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Introduction

The purpose of this book is to explore the computer’s special
abilities to produce graphic displays. The book is geared toward one
microcomputer, the Radio Shack TRS-80, and one computer
language, BASIC. However, due to the generalized nature of the
discussion, we feel that the techniques employed in the many sample
programs can be adapted to other hardware and other languages.

Three general methods for producing computer graphics are
examined in depth. The most traditional method of creating
pictures with a computer, line printer graphics, is treated first. With
line printer graphics, the picture is considered to be a set of
horizontal lines whose components are the letters, digits, and special
symbols that make up BASIC’s character set. This method of
producing outlines, silhouettes, graphs, and other visually appealing
pictures takes up the largest part of the book, as it should. Line
printer graphics can be produced using any language and with any
computer, with or without printer.

Character graphics is the second method for creating graphics
and relies on the TRS-80’s 64-character set of graphic symbols.
Many microcomputer makers besides Radio Shack have adopted
special graphic characters, and for good reason. These characters
allow the video screen to display a wide variety of special effects,
such as game boards and pieces, lunar landers and space ships, faces
and entire bodies, even schematics and blueprints. The popularity of
this technique has increased significantly since the appearance of the
many microcomputer chess games on the market in the late 1970’s.
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The third technique for producing graphics is pixel graphics.
The pixel is to visual information what the binary digit or bit is to
stored information. The bit is the smallest amount of storable
information, a 1 or a 0, whereas the pixel is the smallest amount of
pictorial information, an addressable area of the screen that can be
turned on or off, bright or dark. The microcomputer programmer
who can deal with pixel graphics on the TRS-80 can produce
computer displays at moderate resolution. While the normal display
density of a TRS-80 screen is 64 characters across and 16 lines down,
the display density increases by a factor of 6, to 128 pixels across
and 48 down.

As you proceed through the discussion of the three graphics
methods, you will discover a diversity of techniques exemplified by
many complete programs, both short and long. We hope you will try
them out and modify them as you see fit. We have purposely left
some programs in skeletal form so that you can adapt them more

Aaailsr +maotratie mvarticnlor facts
Cadny 1O yUul paruiliadl vasS.
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The Program Is
the Picture

Problem 1.1

Solution

The simplest form of line printer graphics is when the program
is the picture. Each program statement is a PRINT statement which
outputs a line of the picture. An overwhelming advantage of this
technique is that the programmer can detect and correct errors in
the picture easily by inspecting a listing of the program.

Draw a picture of the Virgo zodiac sign.
PO “filenamei"girl"

20 Y rurrose! draw 2 ricture of the Virdo zodiac sidn
20 4 authori Jdr 8780

40 7

S0 PRINT " 0000 HUHY 0000 gooo”
40 PRINT " 000000 000000 000000 0ooo0o"®
70 FRINT "00000000000000000000000000000000 og"
Q0 PRINT " poo000oo0 00000000 00000000 oo
20 PRINT " 0000 pooo 0Qoo gooo”
100 FRINT " 0000 0000 gooo gooo"
110 PRINT " 0000 0600 pooo pooo"
120 PRINT " pooo pooo 0000 0000

130 FRINT " 0000 0000 0oo0ooon”

140 PRINT " 0020 HE gooooo”

150 FRINT © 0000 0o0o0 ooog

160 FRINT " 0000 0000 oooooo®

170 ERD



IS apad Hue 1400
aaoono {asash 00o0ao 0oonoo

0OGE00000000000000000000000000000 0o
0Qpeendt 00000000 00000000 00
oo LY pena 0ooo
000G 0o0o HERY Dooo
poaoe 0aso 0030 0000
anea 4000 nooo  0ooo
HHHY 0000 0oooon0n
aoea nooo 000060
0noa 0000 pooo
ooon G 000000
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Problem 1.2 Draw a picture of the state of Massachusetts.

Solution

iQ ‘filenamei”gir2"
20 Y rurrose; Hassschusetils
30 7 authort Jdr 8/839

40 7

50 FRINT R

40 PRINT " EEERLL LK ROk K

70 PRINT " REOKERCEEOOOn OO0

00 PRINT " SEEEEsEssiis oo soonsooonnnono

20 PRINT " KEEEEEEEEEEOOOOOOOO OO OO0

100 FRINT " S¥R R nnnnoon oo onnousononnoon oo K
110 PRINT " $¥&C8d8 ot oo oo oo onono KHEE
120 PRINT " $ESEEK RSSO0 OO0 OO
130 PRINT ° COOREE JOORRRK"

140 PRINT * e £”

150 END

Chapter 1 The Program Is the Picture 3
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Problem 1.4 Sketch a picture of Woodstock.

Solution 10 ‘filename!"glr4"”
20 ' eurrose! draw Hoodstock

30 4 zuthor! .Jdr 8/80

40 7

S50 LPRINT n

40 LPRINT

70 LPRINT * -

80 LPRINT " e oz

@0 LFRINT " —( mm et

100 LPRINT " ,=z====z=z== X Jp—"

110 LPRINT Y —eeeeee s

120 LPRINT "y ——

130 LPRINT " -=-=m-n- I

140 LPRINT * - P

150 LFRINT ® o cmeeee om

160 LPRINT * - o

170 LPRINT " {4

180 LPRINT *® { .

190 LPRINT * ’

200 LPRINT * ’
H
y

I - w -
-~

- % e

210 LPRINT ¥
220 LPRINT
230 LPRINT " y ’
240 LPRINT " e T LT
250 LPRINT " 1 smzmss==ox
260 LPRINT *© L=

370 LPRINT ¥ "

280 END

| e ow .
-~
i

- . e e
-

ot o e o v o ot

COCCEEC(-
y(
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Discussion @ Producing pictures in this way is simple, if you trace either
an existing sketch or an original drawing onto a coding form.

e If you use a variety of characters to produce the output,
you can more closely approximate the subtle shadings,
pleats, highlights, and other details in the picture.

Don’t let the simplicity of this graphics technique dissuade
you from using it. The very fact that it is so simple makes it
immensely popular. Using someone else’s artistic ability or your
own as a pattern, persistence in the face of tedium coupled with
this technique can provide some pleasant computer graphics.

6 Chapter 1 The Program Is the Picture



TABbed Pictures All versions of BASIC have a TAB function that allows
positioning of the carriage or print head or cursor anywhere across
the output line. Also, the execution of a PRINT statement that
doesn’t end with a comma or semicolon results in a carriage return-
linefeed. With these controls in two dimensions, a wide variety of
pictures can be produced. As in the previous chapter, we will
illustrate the techniques using both output on a line printer and
pictures of actual screen output.

Problem 2.1 List a table of strings in a variety of ways using the TAB
function for positioning the string on the output line.

Solution

10 " filename:"g2el"

20 ' rurrose! outrul table in sundry waus using TAR funciion
20 ¢ suthort Jdr 8780

40 1

50 DIM P$CIS)

60 FOR I=1 TO 15 ¢ READ P$(I)> t NEXT I

90 CLS | RANDOH

100 FOR I=1 TO 15

110 FRINT TAB(25):P$( 1)

120 NEXT 1 ¢ GOSUR 1000 ‘rause and clear screen



140 FOR I=1 TO 15

150 PRINT TABCI YiP$(T)

160 HEXT T ¢ GOSUE 1000 ‘rause & clear

180 FOR I=1 TO 15

120 FRINT TAR(2¥I )P4 1)

200 MEXT I 5 GOSUR 1000 ‘razuse & clear

220 FOR I=1 TO 15

230 PRINT TAB(Z%ABS{8-1))F$( 1)

240 NEXT I ¢ GOSUE 1900 ‘rause & clear

260 FOR I=1 7O 15

270 PRINT TAB(RNIM 40)):P$( 1)

280 NEXT I ¢ GOSUR 1000 “rause & clear

300 FOR I=1 TO 15

310 FRINT TAR 40-LENCPS(I N )PS(I)

320 NEXT I ¢ GOSUB 1000 ‘rause & clear

340 S5TOF

330 TATA "earrol"s"rheasant"s"rtarmigan”s*relican” s"Penguin®
260 DATA "rochard" s "riril"s"rurele martin®s"rardalote’» "rewee”
370 DATA "rintail" s ruffin”s"rhoeniv” s "rhoebe” s "rlover"
1000 ‘rzuse and clear screen subroubtine

1010 FOR J=1 T0 200 | MEXT J ! CLS ! RETURN

29¢9 END

Chapter 2 TABbed Pictures
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Discussion e When the argument of the TAB function is a more complex
expression than a constant, some otherwise prosaic output
can be transformed into a graphic presentation of
information.

Suggestions @ Modify the argument of the TAB function to produce other
interesting visual patterns.

Chapter 2 TABbed Pictures 11



Problem 2.2

Solution

12

Produce a visual representation of the sine curve, y=sin x.

6 "filenapei"g2r2"

20 7 epurrose! drarh the sine functiion

Z0 Y suthor! Jed 1/8D

40 !

a0 let the X axis vary from 0 to 2 ri radians,
40 FOR X=0 70O 4.28 STEP .25

70 ! calculate disrlacenent from O on Y axiss
20 ! then exrand by 30.
20 Y=ETN(X Y390

100 LPRINT TAB(Y$30): "%

110 NEXT X

7999 END

&

Chapter 2 TABbed Pictures



Discussion

Suggestions

Problem 2.3

Solution

e The Y-axis is across the print line and the X-axis is down the
page. Thus, the tabbed position of Y, as represented by the
asterisk (““*”), varies according to the sine of the line count
X.

e The increment between calculated points is .25 radians. To
squeeze the sine wave (increase its frequency), increase the
increment. To expand the sine wave (decrease its frequency),
reduce the increment.

e The sine wave is shown between 0 and 6.28 radians, or O to
360 degrees. To see more waves, increment from 0 to 10
(or more) radians. To see the sine function before O degrees,
increment from -6.28 to 6.28 radians. Note that 6.28 is
approximately two times pi, or almost a full circle of 360
degrees.

e Make the following changes in the statements indicated.

60 FOR X=0 TO 6.28 STEP .5

60 FOR X=0TO 6.28 STEP .1

60 FOR X=-6.28 TO 6.28 STEP .35
60 FOR X=-20 TO 20 STEP .7

90 Y=ABS(30*SIN(X))+32

Produce a visual representation of three functions
simultaneously; a=sin X, b=sin 2x, and c=a+tb

10 “filenzmet"42p3"

20 7 rurrose! srarh of multirle functions
307 authori Jrg 1/80

40 ¢

50 7 vary X from 1 to 628 radians

&0 FOR X=,1 TO 6,28 STEP .1

70 i get oridinal values of desired funclions
80 S=5IN(X)! S2=5IN{3%X)! §5=5+52
20 ! adJjust values of functions for erinter

100 A=20%5+321 B=20%624321 C=20%55432
110 IF A<=BF AND A<=C THEN LPRINT TARCA)".";!
IF B<=C THEN LPRINT TABCE)"+" TAR(C)"X®
ELSE LPRINT TAB(C)"%" TAB(R)"+"
120 IF B<=A AND B<=C THEN LFRINT TAR(B)"+"i1
IF A<=C THEN LPRINT TAR(A)"." TAR(C)"X"
ELSE LPRINT TARCC)"X" TARCA)".®
120  IF C<=A AND C<=F THEN LPRINT TAB(C)*¥%"§:
IF A<=B THEM LPRINT TAE(A)"." TAR(B)"+"
ELSE LPRINT TABCE)"+" TAB(A)'."
140 NEXT X
9999 END

Chapter 2 TABbed Pictures 13
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Discussion

Suggestions

Problem 2.4

Solution

10
20
30
40
50
&0
80
90

e Once you find out which one of the points is lowest in value,
print it. Then print the lesser of the remaining two. Then
print the one that’s left.

o If you graph this kind of multiple function, it is usually
necessary to use different characters to plot the different
functions.

e Add the first five harmonics of x:
y=sin X + sin 2X + sin 3x + sin 4x + sin 5x
Then, graph y versus x. The result will be a sawtooth wave
form.

o Add the first five odd harmonics of x:
y=sin X + sin 3x + sin 5x + sin 7x + sin 9x
Then graph v versus x. The result will be a square wave
form.

e Graph sin x and cos x together.
Graph a damped cosine curve. More specifically (and

complicated sounding), graph two full cycles of a rectified
sinusoidal curve that decays exponentially.

‘filename!"d2r4"

4

7

!

rurrose: asbsolute cosine function decawindg exronentislly
authort Jrd 1/80

INPUT "Enter the decaw factor (.01 to 3)°50F

INPUT "Enter the sler size in dedrees (5 to 30)"3S

LPRINT +"Decay factor! ":DFy "Ster sizel®i$
LFRINT? LPRINT

100 ‘erint vertical drid header
110 LPRINT TAR(10)",0" TAR(20)" 2" TAB(30) ".4" TAB(40)",4"

120 7

TAR(50)" ,8" TAR(&60)1.0"
“erint verticel drid itself

130 LPRINT TABR(10);
140 FOR I=10 TO 40

150

IF I/10=INT(1/10) THEN LPRINT "+"i ELSE LPRINT "-"j

160 NEXT It LPRINT

170 7

ster from 0 to 720 dedrees by sters of S dedrees

180 FOR D=0 TO 720 STEP §

200 R=I'%.017 ' convert dedrees Lo radians

210 Y=49%ARS(EXP( ~DFXR)XCOS(R )

220 IF D/90=INT(D/90 ) THEN LFPRINT USING "##¥ ded.,"iDj
230 LPRINT TAB(10)"." TAB(Y+11)"%"

240 NEXT D

Q999 END

Chapter 2 TABbed Pictures 15
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Discussion

Suggestions

i8

The absolute value function ABS in line 210 does the
rectifying by converting all negative values of the cosine
function into their positive counterparts.

The exponential function EXP in line 210 produces the
damping effect on the curve.

Remove the ABS function and shift the graph to the center
of the screen: The output is the trace of a moving pendulum
as it loses its momentum.

Modify the program to show two traces at different
frequencies.

Change the EXP function’s argument from negative to
positive. The effect will be to display an increasing amplitude.
Thig is what happens when an obiect beging to vibrate at its

resonant frequency.

The TAB function can be very useful in the plotting of curves.
The examples shown above should provide sufficient patterns for
you to explore its use in graphing more exotic or more useful
functions.

Chapter 2 TABbed Pictures



Bar Graph Pictures

Problem 3.1

The pictorial representations that are variously called bar
graphs or histograms are easy to understand but can be difficult to
get the computer to produce them. If the bars are arranged
horizontally, the bar graph’s generation is relatively simple to
program but the descriptive text is arranged contrary to custom.

Depict the rate of reported crimes in five large metropolitan
areas in 1976 using a bar graph.

Metropolitan Population, Crime index,

area thousands thousands of
reported crimes

New York 9,635 658

Chicago 6,982 214

Los Angeles—Long Beach 6,945 247

Philadelphia 4,797 77

Detroit 4.444 154

19



Solution

20

10 ‘filename! "glrl"

20 / purrose! horizontal bar chart

30/ suthor! Jeg 1/80

40 /

50 DIM C$(5)s P(S)y C(5)

40 FOR I=1 TO 5¢ READ C$(I)s P(I)y C(ID! NEXT I

70 DIATA “NEW YORK"s 9635, 658 CHICAGOs 69825 214

80 DATA "L.A.-LONG BEACH"s 6945, 247

90 DATA PHILADELPHIAy 47979 77 DETROITs 4444, 154

95 CLS

100 PRINT TAB(15)"REPORTED CRIMES PER THOUSAND POPULATION®
110 PRINT ,
115 FOR I=15 TO 40 STEP 10% PRINT TAB(I)3(I-15)%2i¢ NEXT I: PRINT
120 FOR I=1 TO 5% L=500%C(I)/P(I1)

130 PRINT

140 PRINT C$(I)i! GOSUR 500
140 MEYT 1

170 &OTO 170

500 FOR J=1 TO L: PRINT TABC1S4+J)"%"3! NEXT J¢ PRINT: RETURN
9999 END

Chapter 3 Bar Graph Pictures



Discussion ¢ The program graphs the number of reported crimes per
ten thousand population.

e Each one of the rightmost 50 columns of the screen represent
one reported crime per 500 population.

® This program could be improved by generalizing it to allow
flexibility in defining the tabular data.

Suggestions e Provide a dialog before the DIM statement that allows a
variable number of cities to be analyzed. This would require
the input of the data interactively, rather than through
DATA statements.

Problem 3.2 Rotate the bar graph produced in problem 3.1 so that the bars
are vertical.

Solution

10 " filename!"g3r2"

20 7 purrose! vertical bar chart

30 authort Jjeg 1/80

40 ¢

50 DIM C$(S) P(5)s C(5)

oo DIM L(S)

40 FOR I=1 TO S READ C$(I)s P(I)s CCID: LOI)=S00XCCI/P(I)! NEXT I
70 DATA "NEW YORK", 9435, 458, CHICAGO» 4982, 214

80 DATA "L.A,-LONG BEACH"» 6945, 247

90 DATA PHILADELPHIAs 47975 775 DETROIT, 4444, 154

95 CLS

100 PRINT TAB( 15)"REPORTED CRIMES PER THOUSANDI POPULATION"
130 FOR Y=0 TO 15

132 M=(15-Y 5

135 IF M/20=INT(M/20) THEN PRINT @ Y%324+160, M

138 FOR I=1 TO §

140 IF LCIYS(Y+1)k4 THEN PRINT B 44%(10-Y)+IX13-8s "XXXNKK"}
150 NEXT I

160 NEXT Y

162 FOR I=0 TO 4! PRINT P 7084+I%13s C$CI+1)5! NEXT I

170 GOTO 170

9999 END

Chapter 3 Bar Graph Pictures 21



Discussion

Suggestions

22

e Note-the clumsy subtitling when the city names are very
long.

Also note the lack of resolution in the heights of the bars.
One might assume from looking at this bar graph that
Philadelphia’s crime rate is two thirds that of Chicago’s
when in fact it is about half. The flaw lies in the restriction
on the height of the bars to just 15 units in order for the
bar graph to fit on the screen. This low resolution was not
apparent in the previous program because each bar could be
as long as 45 characters, yielding a threefold increase in
detail.

Rewrite the program to accept the data interactively.
Suggest to the user that city names be abbreviations, such as
“CHI”, “LA-LB”, or “DET?”, each limited to five characters.
With such a restriction, you should be able to graph about
twice as many cities, and the titles won’t run into each other.
Alter the program to provide more resolution, say bar
heights to 30 or 40. Notice that this restricts the program’s
output to the printer.

Chapter 3 Bar Graph Pictures



Problem 3.3 Write a generalized bar graph generator program.

Solution 10 “filenzme! "42p3"
20 ' rurrose! deneralized histosram
30 Y author! Jeg 1/80
40
&0 INPUT "HOW MANY DATA POINTS"#N: DIM IMN)
70 INPUT "WHAT 15 LOW VALUE"SL! MIN=L
80 INPUT "WHAT IS HIGH VALUE“#H! MAX=H
90 LPRINT "MNum="iNs"Low="iLs"High="iH
100 ¢ Generazte N random data roints betwsen MAX and MIN
110 FOR I=1 TO N
120 DT )=RNI{ MAX-MIN+1 MHHMIN-1
130 LPRINT I
140 IF I=INT(I/10)10 THEN LPRINT
150 NEXT I
1460 LPRINT
170 ¢ Get height intervsl size,
180 H=INT(MAX-HIN+1)/10
190 DIM RBC10)
200 FOR I=1 TO N
210 7 P is rrorer bar rointer
220 P=(DM I )-MINHLD/H + .5
230 B(P)=R(P )1
240 NEXT I
250 LPRINT
260 FOR I=1 TO 103 LPRINT B(ID)s?! NEXT I
270 LFRINT ! LPRINT §! LPRINT
280 HT=R(1)
290 FOR J=1 T0 10
300 IF HT<B(J) THEN HT=R(.J)
310 NEXT J
320 © II is vertical interval size (inteder)
330 II=INT(HT/1041)
340 FOR I=10 TO 1 STEP -1
350 LPRINT IIXIF TAB(S)F " "
350 FOR J=1 TO 10
370 IF B(J)-=I&I1 THEN LPRINT " X¥x "3
ELSE LPRINT "~—mmw "5
380 NEXT Ji LPRINT
3920 NEXT I
400 LFRINT "Sizex";
410 T=7
420 FOR I=MIN TO MAX STEF H
430 K=INT(I+H/2)
440 LLPRINT TAR(T)S Kit T=T+5
450 NEXT I
o999 END

Chapter 3 Bar Graph Pictures 23
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81 82
50 49
23 2
11 88
54 16
9 9
97 30
34 41

18 25

0
22 37
43 18
31 76
g 72
48 93
49 42
92 1
53 75
86 30
10 88
86 28
76 11
77 40
87 1
47 65
30 37
34 83
38 86
51 48
20 45

52

23
71
53
88

44

17
21

19
99
98
11

30

26
54
32

50
94
87

High= 99
4 39
83 26
3 19
94 80
25 8
67 B4
56 33
9 3
84 64
80 75
82 10
&7 47
84 95
49 95
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Discussion o This is a generalized bar graph generator which can apply to
most kinds of data. It provides for 10 bars oriented
vertically.

e Note that the program’s calculations are almost entirely for
purposes of scaling the vertical and horizontal dimensions of
the graph.

e The data values that are graphed are produced by the
program itself in lines 110-150. Of course this section of
the program should be rewritten to allow the user to
either enter the data conversationally or provide DATA
statements which the program would READ.

Suggestions o Rewrite the program to have the user provide the data.

e Modify the program to give the user the choice of symbol
used for printing the bars.

e Rewrite the program to give the user the choice of screen or
printer output.
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Computed Pictures

Problem 4.1

Solution

This chapter illustrates a technique that uses a two-dimensional
table to hold numeric values that have been computed according to
the solution of some problem. This table is then outputted with
conversion of the numeric table elements to a symbol that provides
a meaningful “picture” of the computation.

Rotate the graph of the sine curve of problem 2.2 so that the
X-axis is horizontal and progresses across the screen.

10 “filenanel"a4rl”

20 Y rurrose: sine wave aCross screen

30 7 authort Jrg 1/80

40

45 CLEAR 2007 DEFINT P! DIM P(64516) CLS
70 FOR A=0 TO 8 STEP .25

80  X=4%7% Y=SINCA~1 M7+8% P(XsY)=1

100 NEXT 4

140 FOR Y=14 TO 0 STEP ~1% X$=""

150 FOR X=1 T0 &2

160 IF P(XsY)=1 THEN X$=X$1°%" ELSE X¢=X$i" *
190 NEXT X% PRINT X$

200 NEXT Y

210 GOTD 210

2999 ENI

27



Discussion

Suggestions

28

A lot of memory is used to store the table. Each position of
the table is an integer value that indicates whether ornot
that position is on the sine curve.

Each line of output is produced directly by building a string
of mostly blanks and a few asterisks “(*)” from scanning a
row of the table.

The program uses the fact that BASIC sets all variables to 0
initially. This is not a good programming practice, because

if the program was to be used as a subroutine and was called
mote than énce, it would “remember’ all elements of the
table that had been set previously to 1. To make the program
more generally useful, you should set each element of the
table to zero before each use.

Try modifying the program so that a composite graph of
sines and cosines can be made. You’ll have to devise a way to
encode three potential symbeols; point for sine, point for
cosine, and no point at all. What if the sine and cosine
intersect? Maybe a fourth symbol could be used to show

this occurrence.

Cause the X-axis and Y-axis to be printed along with the
graphs.
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Problem 4.2

Solution

Display the changing thermal gradient around a rectangular
fireplace located at the center of a rectangular room. Imagine a
room surrounded by exterior walls on three sides with a Franklin
stove in its center. It’s a cold, overcast winter day. What is the heat
distribution in the room as the exterior of the Franklin stove begins
to heat from 70°F to 400° F?

[ witecioc
wWoll oY
LvuTs A 1%
o - .
N . ot
s .
Ce I o
¢ v R M
R PRRANN
ot . !
- . K
- S [ .
ot - Franklin
PR NI Stove of
o RL CRY
DTN e \V\('h&“fj/
:.“.,_.'. ., -.‘., \,\e.o:\-\ -\~Q
.\~. .. ':".: ) 450°
Yoo T S hY
oL cant
. N ¢ . -~ - - . - .. . - e . N . * .
) A R - Y . - |
SVl A B T T exferior
T T O I TR R walls ot
B T R P AN 0’k

The problem resembles a problem on page 98 of Daniel D.
McCracken’s A Guide to FORTRAN Programming, (Wiley, 1965).

e (onsider the room to be 40 feet long and 30 feet wide. The
exterior walls are at a constant 0° F and the interior wall is a
constant.70° F.

e Reserve a 30 x 40 integer table X in memory, with X(0,1) to
X(0,39) held at a value of 70; X(30,0) to X(30,40), X(0,0)
to X(0,30), and X(0,40) to X(30,40) held at a value of O.
These are the walls of the room. The 6-foot wide by 4-foot
deep center area is the Franklin stove that starts at 70°F and
ends at 400° F.

e Proceed to compute the temperatures between wall and
stove, from X(1,1) to X(1,39), then X(2,1) to X(2,39),...,
through X(29,1) to X(29,39), calculating each point on the
basis of its neighbors according to the formula:

XA,DH=(X(I-1),H+X(LI-DH+XI+1,D)+X(1,]+1))/4
This formula calculates the temperature of a point by
averaging the temperatures of that point’s four neighbors.

® Repeat the computations for as many iterations as the user
wishes.
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e Convert all numeric values of table X to characters one
64-character line at a time using the chart of symbols below
to indicate various temperatures.

Integer value Symbol

0 9 A
20- 29 B
40- 49 C
380-389 U

400-409 v

All temperatures in unspecified intervals like 10-19, 30-39,
etc., are symbolized with a blank.

e Paint the picture on the screen or line printer one line at a
time.

e Repeat the above process increasing the temperature of the
Franklin stove by 50 degrees, until it reaches 400 degrees.

e Continue the above for as many iterations as the user wishes
or until the output is a picture of the room at equilibrium
conditions.

10 “filename:" 342"

20 ' rurrose! drarh thermal gradient in 3 heated room

20 4 suthori Jdrg 1/80

40 1

50 CLEAR 300% DEFINT 4-Z

40 ' set ur initial conditions

80 DEFTH=30} WIDTH=40" ‘room measurements
20 LL=5/12%I0TH: LR=7/712%UINTH  ‘stove rosition

100 LT=5/12%DEPTH} LB=7/12%DEPTH

110 INPUT "INNER. OUTER dall TEMPERATURES®:IN.DU

115 INPUT "STARTINGs LASTs STEP TEMPERATURES OF STOVE";3ST.FIsCY
118 INPUT "TOTAL ITERATIONSs NUMBER PER PRINTING CYCLE"FIT.Q
120 DIM X(DEPTHsWIDTH)y 5$(41)

125 LPRINT "INNER=";INs"OUTER="3;0Us"STOVE="3ST"TO"FI"RY"CY
127 LPRINT "ITERATIONS=";ITs"NUMBER/PRINTING CYCLE=";0

130 FOR I=0 TO 40 STEP 2! READ S$CI)f NEXT I

140 DATA Ay By Cs I Es Fy Gz He Is Js K

145 DATA Ly Mz Ns Or Py Qs Ry Ss Ts Us Vs We X5y Yy Z

150 FOR I=1 TO 40 STEP 2¢ S$(I)=" ™! NEXT I
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160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
302
304
305

310
320
330
340
350
3460
370
380
390
400
410
420
430

440
430
450
470
=00

‘get initial room temrersture to random beluween OU & ST
FOR I=1 TO DEFTH-1t FOR J=1 TO WIRTH-1
XCI s )=RNI(ST-0U /10
NEXT 351
‘sel inner walls Dotiom outer wall to starting temreratures
FOR I=0 TO WIDTHIX(OsI)=IN/10¢ X(DEPTH,I)=00U/10% NEXT I
‘sel left and right outer walls to startindg temreratures
FOR I=0 TO DEPTHY X(I:0)=00/10% XCIsWIDTH)=0U/10% NEXT I
‘set stove to starting temrerature for this cucle
FOR §=5§T/10 7O FI/10 STEP CY/10
LPRINTY LPRINT! LPRINT "STOVE IS AT"SXi0"DEGREES"TIMES
FOR I=LT TO LE: FOR J=LL TO LR? X(IsJ)=8! NEXT Js1
gLs
FOR N=1 TO IT: I=0: GOSUER 400
FOR I=1 TQ DEPTH-1
‘weave calculations back and forth
‘instead of alwaws left to risht
IF I/2=INT{(I1/2) THEN S1=1! S2=WIDTH-1! S3=1
ELSE Si=WIDTH-1% S2=1! §3=-1
FOR J=81 T0 §2 STEF S§3
‘caleulate sll inner values, 1if stoves burpass
IF I:=LT AND I<=LR AND Jr=LL AND J<=LR THEN NEXT J
XD )=(XT-1 s T HXCTHL s I HXC Do =1 04 XC T o JHY 420 /4
NEXT Ji GOSUER 400
NEXT 1! GOSUER 400
NEXT N
NEXT §
GOTO 390
‘gubroutine to drarh 2 sindgle line
A%=""1 FOR K=0 TO WIDTH
‘the sumbol # is reserved for the stove’s rposition
IF Kx=LL AND K<=LR AND I>=LT AND I<=LR
THEN A$=A%$+"$" ELSE A$=A$458(X(1+K))
NEXT K
PRINT A$sNiI
IF INT(N/Q)=N/Q THEN LPRINT A$sN:I
RETURN
CLEAR 100

2999 END
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THHCR= 70 OUTER= 0 STOVE= 70 TO 400 RY S0
TTERATIONS= 9  NUMBER/FRINTING CYCLE= 3

CBTOVE IS AT 70 DEGREES 00/00/00 00135118
fi A
@ CCCCCCCCCCCCCCCCECCeCececieCeCecceeel A
% BERDERERERERBBREEPRREPERBEREEERREREEEE A
# Ah
AERAAAARALABAAARAAAARAAAAAARAAAAAAAAAAAAAA
AARAAAAAAAAAAAAAAAARABAAAAAAAAAAAAAAARARA
AEAAAAARAARARAAAAAAAAARARAAAARAARAAAAARAAA
HAARBARAAAAAAAARAAARAARAAAAAAARAAAAAAAAAA
AARAAARAAAARAARAAAAAAAAAAAAARAAAAAAAAAAAA
AAMAAAARBAAAAAAARAAAAAAAAAAAAAARAAAAAAAAAA
ARRAAARAAAAAAAA ARAAAANAAAAARAAAA
CAMAAALAAAAMAA R DOCCCE T AAMALAAAAAALALA
HARAAAARAAAAGA  FHEHEEEE  AAAAAAAAAAAAAAA
AARAAAAAAAAAA BCEERHEEHEC AAAAAAAAABAAAAA
AARAAANAALAAA BCHEEFEREECE AARAAARAAARAAAA
SARAAAAAAAAAL BCEREEEEHECE AMAAAAAAAAAAAA
AARAANAAAGALA BCEFEHEEHECE AARAARAAMAAAAA
AARAAARAAAAAR BCEEREEEEECE AAAAAAAAAAAAAA
ARRAAAAAAAAAA B CCCCCCCC  ARAAAAAAAAAAAA
AARAAAAARAAAAA  BBEEBBEEE  AAAAAAAAAARAAAAA
AARRAALAAAARAAA ARAAAARAARAAARAA
AARAAAAAAARAAAAAAAAAAAAAAAAAARARAAAARAAAA
AEAANAAAARADAARRAAARAAARANAAAAAAAAAAAAAAAA
CGAAAAAAGAAAAAARARAARARAAAARAARAAAAAAAAAAA
HARAAAAAARAARAARAAAANABAAAAAAARARAAAARAAAA
ABARAAAAAAAAAAAAAAAARAAAALAALARABARAAAAAAA
AARAAARAAAABAAAAAAAANAAAAAAARARAAAAAAAAAAA
GAARAAAAARAAARARAAAAAAAARAAAAAAAAAAAAAAAAA
AARAAARAAAAMAAMABAARARAAAAAAAAAAAARARAAAA
AARAAARAAAANAANAAABAAAAAAAAAAARARAAAAAGAA
OARAAAAAAAALAARARAAAAAAAAAAALAARAARANAARA

>

SO NONW D P D

G Ol Gd Cod Cod G Tnd Dol Cod Ld Cod Cod T Gnd G God O God Gnd 0 Od Ed Gd O O O KN O] G S O
[y
on
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Discussion

CSBTOVE IS AT 70 DEGREES

e The previous output shows the effect of starting the room’s

temperature a O degrees, the same temperature as the
exterior walls. We arbitrarily started the interior of the
room at various random settings between 0 and the

temperature of the stove, and while not realistic, it seems to

be most effective in reaching equilibrium quickly.

TNNER= 70 QUTER= 0

ITERATIONS= 9  NUMBER/PRINTING CYCLE= 3

00/00/00 00316348

A A
AC DODDDEDDREDDIDDIDIDDLDDDDDIRDD A
AL CCCCRA
AR CCCCCoccccoceeccceccceoccceocococeoccce BA
Ak CCCCCCCCCCCCCCCCCECCoCoCooerecoc BA
@B CCCCocececocoecccocecccccoceceed BA
AR CCCCeccceccoeecccoccoccococeoceceoeee BA
AR CCCCCCCccoCcoocccecccoccocecececoeeee RA
AR CCCCCCCccCccooceocecoccoeoceeoeeed EA
AR CCCCC  CcCrtccocccccoececeoceeee BA
AR cc  Cecoccocceoeceoceoccoecee BA

AR cce

CCCCCCCCCCC E A

AR CCCCC  DF##4344% CCCCOCCCCCEC B A

AE CCCCCC  Di+#d4443 CCCCCCCEC

AR CCCCCCCCC De:Ed#44Dr CCCCCCCCCC
@B CCCCCCCCCO DE#d#ddddD CCCCCCCCCCC
AE CCCCCCCCOC Mdddddd#D CCCCCCCCoeCe
AE  CCCCCCCCCC DE3Ed4d44D CCCCCCCCOCCE
AR CCCCCCooCeee o CECcccecocooce
AR CCCCCCCCCCoecccocecocececee coeoeece

AR CoCCCCCccccooocococeeceecaee cceecee
Ak CCCCCcCcccccoeeeeee ccececc
AR CCCCoocococccecoceoceee ccceeec

AR CCCocococooceceocecece  cocococecceece
AR CCCCCCCCoCcEccocoooeccecccocceoeccecoeee
AR CCCECcococce CC cccoccccccooceooee
AE CCCECCCCcC CC ccococceccoeccooee
AR CCCCCCCCCCC CC Ccoocococcooocoeoe
AE CCC cc

RA
BA
BA
BA
BA
BA
BA
RA
kA
BA
BA
BA
BA
BA
BA
BA

A BRERPEREBERERPRERRRERFERBRREREBREBREEBR A
ARRAARKRAAAAAABARAAAAAAAGAAAARAAAAAAAAAAAA
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Suggestions

34

e The program was limited to this size room for practical
reasons of time. It takes our TRS-80 about 10 minutes to
proceed from one graph to the next, with an interval size of
5 iterations.

e Use other symbols to represent temperature, such as:

Temperature  Symbol

0-9 blank
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
90-99

= o=l

400-409 4

A minor modification of this program can yield startingly
different results. The modification is based on doing an exact
point-by-point calculation of a location’s value. This kind of
calculation isn’t appropriate for thermal gradients, as was the case
with the wood-burning stove, but it works for a wide variety of
applications in which point values are based on field effects, such
as electricity, gravitation, and sound.

Consider a “generator” of such a field located at a point in the
middle of a rectangularly shaped area. The field strength at any
other point is proportional to the square of the distance away from
the generator. Thus a sound is one fourth the volume at 20 feet
from a speaker as it is 10 feet away. If there are two speakers
located in the rectangular area, the intensity of the sound at any
point is the sum of the sound from the two speakers. It is easy to
determine the distance to each of the speakers by use of the
Pythagorean theorem (c?=a?+b?). Then the process of summing
the individual intensities, taking into account their distances and
original intensities, yields the total amount of sound at a selecied
point. Repeat this process for all points on the grid, and represent
point intensities by graphical means. The effect is a “picture” of
the sound sources and their acoustic ““fields™.

The same process can be used to picture any physical field
phenomenon, such as gravitational “wells” around planets and
ionic field strengths.
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Problem 4.3

Solution

An excellent discussion and example of this method of
graphing can be found in BASIC and the Personal Computer by
Dwyer and Critchfield, (Addison-Wesley, 1978), pages 304-306.

Display the point-by-point ionic field strength that surrounds
each of up to five electrical sources. Each source can be positive or
negative in relation to the background field strength. Each source
will have a strength from -2 to +2. Pictorially, a negative field will
be represented as a series of digits and characters ranging from 9
through O to such charactersas /, I, +, *, ..., %, and @. A positive
field will be represented as a series of letters, from A to Z. Field
areas closest to background will be represented as 9s or As.

10 7 filenamet”g4rl"

207 purrnsed Lo drseh electric chardes

07 aubhort Jeg 2/80

40 CLEAR 200

45 IIM a%(52)

=0 DATA 2594427467429 38537 594591 993:95543:34540544,533
A0 DATA 47:48:49:5051 5525535545552 58957

70 FOR I=1 TO 24! READ Al A${I)=CHR$(A)} NEXT I

a0 FOR I=27 TO 52% A$(I1)=CHR&( T+32)F NEXT I

o0

100 N=5! A(1)=15! B(1)=121 A(2)=181 B(2)=50! A(3)=50
110 B{3)=350 Al4)=70! B(4)=15! A(S)=70! B(5)=45

120 GOTO 180

130 CLS: INPUT "HOW MANY CHARGES"§N

140 FOR I=1 TO N

150 PREINT "TYPE X ANIN Y POSITIONS OF CHARGE": 1%
160 INPUT ACT)sRCDD)

170 MEXT 1

180 F=50QR{3)/2

120 FOR I=1 TO N! A(I)=ACI)XFi NEXT I

200 CO1)=1t C(2)=1t C(3)=-21 C{4)=-11 C(5)=1¢ GOTO 240
210 PRINT °“TYPE IN THE SIZE OF EACH CHARGE., USE 3 FOR 36"
220 FOR I=1 TO N

230 FRINT "CHARGE "3I31 INPUT CCID)% NEXT 1

235 F=8QR(3)/2

240 FOR J=1 70O 121 STEFP 2

240 X=J%F

260 FOR Y=1 70 41

270 GOSUR 1000

280 7= U+1 Y%24

290 IF Z<1 THEN R$=" " GOTO 320

300 IF Z:52 THEN Re="g"! GOTO 320

310 IF ZHINT(ZM.5 THEN E$=" ® ELSE B$=A%(Z)

320 LPRINT B$i

330 NEXT Y

240 LPRINT!? NEXT J

330 GOTO 350
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1000 /SUERROUTINE TO CALCULATE FIELI' STRENETH

1010 V=0

1620 FOR I=1 TON

1030 X1=X-A(I)! Y1=Y-B(I)
1040 R=SQR{X1AX1+Y14YL)
1050 IF R0 THEN V=UHC(I)

/R ELSE V=10000: RETURN

1060 NEXT I

1070 RETURN

7999 END

ARRAAAA ARABAAAARAAAAAAAAAAARARAAAAAAAAAAAAAAAAAAAA

ARAA AAAARAAAAAAANARARRAAAAAAAAA ARAAARAARA

AR REREBBEERBB ARAOGAARAAAARAAAARAAA AAAAA

A4 RER CCECC REER AAAAAAARAAARAAAAAA BEBHERE AAR
BE  C DDDOD CC BR ARAAAARAAABARAA BER BEBB  AA
BR C D ED C BR  AAAAAARAAAAAAA  BEB CC CC BB A

BR CDE ILNLI EBC B ARAAAAAAAAAAAA BR CDEEEDC B
BE D LYBYL D R ARAAAARANAAARMA BEC G I G C BR
BB CDE LNL EDC ER AAAAA ARARA BRCDEBK @K I B

A BRCD FF DCER AARAA
dh BRCC D € B AAA
AAR  BRR B AAA 99999

AAAA B CDEGK @ KRG DC BB

AAA BE D HIHG C B
AMA BCD DCCBE A

ARAAA hAA 9999999999999  AAA BE CCC BB AA
AAARAAAAAAAA 299999 99999 AA  BBBB ARAAA

999999

?
9

NI N3 N3

799999
9999999999999 888888

799929
9888uu 7777
engsos 7777 666

2880888

8808980088 7777 66 55 4322
088200088 7777
£egsee 77777 6
2888 77777 6
en 77777 &
£

&

5 4
5

1
30+
0

43 22
555555
55 6468
S8 bbbb 77

/2
X 02 455 466 777 8
7

» ¥
&G4 1234 5 86 777 88
&0 4733 4 55 &6 777 88
a5 G465 777 gsg
& 777 08D
7 asg
77777 77777 £0ee
T7IIITINIIFITT 28888
77777777 faetatatat
angesess
£penasepas
fe2808883988
3686650585388658858886888
3680883882882888888888
£889£8883883828888988
20880088888893888838
0028800885088839888
£438888828888808
1828800082008888
neEo280e889Q
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8 777 b6 5 4444

5
5 / 701234
1103

4
234 55 666 77 8

25 46 777 88 9

999 ARARAAARAARAAA

79999999 8888888888883 9999

88888 999999

?9 66888 7777777777 888 999999999999

777 8888 999999999
&6 77 888 999999
5 6 77 888 999

66 77 8888 ?

5 6 77 8888
4 6 7 888

3

Xt 56 7 888
Xt 4 7 08888

5

o

5 321 171 0345 677 888
o / /012345 6 77 888

456 7 888

4
G595 444444 5 6 7 888 9999999

&6 7 B 9999999999999999
77 8 9 AAARA 99999999
89 BCC BR AA 99999
ABC G EDCB A 9999
ARC IRER FOCR AA 999
AE  I0DRR FICE AA 999
PAEDGE B AA 799
9ABC CC B AAA 799
99 AA  BBRBER AAA 92999
799 ARAAAAAAAA 7999
999 999999
9999 79999999
9999999292999999999999
799999999999999999999
79999999999999999999
999999999999999999
7999999999999999
FITITITIIIIT

79999999



Discussion

Suggestions

Problem 4.4

Solution

e Notice that the conversational portion of the program has
been bypassed by the statements at 100-120 and 180-200.
This was done so that a test could be run with 5 charges
located on the rectangular area.

e Beware! This program is a number-crunching sloth. You
must have patience with the slowness of the output. Itis
quite extraordinary looking when complete.

e Rewrite the program to display other field relationships. To
increase the range of intensity from -2 and +2 to, say, -10
and +10, change line 180 to

180 F=SQR(3)/10

e To change the characters that represent the various
intensities, rewrite the DATA statements in lines 50 and 60
and the loops in 70 and 80. They are presently written to
use 52 ASCII characters.

Display the varying concentrations of up to six ionic species
that may coexist in a solution of varying acidity. Solving this classic
problem in analytic chemistry will provide a chemist with the ability
to determine at a glance what the “soup” of acid contains at a
particular level of acidity, or pH. Without such a graphical aid, the
chemist must rely on rather complex and time-consuming
calculations to obtain the same information.

10 / filename? "dér4°

20 ¢/ surrose! chemicsl sour drarhing

30 7 szulhort Jed 9/80

40 7

50 CLEAR 4000

40 TITM GH{26)sPKCA KIS )1A(6)1Y(6)

70 W=711 WI=5 ’get up width to 71 colsy intervals to &
80 INPUT "Which included zcid from the DATA stmts”s K

90 FOR J=1 TO K! READ A%sN! Y(0)=1

100 FOR I=1 TO MN: READN PR(D)

110 7 fet ionization constantss cumulative rroducts
120 KEI)=100( -PK(I 1) YOI =K(IMXY(I-1)

130 Note the left bracket erints for an ur-arrow
140 NEXT 1
150 NEXT J

160 LPRINT?! LPRINT

170 LPRINT TAB(S); CHR3(1)i A% ‘Tlouble-wide

180 LPRINT TAR(5)5 CHR$(2)i "the"iNi"eKs arel”i
190 FOR I=1 TO N! LPRINT TABCIX10)i PKC(ID#! NEXT 1
200 LPRINT?! LPRINT
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210
220
230
230
250
260
27
280
290
300
310
320
330
340
330
360
370
380
320
400
410
420
430
440
450
460
470
480
490
500
310
520
530
40
30
60
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
9999

rd

Prerare the backdround grid
Firsts hlank out inner strings

FOR I=2 TO 25¢ G$(1)=GTRING$(U-2:32)¢ NEXT I
’ Then dot the outers interval sirinds
FOR I=1 TO 26 STEP 5! G$(I)=STRING$(W-2s"." ! NEXT I
d Then dot lefts ridhts center columns
FOR I=1 70 24

GECI =" "HLEFTS(GH{ I ) s 34 04" " +RIGHTS( GH( I )y 34 )4, "
NEXT 1
‘Go through #H rande
! calculate H-ion concentration
FOR PH=0 TO 14 STEFP .2} FRINT FPHi! H=10L[(-FPH)! D=0
d Calculate H-ion cumulative rroductss denom.

F

FOR I=0 TO NI Z(I)=HL{N-I)¥Y(I)! D=D4Z{(I)! NEXT 1
‘ Calculate Alrha value (activituy of subsrecies)
FOR I=0 TO N! A I)=Z(I)MD
’ Calculate vertical disrlacement U {(which string)
d and horizontal disrlacement B
U=ACT 225+1 .50 B=PH%UWI+1
‘ Substitute arerorriste digit
’ in rrorer rosition of erorer siring
MIDS( GE(V )5 By 1 I=CHRB( 4841
NEXT 1
NEXT PH
PRINT
T=1.2 ‘T is vertical concentration marker 0 Lo 1.0
FOR I=26 T0 1 STEP -1

IF INTCCTI-1)/5045<3T~1 THEN 520
T=T-.2
IF T4.2 THEN T=0
LPRINT T3
LFRINT TAB(7 ) GH(I)
NEXT 1
LPRINT " pH=->7;
FOR TI=0 TO 14% LPRINT TARCIXMI+7):1s% NEXT I
LPRINT! STOP
xEkvk detls statements with zcid namess rks
DATA "Ethulene Diamine Tetra-acetic Acid (EDTA)"
DATA 4y 2,009 2,67y 6416y 10.26
DATA "Arsenic Acid"y 35 2,225 4,985 11.4
IATA "Carbonic Acid®s 2 6,35 10,33
DATA "Citric Acid"s 3y 3413y 4,741 6,40
DATA "Malic Acid"s 2y 3,405 5,05
IATA "Oxalic Acid"y 2y 1.27: 4,27
DATA "Phosphoric Acid"s 35 2,155 7.205 12.4
DATA "Purorhosrhoric Acid®s 45 .85 1.94s 6.54, B.44
DATA "Sa3liculic Acid®s 25 2.97¢ 13.0
DATA "Tartaric Acid®s 2y 3,04r 4,37
DATA "ICTA"s 45 2,405 3,525 6,12y 11.7
ENL
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Arsenic Aci
the 3 eKs sre! 2,22 6.98 11.4
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Discussion

Suggestions

e A wide variety of disciplines are plagued with experimental
conditions such as these. Interfering signals in electronics,

competing species in genetics, varying levels of soil

conditioners, fertilizers and hybrids in agriculture—all lend

themselves to this graphing technique. The calculations for
for each application are different, but the terminal result is
the same: The experimenter wants a graph of competing,

interfering, or mutually affecting species.

e RUN this program with various acids to get a feel for the way
pKs affect competing species. Here is a list of acids and their

pKs for you to try.

Name pK1l pK2 pK3 pK4
Arsenic acid 222  6.98 11.4
Carbonic acid 6.35 10.33

Citric acid 3.13 4.76 6.40

Malic acid 3.40 5.05

Oxalic acid 1.27 4.27

Phosphoric acid 2.15  7.20 12.4
Pyrophosphoric acid 0.85 196 6.54 8.44
Salicylic acid 297 13.0

Tartaric acid 3.04 4.37

EDTA 200 267 6.16 10.26
DCTA 240 3.52 6.12 117

o Add a table-printing feature to this program that prints out
the concentrations of all species present at each pH.

Chapter 4 Computed Pictures
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Problem 4.5

Solution

42

Produce a chart on the printer that displays blocks of all
printable characters so that an enterprising programmer can scan it
to pick out likely candidates for future density gradient graphs.

Each block is to be 5 characters tall and 8 characters wide, and
separated from its neighboring blocks by & spaces. Above each block
is to be printed the ASCII code value which that character represents.

10 ' filenzmel " d4p5"

20 7 rureose! rroduce 3 chart to show character densities
30 7 suthor: Jdr 8/80

40 1

30 I=32

40 FOR L=1TO 4

70 FOR K=1 T0 &

30 LPRINT IsI+15142,143

@0 FOR J=1 TO 5

100 LPRINT STRINC2(G:;I); ! LPRINT STRINC4(B:;Ii1);
110 LPRINT STRING$(8sI+2)y ¢ LPRINT STRING$(8sI+3)
120 NEXT J

130 LPRINT ¢ LPRINT

140 I=1+4

1530 NEXT K
160 FOR R=1 70 8

170 LPRINT
180 NEXTK
190 MEXT L
9999 ENI
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Table-Driven Many graphic designs can be contained within a program as

Pictures DATA statements whose values represent an encoded version of
the picture or design. The program READs the DATA values and
performs the decoding necessary to reconstruct the graphic design.

Problem 5.1 Draw an expanded digit 1 on the screen.

Solution Store the sketch of the digit into a 2-dimensional table in
which the first column represents the starting position in a line of
output of a string of asterisks. The second column of the table
specifies the length of the string.

10 ‘ filenamet"g5r1"

20 Y rurrose! draw exranded didit 1y coded by rosition & lendth
30 4 authort Jdr 8/80

40 /

S0 DEFINT A-Z ! DIM D{14,+2)

60 FOR I=1 TO 14

70 READ DX Is1)eIMIL2)

80 NEXT I

Q0 DATA 2393522949 22549229492492924927249292442
100 DATA 23569225852298522:8522:8+2%06

110 FOR I=1 TO 14

120 PRINT TAB(DM(I+1))sSTRINGS(D(I 2)s"%")
130 NEXT 1

140 END

47



Discussion

Suggestions

48

The graph of a single digit, as in this case, suggests the many
such designs that could be produced this way.

You can expand the technique that this example shows by
incorporating a repetition factor, wherein there are three
values associated with a PRINT statement:

(1) number of PRINT statements of this format,

(2) starting position for the string,

(3) length of the string.

In order to fully generalize this technique, two more pieces
of information could be added to the encoding information:
(1) indicator of whether this PRINT line is finished or is

to be continued,
(2) what character is to be used in the string.

Modify the program by implementing the idéas in the
discussion points above. Cause the program to draw an

o, Assids N
cnlarscd Qigit u.

Modify the program so that the user can select the position
where the digit is to be placed on the screen.

Create graphic symbols and make up DATA statements that
could be used by your program for display on the screen.
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Problem 5.2 Draw an expanded digit 1 on the screen.

Solution Encode the sketch of the digit into a series of binary numbers,
with zeros and ones representing the absence or presence of a
character. For example, each line of a sketch of the digit 1

XXX
XXXX
XXXX
XXXX

XX
XX
XX
XX

XXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX

XXXXXX

can be encoded into binary by using a binary digit 1 to represent an
x and a binary digit O to represent a blank. The result would be the
14 8-bit binary numbers

01110000
11110000
11110000
11110000
00110000
00110000
00110000
00110000
01111110
11111111
11111111
11111111
1111111
01111110

Convert each of the binary numbers to its decimal equivalent.
Remember that the binary number system uses each place to
represent a power of two. The rightmost position corresponding to
2 to the zero power or 1, the next being 2 to the first power or 2,
the next being 2 to the second power or 4, and so on. Thus the
binary numbers above equal the decimal numbers

112

240

240

240
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48
48
48
123
255
255
255
255
123

All the program needs to do then is decode the decimal numbers

(convert them back to binary) and cause an asterisk to correspond
to a 1 and a blank to correspond to a 0.

10 ‘filename: ” 552"

LT+ T U S ORI SRR S K SIS S [ . T
w FUL U U oW CANSHSTY e L L LF CUUSRE Lt LSLfioiy
30 suthort Jdr 8/80

40 7

90 DEFINT A-Z 1 CLEAR 200 : DIM D(14)sX$(14)
40 FOR I=1 TO 14

- 70 READ I I)

80 NEXT I

F0 DATA 112:240+2405240+48,48548,48

100 DATA 1265255,255,2555235,124

110 FOR I=1 TO 14

120 C=I{1)

130 X$(I)=""

140 FOR J=1 T0 8

130 B=INT(C/2)
160 R=C-2%0
170 IF R=1

THEN X$(I)="%4+X$( 1)
ELSE X$(I)=" "+X$(1)

180 =0
190 NEXT J
200 NEXT I

210 FOR T=1 TD 14

22 FRINT TAB(22)iX$(1I)
230 NEXT I

240 END
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Discussion e Because of the internal representation of integers in the
TRS-80, we are able to code each line of the figure in binary
if its width is less than sixteen characters wide. Of course,
wider pictures could use two or more numbers to represent
each line of the picture.

e Many other kinds of designs can be easily represented this
way. For example, an alphabet or other set of graphic
symbols could be coded and thus displayed in a manner
similar to that used in this program.

Suggestions ® Alter the program so that the one becomes twice as fat when
displayed, but don’t change any of the encoded data values.

o Alter the program so that the user can specify the position
of the number on the screen. Also, let the user specify the
character used to sketch the figure.

e Design a corporate logo or other simple figure and place the

encoded information in DATA statements and alter the
program to output it.
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Problem 5.3

Solution

Discussion

52

Draw the silhouette of a witch.

10 7 Filename: "g45p3"
20 7 rurrose! draw s silhouette of s witch
36 4 authori seg 9/79
40 7
50 LPRINT CHR$(Z1) 7 convert rrinter to 14.5 cri
&0 CLEAR 500 Y make room for strings
70 READ A% © dgel nexi riece of dais
20 IF A$="ENDI" THEN 9999
20 7 check for 2 new line
100 IF A%$="PB" THEN LPRINT: LPRINT TaE(21); ! GOTD 70
110 check for the code for sraces (5#%)
120 IF LEFT# A%s1)="58" THEN

LPFRINT STRINGH(VAL(MIDS(A$2)):" ") ¢ GOTO 70
130 LPRINT STRINGH(VALCAS ) "%" )i
150 DATE BrS44525B5543545R554375+Rv5445698+545s55B7 545
43B3544569R:544697+57325B55459555: 3585455169 B5545515
RyS45: 140542517 5855407 209Bs540921sB95435 165895349269
ReG31528:Rs528528vR5526230,B5524,325R
1460 DATA S§22+34sB+520+36+895185395B+516+437Bs5157465B5514»
H4 Ry S10565+835 358555974585 799B5519779By52523553945:H: 58514y
54144 sR:528:3455394: 85528537 5855289365 B5529:345 855305 32582530y
325B532y305B: 5375245855295 2452927 v Ry 525,345 8
170 TATAH S1455:51912+525245 B
180 DATA 68:23:52+24,589+3s8+28s53+26753+10yB9255545405Bs51y
2135454050583 155545399 R5537149547245B954995547 2398556552535
2ZRs 56537835225 B556925545 15698551448
190 DATA END
9999 END

e This program is a variation on many of the ideas presented
in the previous programs.

Chapter 5 Table-Driven Pictures



44
o
4444
Ly ¥Led
o
oo
o
o
fesdasssarisisss
[RAAPAT YA 2443
KXLLLAAXLLATAIL
prakaaissrsrsorid
PANERRAR SRR ITI YA IINYANENNS
PLAAREN RN ARI NI LI A NI RRANIELAS
[AALANIRARNNN RN AN ARSI 2ANS
JIXAAAIRERRR RN RINITARI NS
JRAARI L bR RiAb R AANRINANIIISSS
[AIXEHRRNARIRN AN ISR RN RN I RN TS
A L L e
LEARAR AL ER AR AENRRRAR AR RAGINN LN IR NS
PATAAAARX AR AR EN RN RRANARARRRN RN SRS A 21N
PATARNR IR EENNRAIRR RGN RN NS RTANRA NN AN RAA AT SN
L L T KL X TG o

A AN R VARN RN NI RIRARAN AN IR IINR RGN AN INRAN AR AN ORI AN Y 2N A 41

T O XL X X,
AR AR TN AN NNSVARIA SN INEN NI I SRRA NIRRT ARNRNIRORNNANAON IR RNNEN SR RNI AN NS
T L X X X L L ke
AR ST RN RS RT IR RN IRy R YA S XA A AR AN AN NI NG AN I RRIR IO ONNN A

[YAREhaahhvhas YRR KRR AR AN AT ORI NIRRT AR OIR RGN N FENNAS
RSN EEN RN YRR RA RN NN AN AN ET IS R 1A

(LA RAARIRIRAIRNIGNIRNE RN AENRNFENA
FRARNENEARORERNARR ARG AN AN RA I AS
LA R RN AN AR AN RRNI NI GIAAN NI A NN
LA ERNARERA AR RN TRRAANN RN NNSN]
A L X oy
(LAY RN A AR AAT RN RSN N A NNES
[ARREARAARRETIONR RN AN N IS
T Ry -
AN AANNAARR RN ORI NAAN AR NA RS R R Y]
TEX0L TXROCNL D DOty
TLLLCCTL AL, AL L XL 444
IOy nrnnna ooy, R
TTLLTD OO, L o o L X ROk,
TERRUANOOOny O O AL
TARLCC000 OO O L AT
RAROOC00, X X Ly
AVAA AN S A A AR AR AR AN RN AT AN AT
TRy, RO,
T TR Ay
W TR
REL0C

Chapter 5 Table-Driven Pictures

53



54

As we near completion of this chapter and the discussion of
line printer graphics in general, we will introduce another method
for encoding a picture description that will provide a generalized
program upon which many other programs can be based to generate
graphic designs of all kinds.

The method used to code a picture or design is based on the
fact that all pictures produced on a video screen or line printer are
formed from single characters or straight lines composed of
characters. If a grid is introduced over the picture like that shown
below, then the picture or design can be reduced to a set of pairs of
end points of a bunch of straight lines.

(s¥ Compenant~

olL2ZiNSTeTay e 3

(& X

{ XK

2 K <

ES x x

2rd :t X *
compovent o
7
8
C]
10
'
12
IS

As an example, the figure in the grid is composed of two
straight lines. The first has end points (3,4) and (7,0). The second
has end points (7,0) and (7,4). If we were to draw the straight lines
connecting these end points and fill in the middle points, the figure
shown in the drawing would be created. That is the basis of this
method: Reduce the drawing to end points of a straight line. The
plot the endpoints and all points on the line in between.

The expanded digit 1 of programs G5P1 and G5P2 could be
coded as:

‘g\.C/OMPO\/\CV\'\"
Dl 23456739 L3
o X X X
X X X X
X XK X
2 ix XX ¥
<+ X X
ond = ® X
[ K K
comporedt 2 X X
& KK K XX X
GIY XX X XXX X
IO X X XX XXX X
P X XXX XXX %
1202 X X x XX X
3 U K AKX

Chapter 5 Table-Driven Pictures



Problem 5.4

Solution

10
20
30
40
30
60
70
20
0

(0,1) to (0,3)
(1,0) to (1,3)
(2,0) to (2,7)
(3,0) to (3,7)
(1,8) to (6,8)
(0,9) to (7,9)
(0,10) to (7,10)
(0,11)to (7,11)
(0,12) to (7,12)
(1,13) to (6,13)

A further compression of this encoding scheme would be to
combine the two numbers of each end point into a single number
without loss of information. Since the second number will be at
most 2 digits, the end point (7,10) could be expressed as the single
number 710 with the understanding that the rightmost two digits
of such a number represent the vertical grid position or second
component. The horizontal grid position or first component is the
part of the number left when the rightmost two digits are removed.
With such a compression scheme, the expanded digit 1 could be
encoded as the series of numbers:

1,3,100,103,200,207,300,307,108,608,9,709,
10,710,11,711,12,712,113,613
Notice that each pair of numbers are the end points of a line to be
drawn. Also notice that the first two numbers (1 and 3) would be
more recognizable as 001 and 003, but the leading zeros are
redundant when we normally write numbers and were left off with
no loss of information.

Draw an expanded digit 1 on the video screen using the
straight line coding method.

‘filenamei"gor4"
‘ gubthori Jdr 8/80

CLS

INFUT "inrul rosition of ricture on screen® $XINCYINC
INPUT "inrut characlers to be used in draswing® sCHARS
CHARS=LEFT${ CHAR%,10)

GOSUR 1000 ‘draw the ricture

100 IF INKEY$="" THEN 100
110 STOF
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1000
1010
1020
1030
1040
1060
10460
1080
1090
1100

1110
1120
1130
1140
1150

11460
1170
1180
11%0
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
2000
2010
2999

‘suproutine Lo draw ricture on screen

CLS

READ N ‘number of straight lines to draw in ricture

FOR L=1 TO N
READ EsCsD
X1=INT(C/100)  Y1=C-100%X1
X2=INT(D/100) + Y2=D-100%X2

Y1=X14XINC ¢ Yi=Y14+YINC ‘relocale coordinstes

X2=X2+XINC 3
IF X143 OR X263 OR Y1x15 OR Y2>15

THEN PRINT "ricture will not fits cannot continue"

RETURN

Y2=Y2+YINC

IF X1=X2 THEN 1270
IF Y1=Y2 THEN 1310

M=l Y2-Y1 M(X2-X1) ‘caleculate slore of line

E=Y1-M¥X1 ‘calculate u-intercert

IF

M0

THEN If ®<=1 THEN 1220 ELSE 1170
ELSE IF W-=

T=Y1 ¢ Y1=Y2 ¢ Y2=T ‘slore hetween -1 and -infinity
FOR J=Y1 TD Y2 ‘slore between 1 and infinity

NEX

-1 THEN 1220 ELSE 1160

I=INTC(J-B)/H+0.3)
PRINTRA4XIHI s MIDS( CHARS sE+191 )5

T

GOTD 1340

FOR I=X1 TO X2 ’‘slore between -1 and 1

NEX

J=INTOHEI4EH0.5)
FRINTR&AXJHIyHIDS( CHARSE+191)5

TI

GOTO 1340

FOR J=Y1 T0 Y2 ‘no slorer vertical line

NEX

PRINT@A4%J+X1 s MIDS{ CHARS sE+191 )5

T J

GOTO 1340

FOR I=X1 TD X2 ‘zero slores horizontzl line

NEX
NEX

[ m d
ned

DATH 105051:3905100:1037052005207505,300:307+051085 608
DATA 0:9570950910s710+0911¢71150¢1257125051135613

ENID

FPRINTRG4XY1+IsMIDS( CHARS sE41y1 )5

TI
TL
URN
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Discussion e The number zero has been inserted in front of each pair of
numbers that represents the end points of a straight line.
Its purpose is to specify which character is to be used when
drawing the straight line. The effect here is minimal since
the same character is used to draw the entire picture. But as
will be shown in the next program, this number will not
always be zero and will provide for flexibilty in the
characters used to draw the picture.

@ The picture can be placed anywhere on the screen because
when the picture was coded we located it in the upper
left-hand corner. The program reads in XINC and YINC
values which are added to each point to relocate it on the
screen.

e [t is necessary that the two numbers representing the end
points of a line are in numeric order; that is, the first is less
than or equail to the second. For example, 3 then 307 is
okay, but 307 then 3 is not acceptable. Of course, the
program could be modified to place them in order.

Problem 5.5 Draw the logo for Bentley College with an optional user’s
initials to be embedded within it.

Solution The previous program with changes only to the DATA
statements, will be used to draw the logo.

10 “filename!"g5:5"

20 7 rurrose! draw Bentley Collede lodo with users initials
30 7 authort Jdr 8/80

40

50 CLS

60 INPUT "inrut rosition of riclure on screen” s XINCsYINC
70 INPUT "inrut characters to be used in drawing”iCHARS
80 CHARS=LEFT$(CHAR$+10)

20 GOSUR 1000 ‘draw the ricture

100 IF INKEY$="° THEN 100

i OF
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1000 ‘subroutine Lo draw ricture on screen
1010 CLS
1020 READ N “number of straisght lines to draw in riclure
1030 FOR L=1 TO N
1040 REAL EsCsD
1050 X1=INT{(C/100) § Y1i=C-100%X1
1060 X2=INT(D/100) ¢t Y2=D-100%X2
1080 X1=X1+XINC ! Yi=Y1+YINC ‘relocate coordinates
1090 X2=X24XINC ¢ Y2=Y2+YINC
1100 IF X1>43 OR X2>43 OR Y1-15 OR Y2x15
THEN FRINT "ricture will not fits cannot continue” !
RETURN
1110 IF Xi=X2 THEN 1270
1120 IF Y1=Y2 THEN 1310
1130 M=(Y2~Y1)/(X2-X1) ‘calculate slore of line
1140 B=Y1-M¥X1 ‘calculate w-intercert
1150 IF M»0
THEN IF M<=1 THEN 1220 ELSE 1170
ELSE IF Her=-1 THEN 1220 ELSE 1140
1140 T=Y1 ¢ Yi=Y2 { Y2=T ‘slore between -1 and -infinity
1170 FOR J=Y1 T0 Y2 ‘slore between 1 and infinity
1180 I=INT((J-B)/410.5)
1190 FRINTELAXTHI yMIDS( CHARS sE+1y1)4
1200 NEXT J
1210 GOTO 1340
1220 FOR I=X1 70 X2 ‘slore between -1 and 1
1230 J=INT{ MXI+B4+0.5)
1240 FRINTRA4XJHI s MIDE( CHARS yE+1 91 )4
1250 NEXT I
1260 GOTO 1340
1270 FOR J=Y1 T0 Y2 ‘no slores vertical line
1280 PRINTRO4XJHX1 s MIDS( CHARSsE+141 )5
1290 NEXT J
1300 GOTO 1340
1310 FOR I=X1 T0 X2 ‘zero slorey horizontzl line
1320 PRINTRGAXY14HI s MIDS( CHARS1E+111 )4
1330 NEXT I
1340 NEXT L
1350 RETURN
2000 DATA 3150+0s4700s051914505101911450+460154614505470154714
2010 DATA 091514715505 1005:1705:0580611906500607+61250+707+712
2020 DATA 0s807+812+0+,907,912+0+1807,1812+0+1907,1912
2030 DATA 0:2007:201250:21072112+05613521135043002,3702
2040 TATA 052803+39035092604,2612:09270492712+0,2804,2812
2050 DATA 0s2904,291250,3804s381250939045391250,4004,4012
2060 DATA 094104:41125052613941135193029302+2,402,402535502,502
9999 END
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Discussion e The digit zero isn’t in front of each pair of end points. The
last 3 pairs have the digits 1, 2, and 3 in front. This means
that four characters will be used in drawing the picture. The
same character will be used for drawing most of the picture,
but the last three lines will be drawn using different
characters.

e The last three pairs of end points are strange. Both end
points of the line are the same. This means that the line is
really just a point, which is a special case of the more general
line. The line drawing portion of the subroutine will handle
this properly.

e Notice that the input to this program is the character to be
used to draw the Bentley College logo followed by the user’s
initials. If the users initials are missing, then the last three
lines are plotted with blanks.

Suggestions e Investigate the broad generality of this program by using it
to draw a number of different pictures in various positions
on the screen. The only changes to the program will be in

- the DATA statements.

Problem 5.6 Draw the Bentley College logo on the line printer.

Solution 10 ‘filename!"g5:4"
20/ rurrose! draw Bentlew Collede lodgo on line printer
30 4 suthor! Jdr 8/80
40 7
50 CLEAR 8000 § DIM P$(44) § CLS
531 FOR I=0 TO 43
53 PH( I )=STRINGS( 647,32
59 NEXT I
60 INPUT "input-rosition of ricture on printer® iXINCsYINC
70 INPUT "inrut charscters to be used in drawing® sCHARS
80 CHAR$=LEFT$(CHARE+10)
20 GOSUR 1000 ‘drau the ricture
100 IF INKEY$="" THEN 100
110 STOP
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1000 ‘subroutine to draw ricture on screen
1010 CLS
1020 READ N /nusber of straight lines to draw in ricture
1030 FOR L=1 TO N
1040 READ EsCoD
1050 X1=INT(C/100) ¢ Y1=C-100%X1
10560 X2=INT(D/100) ¢ Y2=D-100%X2
1080 X1=X14+XINC ¢ Yi=Y14YINC ‘relocate coordinates
1090 X2=X24XINC ¢ Y2=Y2HYINC
1100 IF X1x63 OR X2>63 OR Y1>43 OR Y2343
THEN PRINT "ricture will not fits cannol continue® ¢
RETURN
1110 IF X1=X2 THEN 1270
1120 IF Y1=Y2 THEN 1310
1130 M=(Y2-Y1)/{X2-X1) ‘calculate slore of line
1140 B=Y1-#iX1 ‘calculate w-intercert
1150 IF M-0
THEN IF M<=1 THEN 1220 ELSE 1170
FLSE IF #>=-1 THEN 1220 ELSE 11460
1160 T=Y1 ! Yi=Y2 { Y2=T ‘slore between -1 and —infinity
1170 FOR J=Y1 T0 Y2 ’‘slore between 1 and infinity
1180 I=INTCCJ-R)/MH0.5)
1190 MIDBCPS(J)s 14121 )=MIDS{ CHARSrE+151)
1200 NEXT J
1210 GOTO 1340
1220 FOR I=X1 TO0 X2 ‘slore between -1 and 1
1230 J=INT{ ¥gI+R4+0.5)
1240 HIDS(F${J)sI+151 =HIDS( CHARSsE+1s1)
1250 NEXT I
1260 GOTO 1340
1270 FOR J=Y1 T0 Y2 ‘no slorer vertical line
1280 MIDS(F$CJ s X141 51 )=HID$(CHARSsE41s 1)
1290 NEXT J
1300 GOTO 1340
1310 FOR I=X1 T0 X2 ‘zero slores horizontal line
1320 MIDS(PS(Y1)sI+1s1)=HMID$(CHARSsE+1+,1)
1330 NEXT 1
1340 NEXT L
1350 FOR J=0 TO 63
1360 LPRINT P$(.J)
1370 NEXT J
1380 RETURN
2000 DATA 3190:054700505:17149051015114+0746015461470+470154714
2010 DATA 0515+4715:091005+1705507806519065056071612505707712
2020 DATA 0s807:812+059075912+0+1807,1812+5051907+,1912
2030 DATA 0s200792012509210792112+07613921135053002,3702
2040 DATA 052803:39035092604y2612709270452712502804,2812
2050 DATA 0:290452912505380493812+0¢390493912y05400454012
2060 DATA 0s410454112+0:2613541135153029302+2+4021402+355025502
9999 END
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routine to PRINT the strings at the subroutine’s end

MIDS$ function on the left of the equal sign. A simple
furnishes the output to the printer.

The PRINT@s were changed to LET statements using the

@ Notice that this is program G

Chapter 5 Table-Dr

Discussion
4

6



Character Graphics

PRINT@

Character Graphics techniques rely on the use of a few
advanced BASIC commands and the graphic character set. This
chapter will explore the full range of instructions in the TRS-80’s
Level I1 BASIC that is needed for this type of graphics.

The TRS-80 video screen is 64 columns wide and 16 rows deep.
All of the 1024 positions are addressable. The positions in the
screen’s top row are numbered O to 63, the second row 64 to 127,
the third row 128 to 191, and so on until the last row, which has
addresses 960 to 1023.

The PRINT@ statement positions the cursor at the screen
location (0 to 1023) defined by the value of the expression
immediately following the PRINT@ instruction. When keying the
PRINT®@ command, be careful to not depress the shift key. The
shift-@ symbol looks like a @ with no shift, but when the program
is run a syntax error will result.

Instruction Qutrut

- s o o s o

10 PRINT @ 09" X" X at the tor left of Lhe screen

20 PRINT @ 93,7107 707 centered on the second line

30 PRINT £ 510,°Z07Z07T" 207707 cenlered on Lhe screen

40 PRINT @ 1023,"2" 7 al the bottom right of the screen
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If the PRINT@ instruction ends with no punctuation, the
cursor returns to the beginning of the next line, and this may
produce undesirable results. If the address is between 960 and 1023,
the string prints on the last line of the screen, then the screen scrolls
one line. The effect of a PRINT@960 becomes the same as a
PRINT@896, which is not what was intended.

If the PRINT@ instruction ends with a semicolon (:), the result
is predictable. We recommend that you always end all PRINT@
instructions with a semicolon.

Problem 6.1 List a table in a variety of ways using the PRINT@ statement.

Solution 19 “filensmei"gérl®
20 7 rurrose! outrul table in sundrw waws using TAR function
30 suthori Jdr B/80
40 7 '
S0 OTIM PEC15)
40 FOR I=1 70 15
70 READ P$( 1)
80 NEXT 1
Q0 CLS ! RANDOH
100 FOR I=1 TO 15
110 FRINTRA4X( I-1 M25:FP%( 1)
120 NEXT I t GOSUE 1000 ‘rsuse and clear screen
140 FOR I=1 TO 15
150 PRINTRSAX( T-1 MI+P$( 1)
160 NEXT I ¢ GOSUE 1000 ‘r3use & clear
180 FOR I=1 TO 15
190 PRINTB&4RC T-1 Y42%I4P$( 1)
200 NEXT I ¢ GOSUR 1000 ‘rause & clear
220 FOR I=1 70 15
230 FRINTBS4X( I-1 )4 3XARS( 8-1 )sPS$( 1)
240 NEXT I ¢ GOSUB 1000 ‘rause & clear
260 FOR I=1 70 15
270 PRINTEA4R( I~1 J4RNIH 40 )sF$( 1)
280 NEXT I ! GOSUR 1000 ‘pause & clear
300 FOR I=1 TO 15
310 FRINTRA4XC T-1 M40-LENCPS(T ) )sPS(I)
320 HEXT I ¢ GOSUR 1000 ‘rause & clesr
340 STOF
330 DIATA *puffer”s"romrano®s*rickeral® s"pollock™ s"riranha”
360 DATA "rpinfish"s"rlatu®s"rForcurine fish®s"rirarucu®s"porgu®
370 DATA "rilchard”s®rlaice”s"rerch” s rlectognath® s " Fanchay®
1000 ’rause snd clesr screen subroutine
1010 FOR J=1 TO 200 § NEXT J § CLS ¢ RETURN
9999 END
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STRINGS

The Character Set

70

A Level Il BASIC function which is useful in graphing is the

STRINGS function. This function has two arguments: The first is
the number of characters desired, up to 255, and the second is the

character itself.

Instruction

Bt U U —

10 PRINT STRING$(10,°%")
20 FRINT STRING$(3»CHR$(45))
30 FRINT STRING${8sCHR$(13))

40 PRINT @9607 STRINGS(645°Z" )}

30 A=128% B$="9"! PRINT STRING${AsR$)

futrut

Xk

AAAAA

Cursor moves doun 8 liness
rositions itself at left of
line. CHR$(13) is a
carriade/cursor return
which is the character
rroduced by the ENTER

key (/EN/ ),

IZZ4v4+ZI7 (64 of them) on
the bolttom of the screen
Two rouws of 95

Note: Since the computer builds the string in its memory first,
before displaying it, your program may require additional string
space to be reserved for it. Use the CLEAR instruction to allow

for more string space.

A look at Appendix A reveals that the TRS-80 has a total of

256 possible characters, and the effect of each can be displayed by
using the instruction PRINT CHR$(N) where N is a number from 0
to 255. A few of these values of the TRS-80’s character code have
no effect on the TRS-80, but most do, and they are certainly more
numerous than would be necessary for just the alphabet, digits, and
special characters that BASIC needs. The table below is a summary
of the expanded table in Appendix A.

Code

Function

0-7

8-31
32-47
48-57
58-64
65-90
91-95
96
97-122
123-127
128-191
192-255

None

Carriage/Cursor Control
Special Characters

Digits

Special Characters
Alphabet (Upper Case)

Up, down, left, right arrows
Lower Case @

Alphabet (Lower Case)
Lower Case of Codes 91-95
Graphics Characters

Tabs for 0 to 63 Spaces
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Tabulation Codes

The last two groups of codes represent half the possible
printable characters, and they deserve special mention. The last 64
codes allow tabbing without the TAB function.

Instruction futrut
10 PRINT CHR$(202):°%" ¥ in the 10Lh rosition
20 AS=CHR$(192+1)% PRINT A% X" ¥ in the Ith rosition

Graphics Codes

Graphic to Binary
Conversion

The codes from 128 to 191 are graphic characters that are made
up of six small rectangles, or pixels, arranged in three rows and two
columns for each character. Each character entirely fills one of the
1024 print positions on the screen. Each pixel is either on (bright)
or off (blank), depending on the code. For example, the graphic
character 134 looks like this:

"":";A ‘.
.

is off, and

and D is on.

The result of PRINT CHR$(134) would be the printing of the
graphics character shown above.

Each character code can be thought of as a visual representation
of a six-bit binary number from 000000 to 111111, corresponding to
all 64 possible combinations of bits. The character’s code value can
be computed by translating each off pixel to a 0 and each on pixel to
a 1. Then the positions of the 1s can be masked into the six-bit
binary number. The value of that number plus 128 is equal to the
code value.

12

418 RN
6

Chapter 6 Character Graphics 71



Problem 6.2

Solution

72

Thus the graphics character whose code is 134 is

L+1(28 =134

and so the statement PRINT CHR$(134) produces that graphic
symbol. The graphic character whose code is 191 is the one in which
all pixels are on, resulting in a large rectangle of light.

Display the graphics characters on the video screen,
10 “filenamei"sé
H

U
20 ° purrose! dise

G
30 7 author! Jd
40 7

90 CLEAR 1000
40 CLS

70 IIIM A% 64)
80 FOR I=128 To i91

20 IF I=INT(I/8)%8 THEN PRINT

isw drarhics characters
7/80

=3
-
3
-
i

100 PRINT RIGHTS(STR$(I)s3I )" ";CHR$CIN"
110 NEXT I

120 IF INKEY$="" THEN 120

130 END
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Suggestions

Problem 6.3

Solution

e Investigate the character obtained from CHR$(23). Printing
it causes the TRS-80 video screen to go to double-wide
character format. Printing CHR$(28) causes return to the
normal mode for screen output.

e Modify the program to output the graphic characters in
double-wide format.

Create a dynamic visual display using the TRS-80 graphics
characters.

10 ‘tilename!"g6r3"
20 / rurrose! rsndom rattern of characters

30 Battlechar Gslactics!
40 ¢ authori Jdr 5/79

50 7

60 CLS

70 FOR I=1 7O 1024

80 FRINTERNI{ 1024 )1, CHR${ RND{ 641137 1
90 NEXT I

100 END

Chapter 6 Character Graphics 73



74

Chapter 6 Character Graphics



Discussion e A very simple program can create an attractive visual display.

Suggestions e Modify the program so that the display uses double-wide
graphics characters.

e Modify the program so that it outputs all TRS-80 characters
in the display.
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Problem 6.4

Solution

76

Write a program that will put a box around a message near
the center of the screen.

10 “filenamel"gér4”
20 ' rurrose! rlsce 2
30 4 suthor? Jddr 8789
40

50 CLS ¢ CLEAR 200

60 PRINT "inrul messsde with less than &0 charseteps®
70 PRINTB&7 s"";

80 INPUT T¢

85 T$=H " _{T$+" n

90 CLS

100 L=INTCH4-LEN( TS )/2~1

110 M=448
120 PRINTEN-

1TA O DDITMTOML
SV NVAINE S

140 FOR I=1
150 K=MiL+64%(1-2)-1

160  PRINTEKsCHR$(170)5 | PRINTER+LEN(TE)M1:CHRE( 1495
170 NEXT I

180 PRINT@MIL:T$:

190 IF INKEY$="" THEN 19¢ ELSE 30

200 END

messsse in & boy

LsSTRINGS(LEN{ T$ H2,CHR$(131) )5
CTLTAOLS ] LS P V1 Pl 3T Y S
MU LIIWZFY Loy 1 ¥ TR FQIUTINEA L QY FF
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Discussion e The variable L points to the position of the screen where the
message will be printed.

e ook atthe output from program G6P2 to see the characters
corresponding to CHRS$(131), CHR$(176), CHR$(170), and
CHRY$(149). They are used here as the top horizontal bar,
bottom horizontal bar, left vertical bar, and right vertical bar
respectively.

e Notice how the values of the variables M and L are used to
position the box and message.

Suggestions e Write the boxing portion of the program as a subroutine that
can be called to box and center a message.

e Generalize the program so that the user can specify the
position of the boxed message.

Problem 6.5 Write a program that will display a message as a moving banner
similar to the flashing light messages appearing at night on the side
of a blimp.

Solution 10 '"filenamei"gép5"

20 7 purrose! moving banner of chsracters
30 7 author | Jdr 8780
40 /

45 CLS { CLEAR 1000 ! LEFINT &-7

46 INPUT"inrutl messsse to be disrlazed”$B$ § Z=25 ‘creed factor
47 C$="" | FOR I=1 TO 15 | C3=CHiCHRS{LI284RNDI( &3 M ¥ ¢ NEXT I
48 Dg=" " | FOR I=1 TO 15 § D$=" "4CHR$CIZBHRNDC &3NS § NEXT I
50 CLS

60 BE=CTRINGH( 19,3200+ "+BEL" "+DG4LSTRINGS( 19,32)
63 PRINTE@S28,CHR$C L4935 ¢ PRINTES4PCHR$(L70 )4

70 I=1 1 FOR J=1 TO 1000 | PRINT@S29:MIDS(B$,1520)3
75 I=I+1 ¢ IF I-LEM{R$)-20 THEN I=i

76 FOR K=1 TO Z } HEXT K ¢ NEXT J

100 END
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Discussion

Suggestions

80

15 randomly selected graphics characters are affixed to the
beginning and the end of the message to be displayed.

19 blanks are affixed to the beginning and end of the string
to be displayed.

A 20 character wide window is provided for the message to
move through and be displayed.

The motion is obtained by using the MID$ function to select
the 20 characters to be printed by the PRINT@ statement.

A delay loop is needed to slow the TRS-80 down so that the
message can be read.

Convert the program to a subroutine that can be called to
create a moving banner out of a message.

Modify the program so that the width of the banner is
specified by the user of the program.

Modify the program so that the position of the banner can
be specified by the user of the program.

Convert the program to produce a double-wide banner.
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Problem 6.6

Solution

Produce a screen full of oversize random digits.

10 "filensmei"gérs”

20 ’ rurrosel rproduce screen full of larse disits
30 ¢+ authori Jdr &/79

40

50 CLS

&0 CLEAR 100

70 RANDOM

80 DIM D810

Lix

90 E$=CHR${ 26 MCHR${ G MHCHRS{( 8 " linefeed-backsreace-backsrace

100 FOR I=1 70 10

110 Ag=""

120 FOR J=1 70 4

130 REAL X

140 AF=A%+CHRE(X)

150 IF J=2 THEN A$=A%+LY
160 NEXT J

170 6 I)=4%

180 NEXT I

190 DATA 151+171914151425175:,128:1475:143
200 DNATA 1795187514151405179518171405143
210 DATA 149:17451315143:183217951405143
220 DATA 181:1745141,142513151555138,128
230 DATA 183:187:141+1425183,187:1285143
240 FOR K=0 TO 50 GTEP 3

250 FOR L=K TO 894K STEP 128

260 C=RNI{ 10)
270 PRINTRLD$(0 )5
280 NEXT L

290 NEXT K
300 IF INKEY$="" THEN 300
310 END
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Discussion

Suggestions

e This program couples the table-driven technique with

character graphics.

Notice the speed with which each oversize digit appears on
the screen. This is accomplished by concatenating a
sequence of linefeed-backspace-backspace characters
(CHRS$(26)+CHRS$(8)+CHRS$(8)) in the middle of the four
graphics characters that create each large digit.

® The enlarged digit is constructed from 4 graphics characters.

For example, the first four numbers in the DATA
statements are 151, 171, 141, and 142 are the numbers of
the graphic characters used to construct the oversize digit
zero. The first two, 151 and 171 are the top of the zero.

The linefeed+backspace+backspace allows the next two
numbers, 141 and 142, to be the bottom of the zero.

When put together by the program, D$(1) is defined by
D$(1)=CHRS$(151)+CHRS$(171)+CHRS$(26)+CHRS$(8)
+CHR$(8)+CHR$(141)+CHRS$(142)
and becomes available for printing a large digit zero.

Modify the DATA statements so that strange symbols
instead of digits are displayed.

Write a program that uses the ideas of the oversize digits
to output the value of a numeric variable in oversize form
at the center of the screen.

Modify the program so that the oversize digits disappear one
at a time from left to right, top to bottom.
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Problem 6.7

Solution

84

Write a program that will display a large-digit digital clock
showing hour and minutes in the lower left-hand corner of the
screen.

10 'filenamel”gée7"

20 Y rurrose! disitsl clock in lowsr left screen
30 ©  sulhori Jdr 8/80

40 ¢

S0 CLS | CLEAR 300

80 DIM D 10):T(TH)

90 E$=CHR${ 26 MLHRS( 8 MCHR$( 8}

100 FOR I=1 TQ 10

110 Ag=""

120 FOR J=1 70 4

130 READ X

140 AS=A$HCHRS{ X )

150 IF J=2 THEN A%=A%+ES
160 NEXT J

170 B I)=A%

180 NEXT 1

190 DATA 15121715141+ 1425175512851435143
200 DATA 179918791415 14051795181+1405143
210 DATA 149174671315 1435 1831791405143
220 DATA 181217651415142:131+15551385128
230 DATA 183+187514151425,1837187+1285143
240 ‘disrlay time
250 X$=MID$(TIMES$,10+5) § GOSUR 1000
260 ‘continuous check to see if time changes
270 Yé=X$ ¢ X&=MIDS(TIMES:10+53
280 IF X$4-Y%
THEN GDSUE 100¢
ELSE 270

290 6O0TO 250
1000 ‘diditsl clock subroutine
1030 J=0
1040 FOR I=1 7O 5
1050 IF I=3 THEN 1080
1060 J=J+
1070 TOI=VAL(HINS(X$ 151 0041
1080 NEXT I
1090 J=1 1|
1100 FOR I=
1110 IF

THEN PRINTR02,CHRE( 14038 ¢

PRINTR9464:CHRE( 13135 ¢ L=L+2
ELSE K=T{J) { PRINTEGPS+L-IS(R)Y
J=J4H 1 L=L43

1120 NEXT I
1130 RETURN
9999 END
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Discussion

Suggestions

86

e The oversize digit routines from program G6P6 are used.

e The function TIMES returns the date and time established
by TRSDOS commands. The last eight characters are the
time. The first five of these are 2-digit hour, a colon, and
2-digit minute count. Thus MIDS$(TIMES,10,5) extracts the
required 5 characters from TIMES.

e Modify the program so that the user can specify the position
of the clock on the screen.

e Alter the program so that hours, minutes, and seconds are
displayed.
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Pixel Graphics

fow
V\Uw\\o('(/

In the previous chapter it was shown that each graphic
character is composed of a 3 x 2 rectangle of pixels. The screen,
which contains 16 rows and 64 columns of characters, equivalently
contains 48 rows and 128 columns of pixels. While the screen
address of a character is a single number between 0 and 1023, the
screen address of a pixel is a pair of numbers specifying its
two-dimensional position or coordinates on the screen. A
programmer can address a single pixel with X and Y coordinates,
using the column numbers 0 to 127 for X and the row numbers
0to 47 for Y. See figure 7.1.

coluvan vombser, X
|

'\\So ,0) (127 'Q/‘
I
0

L

/(2/47) (127 D\

,47) 3

Figure 7.1 Pixel Addressing
87



SET The SET command turns on the pixel whose screen address is
in X,Y coordinate form in parentheses immediately following the

word SET.

Instruction Quteut
10 SET(0s0) Urrer left rixel is turned on
20 BET(2:4) Second rixel on fourih row
30 SET(127+47) Last rixel on 47th row
40 SET(0-47) RBottom lefl rixel
S50 SET(127+0) Tor right rixel
&0 PORE 153580, 128421 See Lext below
70 SET(0:0) SET(Os1): SET(0»2) See text below

The last two statements above have the same effect, except

e e

this:

RESET The RESET command turns off the pixel whose screen address
is in X,Y coordinate form.

10 PRINT @0y CHR$(191)
20 RESET(1:0) ]

POINT The POINT function returns a zero (false) if the pixel at the
X,Y coordinates that make up its argument is off, and a -1 (true) if
that pixel is on. Thus it is useful when testing if a particular spot is
on or off.

10 IF POINT(Os0) THEN RESET(0+0)

20 IF POINT(XyY) THEN SET(X+1isY+1)3 RESET(XsY)
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Problem 7.1

Solution

Write a program to draw a line using pixel graphics. The user is
to input the X,Y coordinates of the two end points.

10 ‘filensmei"g7=1"
20 ' rurrose! draw s streisht line siven two end Foinis
30 ' suthor! Jdr 8/89
40 /
30 INPUT "inrut XsY coordinstes of end roint 13 XlsY1
&0 INPUT "inrut XsY coordinastes of end roint 25 X2:Y2
70 IF 100%X14+Y1 » 100%X24+Y2
THEN T=X1 + Xi=X2 § X2=T { T=Y1 ! ¥Yi=vY2 § Y2=T
80 GOSUR 1000 ‘draw the line
90 IF INKEY$="" THEN %¢
100 STOP
1000 ‘subroutine to draw ricture on screen
1010 CLS
1100 IF X1-127 OR X2-127 OR Y1x47 DR Y247
THEN PRINT "line will not fits cennol continue" §
RETURN
1110 IF Xi=X2 THEN 1270
1120 IF Yi=Y2 THEN 1310
1130 M=(Y2-Y1)/(X2-X1) “czlculaie slore of line
1140 B=Y1-M¥X1 ‘calculate s-intercert
1150 IF M0
THEN I

F M<=1 THEN 1220 ELSE 1170
ELSE IF Me=-1 THEN 1220 ELSE 1140
1160 T=Y1 1} Y1=Y2 { Y2=T ‘slore belween -1 and ~infinits
1170 FOR J=Y1 TO Y2 ’‘slore betueern 1 and infinilw
1180 I=INT((J-B)/M40.5)
11%0 SET(Isd)
1200 NEXT J
1210 GOTO 1340
1220 FOR I=X1 T0 X2 ’'slore betuween -1 snd 1
1230 J=INT{ M¥I+E4+0.5)
1240 SET(IsJ)
1250 NEXT I
1260 GOTO 1340
1270 FOR J=Y1 T0 Y2 ‘no slores vertical line
1280 SET(X1:J)
1290 NEXT J
1300 GOTD 1340
1310 FOR I=X1 T0 X2 ‘zero slores horizontzl line
1320 SET(IsY1)
1330 NEXT I
1340 RETURN
999 END
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Discussion

Problem 7.2

Solution

92

e The subroutine used to draw the line is basically the same as
that in program G5P4 with all PRINT@ statements replaced
with appropriate SET commands.

e The two points are ordered in line 70 so that the drawing of
the line can proceed from left to right on the screen.

Draw a circle centered at a point X,Y with radius R.

10 ‘filenamel" 472"

20 ' rurrosel draw a circle

30 ‘ suthori Jdr 8/80

40

50 INPUT "inrul XoY coordinstes of circle’s center"#Xis¥l
40 INFUT "inrut radius of circle"iR
70 CLS ¢ E=128/48

80 FOR T=0 TO 6.3 STEP 1/{RiR)

20 X=INTCERRXCOS{ T HX140.5)

100 Y=INT(RASINCTMHYL14H0.5)

110 SET(XsY)

120 NEXT T

130 IF INKEY$="" THEN 130

9999 END
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Discussion e The polar coordinate form for the equation of a circle is
used.

e Since pixels are not square, the variable E was used to help
overcome inherent distortion.

Suggestions e Modify the program so that there is a multiplier variable in
front of R*SIN(T) as well as R*COS(T). By varying these
values, ellipses can be drawn.

e Write a program that draws circles at randomly chosen

points on the screen. The radius of each circle can be
selected at random also.
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Problem 7.3

Solution

94

Draw an outline of the state of Massachusetts using pixel
graphics.

10 ‘filensmeiPsird
20 7 PUPPOSE& drew ricture of Hsssachuselis
Jdr

-y
z
[

30 Y suthor ¢ 8/80
40 '
20 XINC=3% i YINC=4 | As="Chelmsford" | X=30 § ¥=1 { 5=0

70 GOSUE 1000
152 GOSUE 4009
155 RESTORE
1460 IF INKEY$="" THEN GOTO 150 ELSE GOTO 43
1000 /subroutine to draw riclure on screen
1010 CLS
1020 READI N ‘number of strsisnt lines Lo draw in ricture
1030 FOR L=1 TO N
1040 READ oD
1050 X1=INTIC/100: ¢ Yi=C-100%X1
1060 X2=INTID/100) ¢ Y2=D-100%X2
1080 Xi=X14XINC | Yi=YIi4YINC ‘relocsle coordinsies
1090 X2=X2+XIHL & YZ=YZHYINC
1100 TF X1:127 ORF X2x127 OR Y1:-47 QR Y3¥47
THEN PRINT "ricture will not fits cennol continue’
RETHURN
1110 TF X1=X2 THEN 1270
1120 TIF Yi=Y2 THEN 131¢
1130 M=(Y2-Y1 2/ (X2~ Xl) s lculate 5l
1140 B=Y1-M¥X1 ‘calculszie s-intercer
1150 IF M0
THEN IF #o=1 THEN 1220 ELSE
ELSE IF Hr=-1 THEN 1220 LLCF 1‘60
1140 T=Y1 | Y1=Y2 ! Y2=T ‘slore betuegen -1 and ~infinils
1170 FOR J=Y1 1O Y2 ‘slore between 1 and infinitlu
1180 I=INT(CJ-B /M40, 5)
1190 SET(IsJ)
1200 NEXT J
1210 GOTO 1340
1220 FDR I=X1 TO X2 ‘slore betueen -1 and 1
1230 J=INT( HET+E+0.3)
1240 SET(IsJ)
1250 NEXT
1260 GOTO 1340
1270 FOR J=Y1 TO Y2 ‘no slorer verticsl line
1280 SET{Xisd
1290 NEXT J
1300 GOTO 1340
1310 FOR I=X1 TO X2 ‘zero slores horizontal line
1320 SET(IsY1)
1330 NEXT I

ore of line
3
t
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1340
1345
1350
1360
4000
4010
4020
4030
4040
4030
4060
4070
4080
6000
46010
6020
6024
6025
6026
46027
6030
9999

IF &=

NEXT

1 RETURN
L

RESTORE + §=1
RETURN

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

4291105602711157025802,48025 112547124 161551713
4701+4801+49005560055701:57025,6203,562035,3802556302
5904+6104,5603,59057,5506- 5507 5560356008, 500956110
621056412585135661456714575145711057110+7207+7409
7310:751057511+7511,746115791457415+7815:781657816
6616974161631056317 5641756417 2601556315,591650916
96145581655316,5518y5116,02165041855418,491550010
471454814,461354713, 63205 6920:64179:6619:891956917
742157821+772G57820

‘draw line from touwn name to rosition in mer

X1=8

v Y1=43 ¢ X2=X+XINC § Y2=Y+YIHC

PRINTE9605A%5 1 SET(X2sYZ) 1 GOSUER 113C
FOR J=1 T0 100

FOR I=1 T0 100 ¢ NEXT 1
FOR I=1 TO 100 ¢

NEXT

+ RESET (XZ2sY2:
NEXT I § SET (X2s72)
J

RETURN

END
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Discussion

Suggestions

Problem 7.4

Solution

98

@ Again, the basic line drawing subroutine that has been used
in previous programs appears at lines 1000 and beyond with
SET commands doing the drawing on the screen.

@ The DATA statements provide end points of the lines that
are drawn to form the picture.

© As an extra flourish, the town of Chelmsford is singled out
for special identification.

e Finally with panache, the position of the town blinks on and
off.

e Modify the program to give the user a menu of cities to
choose from, with the program then drawing a line from the
town’s name to its position in the state.

e Modify the program so that the town name is printed
above the town’s position, so that a vertical line can connect
the town name and the pixel locating the town’s position.

Write a program that will produce a smile face at a position on
the screen specified by the user.

10 “filenamet " 474"
20 Y rurroset smile fece w/ mobilits
30/ suthor § Jdr 8/80
40 7
45 CLS
90 INPUT"inrut rosition of ricture”;XINCsYING
40 GOSUR 1000
155 RESTORE
160 IF IRNKEY$="" THEN GOTO 180 ELSE GOTO 45
1000 ‘subroutine to draw ricture on screen
1010 CLS
1020 READ' N ‘number of siraisht lines Lo drsw in riclure
1030 FOR L=1 TO N
1040 REAL C+D
1050 X1=INTCC/100) § Y1=C~-1004X1
1060 X2=INTCLO/100) | Y2=D-100%X2
1080 X1=X14XINC ! Y1=YI4YINC ‘relocste coordinstes
1090 X2=X2+XINC | Y2=Y2+YINC
1100 IF X1:127 OR X23127 OR Yir47 OR Y2047
THEN FRINT "ricture will nol fits cannot continue" ¢
RETURN
1110 IF Xi=X2 THEN 1270
1120 IF Yi=Y2 THEMN 13190
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1130 M=(Y2-Y1)/(X2-¥1) ‘calculste slore of line
1140 B=Y1-M¥X1 ‘calculste w-intercert
1150 IF M0
THEN IF M<=1 THEN 1220 ELBE 1170
ELSE IF He=-1 THEN 1220 ELSE 1140
1160 T=Y1 ¢ Yi=Y2 ; ¥Y2=T ‘slore between -1 ang ~infiniis
1170 FOR J=Y1 T0 Y2 ‘slore belween 1 and infiniiw
1180 T=INT{ CJ-BYME0.5)
1190 SET(I¢d)
1200 NEXT J
1210 GOTO 1340
1220 FOR I=X1 TO X2 ‘slore belween -1 ano i
1230 J=INTOHRIHEYO 5
1240 SET(Is)
1250 NEXT 1
1260 GOTO 1340
1270 FOR J=Y1 T0O Y2 ‘no slores verticsl iine
1280 SET(X1:d)
1290 NEXT J
1300 GOTO 1240
1310 FOR I=X1 T0 X2 ‘=zerc slores horizonisl line
1320 SET(I:Y1)
1330 NEXT 1
1340 NEXT L
1350 RETURN
4000 [IATA 259120051202, 13005 1302730003002, 3100, 31058+7+7
4010 1AaTA 10 s 10954207 74209 74307 743092095210, 309 3105400574010
4020 DATA 4109s41107410+411551055115381053811,3910-351155115511
4030 DATA 711571173611 9361 1371153710y 815351112,3212:537 14
4040 DATA 813:1513,2813,3513,1214,3114
9999 END
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Discussion @ Notice the similarity between this and the previous program.
The generality of this approach for producing graphics is
quite astonishing.

Suggestions e Modify the program so that a circle delineating the head is
drawn around the eyes and smile.
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Problem 7.5 Write a program that turns the computer into a stand up
comedian who does impressions.

Solution 10 ‘filenane:"g7r3"
20 / rurrose! stand ur comedian doins imrersonstions
30 ¢ zuthor § Jdr 8/80
40
41 DIM WEC15):C8015)
42 FOR I=1 TO 15
43 READ WH( 1)sCHT)
44 NEXT I
43 RANDOM
46 CLS
50 XINC=0 § YINC=12
51 PRINTER6:"And nows heeeeeres John Einary e
52 FOR I=1 70 375 § NEXT I
&0 GOSUR 1000 ’‘draw smile fTace
61 FOR Q=1 TO 15 { PRINTE2S:"for mg "§
62 IF Q=1 THEN PRINT@32s"first"s
ELSE IF Q=15 THEN PRINTE3Z2,"last"s
ELSE PRINTE34s" "5 § PRINTEIZs"nexi’™i
63  PRINTBPOS(O)M1s"imeression eee'i
&4 PRINTRZ4-W4( Q)i
&5 FOR I=1 TO 375 ¢ NEXT I
76 A%=C$( Q)
77 A%=A%+CHR$(191)
80 GDSUB 7000
170 PRINT®94,STRING$(33y32) ¢ FOR I=1 TO 350 & NEXT I § NEXT @
175 PRINT®25sSTRING$( 3353205 ¢ FOR I=1 TO 500 § NEXT I
180 PRINTE25s " thani gou e
185 FOR I=1 TO 15254RHIC1000) ¢+ NEXT I
190 PRINTE@271s" "5 ! PRINT@242y" "5 + FOR I=1 TO 30 ¢ NEAT I
200 PRINTE@271sCHR$(191)5 ¢ PRINTE2S2,CHRE( 19104
210 IF INKEY$="" THEN 183
220 STOP
1000 ‘subroutine Lo draw ricture on screen
1010 CLS :
1020 READI' N ‘nusber of sirsiszhi lines Lo draw in riclure
1030 FOR L=1 TO N
1040 READ CsD
1050 X1=INT(C/100) } Y1=C-100%X1
1060 X2=INT(I/100) ¢ Y2=D-100%X2
1080 X1=X14XINC ! Yi=Y1+YINC ‘relocste coordinstes
1090 X2=X24XIMC | Y2=Y2+YINC
1100 IF X13:127 OR X2:127 OR Y1-47 OR Y2-47
THEN PRINT "ricture will not fits cennol continue®
RETURN
1110 IF X1=XZ THEN 1270
1120 IF Yi=Y2 THEN 1310

-
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1130
1140
1150

1140
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
3990
3991
3992
3993
3994
3995
3996
3997
4000
4010
4020
4030
4040
7000
7010

7020

7030
7040
7045
7050
7060
9999

M={ Y2-Y1)/{X2-X1) ‘calculate slore of line
B=Y1-M¥X1 ‘calculate g-interceri
IF M0
THEN IF M<=1 THEN 1220 ELSE 1170
ELSE IF He=-1 THEN 1220 ELSE 114
T=Y1 { Yi=Y2 {1 ¥Y2=T7 ‘slore betuween -1 and -infinitw
FOR J=YL T0 Y2 ‘slore beluesen 1 and infipitw
I=INT( (J-B )/ H+0.5)
SET(Isd)
NEXT J
GOTO 1340
FOR I=X1 TO X2 ‘slore belween -1 ang i
J=INT( MET4RE0.5)
SET(IsJ)
NEXT 1
GOTO 1340
FOR J=Y1 10 Y2 ‘no slorer verticsl lins
SET(X1sd)
NEXT J
GOTO 1340
FOR I=X1 TO0 X2 ‘zero slores horizontsl line
SET(I-Y1)
NEXT 1
NEXT L
RETURN
DATA "Arnold Palmer"s"444";"Little Orrhian Annie"s"ooo”
DATA "Orson Welles"s"#%#":"Jimms The Greek®s"Zyy"
DATA "Rona Barreti"s" 1" s"3I~uear-old childg?s"F 7"
DATA "z math teacher"s"14+1"+"3 math student®;"= 3"
DATA “"Bozo the Clown"s"+xt+"s"Gloria Steinen"s"= ="
DATA "NEC censor"s"X ¥"s"Diean Martin®s"J&E"
DATA “"Irma Lz Douce"s"$ $"s"Hush Hefner"s"T4a"
DATA "librarisn in Boston’s combal zone"s".o("
DATA 25512005120251300513025300053002:31005310277459
DATA 107510954207 v 420954307 7430952095 2105309+ 3107400554010
DATA 41095411054105411+510551153810+381153910+391156115611
DATA 711971153611 93611+371153711561251112:321253712
DATA 813,1513,2813:3513,121453114
‘impersonation subroutine
FOR I=1 TO 4 § X$=MII®(A%:I+s1)
PRINTR282:X$3 | PRINTB271:X%¢
FOR J=1 TO 150
NEXT J
IF I=3 THEN FOR J=1 TO 150 ! NEXT J
NEXT I
RETURN
END
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Discussion e The program performs 15 impressions.
@ Notice the simple motion that the eyes give the smile face.

e This program is a crude beginning to what might be called
cartooning.

@ The stand up comic’s name is John Binary. Of course, his
idol is John Byner.

Suggestions’ e Turn the smile-faced impressionist of this program into a

comedian that delivers short, snappy one-liners. His name
could be Grinny Youngman. “Take my computer — please!”
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Motion Graphics

The previous chapters have shown you programs ranging
widely in sophistication from a simple picture in the program
Woodstock to a computerized map drawn using pixel graphics.
There was little motion in the graphics examples because it is a
difficult proposition to plan on paper and realize in code the
effect of movement. Many factors contribute to this difficulty.
The speed of the computer is one such factor because there is
usually a lot of calculation when motion is involved. The
translation of where each point “moves to” requires a calculation.
The resolution of the video screen is another factor governing the
way a picture looks. If the picture is rotated, then distortion can
occur. Much planning must take place prior to writing a program.
A third factor is that the BASIC programming language was not
designed to facilitate the many primitive graphics operations that
would be useful to have. Another, and probably the most
important factor impeding a computer’s ability to produce motion,
is a lack of imagination and willingness to experiment on the part of
the computer’s programmer.

We will show you some programs that will illustrate the
beginnings of how motion can be produced and the visual diversity
and delight it can provide.

109



Bouncing Dots

110

In many games, as well as in serious graphing applications, you
will want to have a dot move in a straight direction until it meets an
obstacle and keeps moving in a new direction. Consider the possible
bounces:

Vertical Wall Collision

Each moving dot changes its X direction by an amount DX,
and its Y direction by an amount DY. In all the conditions above,
the Y direction increment DY never changes sign. In conditions 1
and 2, DX starts as positive, but changes sign to negative on the
bounce.

If you investigate the four possible bounces from a horizontal
wall, you will find that, as expected, the only change is the reversal
of the sign of DY.

This understanding is all that is necessary to graph a moving and
bouncing dot. The dot is a pixel drawn with a SET command. The
coordinates of the SET are X and Y. The movement is provided by
a SET at a new position X+DX, Y+DY followed by a RESET of the
old dot at X,Y.

100 SET(XsY)

110 X=XtDX: Y=Y4DY
120 SET(XsY)

130 RESET(X-DIX,Y-TrY)
140 GOT0 110
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To bounce the dot off the wall, you must “‘feel” ahead to see if
any part of the surrounding territory is occupied. It is not enough
to just sense the status of the next point. For example, suppose the
dot is moving up and to the right, and it encounters a horizontal wall.

e ¢ % % o e 3 s &

%

- Next place to be set
is already occupied

If the “next place” is the only point that is considered on a
bounce, the computer couldn’t tell if the wall were horizontal or
vertical.

) Next place to be set

is already occupied

The only way to judge which direction increment, the DX or the
DY, needs to change sign is to sense in all four directions.

Examples:

-------- =i . . . There is something above

the dot, so reverse the sign

of DY
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Problem 8.1

Solution

Discussion

112

There is something to the right of
the dot, so reverse the sign of DX

Write a program that bounces a dot off any wall set up in
either a vertical or horizontal position.

10 “filensmei"s8c1"

20 7 rurrose! bouncing dot Frostam

30 Y author: Jes 2/80

40 INPUT "IXsy DY BETWEEN 1 AND 2 INCLUSIVE" jDXsLY
S0 INPUT "STARTING COORDIMATES"iXsY: L[LS

60 FOR I=0 TO 127 ’ this loor draws horizontsl boundaries
70 SET(Is0): SET{Is1): SET(Is46)) SET(I+47

80 NEXT I

90 FOR I=0 TO 47 ' drsw verticsl Doundsries

1060 SET(O,I)) SET(1-I)F SET{ 1245100 SETC12751
110 NEXT I

120 SET(X»Y) ¢ Ful & roint sl location XeY

130 change direction of dol if necessary

140 IF FPODINTOXHEDXY ) OR POINTUX-DE:Y) Df=-DX

150 IF POINTCXsY4LY) OR POINT(XsY-DY) DY=-LiY

160 X=X+DXt Y=Y+IY: GOTO 120

9999 END

e The program allows DX and DY to be defined for any value
between 1 and 2.

@ The walls are built on the four sides of the screen.

[

Modify the program so that the rectangular area in which
the dot bounces can be specified by the user.

© Turn the bouncing dot into a blob and write a program to
bounce the blob off horizontal and vertical walls.
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Problem 8.2

Solution

10

Write a program to produce a visual display by bouncing a dot
off randomly placed lines on the video screen.

‘filensmei"s8ed"
20
30
40 7
S50 RanNDOM: CLEaR 10007 LE

FUreose cresting comeuter arl
authori seg 2/79
next line initislizes verisbless: clesrs screen
[
1

Y
C B O&D DEFINT B-Z1 E=1: P=-ii CLS

60 CLOSES PRIMT " FRESSY

70 PRINT " L~ 70 LGOK &7 QLD PICTURES

g0 PRINT *® M~  TO CREATE NEW FICTURES®

Q0 A=INKEY$! IF a="" THEN 90

100 IF A="L" THEM 7%0

119 - user wants Lo creste new srt

120 CLS

130 the next loor drauws & rendom lines on bLhe screen
140 7 {3 verticsels 3 horizontsl)

150 FOR T=1 70 3

160 7 sl ur rendon vsrisbles

170 RO= FNB( S¥E244 1 Hl=HE+EHIH G-, GEH JE2D HI=RELD(Z1 5244
180 L= RN[‘\].].)#"‘)'%'-II‘& Di1=0+RER0E 23~ 5580 3320 C2=RNI{ &0 I H4
i90 7 draw the lines U:LHﬂ Lthe varisiles

200 FOR N=RO TO BIi SETONsEZ2 ) NEXT N

210 FOR N=C TO C11 & Tx COsMNyY HEXT N

220 NEXT T

230 Y the nexti two lines initislize the direction of ithe dol
240 S=INTORNIK 160373037 IF S=0 THEM 5=-1

250 T=INTCRNDC 1065030 IF T=0 THEM T1=-i

260 7 the next two lines drsw s boundars sround Lhe screen
270 FOR MN=1 TO 1237 SET{N¥s3 )} SET{N:;47 )7 NEXT N

280 FOR N=4 TO 4461 SET(1sN): SET{125:837 HEXT W

290 next line dives the roint s starting zrol &

300 1 makes sure it dsn’t occuried

310 X=RND{ &1 M2+25 Y=RNIH 20 &%2+5: IF POINTI XY THEN 3i¢
320 ¢ rrint the command statement on the screen

330 PRINTE 107"COMMANIKF#Ss sR+ED) i

340 1

350 ¢

360 the rest is the msin rortion of Lhe srosvam
370 next 4 lines change the direclion if necessary
380 IF FOINTCX+1sY) THEN S=-1

390 IF POINT(X~1+Y) THEN S=1

400 IF POINTOXsY+1 Y THEN T=-1

410 IF POINT(XsY-1) THEM T=1

420 7 rrevious roint is plenked if P=1

430 IF P=1 THEN RESET{(X:Y)

Chapter 8 Motion Graphics 115



116

440
4350
460
470
480
490
500
310
320
330
540
390
260 7
570
80
590
600
610
620
630
&40
630
660
670
680
490
700
710
720
730
740
730
760
770
780
790
800
810
820
830
240
850
860
870
880

I

next 4 lines actuslly tell the dol where {0 move
IF 5=1 THEN X=X+1
IF §=-1 THEN X=X-1
IF T=1 THEN Y=Y+1
IF T=-1 THEHN Y=Y-1
‘ next line ersses roint if it waes white ana E=1
IF POINT(XsY) AND E=1 THEN RESBET(XsY} ELSE SETL{XsY)
‘ the next line checks to see if z les was rFreszsed-
if nots then do back to the main rrosras
A=INKEY$: IF A="" THEN 380 )
! erint the letter thsel wss rressed in the corner
PRINTE 30545
execute Lhe commsnd
reverse the dot?
IF A="R" THEN T=-T! §=-51 GOTO 330
‘ erase Lhe dots Lrail?
IF A="P" THEN P=-F: GOTO 330
! erase the dot when it runs over another?
IF a="E" THEN E=-E: GOTO 330
! stor the motion of the doi?
IF A<H" " THEN 4790
A=INKEY$: IF A="" THEN 450 ELSE 330
d store the riclure on Gisk?
IF 6<>"8" THEN 3390
‘ store the file using random access
OPEN "R"¢1y"SCRNGRFH/BAT"’ oren the file for sccess
FIELDIY 1y 2535 45 B$: M=LOF(1)t I=1335%" initialize
A="te nullify AS
! the next 5 lines corwy Lhe screen Lo dgish
I=I+1
IF LEN(AY255 THEN 770
M=M+1:¢ LSET B$=4) FUT 1+H
IF #/4=INT(}/4) THEN 50 lTLSE 710
A=A+CHRECPEERC I 1)1 POKE Is44t GOTOD 730
! this rortion cories the arl gn disk Lo the screen
OFEN "R"s1y"SCRNGRFH/DBAT"Y FIELD 1s 235 A5 E%
IF LOF(1)2x0 GOTO 830
PRINT "SORRYsy RUT THERE IS N aRT OH FILE... DR
A=INKEY$: IF A="" THEN 820 ELSE 50
CLS
FOR C=1 TO LOF(1) STEP 4
FOR B~0 T8 3t GET 17C+E2 FRINT B$: NEXT O
PRINT @97Gs " <<CR>:"
A=INREY$! IF a="" THEN 87¢ ELSE FRINT
NEXT C

7

I

B=a]

9999 END
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The program allows the user to participate in the way the
graphic design proceeds.
Typing an “R’ reverses the dot’s direction.
Typing a “‘P”” causes the dot’s trail to be erased.
Typing an “E” erases a dot that is run over by the moving
dot.
Typing a *  freezes the dot’s motion.

The program allows the user to save on disk the screen
contents when a particularly interesting pattern is perceived.
Typing an “S” stores the picture on a direct access disk

file.

All user input is through INKEYS. Depressing the ENTER
key accidentally after typing any of the above keys can
cause unpredictable and weird things to happen to the screen
pictures.

When a screen picture is saved, the status of the picture is
lost and the picture can not be continued. Modify the
program so that the dot picks up where it left off when
interrupted by the typing of an “S”.
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Problem 8.3 Write a program that causes the screen of the TRS-80 to
become a movie marquee hawking the latest flick.

Solution 10 ‘filename! " 483"
20 7 rFrosrami mercuee disrlaw
30 Y author! Jdr 8/80
40 /
41 CLS | CLEAR 300 ! LEFINT A~Z
432 1=400
43 REAI E$+F$:6%
44 READ A%vBEsCosRS
43 N=20 | M=5
46 'n=20y w=3 or n=20y 0=5 or mod linas &0 & 120 stesr 2¥p
47 ‘n=20y m=6y modify ster in line &40 to be 2&r-1
=0 FOR 8=1 T0 100
32 P=0-INT(Q/H M+1
93 IF P<»2 THEN PRINTEZ-202sF4%5 ¢ FPRINTEZ-138:0%;
ELSE PRINTRZ-202sRE+R$HRSs ¢ PRINTEZ-138sR$+REs
460 FOR I=F TO &3 STEF P
61 J1=64-T+INT(I/764 Y64 ¢ J3=127-J1 § J2=63-J01 § J4=84+J8
62 SET (J1s0) ¥ SET (J350) ¢t SET (J2s47) § SET (44547
&3 SET (Jis1) ¢ BET (J3v1) ! SET (J2+44&) § SET (J4s48)
64 IF I-INTCI/5)05<-0 THEN PRINTRZ-3915E%i
ELSE PRINT@Z-391sR$+R%;:

100 IF J1<=59 THEN RESET (J14+4,0) ¢ RESET (Jit4s1:

ELSE RESET (J1-46050) § RESET {Ji-460s1)
102 IF J2x=4 THEN RESET (J2-4547) ¢ RESET (J2-4444)

ELSE RESET (J2+60s47) | RESET (J2460+44 )
105 IF J3»=68 THEN RESET (J3-450) ! RESET (J3-4+1)

ELSE RESET (J34+40+0) ¢t RESET (J3+6051)
107 IF J4<=123 THEN RESET {(J4+4:47) ¢ RESET (J4t4y44)

ELSE RESET (J4-40+47) ¢+ RESET (J4-40s4é )
110 NEXT I
115 IF P=1 THEN PRINT@ZsA%5 : FRINTRZ444:B$5 ¢ PRINTEZL128+C4s
ELSE PRINTRZyR$3 | PRINTRZ4445R$5 § FRINTEZLIZ8sREs

120 FOR J=P TO 47 STEP F
121 SET (0sJ) ? SET (1sJ) § SET (1275J) 1 SET (12450)
122 FOR K=1 TO N § NEXT K

123 IF J>=4 THEN RESET {(QsJ-4) ¢ RESET (1s5J-4) ¢
RESET (127¢J-4) | RESET (12&4yJ~4)

130 NEXT J

993 DATA ¢ now rlawing”

994 DATA "The Heddgehos That"

99 DATA " Ate Chelms ford

296 DATA starring”" s "Dous & [insdale"s" Firanha"
997 DATA " iy

998 NEXT @

999 END
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124

The marquee lights cycle from the center top toward the
edges, then down the sides where they turn to converge at
the center bottom of the screen.

Some parameters have been built in to control speed,
pattern, and cycle of the marquee lights.

The movie’s title and cast come and go giving added
movement to the marquee.

Run the program varying the parameters to get a feel for the
type of visual displays that can be produced by the marquee.

Experiment with the controlling loop structures to change
the display. Some simple changes produce remarkable and
unpredictable results.

Change the size of the marquee.
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Problem 8.4

Solution

Write a program that will cause a stick figure person to jump up

and down on the video screen.

10 7 filenamet " g8r4"

20 ¢
30
40

Furrosed bouncing Hentlew
suthort Jdr 8/80

S0 CLEAR 1000 ¢ CLS | RANDOM

60 GOSUE 1000 | GOSUR 2000 1 GOSUE 3000

&5 PRINTB259sA%) | PRINTRS8S:C%4

66 PRINTR408s"Hellor I'm bouncing Eentleu."s

&7 FOR I=1 70 700 ¢ NEXT I

68 PRINTE408+" [ feel a bouncing fit coming on!";
6% FOR I=1T0 300 § NEXT I ¢ CLS

70 FOR X=3 TO 47 STEP 2

72y
80

=X+286 1 I=100

PRINT@XsA%: | PRINTEX+3195H$5

85 FOR I=1 70 2 ¢ NEXT I ¢ CLS

?0

PRINTEYs A$F ¢ PRINT@Y+3265C4;

93 FOR I=1 70 Z ¢ NEXT I ¢+ IF X<»47 THEN LLS
@5 NEXT X

@6 PRINTE408s"Geezs I'm roored!";

98 FOR I=1 TO 500 ; NEXT I

O PRINTE408s "dood bye svsverrssi

100 FOR I=1 TOQ 10000

110

PRINTERNI(1023)~1," "3

120 NEXT I
160 STOF

1000
1010
1020
1030
1040

1050
1060
1070
1080
1090
1100
1110
2000
2010
2020
2030
2040

‘bentley head
ﬁ$= nh
FOR I=1 70 74
READ X
IF Xr=0
THEN A$=A%+CHRE( 1284X)
ELSE A$=A8+CHRE( 26 MSTRINGS(ARS( X)58)
NEXT I
DATA 6393539353537 37393195191993543928 914
DATA 5350432760180 51650v6253535439200425215-14
DATA &63¢0s8370:05535055370505425215425219~14
DATA 6370163:4854858370763748548+58+21542921 414
DATA 15125125125 125125445 125125125121 1251495
RETURN
‘body - urF
H$= HH
FOR I=1 TO 85
READ X
IF X==0
THEN R$=R$+CHREC 1284X)
ELSE Bé=HE+CHRE( 26 M STRINGE( ARS( X)¥8)
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2050 NEXT 1

2060 DATA 11s5250:0:070: 0542507050090 3
2070 DATA 213:12512 71w71 rdhs 2912912915
2080 DATA 4"7“4"40?~J734a73'51255?%17-9
2090 DATA 4292190e 040509055635 -F

2100 DATA 429216060505 0209026557

2110 DATA 4292170y0707”7370¢655“1”

2120 DATA Sée7 305050 0:0:070:2745008

2130 RETURN

3000 ‘body - doun
3010 Cg=""

3020 FOR I=1 TO 83
3030 READN X
3040 IF Xx=0

THEM CH=CHrCHRE 12812

ELSE C$=CH+CHRS{ 26 1B TRINGS{ AR
3060 DATS 42:-10+8:12: 125127125 12512512
3070 DATA 461241329125 1251 2538 L5005 1 2
3080 DATA 42:-656353:3:35353:3:3v41 3545y
3090 DATA &3s050:05050:0:070205 42,2112
3100 DATA 83505005050, 0s05 090542520516
3110 DATA 3939 3:3735090:050:0: 0505050127,

3120 RETURN
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Discussion

Suggestions

This program is an example of the kind of simple animation
that can be programmed easily.

Notice that the displaying of Bouncing Bentley is very rapid.
Delay counting loops are incorporated at strategic positions
to hold the picture for the viewer.

The strings AS$, B$, and CS$ provide the body parts that are
printed and cause the animation to unfold.

Modify the program so that Bouncing Bentley doesn’t
progress from left to right during the bouncing fit, but starts
at the center and bounces left or right at random.

Add some intermediate stances to the bounce that Bentley
performs.

Using the basic ideas of this program, write a program that
causes a stick figure to walk across the screen.

Combining the stand up comedian with the stick figure,
write a program that causes the stick figure to “‘shuffle off
to Buffalo™.
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ASCII codes 192 through 255 are called space compression
codes because printing one of these characters causes tabbing for
0 to 63 spaces.
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TRS-80 GRAPHICS

2

Radio fhaek

A Division of Tandy Corporation, Fort Worth, TX 76102

Printed in U.S.A.





