personal com-
puters simply do not have the speed to handle
animated graphics. Unless the graphics are simple,
everything appears as if it is in slow motion. To
solve that problem, programs are written in
machine-language or at least use machine-language
extensively. This change can speed up the apparent
motion by the factor of 10.

TYPES OF ANIMATED GRAPHICS

Let’s discuss a few types of animated graphics
that are around today. One type is the video game,
found in both arcades and home entertainment cen-
ters. Another type is the computer game that you
load into your computer from tape or disk. Other
types of animated graphics include models or simu-
lations that are programmed into the computer but
are not games.

Arcade-Type Video Games
The video game machines and the video com-

puters generally contain only one program. That
program is loaded as Read Only Memory and can
not be changed, except by changing the ROM car-
tridge. The users of these games never see the
programming. The programming is in binary or
machine-language.

Programmable Games

Programmable games for the personal com-
puter are of two types as we mentioned before:
those in BASIC; and those in machine-language.
Games in BASIC are likely to be understood by
more programmers but may be slow. You may have
to wait for a question mark prompt to appear before
you can enter a response, although some versions
of BASIC contain an INKEY$ function which allows
the entry of characters without the display of a
prompt. Other versions of BASIC would have to
use a machine-language subroutine that would
search to see if a key was pressed during a period of
time. BASIC is really not intended to be the lan-
guage for animated graphics.
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Real-time simulations are better if they are
written in machine-language. In real-time simula-
tions, your responses are rapidly interpreted and
the graphics reflect your action. Unlike BASIC,
machine-language can look for your response and if
it doesn’t find one, it can still continue with the
program.

Models and Simulations

Animated graphics can be used to model how
something in the real world might act. Suppose you
wanted to know how two galaxies would react if
they were to collide. If you knew the forces in-

volved, you could make a simulation of the colli-
sion. In reality the process would take eons to
occur, but with a computer model, you could see
the results in seconds or minutes. This is an ideal
example of the use of animated graphics for pur-
poses other than entertainment.

ANIMATED GRAPHICS IN BASIC

Program 24 uses the poke function to place
user-defined graphics on the screen. The image is
supposed to represent a walking figure whose legs
and arms move.
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FE ALY

Let’s look at the program. The data contained
in the lines 200-390 are numbers representing the
bits of the image. The numbers range from 0 to 255
for the 8-bit numbers. To make the figure appear to
walk, successive graphic characters are poked onto
the screen and the old ones are erased. Thus the
images change and motion is accomplished.

UTILIZING MOTION IN ANIMATION

Animated graphics use motion. Motion can
give the illusion of depth toan image. Motion canbe
in more than one direction. A simple rotation of a
figure could be considered motion in one direction.
A baseball, as it is projected through the air, could
illustrate motionin two directions since the vertical
location and the horizontal location both change
independently with time. A molecule has at least
three types of motion: it has thermal vibration,
rotation of one or more groups, and Brownian mo-
tion in whatever media it is in.

Motion in One Direction

We have seen motion in one direction in our
molecular rotation model. Although that program
was slow, it displayed the principle of motionin one
direction. On the screen or on paper the image
changes along one dimension. The stretching of a
rubber band might be another example of motion in
one direction. The length changes with time.

Motion in Two Directions

Motion in two direction includes the ballistic
motion of a projectile through the air. If the projec-
tile is spinning, it might be displaying motion in
more than two directions. Another example is a
Lissajous pattern made by a moving dot. The dot
traces out points on the screen like an oscilloscope.
The orbit of an object about another object is
another example of motion in two directions.

Motion in Three Directions

In addition to rotating projectiles, examples of
objects that have motion in three directions include

1 1 » ] '“" B [ E: W '4 » ‘51' Bl U B E: b :.'"l 2 1 ""1- "'1’ b 1 :-‘f' 2

s} ey
Foal sl

I I R )

the path of a fly buzzing through the air, the cycloid
motion of a tire, the motion of the moon around the
earth while both revolve around the sun. The listis
endless.

ACCOMPLISHING MOTION

There are several techniques that you can use
to simulate motion. You can print points and then
erase them. If you are using a BASIC language that
has the poke function, you can use that function to
place points on the screen and then place blank
points on the screen to erase them. If you are using
machine-language subroutines and the USR func-
tion, you can change the image rapidly to give the
illusion of motion. There are also other ways.

Printing and Erasing

If you write a program that has a print state-
ment such as PRINT “*"; followed by a statement
like PRINT CHR$(8); the program will print an
asterisk and then erase it. If you direct computer
control back to the first statement, it will enter an
endless loop and the result will be a blinking as-
terisk. Unfortunately, some computers insert a
carriage return after every 64 or 80 characters
printed. By using control characters that tab the
cursor to the proper position on the screen, without
erasing points in the process, and then erasing the
character in question, you can print and erase
points to accomplish motion in BASIC. This pro-
cess is slow. As we said before, BASIC is really not
the language for animated graphics.

Using the Poke Function

The speed of printing and erasing points on the
screen can be increased by using the poke function
to place characters in the memory positions that the
screen occupies. Since the poke function moves
numbers in memory rather than on the screen,
faster motion can be achieved. When using the poke
function, use the ASCII codes for the graphic
characters and the numbers that correspond to the
screen RAM in the memory of the computer. To
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erase or change a point, simply poke a blank charac-
ter or a desired character. This substitution of
characters makes the image appear to move.

Using Machine-Language and the USR Function

Probably the best way to accomplish motion on
the personal computer is to use machine-language,
or at least machine-language subroutines. The use
of machine language bypasses the BASICinterpret-
er, and hence the programs run faster. Machine-
language has the disadvantage of being cryptic.

The USE function is a way to call machine
-language subroutines. Different computers use the
USR function in different ways, but if you can use it

to increase the speed of a program, you have a
faster way to display animated graphics.

An Example in BASIC—Program 25

Figures 7-1 and 7-2 are two examples of Lissa-
jous patterns produced by the next program.

Let’s look at the program. Lines 10-40 contain
the title and credits. Line 45 dimensions an array so
that we can actually print the figures on paper.
Lines 46-49 set each element of the array to 32, the
ASCII code for the blank space. In line 50 T is for
the variable time, and R is the last position that we
plotted. In this case it is set at the arbitrary screen
position —3968. Line 60 clears the video screen.
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Fig. 7-1. Lissajous pattern tracing of video screen.

Line 70 increments the clock. Line 80 computes the
position of the point in the horizontal direction and
line 90 computes the vertical position of the point.
Line 95 sets the element in the array at that position
equal to 43, the ASCII code for the plus sign. Line
100 calculates the screen position using the X and Y
values and assigns the value of the position to the
variable P. Line 110 pokes the last position of the
point R with the number 32. This erases the last
plus sign. Line 120 then pokes the plus sign into its
newposition P. Line 130 sets the last position equal
to the current position. Line 135 says that if the
variable T is greater than 6.3, go to line 150, which
will print out all the positions that the program

generated. If you deleted line 135, you would sim-
ply have a continuous pattern generated on the
screen. Line 140 is a goto statement, which directs
the computer to line 70. Lines 150-200 form nested
loops that print the Lissajous pattern onpaper. Line
210 causes a form feed to the next page, and line
220 ends the program.

By changing the definitions of X and Y in the
program, you can generate any number of Lissajous
patterns. Some computers might use the set and
reset functions instead of the poke function to place
dots on the video screen. This program could even
be converted to create high-resolution graphics for
some spectacular images. The —3968 in line 50 is
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Fig. 7-2. Lissajous pattern tracing of video screen.

the screen position for the upperleift corner of the
sCreen.
number for that screen-RAM memory location. The
—3041 in line 100 is the memory location for the
position that is approximately in the center of the
screen. Again, you may have to change that number
to get a good animated graphic program.
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FUTURE POSSIBILITIES

What does the future hold for graphics for
personal computers? Probably a lot! Some of the
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things possible only on large computers will be
possible on personal computers as the speed and
memory of personal computers increases. There
will be an amplification of some of the things that we
talked about in this book and probably a lot that we
didn’t even hint at.

One of the things that might be possible is the
creation of TV-like simulations. Your computer
could generate images that change thirty times a
second so that the display would look like a televi-
sion picture. You could create a little world within



the memory of your computer, take imaginary jour-
neys to distant realms, and see many fascinating
sights.

What else would be possible? The answer to
that question lies with the imagination of the pro-

grammer and the sophistication of his computer
system. Anyone who is willing to pursue a simple
idea toits furthest limit will find success waiting at
the end of the road. Where will it all end? I don’t
really know; but I do know that the sky’s the limit.
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Chapter 8

an

In this final chapter we look at two programs in
BASIC that produce graphics. In the first we see a
high-resolution three-dimensional figure of a
house, similar to the house program that we saw
earlier. In this program the hidden perspective
lines are erased. We also discuss how parts of the
house can be shaded. The second program is like
the molecular model that we saw earlier except we
increase the efficiency of the algorithm and we
apply texture, shading and highlighting to the
sphere to help achieve realism in graphics. The
balance of the chapter is about the effective use of
the video display.

A HIGH-RESOLUTION SOLID FIGURE OF A HOUSE
The perspective line program that drew the

house worked well, but it had a confusing number of
lines. What we really need is a program that would
not show any hidden lines. We have seen programs
that use various methods to erase hidden lines.
Now we look at a better algorithm for constructing a
solid three-dimensional figure.
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When dealing with solid figures we can no
longer think in terms of lines; we must think in
terms of surface polygons. A surface polygon is a
flat enclosed area bounded by three or more
straight lines. A cube, for instance, has six surface
polygons which are all squares. The surface poly-
gons of an object meet at their edge lines.

In our house example we must define the
house as a collection of polygons. A side of a house
might be one polygon; one side of a roof is another;
part of the face of the house might be another. The
polygons must meet the following qualifications to
work in our program: (1) No interior angle of the
poiygon can be greater than 180 degrees; (2) no
polygons can overlap each other; and (3) the physi-
cal dimensions of the polygons can not vary widely.
If the interior angles exceed 180 degrees, asina
star-shaped figure, the program ignores certain
parts and would probably recognize only the center
of the polygon. Polygons that overlap are confusing
to the algorithm although they would be drawn
correctly at times. If the dimensions of the poly-



gons vary wildly, the computer will have difficulty
recognizing which polygon is closest to the view-
point, because the program defines a midpoint for
each of the polygons and measures the distances to
the viewpoint from those midpoints. A priority
level is established for each polygon based on the
distance from the viewpoint to its midpoint.
Figure 8-1 shows images produced by this
program. Imagine that you are standing in front of
the house in the first figure. As you look at the next
figures, imagine that you are walking around the
left side of the house. You notice that a gable disap-
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Perspective line drawing of a house with hidden lines erased (eight views).
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This program contains seven main sub-
routines, found in lines 200-204(C. The main body of
the program is in lines 10-120. Lines 10-40 identify
the program. Line 50 is a subroutine call to lines
200-770, where the data is read into arrays and the
values of the variables are set. Line 60 is a sub-
routine call to lines 900-1040 where the polygons
are sorted by distances to midpoints. Line 70 is
a subroutine call to line 1100 where the three-
dimensional coordinates are translated tc a two-
dimensional perspective set of points. Line 80 is a
subroutine call to lines 1300-1430. This subroutine
completes or redefines the data in the MTX matrix.
The MTX matrix contains data on point connec-
tions, slopes and intercepts of lines between
points, and the positions of the midpoints relative
to the lines of the polygons. Line 90 is a call to the
subroutine in lines 1500-1740, which prints out the
figure in high-resolution. Line 100 calls the sub-
routine in lines 1800-1820 which cause a form feed
to position the next sheet of paper in the printer.
Line 110 is a call to lines 1900-2040 where the
nointe and midnaoints for the nevt view are rotated.
Line 120 sends program control to line 60 to con-
tinne the process,

Let’s look at some of the important lines in this
program. In line 210, IP is the number of points
X,Y,Z) in the program, and NP is the number of
polygons in the program. TP is their sum. In line
220, PR is an array that holds the priority, i.e.,
relative closeness to viewpoint, of the polygons.
Lines 260-330 contain the X, Y, and Z coordinates of
the IP points. Lines 340-440 define a midpoint for
each polygon by finding the mathematical average
of the coordinates of the points of the polygon.
Lines 410-680 define the polygons. Take, for
example, line 410, which contains the data for the
first polygon. Using that data the computer will
draw 2 line from point 4 to point 27 to point 26 to
point 37 and back to point 4 again. These are bound-
ary lines for the first polygon. The data for the
second polygon is in line 420 and so forth.

Lines 800-880 are a simple machine-language
subroutine that sends number to the printer. You
can substitute a BASIC subroutine or another sub-
routine if you like. This routine was used because
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some BASIC interpreters insert a carriage return
after a given number of characters have been
printed. Lines 1500-1640 search for the top of the
figure (to save time) and then print out the object.
Line 15601is a check to see if the line is vertical. If it
is, the computer goes to line 1680. If not ZV is
calculated from the slope and intercept data in the
MTX matrix. ZV is the correct vertical position (for
that line for the pixel KS. Line 1580 says that if the
pixel is in the current polygon line, set SS equal to
1, then goto line 1600. Line 1600 increases the
polygon line counter by 1 and checks to see if the
counter MS, is less than what we said the number of
lines in the polygon were originally. (Remember
lines 410-680?) If the pixel is on the same side of all
the polygon lines as the midpoint is, then SS is sent
to the printer. If SSis 1, a dot is printed; if SSis 0, a
spaceis printed (an empty dot). Line 1590 checks to
see if the pixel is one the same side as the midpoint.
If a pixel ever fails to be on the same side as the
midpoint, we check the next sorted polygon. If the
pixel does not lie within any polygon, an empty dot
is printed and we move to the next pixel position.
NS is the polygon counter in the program.

Possible Changes to the Program

Polygons can be shaded by adding the follow-
ing lines:

765 GOSUB 2100: REM READ SHADING
DATA
2100 REM READ SHADING DATA
2110 FOR J=1 TO NP:READ CR(J):NEXT
JRETURN
2120 DATA (NP number of values between 0 and
1
227 DIM CR(NP)
1605 IF S5=0 THEN SS=(CR{PR{NS))RND
1)*-1
Here line 2120 contains numbers that tell what

percentage of the pixels are tobe dark, O being none
and 1 being 100%. Line 1605 changes an empty dot
toa dark dot (inside a polygon) a certain percentage
of the time according to the data in line 2120.
Another possible alteration is to change the

dark pixels of a line to white in order to create



polygons that appear to have interior angles great-
er than 180 degrees. Actually you would use more
than one polygon, but simply erase the lines
separating them. This change could be very useful
for applications in which you must use large interior
angles. You can also change the program by chang-
ing the width, WID, and the height, HGT, of the
plot in pixels.

A HIGH-RESOLUTION MOLECULAR MODEL
We now look at a program similar to the one
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Fig. 8-2. Partial rotation of shaded molecular models.
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swing toward the observer as you look at the
figures.

This program is identical to Program 7 with
the exception of lines 453 and 455. What these lines
dois toprint a dark pixel as the edge of the sphere s
approached. That is, the likelihood that a pixel will
be printed is greater as the pixel is closer to the
circamference of the sphere; the probability is zero
at the center and 100% at the edge.

You could change the program to make some
spheres darker than others, to make some spheres
larger than others, or to alter the height and width
of the image. You could also change the direction of
rotation or rotate only part of the figure.

USING THE VIDEO SCREEN EFFECTIVELY

When using the video screen on a microcom-
puter a crucial factor is speed. Hidden line al-
gorithms are notorious for being slow-working
“number crunchers.” An effective video display
should not bore the user while he is waiting for
flgures to appear on the screen. We will discuss

1.1 -
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BASIC is really not the best language to use if
one wants to write a program using graphics real-
time; machine-language is. Machine-language has
the drawback of being very difficult to program. You
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can, however, solve this obstacle by using
machine-language subroutines liberally througout a
BASIC program. Simple but slow routines could be
changed to machine-language and the rest could be
left in BASIC. Every bit helps (no pun intended).

Sprites

Many newer microcomputers use sprites.
Sprites are a group of pixels organized like a giant
graphic character, but they can be easily moved
about the entire screen, not simply from line to line
as graphic characters can be. Their use greatly
increases the speed of display.

Sprites also have the advantage of being of
ordered priority. This means that if parts of two
sprites occupy the same area on the screen, the one
with the greater priority will be displayed on top of
the other one. Sprites can have colors as well.

Other Techniques

Other techmques to 1ncrease speed of display

i imtarnollsr whils the
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user is readlng text at the start of a program or
game; using the INKEY$ function or another
keyboard scanning routine so that the computer can
be computing while waiting for your response; re-
ducing computation as much as possible; and saving
figures and data in memory.



A

Abstract, Low-Resolution Art pro-

gram, 108-113
Animated graphics, types of, 131
Animated Graphics program, 132, 133
Architectural drawing, 87-93, 138-144
Art, abstract, high-resolution, 113-130
Art, computer, 4, 94-130
Art, mathematically defined, 102
Art, realistic, high-resolution, 102-108
Art, realistic, low-resolution, 102
Axonometric projection, 21

B
Bar graphs, 7-13

[
Cartesian coordinates, 13, 14
Chessboard and Screen Dump pro-
gram, 97-102
Components, movable, 97-102
Computer art, 94-130
Computer art, computer-generated,
95
Computer art, handmade method,
94,95
Computer art, types of, 94, 95
Computer graphics, varieties of, 2-6

D
Definitions, mathematical, 2
Diagrams, 20
Dot matrix displays, 78
Drawing, architectural, 87-93,

138-144
E
Equations, transformation, 21, 22, 48,
49, 57
G

Games, arcade type, 131
Games, programmable, 131
Geometric shapes, plotting, 49-54
Geometric shapes, rotated, 49-54
Graph, definition of, 7

Graphic motion, types of, 133
Graphics, abstract, 6

Graphics, advanced, 138-148
Graphics, animated, 131-137
Graphics, bit image, 22, 78

Graphics, block, 22, 76

Graphics, definition of, 1

Graphics, future, 136, 137

Graphics, high-resolution, 76

Graphics, interactive, 6

Graphics, fow-resolution, 76

Graphics, noninteractive, 6

Graphics, realistic, 4,5

Graphics, varieties of, 1, 2

Graphics characters, types, 76-78, 95

Graphics characters, user-defined,
76-78

Graphs, bar, 7-13

Graphs, perspective, 21, 22

Graphs, three-dimensional, 21-47

H

Hidden lines and points, 22, 78

High-Resolution, Space-Filling Ro-
tating Molecular Model program,
39-47

High-Resolution, Space-Filling Ro-
tating Molecular Model program
(shaded), 145-148

High-Resolution Abstract Art program
(spiral), 126-130

High-Resolution Abstract Art program
(triangle), 123-126

High-resolution graphics, definition,
76

High-Resolution Line Plotter program,
54-57

High-Resolution Plotter program,
78-84

High-Resolution Realistic Art pro-
gram, 102-108

High-Resolution Realistic Art (space
shuttle) program, 95, 96

High-Resolution Solid Figure of a
House program, 138-144

High-Resolution Space Shuttle Sim-
ulation program, 69-75

Histogram Graphing program (using
graphic character), 11-13

Histogram Graphing program (using
H), 8,9

Histograms, 7-13

Histograms, advantages of, 13

Histograms, disadvantages of, 13

I
Images, still, 95-97

L

Line Plotter program (high-resolution),
54-57

Line Plotter program (low-resolution),
49-54

Lines, hidden, 22, 78

Lissajous Patterns program, 134-136

Listing, High-Resolution Realistic Art
program, 103-106

Listings, Abstract, Low-Resolution Art
program, 110-113

Listings, Animated Graphics program,
132

Listings, Chessboard and Screen
Dump program, 97-101

Listings, High-Resolution Abstract Art
program (spiral), 126-129

Listings, High-Resolution Abstract Art
program (triangle), 123-126

Listings, High-Resolution Line Plotter
program, 54-56

Listings, High-Resolution Plotter pro-
gram, 78-83

Listings, High-Resolution Realistic Art
program (space shuttle), 95, 96

Listings, High-Resolution Solid Figure
of a House program, 139-142

Listings, High-Resolution, Space-
Filling Rotating Molecular Model
program, 40, 41

Listings, High-Resolution, Space-
Filling Rotating Molecular Model
program, (shaded), 145-147

Listings, High-Resolution Space
Shuttle Simulation program,
69-74

Listings, Histogram Graphing program
(using graphic character), 11-13

Listings, Histogram Graphing program
(using H), 8, 9

Listings, Lissajous Patterns program,
134

Listings, Low-Resolution, Line Plotter,
49-51

Listings, Low-Resolution, Space- Fill-
ing Rotating Molecular Model
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program, 30-39
Listings, Moire Patterns program, 113
Listings, Natural Scene program, 93
Listings, Three-Dimensional High-
Resolution  Function  Plotter
program, 85, 86
Listings, Three-Dimensional Plotter
program (high-resolution), 27,
28

Listings, Three Dimensional Plotter
program (low-resolution), 24, 25

Listings, Three-Dimensional Solid
Plotter nrogram, 88-91

Listings, Two-Dimensional Plotter pro-
gram, 15-17

Low-Resolution, Space-Filling Rotat-
ing Molecular Model program,
30-39

Low-resolution graphics, definition, 76

Low-Resolution Line Plotter program,
49-54

Low-Resolution Space Shuttle Simu-
lation program, 57-69

M
Machine-language, 148
Mathematical definitions, 2
Mathematically defined art, 102
Models and simulations, 132
Moire patterns, 6
ivioire Faiterns prograim, 1i3-123
Molecular models, 21-47
Molecular models, high-resolution,
39-47

Molecular models, low-resolution,
30-39

Motion methods of accomplishing,
133, 134

Motion achieved by printing and eras-
ing, 133

Motion achieved by using the Poke
function, 133

Motion achieved by using machine-
language and the USR function,
134

N
Natural Scene program, 93

Oblique line projection, 21

P
Patterns, moire, 6
Perspective, definition of, 48
Prespective line plotters, 49-57
Perspective plotting, 48, 49
Plot, definition of, 7
Plots, polar coordinate, 20
Plotters, large-scale, high-resolution,
78-87
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Plotting, perspective, 48, 49

Points, hidden, 22

Poke function, 132

Polar coordinate plots, 20

Printers, dot matrix, 78

Program explanations, Abstract,
L.ow-Resolution Art program,
113

Program explanations, Animated
Graphics, 133

Program explanations, Chessboard
and Screen Dump, 97

Program explanations, High-
Resolution Abstract Art (spiral),
130

Program
Resolution
(triangle), 126

Program explanations, High-
Resolution Line Plotter program,
56, 57

Program explanations, High-
Resolution Plotter program, 83,
84

Program explanations, High-
Resolution Realistic Art, 108

Program explanations, High-
Resolution Solid Figure of a
House, 144, 145

Program explanations, High-
Resviuiion, Space-riiing notai-
ing Molecular Model program,
41-47

Program explanations, High-
Resolution, Space-Filling Rotat-
ing Molecular Mode! (shaded),
145, 148

Program explanations, High-
Resolution Space Shuttle Simu-
lation program, 74, 75

Program explanations, Histogram
Graphing program (using
graphic character), 13

Program explanations, Histogram
Graphing program (using H),
9-11

Program explanations, Lissajous
Patterns, 134-136

Program  explanations, Low-
Resolution Line Plotter, 51-54

Program  explanations, Low-

Donnlidine Oanan Hiffi;s Dadsd
OCOLILGTGH, Spaloniuniyg Dl

ing Molecular Model program,
32-39

Program  explanations, Low-
Resolution Space Shuttle Simu-
lation program, 63-69

Program explanations, Moire Pat-
terns, 113-123

Program explanations, Natural Scene,
93

explanations, High-
Abstract  Art

1 Program explanations, Three-
Dimensional High-Resolution
Function Plotter, 86, 87

Program explanations, Three-
Dimensional Plotter program
(low-resolution), 26, 27

Program explanations, Three-
Dimensional Plotter program
(low-resolution), 28-30

Program explanations, Three-
Dimensional Solid Plotter, 91-93
Program  explanations, Two-
Dimensional Plotter program,
17-20

R
Resolution, 22
Rotating points about a defined axis,
57

Rotating points about an arbitrary axis,
57

Rotating points in space, 57
Rotation of images, 22

S

Shuttle Simulation program, 57-63

Space shuttle simulation (high-
resolution), 69-75

Space shuttle simulation (low-
resolution), 57-69

Snritag 149

Still components, 97-102

Still images, 85-97

T

Transformation equations, 21, 22, 48,
49, 57

Three-dimensional graphs, 21-47

Three-Dimensional High-Resolution
Function Plotter program, 84-87

Three-dimensional perspective, 48-75

Three-Dimensional Plotter program
(high-resolution), 27-30

Three Dimensional Plotter program
(low-resolution), 23-27

Three-dimensional solid figure plot-
ters, 87-93

Three-Dimensional Solid Plotter pro-
gram, 87-83

Thresholding, 94, 95

Two-dimensional graphic, 7-20

Two-Dimensional Plotter program,

15-17
Two-dimensional plotting, purposes
of, 20
v
Video art, 4

Video screen, effective use of, 148

z
Z axis, 21, 22
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You’ll learn how to make histo-
grams . . . Cartesian plots . . . 3-di-
mensional figures that can be rotated
on an axis . . . “‘pictures’” made by plot-
ting mathematical functions . . . and
more. Most programs are presented for
both high- and low-resolution systems

. . and every one is clearly explained,
line by line. In addition to each program
listing, you’ll also find sample runs and
program results.

With the help of this handbook,
you’'ll discover how to best use the
unique graphic capabilities of your own
micro for practical purposes . . . and for
fun! You’ll even learn how you can
create your own animated graphics for
arcade-type video games. Specific,
easy-to-follow how-to’s are included for
printing and erasing, using the POKE
function, machine language, and the
USR.

Filled with drawings, diagrams,
examples, and easy-to-run programs,
this book will show you how you can
use almostany microcomputer to create
exciting and practical graphics for busi-
ness or for play!

Timothy O’Malley is a freelance
technical writer with extensive pro-
gramming experience.
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An outstanding
programming handbook
that shows you how to take full
advantage of your micro’s
graphics capabilities!
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