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lllustration 10.10 shows the output if you remove line 1005 to allow horizontals and
verticals back into the fray. Notice that the last two figures seem to go out of
bounds. That's because the bounds check is on X+ DX and Y + DY rather than
X +2*DX and y+DY. The Macintosh takes it in stride, never complaining about
plotting points outside the bounds of the screen. However, don't try to remove lines
1010 and 1020 to simplify the process, because the plotting may get very busy
outside of the screen's range, and that tends to slow down the action on the screen.

Listing, VINYL FLOORWALK

10 ' vinyl floorwalk

20 CLS: RANDOMIZE TIMER

30 LFB=10: RTB=480: UPB=10: LWB=270: L=10

40 X=250: Y=140: CALL MOVETO(X,Y): PSET(X.Y)

50 DX=L"(INT(RND"3}-1): DY=L"(INT(RND"3)-1): GOSUB
1000

60 GOTO 50

1000 ' random line routine

1010 IF X+DX<LFB OR X+DX>RTB THEN DX=-DX

1020 |F Y+DY<UPB OR Y+DY>LWB THEN DY=-DY

1030 LINE -STEP(2°DX,DY): LINE -STEP(DX,2°DY}

1040 X=X+DX+DX: Y=Y+DY+DY

1050 RETURN

Suggestions:

[ ]

1030 LINE - STEP(3*DX,DY): LINE — STEP(DX,3*DY)
1030 LINE - STEP(3*DX,2*DY): LINE - STEP(2*DX,3*DY)
1030 LINE — STEP(DX,DY): CIRCLE(X,Y), ABS(DX +DY)/3
1030 CIRCLE(X,Y), ABS(DX + DY)/3

25 DEFINT A-Z

We encourage you to explore this simple program further. You will discover a
multitude of rewarding patterns, all different and all imbued with that captivating
combination of randomness and symmetry.
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Stars and Circles

We have modified the program in line 1030 three different ways to show you how
so small a change can cause major changes in output. The first is STARS and
CIRCLES.

" & File Edit Control

stars@circles

M

lllustration 10.11 Stars & Circles
Listing, STARS&CIRCLES

10 ' stars & circles

20 CLS: RANDOMIZE TIMER

30 LFB=10: RTB=480: UPB=10: LWB=270: L=30

40 X=250: Y=140: CALL MOVETO(X.,Y): PSET(X,Y)

50 DX=L"(INT(RND*3)-1): DY=L"{INT{RND"3)-1): GOSUB
1000

60 GOTO 50

1000 ' random circle routine

1010 IF X+DX<LFB OR X+DX>RTB THEN DX=-DX

1020 IF Y+DY<UPB OR Y+DY>LWB THEN DY=-DY

1030 LINE -STEP(DX,DY): CIRCLE(X.,Y),ABS({{DX+DY)/3)

1040 X=X+DX: Y=Y+DY

1050 RETURN
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" & File Edit Control
_——————— = circles

Illustration 10.12 Circles

" & File Edit Control )
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Illustration 10.13 Circles later
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Listing, Circles

10

20 CLS:

circles

RANDOMIZE TIMER

30 LFB=10: RTB=480: UPB=10: LWB=270: L=30
40 X=250: Y=140: CALL MOVETO(X,Y): PSET(X,Y)
50 DX=L*(INT(RND"3)-1): DY=L*(INT(RND*3)-1): GOSUB

1000
60 GOTO 50
1000 random circle routine
1010 IF X+DX<LFB OR X+DX>RTB THEN DX=-DX
1020 IF Y+DY<UPB OR Y+DY>LWB THEN DY=-DY
1030 CIRCLE(X,Y), ABS((DX+DY)/3)
1040 X=X+DX: Y=Y+DY
1050 RETURN

" & File Edit Control
more circles

NGOG

<% \,xilrz‘\'.*f;v.r'{-}‘\-.!é.‘....‘\.’J'\e/&‘\ £
G W . Sow S S e w P ‘-"l"
LAV R ) ol,ggj_o;‘,ld A ()Y
3 LRy KRk
OO0 O A O

llustration 10.14 More Circles

Listing, MORE CIRCLES

10

" more circles
20 CLS:

RANDOMIZE TIMER

30 LFB=10: RTB=480: UPB=10: LWB=270: L=30
40 X=250: Y=140: CALL MOVETO(X,Y): PSET(X.Y)
50 DX=L"(INT(RND*3)-1): DY=L"(INT(RND*3)-1): GOSUB

1000

60 GOTO 50

1000
1010
1020
1030
1040
1050

random circle routine

|F X+DX<LFB OR X+DX>RTB THEN DX=-DX
IF Y+DY<UPB OR Y+DY>LWB THEN DY=-DY
CIRCLE(X,Y),ABS{(DX+DY)/3)+5
X=X+DX: Y=Y+DY

RETURN
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Sierpinski Patterns

In the July 1984 issue of Creative Computing, (pages 148-180) was a most
intriguing article by David Ahl on a class of patterns named after their originator,
Sierpinski. We transferred the programs listed in the magazine relatively
unchanged, and ran them on the Macintosh. We were rewarded with an incredible
visual experience. What you see in this chapter is only the stale shadow of the
program’s real reward, which is to watch the pattern being generated on the
screen. It's almost as if there were a live psychotic bug tracing these intriguing
patterns within the computer.

" & File Edit Control

sierpinski

lllustration 10.15 Sierpinski

The program is a model of tight code, and it uses recursion, a feature of Microsoft
BASIC that is not often found in other versions of this language. Recursion is the
process of a routine calling itself until a condition is met, at which time it returns.

The listing of our version of this fine program is shown below. Note that line 230 in
the subroutine starting at line 200 is

230 GOSUB 200: A=H: B= —H: GOSUB 800

This is an example of recursion in which a statement in the subroutine calls the
subroutine itself. Line 210 is the escape from this seemingly infinite loop. If the
condition is met, control is transferred back to the statement in line 230 following
GOSUB 200, which is A=H. Control is returned to line 150 only when line 280 is
executed.



150 GRAPHICS FOR THE MACINTOSH

Listing, Sierpinski

10 °
15 °

20

30

40

60

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
300
310
320
330
340
350
360
370
380

sierpinski

148-160 David H. Ahl
DEFINT A-Z
CLS
FOR DI=1 TO 7
GOSUB 100
NEXT DI
GOTO 90

H0=512: SP=0: H=H0/4: X=H+H: Y=X+H:

I=1+1: X=X-H: H=H/2: Y=Y+H

IF I<DI THEN 110

PS=1: GOSUB 600

GOSuUB 200: H: B=-H: GOSUB 800
GOSuUB 300: -H: B=-H: GOSUB 800
GOSuB 400: ~H: B=H: GOSUB 800
GOSUB 500: =H: GOSUB 800
GOSUB 700

RETURN

>» > >>
x

: B

IF TP<=0 THEN RETURN

PS=TP-1: GOSUB 600

GOSUB 200: A=H: B=-H: GOSUB 800
GOSUB 300: A=H+H: B=0: GOSUB 800
GOSUB 500: A=H: B=H: GOSUB 800
GOSUB 200

GOSuUB 700

RETURN

IF TP<=0 THEN RETURN

PS=TP-1: GOSUB 600

GOSUB 300: A=-H: B=-H: GOSUB 800
GOSUB 400: A=0: B=-2"H: GOSUB 800
GOSUB 200: A=H: B=-H: GOSUB 800
GOSuB 300

GOSUB 700

RETURN

400 °

410
420
430
440
450
460

IF TP<=0 THEN RETURN

PS=TP-1: GOSUB 600

GOSUB 400: A=-H: B=H: GOSUB 800
GOSUB 500: A=-2"H: B=0: GOSUB 800
GOSUB 300: A=-H: B=-H: GOSUB 800
GOSUB 400

Creative Computing, July 1984 vi0,

#1.

=0

pp.-
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470 GOSUB 700

480 RETURN

500 '

510 IF TP<=0 THEN RETURN

520 PS=TP-1: GOSUB 600

530 GOSUB 500: A=H: B=H: GOSUB 800
540 GOSUB 200: A=0: B=H+H: GOSUB 800
550 GOSUB 400: A=-H: B=H: GOSUB 800
560 GOSUB 500

570 GOSUB 700

580 RETURN

600

610 SP=SP+1: ST(SP)=PS

620 TP=PS: RETURN

700

710 SP=SP-1: TP=ST(SP): RETURN

800 '

810 LINE(X,Y)-(X+A,Y+B)

820 X=X+A: Y=Y+B: RETURN

The geometric design shown in lllustration 10.16 has square “points™ at each
corner. The next iteration produces a smaller design in the center of the first one;
this smaller design has corners that are made up of images of itself.

r

& File Edit Control b
IE sierpinski 1‘

lllustration 10.16 Sierpinski in its first stages
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" & File Edit Control

sierpinski

lllustration 10.17 Sierpinski some time later

Asthe program proceeds, the center design gets smaller and its corners grow not
in size but in detail. This process produces an image called a fractal, which is a
mathematically derived pattern that maintains the same level of detail no matter
what the magnification of the image. We recommend to you the following sources if
you are interested in this topic.

List of
References on
Fractals

McGraw-Hill Yearbook on Science and Technology (McGraw-Hill, Inc., New York)
1984, p. 191.

Gannes, Stuart, “Lights, Cameras ... Computers”, Discover, August 1984 (Time,
Inc., Los Angeles), pp. 76-79.

Mandelbrot, Benoit B., The Fractal Geometry of Nature(W. H. Freeman & Co., San
Francisco, 1977).

Mandelbrot, Benoit B., Fractals, Form, Chance and Dimension (W. H. Freeman &
Co., San Francisco, 1977).

McDermott, Jeanne, “Geometrical Forms Known as Fractals Find Sense in
Chaos’, p. 110, Smithsonian Magazine December 1983, p. 110.

Sorensen, Peter R., “Simulating Reality with Computer Graphics’, Byte 9 #3
(McGraw-Hill, Inc., N.H. March 1984) pp. 106-134.

Tucker, Jonathan B., “Computer Graphics Achieve New Realism®, High Tech-
nology 4 (High Technology Publishing Co., Los Angeles), June 1984, p. 42,

Van Dam, Andries, “Computer Software for Graphics”, Scientific American 251 # 3
(Sept. 1984, Scientific American Inc., New York), pp. 146-159.
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Centered Sierpinskis

You may note that the Sierpinski curves above were oriented to the left of the
screen. This is only because the Macintosh screen is roughly twice as wide as it is
high. We can change the program slightly where it defines the width of the screen
inline 100. The variable HO refers to the screen width (or height, as Sierpinskis fill a
square area) so change HO=256 to HO=512. With this small change, we can
center the image, and double its size at the expense of not seeing the bottom half.

<

lllustration 10.18 Stage one of centered Sierpinski

r Al

€ File Edit Control
e ———— sieninski 6S5SEF——————

O O OD =N KUK K

lllustration 10.19 Stage two
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" & File Edit Control

sierpinski s

XX KX

lllustration10.20 Stage three

" & File Edit Control
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Illustration 10.21 Stage four
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F =
& File Edit Control
=—————— sierpinski

1A

lllustration10.22 Stage five

One of the intriguing aspects of these patterns is the different lock of the patterns.
The first ones with minimal detail seem somewhat boxy. Then the next set begin to
take on the look of a tiled floor, which of course is the topic here, tessellation. The
last patterns appear to be lace-like, with symmetry of course, but with a touch of
roundedness that is caused by the miniscule squares that are drawn.

One last note about this series of images. Each major iteration in the program
draws the top half on-screen and the bottom half off-screen. So the computer
seems inactive for half of the time. This pause becomes quite long during the latter
part of the program run because of the excruciatingly large number of lines the
program must draw. Consider:

Firstimage: 16 straight lines

Second image: 12 + 4 * 15 = 72 straight lines

Third image: 12 + 4 * 72 = 300 straight lines
Fourth image: 12 + 4 * 300 = 1212 straight lines
Fifth image: 12 + 4 * 1212 = 4860 straight lines
Sixth image: 12 + 4 * 4860 = 19452 straight lines

Seventh image: 12 + 4 * 19452 = 77820 straight lines
Eighth (last)image: 12 + 4 * 77820 = 311292 straight lines

Al of this takes time, so you must have patience with this program. You will be
rewarded with these fascinating images.
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Bent Sierpinskis

r

& File Edit Control
E==————————= bent sierpinski

lllustration 10.23 Bent Sierpinski centered

bl

€ File Edit Control
S====——=—————== bentsierpinski EEE=—————m=———

T S i E

Illustration 10.24 Bent Sierpinski shifted right
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The last two screen images you see in lllustrations 10.23 and 10.24 were
produced with a minor modification to the program. Change the program this way:

Listing, Bent Sierpinski

10 ' bent sierpinski

15 " Creative Computing, July 1984 v10, #7, pp.
148-160 David H. Ahl

20 DEFINT A-2Z

30 CLS

40 FOR DI=1 TO 7

60 GOSUB 100

80 NEXT DI

90 GOTO 90

100 HO=512: SP=0: H=HO/4: X=H+H: Y=X+H: 1=0

110 I=141: X=X-H: H=H/2: Y=Y+H

115 YP=SQR({Y)"7

116 XP=X"(-Y/(HO+HO)+1)+Y/4

120 1F <Dl THEN 110

130 PS=I1: GOSUB 600

140 GOSUB 200: A=H: B=-H: GOSUB 800
150 GOSUB 300: A=-H: B=-H: GOSUB 800
160 GOSUB 400: A=-H: B=H: GOSUB 800
170 GOSUB 500: A=H: B=H: GOSUB 800

180 GOSUB 700

190 RETURN

200

210 1F TP<=0 THEN RETURN

220 PS=TP-1: GOSUB 600

230 GOSUB 200: A=H: B=-H: GOSUB 800

240 GOSUB 300: A=H+H: B=0: GOSUB 800

250 GOSUB 500: A=H: B=H: GOSUB 800

260 GOSUB 200

270 GOSUB 700

280 RETURN

300

310 IF TP<=0 THEN RETURN

320 PS=TP-1: GOSUB 600

330 GOSUB 300: A=-H: B=-H: GOSUB 800

340 GOSUB 400: A=0: B=-2"H: GOSUB 800

350 GOSUB 200: A=H: B=-H: GOSUB 800

360 GOSUB 300

370 GOSUB 700

380 RETURN

400

410 |F TP<=0 THEN RETURN

420 PS=TP-1: GOSUB 600

430 GOSUB 400: A=-H: B=H: GOSUB 800

440 GOSUB 500: A=-2°H: B=0: GOSUB 800

450 GOSUB 300: A=-H: B=-H: GOSUB 800
(continued)
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460 GOSUB 400

470 GOSuUB 700

480 RETURN

500 °

510 IF TP<=0 THEN RETURN

520 PS=TP-1: GOSUB 600

530 GOSUB 500: A=H: B=H: GOSUB 800
540 GOSUB 200: A=0: B=H+H: GOSUB 800
550 GOSUB 400: A=-H: B=H: GOSUB 800
560 GOSUB 500

570 GOSUB 700

580 RETURN

600 °

610 SP=SP+1: ST(SP)=PS

620 TP=PS: RETURN

700 °

710 SP=SP-1: TP=ST(SP): RETURN

800 °

802 X=X+A: Y=Y+B: YQ=SQR(Y)"7

804 XQ=X"(-Y/(HO+HO)+1)+Y/4

806 LINE(XP,YP)-(XQ,YQ): XP=XQ: YP=YQ: RETURN

The effect is to produce images that seem to recede from view.
We now leave these remarkable tessellations to explore the syntax of the
DRAW command and our DRAW subroutine in detail.
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The DRAW Command’s
Syntax

The DRAW command is different from most that you find in BASIC. It executes
according to the way you want it to. You specify a string that describes the way you
want the computer to draw, and DRAW that string. For example, if you have
defined a string A$ as a set of commands for the computer to execute with the
DRAW command, you would write the line

DRAW A$

We can' rewrite BASIC for you, but we will provide you with a subroutine that will
execute A$ thus:

S$ =A$: GOSUB 1000

You place the string into a new variable called S$, branch to the subroutine at line
1000, and EUREKA! the string is drawn.

When you define S$, the string of commands to be drawn, you have availabie a
wide variety of parameters that will make this a truly powerful subroutine. lllustra-
tion 11.1 provides an overview of the DRAW commands.

159
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Command

Mx,y
Mxx £y

Ud

Dd
Ld
Rd
Ed
Fd
Gd
Hd

Motion Commands:

Example Action

“M250,200" Move the draw position to specified X,Y coordinates
“M+20,-10" Move relative to current position. Much like the LINE

STEP command

“U20" Move up a displacement of d pixels from current posi-
tion

“D30” Move down a displacement of d pixels

“L100" Move left d pixels

“R40” Move right d pixels

“ESQ” Move up and right (think of New England)

“F20° Move down and right (Florida)

‘G3” Move down and left (Gila monsters?)

“H20" Move up and left (Mount St. Helens?)

lllustration 11.1 Table of motion commands for DRAW

D

llustration 11.2 Sketch of 8 directions for motion with DRAW
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These MOVE commands can be combined into a string of several moves at a
time. Thisis what makes the DRAW command so powerful, for otherwise you might
as well do a LINE STEP(20,20) instead of a DRAW “F20".

Note: The LINE STEP(20,20) and DRAW “F20" are equivalent, even though you
might think that the DRAW command would draw a line 20 pixels long. It doesn't. It
draws a diagonal line whose horizontal and vertical components are each 20
pixels long. The actual length is

r=V202 + 202 = 28.28

20

20

r = ¥20°+ 20° = 28.28

lllustration 11.3 Triangle with diagonal measured as the square root of sum of
squares (Pythagorean theorem)

To combine several MOVE instructions within a single string for the DRAW
command to execute, simply enter them one after the other, and separate them (if
you desire, as it is optional) with a semicolon.

Examples:

DRAW “R40;D70,L40;U70"

A rectangle is drawn with the longer side vertical.

DRAW “M250,200;E40;F40,G40;H40"

A diamond is drawn down from the center of the screen.
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DRAW “M0,0;R100D100L100U100"

A square at the top left of the screen.

FOR I=1TO 100
DRAW  “42, -1
NEXT |

A 30-degree diagonal up and to the right.

Options:
Command Example Action
B “BMO,0" Blank move. Like a “Lift up pen”
N ‘R20ND20" No position change. This example draws from
origin right 20, then from origin down 20.
X A$= Execute the substring defined in the DRAW.
“BM250,220" This example draws left 25, up 25, then
DRAW executes the command A$. We did not imple-
“L25U25; ment the X option when we wrote the DRAW
XAS$' subroutine.

lllustration 11.4 Options of DRAW command

Modes:
Mode Example Action
Ax “R20;A1; Changes angle of all subsequent draws.
R20;A2; x=0, no change

R20;A3;R20" x=1, 90 degrees clockwise
x=2, 180 degrees clockwise
x =3, 270 degrees clockwise
In the example above, a line is drawn right, then down,
then left, then up — even though the command suggests
all lines go right. We did not implement the A mode.

Cc “C33;R20" Color is 33. This command is not used in the DRAW
subroutine as we wrote it, as it is generally useful only on
color systems.
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Sx “S2;R20;
S4;R20"

Scale, with x a number from 1 to 62.
x=1, 1/4 scale

x=2, 2/4 scale (1/2 scale)

x=3, 3/4 scale

x=4, full scale

lllustration 11.5 Modes of the DRAW command

DRAW Subroutine

In order to clarify the next tessellation with the DRAW subroutine, we will describe
the subroutine in pseudocode. The pseudocode listing will be keyed to line
numbers in the subroutine you will find on pages 166 and 167 as part of the
program ANGLEDRAW, so that you can follow the logic of the program as you
trace the instructions.

1010

1020
1030
1040
1050
1060
1070

1080
1080
1100
1110
1120

1.

Initialize flags if F =0 (first time called).
B = Blank Move flag. Set B=0 (draw).
N = No Position Change flag. Set N=1 (change).
S = Scale. Set S=4 (full scale).
Q = scale multiplier. Set Q=1 (full scale).
F = Firsttime called. Set F =1 (first time).
Set character (char.) counter 18 to 1.
WHILE I8th. char. in S$isnota“#" DO:
a. Call 18th. char. S88.
b. IF char.isB thensetB=0.
c. IF char.isN then set N=0.
d. IF char. is a directed move (U,D,L,R,E,F,G, or H) then
PERFORM Process Directed Move.
e. IF char. is M then PERFORM Process Move.
f. IF char. is S then PERFORM Process Scale.
g. Add 1 to char. counter I8.
ENDDO.
RETURN
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1210
1220

1230 -~

1240

1250

1260

1310
1320
1330
1340
1350
1360
1370
1380

1330
1400

1410

N —

10.

o

11.

COoN

Process Move

PERFORM Pick up digits, sign if any routine at 1900.
Save B88% in X8%

Add1tol8

PERFORM Pick up digits, sign if any routine at 1900.
Save B88%in Y8%

Set X8 to be value of X8% times Q, the scale

Set Y8 to be value of Y88 times Q

IF first char. in X8% is“+"or“-"

THEN
aX=X+ X8
b.Y=Y+Y8

ELSE
a.X=X8
b.Y=Y8

IF B = 1 (not ablank move)
THEN draw line to (X,Y)
ELSE move cursor to (X,Y)

RETURN

Process Directed Move

Set X8 and Y8 =0
PERFORM pick up digits, sign if any at 1900.
Set B8 to value of B8%
Set P8 to position of char. S8% in string “LRUDEFGH"
IFP8=10rP8>6
THEN X8= —-B8 (S8 is“L", “G”", or *H")
IFP8=20rP8=50rP8=6
THEN X8 = B8 (S8%is“R", “E", or “F")
IFP8=30rP8=50rP8=8
THEN Y8 = —B8 (S8% is“U", “E", or “H")
IFP8=40rP8=60rP8=7
THEN Y8 = B8 (S8%is ‘D", “F", or “G")
IF X+ X8 out of bounds THEN X8 = — X8
IFY +Y8 out of bounds THEN Y8 = — Y8
Draw line to (X8,Y8)
IFN=1
THEN
a. X=X+X8
b.Y=Y+Y8
ELSE
a. Move to (X,Y)
b.SetN=1
RETURN
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Process Pick up Sign,

Digits if any
1810 & 1 Set B8$ = null.
1920 2. WHILE I8th char. is one of chars. in “0123456789 — +" DO:
1930 Add to B8$ the character found in S§

Add1tol8
1940 3. ENDDO.
1950 RETURN
Applications of DRAW
Subroutine

The first program that uses the DRAW is very short. It provides the same output as
the first tessellation program that was demonstrated in this chapter.

Remember that in that program we selected a 10-unit-long line to be drawn in a
random vertical, horizontal, or diagonal direction from where we were. The result
was a trace of a random walk, which when allowed to proceed for some time
ended up as a tessellation of the screen (lllustration 11.6 and 11.7).

r b

& File Edit Control
Ee————— gy |

T, s J

lllustration 11.6 Angle draw
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r ~

€ File Edit Control

angledraw

I

N

o1

| IoEmww TR TRY —

lllustration 11.7 Angle draw, longer segments

Here we do the same thing, only we use the Directed Move portion of the DRAW
subroutine to select the direction of our drunkard's next step. Study the listing.

Listing, ANGLEDRAW Program

10 " angledraw

20 CLS: RANDOMIZE TIMER: F=0

30 S$="BM200,120S3#":GOSUB 1000

40 S$=MIDS$("UDLREFGH",1+8*RND,1)+"10#":GOSUB 1000

50 GOTO 40

1000 ' DRAW subroutine

1010 IF F=0 THEN B=1:N=1:S=4:0=1:F=1

1020 18=1

1030 WHILE MIDS$(S$,18,1)<>"#"

1040 SBS=MIDS$(Ss,18,1)

1050 IF S8%="B" THEN B=0: GOTO 1100

1060 |IF S8%="N" THEN N=0: GOTO 1100

1070 IF INSTR("UDLREFGH",S8%)<>0 THEN GOSUB 1300:
GOTO 1100

1080 IF S8$="M" THEN GOSUB 1200: GOTO 1100

1090 IF S8$="S" THEN GOSUB 1900: S=VAL(BB8$): Q=S/4:
GOTO 1100

1100 18=18+1

1110 WEND

1120 RETURN

1200 ' process M

1210 GOSUB 1900 '>>>> get digits, sign for X
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1220 X8$=B8$: 18=18+1: GOSUB 1900 '>>>> bypass
comma, get digits, sign for Y

1230 Y8$=B8$: XB8=Q"VAL(X8$):Y8=0"VAL(Y8S$)

1240 IF INSTR("+-", LEFT$(X8%,1))<>0 THEN
X=X+X8:Y=Y+Y8 ELSE X=X8:Y=Y8

1250 IF B=1 THEN CALL LINETO(X,Y) ELSE CALL
MOVETO{X,Y) :B=1

1260 RETURN

1300 'process directed move

1310 X8=0: Y8=0: GOSUB 1900 '>>>> get digits

1320 B8=0"VAL(B8S): P8=INSTR("LRUDEFGH",S8%)

1330 |F P8=1 OR P8>6 THEN X8=-BS8

1340 |F P8=2 OR P8=b OR P8=6 THEN X8=B8

1350 IF P8=3 OR P8=5 OR P8=8 THEN Y8=-B8

1360 1F P8=4 OR P8=6 OR P8=7 THEN Y8=BS8

1370 IF X+X8<0 OR X+X8>500 THEN X8=-X8

1380 IF Y+Y8<0 OR Y+Y8>280 THEN Y8=-Y8

1390 CALL LINE(X8,Y8)

1400 IF N=1 THEN X=X+X8: Y=Y+Y8 ELSE CALL
MOVETO(X.Y): N=1

1410 RETURN :

1900 ‘pick up digits, sign if any

1910 BBs=""

1920 WHILE INSTR{"0123456789-+" ,MID$(S$,18+1,1))<>0

1930 B8S=BBS+MIDS(S$,18+1,1): 18=18+1

1940 WEND

1950 RETURN

9999 END

20 Clearsthe screen, seeds the random number generator, and sets F, the First
Time Flag that DRAW needs, to 0.

30 Establish the starting point of our tessellation at (200,120), and scale at 3/4.

40 Determine the direction of the drunkard's random step by choosing the Move
direction at random from the string “UDLREFGH". Then it sets the step size as
10. The DRAW string is terminated with a “#”, and the DRAW subroutine is
invoked.

50 Loop back to Line 40 to provide us with an infinite loop.
You can have great fun with this very simple program. We suggest that you start
by altering line 40 in each of several ways:
40 S$=MID$("LLRRUDFH" ......
40 S$=MID$("'UUDDLREG" ......
40 S$=MID$('‘EFGHEFGH" ......
40 S$=MID$(‘LRUDLRUD" ......
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You can also tessellate the screen by selecting a random square area on the
screen to fill with patterns of your choice. Subdivide the screen as a grid of squares,
or rectangles, as shownin lllustration 11.8:

" & File Edit Control
squaredraw

E E | | L
DD Bil= DD am H_HD %:
i =) (158 OO O

_DD E O B0

lllustration 1.8 Square tessellation with DRAW

Listing, SQUAREDRAW

1Q

squaredraw

20 CLS: RANDOMIZE TIMER: F=0

30 R1=INT(25°RND) 20

40 R2=INT(14"RND)"20

50 R1$=MIDS$ (STR$(R1),2): R2$=MID$(STR$(R2),2)
60 S$="BM"+R1$+","+R2$

70 S$=S$+"R18D18L18U1BH"

80 GOSUB 1000

90 GOTO 30

1000 ' DRAW subroutine

1010 IF F=0 THEN B=1:N=1:S=4:0=1:F=1

1020 18=1

1030 WHILE MIDS(Ss.18,1)<>"#"

1040 S8$=MIDS$(S$.,18,1)

1050 IF S85="B" THEN B=0: GOTO 1100

1060 IF S8$="N" THEN N=0: GOTO 1100

1070 IF INSTR("UDLREFGH",S8%)<>0 THEN GOSUB 1300:
GOTO 1100

1080 IF S8$="M" THEN GOSUB 1200: GOTO 1100

1090 IF SB8$="S" THEN GOSUB 1900: S=VAL(B8s): 0=S/4:

1100

GOTO 1100
[8=18+1
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1110 WEND

1120 RETURN

1200 ' process M

1210 GOSUB 1900 '>>>> get digits, sign for X

1220 X8$=B8$: 18=18+1: GOSUB 1900 '>>>> bypass
comma, get digits, sign for Y

1230 Y8$=BBS$: X8=Q"VAL(X8$):Y8=Q"VAL(YBS)

1240 §IF INSTR({"+-", LEFT$(X8$,1))<>0 THEN
X=X+X8:Y=Y+Y8 ELSE X=X8:Y=Y8

1250 |F B=1 THEN CALL LINETO(X.Y) ELSE CALL
MOVETO(X,Y):B=1

1260 RETURN

1300 ‘process directed move

1310 X8=0: Y8=0: GOSUB 1900 '>>>> get digits

1320 B8=Q"VAL(B8$): P8=INSTR({"LRUDEFGH",6S8%)

1330 |F P8=t OR P8>6 THEN X8=-B8

1340 |F P8=2 OR P8=5 OR P8=6 THEN X8=B8

1350 IF P8=3 OR P8=5 OR P8=8 THEN Y8=-B8

1360 IF P8=4 OR P8=6 OR P8=7 THEN Y8=B§

1370 IF X+X8<0 OR X+X8>500 THEN X8=-X8

1380 IF Y+Y8<0 OR Y+Y8>280 THEN Y8=-Y8

1390 CALL LINE(X8,Y8)

1400 IF N=1 THEN X=X+X8: Y=Y+Y8 ELSE CALL
MOVETO(X.Y): N=1

1410 RETURN

1900 ‘'pick up digits, sign if any

1910 B8sS=""

1920 WHILE INSTR("0123456789-+" ,MIDS$(S$,18+1,1))<>0

1930 B8$=B8S+MIDS(S$,18+1,1): 18=18+1

1940 WEND

1950 RETURN

9999 END

You can do this by selecting the upper left corner of a random grid area this
way:

100 ‘get random square grid area

110 ‘horiz. coord. R1is 0, 20, 40, 60, ... to 500

120 R1=INT(25*RND)*20

130 ‘vert. coord. R2is 0, 20, 40, 60, ... to 280

140 R2=INT(14*RND)*20

160 ‘String representation of R1 and R2 for DRAW:
170 R1$=MID$(STR$(R1),2): R2%$ =MID$(STR$(R2).2)

Once you have established the random corner coordinates, you can issue a
DRAW command to place your pattern in that area. For example, suppose you
want to draw a diamond with a vertical and horizontal line within it, as shown in
llustration 11.9:
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"BM+10,+ONF 10D20NE10H10NR20E10"

Illustration 11.9 Diamond with vertical and horizontal lines

To the code above, you add these lines:

180 S$="BM"+R1$+"."+R2% ‘move to random corner
190 S$=S$+"BM+10, + ONFIOD20ONE1OHI1ONR20E10 #"
200 GOSUB 1000

Line 190 defines the DRAW command as

Blank move right 10 from present position.

Draw down and right 10, go back to top of diamond.
Draw down 20.

Draw up and right 10, go back to bottom of diamond.
Draw up and left 10.

Draw right 20, go back to left point of diamond.
Draw up and right 10, return for next DRAW.

You can define your tile area as a rectangle by modifying line 120 as shown below:
120 R1=INT(20*RND)*25)

This allows 20 rectangles across the screen, each 25 units wide. Now you can
define a new pattern in this different tile.
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Alphabet Generator

The last application we have chosen to demonstrate using the DRAW command
is an alphabet generator. What we do in this program is to define 37 different
DRAW commands as DATA strings, representing the motions necessary to trace
the 26 letters of the alphabet, the 10 digits, and the space character. When these 37
strings are stored in an array, the program can select them by position and execute
them. The commands to draw the A are stored as a string in the first array position;
those to draw the B in the second consecutively to the Z in the 26th. Thus to draw
an A, place the contents of the first array position into S$, and call the DRAW

subroutine.
position AS
1 Command string to draw "A" 20 Command string to draw "
2 Command string to draw "B” 21 Command string to draw '
3 Command string to draw " 22 Command string to draw *
4 Command string to draw " 23 Command string to draw "
5 Command string to draw " 24 Command string to draw '
6 Command string to draw ° 25 Command string to draw "
7 Command string to draw ' 26 Command string to draw "
8 Command string to draw ' 27 Command string to draw "
9 Command string to draw ’ 28 Command string to draw ”
0 Command string to draw '’ 29 Command string to draw "

—
-—

Command string to draw ' 30 Command string to draw ”

lolo|N|o|alsluls|=|o|N|<|%|£[<(<|H

Sl ] Il el (ST ed e d Ll B (o rd B ] i ] S )

12 Command string to draw ’ 31 Command string to draw "
13 Command string to draw ° 32 Command string to draw ’
14 Command string to draw ' 33 Command string to draw "
15 Command string to draw ’ 34 Command string to draw *
16 Command string to draw ' 35 Command string to draw *
17 Command string to draw ' 36 Command string to draw ’
18 Command string to draw ' 37 Command string to draw "
19 Command string to draw ”

lllustration 11.10 Sketch of array with commands stored
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Here's the listing of the program that allows you to write (to DRAW) wordsin a new
font.

Listing, ALPHABET DRAW

10 ' alphabet draw

20 DIM A$(37)

30 CLS:CALL MOVETO(10.,10):X=10:Y=10:F=0

40 FOR I=1 TO 37

50 READ As$(1)

60 NEXT |

70 DATA "BM+0,+20E120D8NL8D4BM+8,-20"

80 DATA "BM+0,+8R12012L12U12U8BM+20,+0"

90 DATA "BM+12,+20L12U12NR12BM+20,-8"

100 DATA "BM+0,+8R12012L12U12BM+12,+0U8BM+8,+0)

110 DATA "BM+12,+20L12U12NR12BM+0,+6R12BM+8,-14"

120 DATA "BM+0,+8NR12D12U6R8BM+12,-14"

130 DATA "BM+0,+8R12D12L12U12BM+12,+12D8L6BM+14, -
28"

140 DATA "BM+12,+20U12L12ND12U8BM+20,+0"

150 DATA "BM+6,+8D12BM+6,+0L12BM+6,-18D02BM+14,-4"

160 DATA "BM+12,+8D20L12U8BM+12,-18D2BM+8,-4"

170 DATA "D20UBNE12E2F10BM+8,-20"

180 DATA "D20R12BM+8,-20"

190 DATA "BM+12,+20U12L12ND12BM+6,+0D12BM+14,-20"

200 DATA "BM+12,+20U12L12ND12BM+20,-8"

210 DATA "BM+0,+8R12D12L12U12BM+20,-8"

220 DATA "BM+0,+8R12D12L12U12D20BM+20,-28"

230 DATA "BM+0,+8R12D12L12U12BM+12,+0D20BM+8,-28"

240 DATA "BM+12,+8L12D12BM+20,-20"

250 DATA "BM+12,+8L12D6R12D6L12BM+20,-20"

260 DATA "BM+0,+B8RGND12R6BM+8,-8"

270 DATA "BM+12,+8D12L12U012BM+20,-8"

280 DATA "BM+0,+8D12E12BM+8,-8"

290 DATA "BM+12,+8012L12U012BM+6,+0D12BM+14,-20"

300 DATA "BM+6,+14NEGNFENGENHEBM+14,-14"

310 DATA "BM+12,+8D12L12U12BM+6,+12D8BM+14,-28"

320 DATA "BM+0,+8R12G12R12BM+8,-20"

330 DATA "D20R12U20L12BM+20,+0"

340 DATA "BM+6.+ONG4D20NR6LEBM+20,-20"

350 DATA "R12D10L12D10R12BM+8,~20"

360 DATA "R12D10NL12D10L12BM+20,-20"

370 DATA "D10R12NU10D10BM+8.-20"

380 DATA "NR12D10R12D10L12BM+20,-20"

390 DATA "MNR4D20R12U10L12BM+20,-10"

400 DATA "R12D20BM+8,-20"

410 DATA "ND20R12D10ONL12D10L12BM+20,-20"

420 DATA "ND10OR12D10NL12D10BM+8,-20"

430 DATA "BM+20,+0"
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440 SS=INKEYS$:IF S$="" THEN 440

450 |IF S$<>CHR$(13) THEN 480

460 X=10:Y=Y+36"Q: S$="BM"+STRS(X)+","+STRS(Y)+"#"

470 GOSUB 1000: GOTO 440

480 IF S$="/" THEN STOP

490 J=INSTR({"abcdefghijk!mnopgrstuvwxyz0123456789
",8%)

500 IF J=0 THEN J=37

510 S$=As(J)

520 S$="S16"+S$+"#"

530 GOSUB 1000

540 GOTO 440

1000 ' DRAW subroutine

1010 IF F=0 THEN B=1:N=1:S=4:0=1:F=1

1020 18=t

1030 WHILE MIDS(Ss.,18,1)<> 4"

1040 S8$=MID$(S$,18,1)

1050 IF S8$="B" THEN B=0: GOTO 1100

1060 IF S8$="N" THEN N=0: GOTO 1100

1070 IF INSTR("UDLREFGH",S8%)<>0 THEN GOSUB 1200:
GOTO0 1100

1080 IF S8$="M" THEN GOSUB 1130: GOTO 1100

1090 IF S8%="S" THEN GOSUB 1320: S=VAL(B8$): 0=S/4:
GOTO 1100

1100 18=18+1

1110 WEND

1120 RETURN

1130 ' process M

1140 GOSUB 1320 ">>>> get digits, sign for X

1150 X85=B8s: 18=18+1: GOSUB 1320 '>>>> bhypass
comma, get digits, sign for Y

1160 YB8$=B8$: X8=Q"VAL(X8s$):Y8=Q"VAL(Y8S$)

1170 IF INSTR{"+-", LEFT${X8$,1))<>0 THEN
X=X+X8:Y=Y+Y8 ELSE X=X8:Y=Y8

1180 IF B=1 THEN CALL LINETO(X,Y) ELSE CALL
MOVETO(X,Y) :B=1

1190 RETURN

1200 'process directed move

1210 X8=0: Y8=0: GOSUB 1320 '>>>> get digits

1220 B8=0"VAL(B8%): PB=INSTR("LRUDEFGH",6S8%)

1230 IF P8=1 OR P8>6 THEN X8=-B8

1240 |F P8=2 OR P8=5 OR P8=6 THEN X8=BS8

1250 |F P8=3 OR P8=5 OR P8=8 THEN Y8=-B8

1260 IF P8=4 OR P8=6 OR P8=7 THEN Y8=BS8

1270 IF X+X8<0 OR X+X8>500 THEN XB8=-X8

1280 IF Y+Y8<0 OR Y+Y8>280 THEN Y8=-Y8

1290 CALL LINE(X8,Y8)

1300 IF N=1 THEN X=X+X8: Y=Y+Y8 ELSE CALL
MOVETO(X,Y): N=t

(continued)
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1310 RETURN

1320 "pick up digits, sign if any

1330 Bgs=""

1340 WHILE INSTR("0123456789-+" MID$(S$,18+1,1))<>0
1350 BBS=BBS+MIDS(Ss,18+1,1): 18=18+1

1360 WEND
1370 RETURN
9999 END

20
30

40-60
70-430

440
450-480

480
500

510
520
530
540

Define array A$ to hold 37 command strings.

Clear screen, more cursor to upper left corner, set X and Y
starting points to that cursor position, set First Time Flag F to 0.
Read command strings into array A$.

Commands themselves. Consider line 70 as a typical example,
defining the letter A. It states:

“Blank Move (relative to current position) 20 down (go to bottom
left of 20-by-20 square), go up and right 12 units’ (lllustration
11.11).

“Go down 8 units, left 8 units, return to previous position” (lllustra-
tion 11.12).

“Go down 4 units to finish off the A" (lllustration 11.13).

“‘Blank Move right 8, up 20 to top right of this drawing area, which
is top left of next area.”

Pick up a keystroke from user.

IF char. ="/"then STOP

ELSE return cursor to new line, 10 over and 36*Q down.

Place in J position of S§ in array, if it is one of the 37.

Define character as a blank if it is not one of the 37 acceptable
characters.

Place in S$ the appropriate command string from the array A$.
Set scale to 16 and place terminator symbol at end of S§.
Perform DRAW subroutine.

Loop back to pick up another character.
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Illustration 11.11 Diagonal bar of A in rectangle
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lllustration 11.12 Letter A later
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Finish
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Illustration 11.13 Finished letter A
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The screen images below (lllustration 11.14 - 11.17) indicate some of the flexibility of
this program. Of course you are free to define your own fonts by rewriting the
command strings in lines 70-430. That's half the fun of this program.

" & File Edit Control k
=———————=— alphabet draw

A ==

——— 2

lllustration 11.14 The Year of the Apple

" & File Edit Controk

alphabet draw

mC1lnTOsh

MmAC OU M
qrAVEHETELH

corTL and

lllustration 11.15 An Apple by any other name
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" & File Edit Control R N

1 jonaTthan
£ golLden delicious
1 pippin

H russeT

5 FameusE

E norTthern spu
w

lilustration 11.16 An Apple a day, never on Sunday

1 roxbury russetr @ grimes golden 3 ben davis
Y westrleld seek no Further S palmer greening
b tydemans red 7 summerrsd B minjon 9 prima
10 melLrose 11 spigold 12 monroe 13 sparTan
14 wapne 15 porter 1b malden blush 17 holly
18 summer rambo 19 white 4strachan 20 Lady

21 whiTte pearmain 22 smoKehouse @23 wolr river
24 hunt russet &5 Tolman sweev 2b chenango

21 garly harvest 2B reqent 29 yellow horse
30 bL4cK gliLlLirlLower 31 northuesTern gresnlng
32 granny smith 33 esopus spiTtzenberg 34 King
35 yellow bellrlowsr 3b red June 37 baldwin

lllustration 11.17 How ‘bout them apples?

This chapter has demonstrated several features of the Macintosh graphics that
you can create in BASIC. As usual, you are encouraged to play with these ideas,
and to expand on the possibilities.
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We revisit the topic of tangrams in this chapter, though in a very different guise. In
Chapter Seven the subject was tangrams produced by manipulating figures in
MacPaint. Here we used MacPaint tools such as the lasso, the marquee, and the
Edit menu's powerful Flip vertical and Flip horizontal. We will describe, and discuss
in detail, a program in BASIC that uses the mouse to select and execute com-

mands to draw the tangram.

lllustration 12.1 shows how the screen output area of BASIC was subdivided into
four parts, each with its own function. The four area labels, selection square,
command line, tan display, and tangram display are used to provide a referencein

the discussion only.

/ select square

6 /

| 35 /command line

N

N

cursor

AN

N

tan display

N

tangram display

lllustration 12.1 The four screen output areas

181
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The procedure for using this application is best described by briefly listing the
operations used to produce a familiar tangram, and by displaying the screen
image of each different step.

1. Upon typing “‘RUN’, the program displays the four areas. The select square
area shows the square tangram formed by the seventans, each labeled by a
number. The command line area shows, in Los Angeles font, the word
“begin”. The other two areas are empty (lllustration 12.2). The purpose of this
display is to give you time to become familiar with the four areas.

lllustration 12.2 Screen display after the command “RUN"

2. Position the cursor in the command line area and click the mouse. The
command line changes from “begin’ to “select tan” (lllustration 12.3).

3.  Move the cursor over any one of the digits identifying the seven tans, and
click. The selected tan is copied into the tan display area and begins to rotate
in 45-degree increments, and the command line changes from “select tan” to
“orient tan”.

4. Move the cursor in the command line. When the tan that is rotating assumes
the position you wish it to have in your tangram, click the mouse. The tan
stops rotating and the command line changes from “orient tan” to “grab tan”.

5. Move the cursor to the tan display area, to any one of the vertices. The
cursor's hotspot must be within three pixels of the tan's vertex in order to be
activated. When you click the mouse to “grab” the tan and the hotspot is close
enough, an image of the tan vibrates, much as it would had you lassoed it in
MacPaint. However, you do not have to drag the tan to the tangram display
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" & File E¢it Control

select tan

illustration 12.3 Screen during tan selection

area. Moving the mouse is sufficient to move the tan (lllustration 12.4). Our
thought was to simplify the move of the tan for you. You want to be careful
aboutits placement, and you shouldn't have to worry about the mouse button
being depressed during this careful operation.

" & File Edit Control

M

lllustration 12.4 Screen with tan moved to display area
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6. To “let go" of the tan when you have it exactly where you want it. Click the
mouse. The command line changes from “position tan” to “do undo”. This
choice allows you to change your mind. For example, you might click the
mouse at the wrong time during its rotation, so that its orientation is wrong.
Simply click “undo” here and you go back to the select tan stage of the
program. |f you misplaced the tan, even though it was properly oriented, you
can “undo” your mistake. In all cases, clicking the undo command will take
you back to select the same or another tan.

7.  Asyou repeat the steps 2 through 6 above, you develop your picture. When
all seven tans have been selected, oriented, grabbed, and positioned, your
tangram is done and the command line shows “‘tangram complete”. The
three areas to the left of the tangram display area are erased, as shown in
llustration 12.5.

lllustration 12.5 Screen with completed stork tangram

The listing of the Tangrams program has several noteworthy features, among
them a reliance on structure with many subroutines, and some heavy use of the
Macintosh's Quickdraw ROM routines.
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Listing, Tangrams program

10 ° tan application

20 DEFINT A-Z

30 DIM C{34).GP(233)

40 DIM TT(7),0T(7),VT(7).XT(7),YT(7)
50 DIM ST(4,3,2),MT(4,3,2),50(2.4.2),PA(4,4,2)
60 M1=7:M2=104:F=0

70 FOR I1=0 TO 3

80 C{1)=0:C(15-1)=0

90 NEXT |

100 C(4)=&H7E0:C(11)=&HT7ED

110 FOR 1=5 TO 10

120 C(1)=&H810

130 NEXT |

140 FOR 1=0 TO 15

150 C(1+16)=C(1)

160 NEXT |

170 C(32)=8:C(33)=8

180 CALL SETCURSOR({VARPTR{C(0)))
190 CLS

200 GOSUB 4000 ' draw tangram tile
210 FOR 1=1 TO 4

220 FOR J=1 T0 3

230 FOR K=1 T0 2

240 READ ST(!.,J.K)

250 NEXT K

260 NEXT J

270 NEXT |

280 ° small triangles —-tans 1 & 5
290 ' large trianges —tans 4 & 6 are 2x
300 DATA 0,0,19,-19,38.,0

310 DATA 0,0,27,0,27,27

320 DATA 0,0,19,19,0,38

330 DATA 0,0,0,27,-27,27

340 FOR I=1 TO 4

350 FOR J=1 TO 3

360 FOR K=1 TO 2

370 READ MT(!.,J.K)

380 NEXT K

390 NEXT J

400 NEXT |

410 ' medium triangle -tan 2

420 DATA 0,0,38,-38,38.,0

430 DATA 0,0,54,0,27,27

440 DATA 0,0,38,38,0,38

450 DATA 0,0,0,54,-27,27

460 FOR 1=1 T0 2

470 FOR J=1 TO 4

(continued)
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480
490
500
510
520

530 °

540
550
560
570
580
580
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740

750
760
770
780
790
800
810
820
830
840
850
880

870
880

FOR K=1 TO 2

READ SQ(1,J,K)

NEXT K

NEXT J

NEXT |

square -tan 3

DATA 0,0,19,-19,38,0,19,19
DATA 0,0,27,0,27,27,0,27

FOR 1=1 TO 4

FOR J=1 TO 4

FOR K=1 TO 2

READ PA(1,J.K)

NEXT K

NEXT J

NEXT |

' parallelogram —tan 7

DATA 0,0,0,-38,19,-57,19,-19

DATA 0,0,27,-27,54,-27,27,0

DATA 0,0,38,0,57,19,19,19

DATA 0,0,27,27,27,54,0,27

GOSUB 5000:PRINT"begin”

IF MOUSE(0)=1 THEN 700 ELSE 690

A=MOUSE (1) :B=MOUSE(2)

IF B>90 AND B<110 AND A<180 THEN 730

GOTO 690 :

GOSUB 5000

IF F<7 THEN PRINT "select tan":GOTO 770 ELSE
GOSus 8000

CALL MOVETO(5,15):PRINT "tangram complete”:CALL
INITCURSOR

{F INKEY$="" THEN 760 ELSE STOP

LINE{1,111)-(179,299),30,BF

X=5:Y=7:T=0

IF (A>X+2 AND A<X+20) AND (B>Y+34 AND B<Y+52)
THEN T=4

IF (A>X+6 AND A<X+24) AND (B>Y+64 AND B<Y+82)
THEN T=1

IF (A>X+25 AND A<X+43) AND (B>Y+9 AND B<Y+27)
THEN T=6

IF (A>X+26 AND A<X+44) AND (B>Y+53 AND B<Y+71)
THEN T=3

IF {A>X+37 AND A<X+55) AND (B>Y+34 AND B<Y+52)
THEN T=5

IF (A>X+54 AND A<X+72) AND (B>Y+25 AND B<Y+43)
THEN T=7

IF (A>X+51 AND A<X+69) AND (B>Y+60 AND B<Y+78)
THEN T=2

A=MOUSE (1) :B=MOUSE(2)

IF MOUSE(0)=0 OR T=0 THEN 790

X=90:Y=200
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890 0=1

800 GOSUB 2000 ' set orientation

910 GOSUB 3000 ' draw tan

920 GOSUB 5000:PRINT “"orient tan"

930 A=MOUSE({1):B=MOUSE(2)

940 FOR Z=1 TO 1000:NEXT 2Z

950 IF MOUSE(0)=1 AND B>90 AND B<110 AND A<180 THEN
1050

960 0=0+1

970 LINE(1,111)~-(179,299),30,BF

980 IF T=7 AND 0>16 THEN 0=1

990 IF T=3 AND 0>2 THEN 0=1

1000 IF T<>3 AND T<>7 AND 0>8 THEN 0=t

1010 GOSUB 2000 ' set orientation

1020 GOSUB 3000 ' draw tan

1030 IF MOUSE(O)=1 THEN 1050

1040 GOTD 930

1050 GOSUB 5000:PRINT "grab tan”

1060 IF T=3 OR T=7 THEN L=4 ELSE L=3

1070 |F MOUSE(0)=1 THEN A=MOUSE(1):B=MOUSE(2):G0TO
1090

1080 GOTO 1070

1090 FOR I=1 TO L

1100 |F ABS{A-P{I,1)-X)<3 AND ABS(B-P(1,2)-Y)<3
THEN 1140

1110 A=MOUSE(1):B=MOUSE(2)

1120 NEXT |

1130 GOTO 1070

1140 XG=0:YG=0

1150 FOR 1=1 TO L

1160 IF ABS(P(1,1))>ABS(XG) THEN XG=P(1.,1)

1170 1F ABS(P{!,2))>ABS(YG) THEN YG=P({1,2)

1180 NEXT |

1190 GET(X,Y)-(X+XG,Y+YG),GP

1200 IF T=3 AND 0=1 THEN GET(X,Y+YG)}-(X+XG.Y-YG),GP

1210 GOSUB 5000:PRINT"position tan”

1220 X=MOUSE({1):Y=MOUSE(2)

1230 IF T=3 AND 0O=1 THEN 1270

1240 PUT(X.Y)-{X+XG,Y+YG),GP,X0R

1250 PUT(X.,Y)-{X+XG,Y+YG),GP,X0OR

1260 GOTO 1290

1270 PUT(X,Y+YG)-(X+XG,Y-YG),GP, XOR

1280 PUT(X,Y+YG)~(X+XG,Y-YG),GP, X0OR

1290 IF MOUSE(0)=1 THEN 1300 ELSE 1220

1300 IF X<180 THEN 1210

1310 GOSuB 3000

1320 GOSUB 5000:PRINT"do"

1330 LINE(90,91)-(90,109):CALL MOVETO(90+M1,M2):
PRINT"undo"

(continued)
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1340 IF MOUSE(0)<>1 THEN 1330

1350 A=MOUSE(1):B=MOUSE(2)

1360 IF B>90 AND B<110 AND A>90 AND A<180 THEN
GOSUB 7000 ELSE GOSUB 6000

1370 GOTO 730

1380 CALL TEXTMODE(O)

2000 ' set orientation

2010 |F T=3 THEN 2160

2020 IF T=7 THEN 2220

2030 |F T=2 THEN 2340

2040 IF T=1 THEN B=0+0:M=1

2050 IF T=5 THEN B=0+6:M=1

2060 IF T=4 THEN B=0+2:M=2

2070 |F T=6 THEN B=0+4:M=2

2080 IF B>8 THEN B=B-8

2090 1F B>4 THEN K=B-4:M=-M ELSE K=B

2100 FOR I=1 TO 3

2110 FOR J=1 TO0 2

2120 P(1.,J)=ST{K,1,J)"M
2130 NEXT J

2140 NEXT |

2150 RETURN

2160 FOR 1=1 T0 4

2170 FOR J=1 T0 2

2180 P(1,J)=S0(0,1,J)
2190 NEXT J

2200 NEXT 1

2210 RETURN

2220 B=(0-1) MOD 8 + 1
2230 1F B>4 THEN K=B-4:M=-1 ELSE K=B:M=1
2240 FOR I=1 TO 4

2250 FOR J=1 TO 2

2260 P(1,J)=PA(K,I,J)"M
2270 NEXT J

2280 NEXT |

2290 IF 0<9 THEN RETURN
2300 FOR I=1 T0 4

2310 P(1,1)==P(1,1)
2320 NEXT |

2330 RETURN

2340 IF 0>4 THEN K=0-4:M=-1 ELSE K=0:M=1
2350 FOR I=1 T0 3

2360 FOR J=1 TO 2

2370 P{1,J)=MT(K,I,J)"M
2380 NEXT J

2390 NEXT |

2400 RETURN

3000 ' draw tan

3010 |F T=3 OR T=7 THEN L=3 ELSE L=2
3020 FOR =1 TO L
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3030 LINE(X+P(1,1) Y+P(1,2)}=(X+P(1+1,1),Y+P
(1+1,2))

3040 NEXT |

3050 LINE(X+P(L+1,1),Y+P(L+1,2))=(X+P{1,1),Y+P
{(1.2))

3060 RETURN

4000 ' draw tangram tile

4010 X=0:Y=0

4020 LINE(0C,0)-(180,300),.8B

4030 LINE(O,90)-(180,110),,8

4040 X=X+5:Y=Y+7

4050 LINE(X,Y)-(X+76,Y+76),.B

4060 LINE(X,Y+76)-(X+76.Y)

4070 LINE(X+38,Y+76)-{X+76,Y+38)

4080 LINE(X,Y)-(X+57,Y+57)

4090 LINE(X+57,Y+57)-(X+57.,Y+19)

4100 LINE(X+19,Y+57)-(X+38,Y+76)

4110 CALL TEXTMODE(1):CALL TEXTFONT(12)

4120 CALL MOVETO(X+15,Y+73):PRINT "1"

4130 CALL MOVETO(X+60,Y+69):PRINT "2"

4140 CALL MOVETO(X+35,Y+62):PRINT "3"

4150 CALL MOVETO(X+11,Y+43):PRINT "4"

4160 CALL MOVETO(X+46,Y+43) :PRINT "5"

4170 CALL MOVETO(X+34,Y+18):PRINT "6"

4180 CALL MOVETO(X+63,Y+34):PRINT "7"

4190 CALL TEXTMODE(0)

4200 RETURN

5000 ' prompt manager

5010 LINE(1,91)-(179,109),.30,8F

5020 CALL MOVETO(M1,M2)

5030 CALL TEXTMODE(1)

5040 RETURN

6000 ' save tan info

6010 F=F+1

6020 TT(F)=T:0T(F)=0:XT(F)=X:YT(F)=Y

6030 RETURN

7000 ' undo

7010 LINE(181,1)-(499,299),30,BF

7020 FOR 2=1 TO F

7030 T=TT(Z2):0=0T(Z):X=XT(Z):Y=YT(Z)

7040 GOSUB 2000:GOSUB 3000

7050 NEXT 2

7060 RETURN

8000 * wrap up

8010 GOSUB 5000:PRINT “tangram complete”

8020 LINE (0,0)-(500,300),30,BF

8030 XD=100:YD=100

8040 FOR Z22=1 T0 F

8050 T=TT(Z2):0=0T(Z22):X=XT(22):Y=YT(Z2)

(continued)
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8060 GOSUB 2000

8070 IF Z2=P1 THEN XS=X-XD:YS=Y-YD
8080 X=X-XS:Y=Y-YS§

8090 GOSUB 3000

8100 NEXT Z2

8110 RETURN

Commonly Used
Variables

Let's review some of the most commonly used variables.

C — new cursor. ‘C" is an integer array DIMensioned 34. Cursors in BASIC are
most easily defined in hex images of a binary 16-bit number. The cursor design
begins as a 16x16 grid, with the filled (dark) pixels marked and the “Hot Spot” pixel
pair identified. lllustration 12.6 shows the design for our cursor shaped like a
rounded square with the center dot being the “Hot Spot”.

C<0)>=&HO000
C(1>=&H0CO00
C(2)>=&H0C000
C(3)>=&HO000
C(4)=&HO?VED
C(5>=&HO8 10
C(6=&HO810
C(?)=gHO8 10
C(8>=&HO8 10
C<(9)>=HO810
C(10>=gHO8 10
C(11>=gHO?ED
C¢125>=gH0000
C(13>=gH0O000
C< 14 >=gHO000
C(15>=&H0000

OO

[l
[l
[]
[
[
[
[
[
L]
[

LI

I

[1[]
[ [ ]
[ 1[]
][]
L]
][]
LI
L]
L]
[ 1]
[1[]
[ [ ]
[ ]
L]
L[]
L]

00

[
[
O

Illustration 12.6 Square cursor in 16x16 grid
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Each grid position is a bit, and each row in the grid is a 16-bit integer. In binary, for
example, the fifth row is "0000011111100000", which is the hex number “7EQ". To
define the cursor in BASIC, you define the first 16 positions of the cursor array, C(0)
through C(15), as follows:

1. Define first four rows as hex zeros
2.  Define the fifth and twelfth rows as hex 7E0
3.  Define rows six through 11 ashex 810

The cursor’s “Hot Spot” is defined as X-Y coordinates in C(32) and C(33). Itisnt a
single pixel. Rather, it is the intersecting point between four pixels, the one
identified by coordinates, the one to its left, the one above, and the one above and

to the left (lllustration 12.7).
In our cursor, the “Hot Spot” is defined as

C(32)=8: C(33) =8 'vertical and horizontal coordinates

The BASIC command CALL INITCURSOR: restores the system cursor, and the
command.

IO e e
OO [ ]
ENRENENEEN ]
ANN ]
LI
LI
L] L1

Hot Spot ——fum L
C(32>=8 j%E n - %
C(33>=8 :“:": :l i—

sii :
| 100
LI
RN L]

llustration 12.7 Hot spot intersection



192 GRAPHICS FOR THE MACINTOSH

CALL SETCURSOR(VARPTR(C(0))): sets our cursor to be the active one.

While we're on the subject of ROM routines that deal with the cursor, we should
mention some others that you may wish to use to embellish your applications.

CALL HIDECURSOR: turns off the cursor so that it becomes invisible, even if the
mouse is dragged.

CALL SHOWCURSOR: is the reverse, making the mouse visible.
CALL OBSCURECURSOR: is an interesting variant of HHDECURSOR.

It hides the mouse cursor until the mouse moves. In the MacWrite program, for
example, the cursor disappears when a character is typed, and appears only
when the mouse is moved. This is especially nice when you want a clean screen
with the cursor out of the way until you need it.

Other variables

GP — contains a picture of the tan piece that was selected, oriented, and
positioned. The largesttanis Tan #4 or Tan #6. The picture is stored as an integer
array for GETs and PUTSs. lllustration 12.8 indicates the space needed in GP to

store the tans.
(0,0
0 39
N ——

T #

"~ (38,76)

4 + (76-0+1) * 2 * INT((38-0+16)/16)

466 bytes
233 elements

lilustration 12.8 Large triangle with corners marked
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The array must be DIMensioned to hold 233 integers, according to the formula
from the Microsoft BASIC manual:

4 + (76-0+1)* 2 * INT((38 - 0+16)/ 16)
= 466 bytes, or 233 16-bit integers

TT — Contains the tan piece numbers. TT(1) might be 3 if the square were the first
tan piece manipulated.

OT — orientation of the tan piece. For tan pieces 1, 2, 4, 5, 6 there are eight
orientations for each of the pieces: 45° x 8 = 360°.

XT, YT — absolute coordinates of final position for tan TT.

ST — Smalltriangles (tans #1and # 5) and large triangles which are twice the size
ofthe small (tans #4 and # 6). Because of symmetry, only four orientations need to
be stored, as all others are derived from them. See the Set Orientation subroutine
at lines 1400-1800.

P — relative coordinates of tan’s vertices after orientation has been selected.

MT — Medium triangle (tan #2). The same comments apply here as do above for
the small triangles.

SQ — square (tan #3). Only has two orientations, but four vertices. 2 x 4 x 2.

PA — parallelogram (tan #7). Has eight orientations, but has eight more when
flipped. Still, only four orientations need to be stored, because the rest of them can
be derived from those four.

M1,M2 — X and Y coordinates of the beginning of the command line area. F isthe
count of tans used. NOTE: Although the number of tans is checked, there is no
check on whether a specific tan is used more than once. Thus, a tangram with
seven squares, or seven parallelograms.

70-180 Define a circutar cursor with hot spot at center.

200 Subroutine to draw initial screen with tangram tile menu in the
select tan area.

210-670 Load tan arrays with orientation information.

680 Prompt Manager at 5000 to position the cursor for printing in the
command line area.

690 If mouse button not clicked, cycle.

700-710 Check to see if the command line area has been clicked. If so,
store coordinates in A and B. If not, GOSUB 5000 to position
cursor at prompt area.

740-760 As long as more tans are available (F<7), “seiect tan” and
continue , else we're done. Print “‘tangram complete” and wait for
keystroke.

770 Clear the select tan area.

780 Thisis X,Y position of upper left corner of select tan area.

790-850 IF filter to see which one of the seven tans is being selected
(single-clicked).

880 This X,Y will be the position of the selected tan when drawnin the

tan orientation area.
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890

900

910-930
940
950-960

970
980-1000
1050

1060
1070-1130
1140-1180
1200

1210
1220-1300

1320-1360

1370

2000

3000

3000

5000

6000

7000

8000

We begin with orientation 0 = 1 and step through orientations at
45° increments until a click occurs with mouse pointing in
prompt area. Each tan selected starts at its original orientation in
the square tangram tile.

GOSUB 3000 to set orientation. Actually defines the vertices of
the selected tan in array P(,))

Redraws tan with new orientation, prompts user.

Pause.

If mouse clicked in prompt area, orientation has been selected,
else show its next orientation.

Clear orientation area.

Keep track of wraparound counting of angle.

Prepare to grab tan piece whose orientation has been selected.
Number of vertices.

Need to click on a vertex to “grab’” the tan.

Need to find perimeter of tan piece (the smallest rectangle into
which it will fit) in preparation for a GET at line 1200.

Tan #3, the square, is a special case if orientation is 1.

Prepare to position tan piece in positioning area.

Grab the tan. As mouse moves, tan will follow it. The two PUTs at
1240-1250 or 1270-1280 (tan # 3 is still a special case) XOR it
along without changing the background.

Click the “do”in the prompt area and the taniis in position forever.
Click the “undo” and the tan is erased with any previously posi-
tioned tans redrawn.

Get another tan piece?

Set orientation subroutine. Manipulations to establish the relative
vertices of the tan piece selected and oriented.

Draw the tan. Given coordinates X,Y of where thetanisto go, itis
simply a matter of three or four lines being drawn.

Draw tangram tile. Sets up screen with tangram tile menu and
number in place. Los Angeles type font selected with
TEXTMODE (1). Printing on top of background without destroy-
ing it.

Prompt manager.

Save taninformation. When atan s finally positioned, we needto
remember which tan T, what orientation Theta, wherethetan Tis
with orientation O was drawn (X,Y)

Redo (undo) routine. Clear entire tan orientation area. The pic-
ture being drawn is erased! Not to worry, however. We've
remembered allimportant information about the previously posi-
tioned tans. Redraws the tans already placed.

Wrap-up. Clear screen and redraw tangram developed by user.
Perhaps this routine could display the saved tan information for
later redrawing of the figure. That's one of the many embellish-
ments we leave to you.
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Consider the possibilities! Why tans? Why not some other design primitives that
you can describe to the program by way of the same arrangement of menu,
command, orientation, and sketch areas? What about a scaling routine? Think
how easy it would be to design a house plan with design primitives such as doors,
walls, windows, closets, appliances, what have you. Or what about a flowchart, or
organization chart, or HIPO chart, or PERT chart drawing program?

This is what the Tangrams application is all about — not the simplistic design of
tangrams, although that is a great deal of fun — but the translation of this program
into another application tuned to a specific area or profession. With some imagina-
tion, and with this program as a skeletal start, you should be capable of developing
atruly strong application worthy of the marketplace.
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Of all graphics applications of a computer, certainly the most familiar is the
production of business-oriented charts and graphs. True, more computer hard-
ware is being used for CAD/CAM (Computer-Aided Design/Computer-Aided
Manufacture) applications. However, for many those engineering uses are less
popular, due chiefly to their sophistication and expense. Business graphics still
remain the most often discussed graphics applications in the popular press.

Business graphics software has become a necessary part of a computer ven-
dor's portfolio of goods. The hardware won' sell if it doesn't have good software
with it, and lately that has meant the gamut of business applications —
spreadsheets, word processors, and graphics. These software packages are most
commonly written in a higher level language and compiled to make them execute
faster. Sometimes, they are written in assembly language (often called machine
language) so that the final program runs quickly.

In all cases, the user of such a package must live with what he or she buys. You
can't customize a commercial business graphics application any more than you
can customize MacPaint or MacWrite, even though you might sometimes wish you
could. The programs we supply in this chapter are not written in BASIC to be
compiled, nor are they written in assembly language to run quickly. We wrote them
in BASIC sothat you could customize them to suit your application. As of this date,
no software supplier has made a BASIC compiler available, so if you want a
language processor that executes code fast, you must rewrite these programs in
MacPascal or MacForth, both of which are available.

Inthis chapter, we will discuss their features in some detail, especially their use of
the Macintosh Quickdraw routines.

Raw Data Program

The first program we include in this chapter is not an application at all. Rather, it is
a sample program that generates data for the business graphics applications we
show later. It's a simple program, but the data it generates is typical of most

197



198 GRAPHICS FOR THE MACINTOSH

business graphics applications. The idea is that the data will consist of both
numbers and titles. Therefore our graphing programs must handle the numeric
data indicating the proportion of each component, and they must provide string
labels for each component.

The program includes the names of ten foreign breweries and their associated
annual production for a given hypothetical year, say in zillions of barrels. The
names were chosen to be typical of string data. Tennet's has an apostrophe; Ben
Truman istwo names; and the lengths of the names vary from Skol to Ben Truman.
The numeric data also varies, from 426 to 873, atypical range of values in business
charts.

In order to test our chart-making applications thoroughly, we designed this
program to provide any number of breweries' names and production, from two to
all ten. Thus the programs must be able to display just two breweries, or deal with
up to ten breweries; and each display must be appropriately scaled and centered.

r

% File Edit Control k ke

1 709 Watneys

2 426 Whitbread
3 873 Guiness

4 497 Ind Coope
5 510 Labatt

6 668 Tennet's

7 431 Harp

8 74 Heineken

9 358 Ben Truman
10 420 Skol

||

lllustration 13.1 Typical run of Raw Data program

Listing, RAWDATA program

10 ' raw data
20 DIM X(10),Ts$(10)
30 CLS

40 RANDOMIZE TIMER
50 CALL TEXTFONT(O)

60 READ N

70 FOR I=1 TO N
80 READ X(1),T$(I)
90 NEXT |

100 DATA 10,709, "Watneys"
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110 DATA 426, "Whitbread",873,"Guiness",497,"Ind
Coope”

120 DATA 510,"Labatt”,668,"Tennet's",431," "Harp"

130 DATA 774,"Heineken”,358,"Ben Truman",420,"Skol"

140 N=2+INT((N-1)°"RND)

150 PRINT:PRINT

160 FOR I=1 TO N

170 PRINT 1, X(1).T${1)

180 NEXT |

190 IF MOUSE(0)=1 THEN RESTORE: GOTO 30 ELSE 190

20 Define 10 numeric values X, 10 string titles T$
30 Clear the screen
40 Seed random number generator with random seed
50 Set textfont to Chicago
60 Read N, number of breweries
70-90 Read numeric production and brewery names into X and T$.
100-130 Establish all datain DATA statements
140 Define new N as random integer from 2to 10
150-180 Print selected breweries and their production
190 Sense mouse. If clicked, restore and repeat process

Notice that the program will always display Watneys and Whitbread, regardless of
the number of breweries selected, because they are the first two in the list. In order
to select two to 10 breweries at random from the pool in the DATA statements, you
can modify the program. Alter the program to shuffle the X and T$ arrays before
selecting the random number N and printing the random breweries.

92FOR I=1T0 20

94 P1=INT(RND*10+1): P2=INT(RND*10+1)

96 SWAP T$(P1), T8(P2): SWAP X(P1),X(P2) ‘
98 NEXT |

The four lines above effectively shuffle the ten brewery names and numeric
values.

Application 1: Piechart

Before we list and discuss the program and its output, let us describe how you can
establish several patterns for use in any program. Remember that any screen
image is produced by displaying integers in the Macintosh memory. Many of the
Quickdraw routines allow you to paint areas with patterns you have defined,
instead of default system pattern. When you define a pattern to the Macintosh, you
must define an array of four integers, each of which is stored as a 16-bit binary
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value in memory. These 64 bits are rearranged internally to become an 8-by-8-bit
grid, each signifying a pixel.

For example, suppose you want a pattern that looks like little squares, as in
lllustration13.2.

e QR
eyt 1 i
SOPATE(2)=RH3EOD ....."D“E

EEEEE

SQPATE(3)=RHOD00 = EEE

llustration 13.2 Definition of pattern

You define the four 16-bit integers as follows:

20 DIM SQPAT$PC(3) ‘really four integers, SQPAT$PC(0) through SQPATS$PC(3)
30 SQPAT$PC(0) = &HO003E ‘binary 0000000000111100, first 2 rows

40 SQPAT$PC(1) = &H2424 ‘binary 0010010000100100, second 2 rows

50 SQPAT$PC(2) = &H3EOQO ‘binary 0011110000000000, third 2 rows

60 SQPAT$PC(3) = &H0000 'binary 0000000000000000, fourth 2 rows

You can define more than one pattern in the same array by using a second
subscript as a pattern number. We have done this in these programs, and we
recommend it to you as a common practice when you have more than one pattern
to deal with. Here's how you do it:

1.  Define an integer array (let's call it P%) DIMensioned 3 by the number of
patterns you want (let's say 10).

Place first pattern in P%(0,1), P%(1,1),P%(2,1), and P%(3,1).
3. Place second patternin P%(0,2), P%(1,2), P%(2,2), and P%(3,2).
Continue until all ten patterns are defined.
Hint: We recommend that you establish two patterns, grey and black, as a matter
of course whenever you work with multiple patterns.
Black is & HFFFF, &HFFFF, &HFFFF, &HFFFF where you define all dots in the 8-

by-8 grid as 1s. Another way to do this is to define the four pattern integers as -1,
because the integer -1is a binary 1111111111111111, which is a hex FFFF.
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Grey is &H55AA, &H55AA, &HS55AA, &H55AA.

When you use patterns with a CALL to the Macintosh Quickdraw routines, you
must use the VARPTR function. You will always refer to a pattern as, for example,
VARPTR(SQPAT$PC(0)) or VARPTR(P %(0,1)) or VARPTR(P %(0,2)). lllustration
13.3 and 13.4 are examples of pie charts using patterns. The two illustrations are
followed by the piechart listing.

" & File Edit Control k 2

Watneys
@$EF Whitbread
/77 Guiness
@ 1nd coope

Illustration 13.3 Piechart of a few breweries

" & File Edit Control Rk 5
= = — ———— pie charl

Watneys
Whitbread
Guiness

N - Ind Coope

\ Labatt
Tennet's

D Harp

HELIIELIE PP I
PILIIILLIIIS,
PELIIIII Yy
110722,
)

\\\\\

e M

lllustration 13.4 Piechart of many breweries
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Listing, Piechart

10

20
30
40
50
60
70
80
90
100
110

120
130
140
150
160

170
180

180
200
210
220

230
240

250
260
270

280
290
300
310
320
330
340
350
360
370

pie chart

DIM X{10),P%(3.12).R%{(3).L%(3).Ts(10)

CLS

RANDOMIZE TIMER

CALL TEXTFONT(O)

READ N

FOR 1=1 TO N

READ X(1),Ts(1)

NEXT |

DATA 10,709, "Watneys"

DATA 426,"Whitbread",873,"Guiness",497,
"Ind Coope”

DATA 510,"Labatt”,668,"Tennet's”, 431, "Harp"

DATA 774 ,"Heineken",358,"Ben Truman",b420,"Skol"

N=2+INT{(N-1)"RND)

GOSUB 1000 ' <<<< normalize data

P%(0,1)=&H55AA:P%{1,1)=&HS55AA:P%(2,1)=
&H55AA:P%{3,1)=&H55AA

P%{0.,2)=—1:P%{1,2)=—1:P%{2,2)=-1:P%(3,2)=-1

P%{0,3)=&HB040:P%{1,3)=&H2010:P%(2.3)=
&HB8040:P%(3,3)=&H2010

P%(0,4)=&HFEDC:P%{1,4)=&HBAI8:P%(2,4)=
&H7654:P%(3,4)=&H3210

P%(0,5)=&H1122:P%(1,5)=&H4488:P%(2,5)=
&H1122:P%(3,5)=&H4488

P%(0,6)=&H77FF:P%(1.6)=&HDDFF:P%(2,.6)=
&HTTFF:P%(3,6)=&HDDFF

P%(0,7)=&HBB44:P%(1,7)=8&H2211:P%(2,7)=
&HB8844:P%(3,7)=&H2211

P%(0,8)=-1:P%(1,8)=0:P%(2,8)=-1:P%(3.8)=0

P%(0,9)=&H9966:P%(1,9)=&H3311:P%(2,9)=
&H1133:P%(3,9)=&H6699

P%(0,10)=&HCCCC:P%(1,10)=&H3333:P%(2,10)=
&HCCCC:P%(3,10)=&H3333

P%(0,11)=&H33AA:P%(1,11)=&H33AA:P%(2,11)=
&H33AA:P%(3,11)=&H33AA

PB(0,12)=8H1111:P%(1,12)=&H1111:P%(2,12)=
&H1111:P%(3,12)=&H1111

R%{0)=25:R%(1)=30:R%(2)=225:R%(3)=230

CALL FILLOVAL{VARPTR(R%(0)).VARPTR{P%(0.1)})

CALL FRAMEOVAL{VARPTR({R%(0)))

FOR J=0 TO0 3

R%{J)=R%(J}-5

NEXT J

CALL FILLOVAL(VARPTR(R%(0})),VARPTR(P%(0.,2)))

A=0

S=10"(10-N)+7

E=280
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380 FOR 1=1 TO N

390 W=INT(X(1)"360+.5)

400 CALL FILLARC(VARPTR(R%(0

410 CALL FILLARC({VARPTR(R%(0
(P%(0,1+2)))

420 A=A+W

430 D=20"1+S

440 L%(0)=0:L%{1)=E:L%(2)=D+16:L%(3)=E+36

450 CALL FILLROUNDRECT({VARPTR(L%(0)).15,15,6 VARPTR
(P%(0.1)))

460 FOR J=0 TO 3

470 L%(J)=L%(J)-2

——

). AW, VARPTR(P%(0,2)))
), A.W,VARPTR

480 NEXT J
490 CALL FILLROUNDRECT(VARPTR{L%(0)).15,15, 6 VARPTR
{P%(0.1+2)))

500 CALL FRAMEROUNDRECT(VARPTR(L%(0)).15,15)
510 CALL MOVETO(320,D+13):PRINT Ts$(I)

520 CALL FRAMEOVAL(VARPTR(R%(0)})

530 NEXT |

540 |F MOUSE(0)=1 THEN RESTORE: GOTO 30 ELSE 540
1000 ' data normalization

1010 S8=X{(1)

1020 FOR 18=2 TO N

1030 S8=S8+X(18)

1040 NEXT 18

1050 FOR 18=1 TO N

1060 X(18)=X{18)/S8

1070 NEXT 18

1080 RETURN

20 Define X and T$ as production and brewery names.
Define P% for 12 patterns.
Define R% for rectangle coordinates.
Define L % for filled rectangle coordinates.

30-140 Establish a random number N of breweries to be graphed.

150 Perform Normalize Data subroutine (lines 1000-1080)

160 Define grey pattern starting at P%(0,1).

170 Define black pattern starting at P%(0,2).

180-270 Define 10 patterns, one for each different brewery, at P%(0,3)
through P%(0,12).

280 Define R% as rectangle with upper-left and lower-right coordi-
nates of (15,10) and (215,210). It must hold a 200-pixel-diameter
circle.

290-300 Fill oval with grey pattern, frame it.

310-340 Shift coordinates of oval, draw another.

350 Start angle accumulator A to zero.

360-370 Define S and E to position text on chart.

380-530 Forl = 1to N do:
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390
400-410
420
430

440

450
460-500
510-520
530
540

1000
1010
1020-1040
1050-1070

Set size of wedge W.

Fill wedge with its pattern (# 1+ 2).

Accumulate angle A, now starting position for next wedge.
Calculate displacement D used for rounded rectangle containing
appropriate pattern (# 1+ 2).

Define upper-left, lower-right coordinates for rounded rectangle
as (D,E) and (D +16,E + 36).

Fill rounded rectangle associating wedge and text.

Shift coordinates, draw again.

Print text next to this rectangle.

Enddo.

Sense mouse. If clicked, restore data and return to show another
chart.

Data normalization subroutine.

Set X8 as first value in array X.

Calculate S8, sum of all N elements of X.

Calculate new X for each position dividing old X by S8. This
makes all X values proportional, but none greater than 1.

Application 2: Icon Chart

This program produces a chart like those you've seen many times in magazines,
in which the value of a variable is shown as a symbol of what it is (lllustration 13.5
and 13.6). For example, car production could be shown as different-sized symbols

of cars, orthe po

pulation of several countries could be shown as several symbolic

people of varying size. These charts are sometimes called ideograms, but we
prefer to call them icon charts to conform to the Macintosh’s terminology.

" & File

Edit Control k 2
iconchainE6656F65-F8F79 ——— ——

Watneys
Whitbread
I Guiness
I ]
L s

lllustration 13.5 Icon chart output with few breweries
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Whitbread
Guiness
| Ind Coope
S
Labatt
Tennet's
L & Harp
Heineken
| Ben Truman

SEETS
I | Skol

lllustration 13.6 Icon chart output with many breweries

Listing, Icon Chart

10

20
30
40
50
60
70
80
90
100
110

120
130
140
150
160

170
180
190
200
210
220
230
240

icon chart

DIM X(10),P%(3),R%(3),L%(3).T$(10)
CLS

RANDOMIZE TIMER

CALL TEXTFONT(DO)

READ N

FOR I=1 TO N
READ X(1),Ts(1)
NEXT |

DATA 10,709, "Watneys"

DATA 426,"Whitbread",873,"Guiness",497,"Ind
Coope"

DATA 510, "Labatt"”,668, " "Tennet's",431, "Harp"”

DATA 774,"Heineken",358,"Ben Truman",420,"Skol"

N=2+INT({N-1)*RND)

GOSUB 1000 ' <<<< normalize data

P%(0)=&H55AA:P%(1)=&H55AA:P%(2)=
&H55AA: P%(3)=&HHHAA

X=15440°(10-N) /2

FOR 1=1 TO N

S=80"X(1)

Y=20"1+10"(10-N)+4

GOSUB 2000

D=16"1-15

CALL MOVETO(X,Y-4):PRINT T$(1I)

X=X+50"X(1)+13

(continued)
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250 NEXT |

260 IF MOUSE(0)=t THEN RESTORE: GOTO 30 ELSE 260

1000 ' data normalization

1010 S8=X{1)

1020 FOR 18=2 TO N

1030 IF S8<X(18) THEN S8=X(18)

1040 NEXT 18

1050 FOR 18=1 TO N

1060 X(I8)=X{18)/S8

1070 NEXT 18

1080 RETURN

2000 ' draw icon

2010 P4%=S:P5%=.6"S

2020 P1%=.12"S:P2%=.85"S:P3%=.15"$S

2030 R%(0)=Y:R%{1)=X:R%(2)=Y+P4%:R%(3)=X+P5%

2040 CALL FRAMEROUNDRECT(VARPTR(R%(0)).P1%,P4%)

2050 LINE(X,Y+P3%)—(X,Y+P2%):LINE(X+P5%, Y+P3%)-
(X+P5%, Y+P2%)

2060 R%(0)=Y+P2%:R%(2)=Y+P4%

2070 CALL FRAMEARC(VARPTR(R%(0)).90,180)

2080 R%(0)=Y:R%({2)=Y+P3%

2090 CALL FILLOVAL(VARPTR(R%(0)).VARPTR(P%(0)))

2100 CALL FRAMEOVAL (VARPTR(R%(0)))

2110 RETURN

20-160 See discussion in previous program. All stays the same, except
that only one patternis defined, a grey, andit is stored in the array
P% inline 160. Line 20 shows that P% is singly dimensioned, as
we deal with only one pattern.

170 Define X as horizontal starting position, further over if N is small,
because we want to center the icons.

180-250 Forl = 1toNDO:

190 Set S, scale of icon, to max. vertical size =80.

200 Set Y, width oficon, to max. =48.

210 Perform Draw Icon routine.

220 Locate position for text, print brewery name.

230 Adjust X so that next can is over 13 pixels + its proper propor-
tional width.

240 Enddo.

250 Sense mouse. [f clicked, return for another icon chart.

1000-1080 Data normalization routine. Notice that it is different from the last

one. This one divides every value in X by the largest value in X.

2000 Draw Icon Routine
2010-2020 Define P1% through P6% as dimensions based on scale S.
P1% = .12S, is oval width for can’s bottom.
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2030

2040
2060
2070
2080
2090
2100
2110
2120

P2% = .85S, is height of edge of beer can.

P3% = .158S, is width of can's top.

P4% = S, is oval height for can's bottom.

P5% = .6S, iscan's width to height ratio.

Establish round rectangle’s coordinates based on X, Y, P4%,
P5%.

Draw can’s outline using FRAMEROUNDRECT.

Outline can with straight lines as well.

Set up bottom of can’s arc using P2% and P4 %.

Draw can’s bottom using FRAMEARC.

Set up can's top for shading using P3%.

Shade can's top grey using pattern P% and FILLOVAL.
Draw can’s top edge using FRAMEOVAL.

return

Application 3: Bar Chart

The bar chart remains one of the most popular graphic displays for showing
relative differences among several variables. It suits our example of the European
breweries well, for that is what we have — from two to 10 numeric values whose
differences are hard to detect. It is also difficult to get a sense of who's big and
who's smallin any list of numbers if that list has more than three or four elements.
The bar chart makes this easy by making the larger values stand out above the
crowd, and the smaller values look small because of their short bars (lllustration
13.7 and 13.8).

r

llluinags

€8 whitbread
¢/ Guiness

@ 11d coope

Illlustration 13.7 Bar chart, few breweries
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" & File Edit Control R B!

= ber chart =5

Watneys
Whitbread
Guiness
Ind Coope
Labatt
Tennet's
Harp
Heineken

TT
b33
N
N
oy
N
Dy
>3
Ry
b3
N
N
N
N
g
3
b
>y
b3
N
N
>N
N
i1
13

o H

lllustration 13.8 Bar chart output, many breweries

Listing, Bar Chart Program

10 ' bar chart

20 DIM X(10),P%(3,12) ,R%(3).L%(3).T$(10)

30 CLS

40 RANDOMIZE TIMER

50 CALL TEXTFONT(D)

60 READ N

70 FOR I1=1 TO N

80 READ X(I),T$(1I)

90 NEXT

100 DATA 10,709, "Watneys"

110 DATA 426,"Whitbread"”,873,"Guiness", 497,
"Ind Coope”

120 DATA 510,"Labatt”,668,"Tennet's",431,"Harp"

130 DATA 774 ,"Heineken".358,"Ben Truman",420,"Skol"

140 N=2+INT({N-1)*RND)

150 GOSUB 1000 ' <<<< normalize data

160 P%(0,1)=&H55AA:P%(1,1)=&H55AA:P%(2,1)=&H55AA: P%
(3,1)=&H55AA

170 P%(0,2)=-1:P%(1,2)=-1:P%(2,2)=—1:P%(3,2)=-1

180 P%(0,3)=&HB040:P%(1,3)=&H2010:P%(2,3)=
&HB040:P%(3,3)=&H2010

190 P%(0,4)=&HFEDC:P%(1,4)=&HBA9S:P%(2,4)=
&H7654 :P%(3,4)=8&H3210

200 P%(0,5)=&H1122:P%(1,5)=&H4488:P%(2,5)=
&H1122:P%(3.5)=&H4488

210 P%(0,6)=&H77FF:P%(1,6)=&HDDFF:P%(2,6)=
&H7TFF:P%(3,6)=&HDDFF
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220

230
240

250
260
270

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440

450
460
470
480

490
500
510
520

1000 °

1010
1020
1030
1040
1050
1060
1070
1080
1080
1100

P%(0,7)=8H8844:P%(1,7)=&H2211:P%(2.,7)=
&HB8844:P%(3,7)=&H2211

P%(0,8)=-1:P%(1,8)=0:P%(2,8)=-1:P%(3,8)=0

P%{0,9)=&H9966:P%(1,9)=&H3311:P%(2,9)=
&H1133:P%(3,9)=&H6699

P%{0,10)=&HCCCC:P%(1,10)=&H3333:P%(2.10)=
&HCCCC:P%(3,10)=8&H3333

P%(0,11)=&H33AA:P%(1,11)=&H33AA:P%(2,11)=
&H33AA:P%(3,11)=&H33AA

P%(0,12)=&H1111:P%(1,12)=&H1111:P%{2,12}=
&H1111:P%(3,12)=&H1111

W=20:H=100

S=10"(10-N)

X=15+S+$S

E=X+55+25"N:B=250

FOR I1=1 TO N

V=X(1)"H

R%(0)=B-V:R%(1)=X:R%(2)=B:R%{3)=X+W

CALL FILLRECT(VARPTR(R%(0)),VARPTR(P%(0.,1)))

FOR J=0 TO 3

R%(J}=R%(J)-3

NEXT J

CALL FILLRECT(VARPTR(R%(0)),VARPTR{P%(0,1+2})))

CALL FRAMERECT(VARPTR(R%(0)))

X=X+25 !

0=20"1+8S

L%(0)=D:L%(1)=E:L%{2)=D+16:L%(3)=E+36

CALL FILLROUNDRECT({VARPTR(L%(0)),15,15, VARPTR
(P%{0,1)))

FOR J=0 TO 3

L%(J)=L%(J)-2

NEXT J

CALL FILLROUNDRECT(VARPTR{L%(0)).15,15,VARPTR
(P%{0,1+2)))

CALL FRAMEROUNDRECT(VARPTR(L%(0)).,15,15)

CALL MOVETO(E+40,D+13):PRINT T$(I)

NEXT 1

IF MOUSE(0)=1 THEN RESTORE: GOTO 30 ELSE 520

data normalization

T8=X(1):B8=X(1)

FOR 18=2 TO N

IF T8<X{18) THEN T8=X(18)

IF B8>X(18) THEN B8=X(18)

NEXT 18

M8=(T8+B8)/2

FOR 18=1 TO N

X(18)=X(18)/M8

NEXT 18

RETURN
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Our application uses shadowed bars that have different patterns, and it has a
legend of patterns identifying the breweries. It seems to be missing a vertical scale
to the left of the bars at first glance, but if you reflect a bit on the display, you will see
that this feature is unnecessary if you are interested in refative performance of the

breweries.

10-140 Same asicon chart above, except we reestablish the 12 patterns
that were defined in the pie chart.

150 Perform data normalization, only this time use mid-range for-
mula.

160-270 Pattern definitions.

280 W = 20 (width), H = 100 (height) of high and low.

290 S is used to help center legend text from top to bottom.

300 X is left edge of first bar.

310 E is position of legend from right edge of bar.

320-510 For | = 1to N, number ob bars, DO:

320-380 V is this bar's proportional height, R% defines coordinates of
bar's rectangle for shading with pattern. Bar is filled at line 370,
and bar constraints adjusted.

390-400 Draw and fili bar.

400 Redefine X for next bar.

420-470 Establish legend box, shadow it, adjust constraints.

480-490 Fill and frame legend box.

500 Move to appropriate place, print legend.

510 Enddo.

520 Sense mouse. If clicked, restore data, return for another chart.

1000 Data normalization routine this time uses yet another form of

adjusting data values. We find the midrange by finding the
lowest and highest values, and averaging those two values.
Then each X is divided by that mean.

We were sorely tempted to add more applications to this book. We enjoy the
simple process of taking an existing program developed on another machine and
making it do its tricks on the Macintosh. Also, we have found that the Macintosh’'s
outstanding built-in software makes such conversions a joy. The resulting pro-
grams are commonly shorter, run faster, and because of better resolution, provide
more accurate graphics. ltis enough to introduce these ideas, to discuss them with
only sufficient detail that you feel tempted to play with them.

That has been our goal from the outset. If we have stimulated you to take some of
them and to stretch them here and shrink them there, so that the resultis something
you wanted but couldn't quite do, then we have achieved our purpose in writing
this book. Computer graphics on a oersonal computer is, more than anything else,
a fun exercise. When it becomes tedium, when it no longer teases you to explore
the “what if" of a program’s variables, graphics will not have its charm and
excitement.
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But you're in luck. Graphics will assume its appropriate position in the range of
computer activities, and it will forever stay as the most exciting procedure for
displaying information on a computer's screen, and on its printer's paper.

We await the day when the Macintosh has more memory, a color display, a
compiler BASIC, light pens, and who knows what other goodies to help us interact
with our pictorial program output. The Macintosh hardware and software, as it
exists, is good. Like everything else it willimprove, and we will chuckle at some of
the simplistic things we did in this book. Still, we are confident that many of the
exercises we performed here will make it easier for us in the future, and we won't
regret having spent the time to do them. We hope you feel the same way.



ALPHABET DRAW program 172

ANGLEDRAW program 166

ANGLEWALK program 140

ANSI 63

APPROACHING STAR program 110

ASTROID program 92

Active window printing 25

Ada 64

Alphabet generator 171

Alphabet 16, 23

American National Standards Institute
(ANS!) 83

Annotated artwork 17

Applemenu 13

Apples with ALPHABET DRAW 178

Architectural system 49

ArtistsVenn 25

Astroid 91
Athens font 25, 27
Atkinson, Bill 1

BAR CHART program 208
BASIC 63

BENT SIERPINSKI program 157
BIRTHDAY program 95
Barcharts 207

Beers 198

Bent Sierpinskis 156
Bicycleicon 32

Binomial distribution application 79
Birthdays application 95
Bleedingimages 32
Breweries 198

Brick wall 7

Brush selectionmenu 2

Index

Brush shape display, edit 3
Brush 1

Bucket 7

Buenos Aires font 29
Businesscard 15

CAD/CAM 197
CALLFILLARC 203

CALL FILLOVAL 202,206
CALL FILLRECT 209

CALL FILLROUNDRECT 203
CALL FRAMEARC 206
CALL FRAMEOVAL 202, 206
CALL FRAMEROUNDREC 206
CALL HIDECURSOR 192
CALL INITCURSOR 191
CALLMOVETO 96

CALL OBSCURECURSOR 192
CALL PENSIZE 97

CALL SETCURSOR 192
CALL SHOWCURSOR 192
CALL TEXTFONT 205

CALL TEXTMODE 96

CALL statement 63

CALLs to text management routines 117
CARDIOID program 89
CHAIN 61,66

CIRCLE 122

CIRCLES program 148
CLEAR 68

COBOL 64

COMMON 61,67

CPU 64

Cairo fontillustrated 12
Cairofont 17,100

213
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Cardioid 88

Cartesian coordinates 135
Case structure 56
Centered Sierpinskis 153
Chart applications 197
Charts, bar 207
Charts, icon 204
Charts, pie 201

Charts, various 27
Chelmsford font 29
Chicagofont 12

Clocks 117
Commandkey 11
Compilers 64

Complex tessellation 145
Constraint 22, 26
Coordinates, screen 77
Copy 13
Copying a picture 11
Cursor design 190
Curtate cycloid 86
Curves, mathematical 84
Cut 13

Cycloid, curtate 86
Cycloid, prolate 84

DEF-type statements 68
DIAMONDWALK program 143
DIGITAL CLOCK program 123
DOUNTIL structure 55
DOWHILE structure 54

DRAW alphabet 171

DRAW command modes 162
DRAW command options 162
DRAW command syntax 159
DRAW commands, letter A 175
DRAW motion commands 160
DRAW subroutine applications 165
DRAW subroutine pseudocode 163
DRAW 135

Decision structure 53

Design, program 47

Diamond pattern with DRAW 170
Diamond tessellation 142
Directions for DRAW 160
Drunkard's walk 139

Duplicating animage 18

EGG TIMER program 132
ENLARGE STAR program 104
EVOLUTE OF ELLIPSE program 91
Edit brush shape display 3

Edit brush shape 1

Edit brush shapes 8

Egyptian hieroglyphics 12

Eraser 9,16,22

Evolute of ellipse 90

FILLARC 203
FILLOVAL 202,206
FILLRECT 209
FILLROUNDRECT 203
FORTRAN 64
FRAMEARC 206
FRAMEOVAL 202, 206
FRAMEROUNDREC 206
Fatbits 18, 32
Filemenu 9

Filling patterns 200
Fish scales 7

Flip horizontal 19

Flip vertical 19
Flipping animage 17
Font application 29
Font producticn 31
Fontsillustrated 30
Fontsize menu 12
Four-pointed star tessellation 143
Fractals 152
Frogicondesign 100
Full screenfiling 25
Full screen printing 25

GET 97
GWBASIC 135
Ganttcharts 27
Genevafont 12
Goodiesmenu 16
Goodies 21
Grabber 18,23, 25
Graffitiwall 7
Grid 16,23,33

HIDECURSOR 192
HIPO chart 26,195
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Hierarchy chart 49

Hierarchy of Input-Process-Output (HIPO)
chart 26

Hieroglyphics 12

Hipochart 26

Hot spot 191

House plan menu system 57

Hypocycloid of four cusps 91

ICON CHART program 205
INITCURSOR 191
INVOLUTE OF CIRCLE program 87
lcon application 31
lconcharts 204
lconideaslist 34

lcons 29

Ideograms 204

image resolution 77

Input design 48
Interpreted code 64
Involute of circle 86

LINE STEP 137

LINE, advanced applications 138
LINE 135

Lasso with option key 41

Lasso 17,22,32

Letter ADRAW commands 175
Local variables 63

Londonfont 19

Loop structures 54

Los Angeles font 14

MANTEL CLOCK program 128
MC68000 64

MENU program listing 70
MERGE 61,67

MORE CIRCLES program 148
MOVE instruction, DRAW command 161
Maintenance, program 51
Marquee 11,18

Mathematical curves 84
Menu, brush selection 2
Menus 57

Modes, DRAW command 162
Modula-ll 64

Modular programming 45

Modules, program 49
Monacofont 12

Motion commands, DRAW 160
Mousetans 181

Mouse, user interaction with 70
Moving a picture 11

NEWS ROOM CLOCK program 129
New York font 12
No bicyclingicon 32

OBSCURECURSOR 192
Olympicicons 31

Optionkey 11,15

Options, DRAW command 162
Organization charts 27
Output design 47
Overlapping circles 21
Overlay 67

PACHINKO program 82
PEACHES program 74
PEARS program 74
PERT chart 195

PERT charts 27
PIECHART program 202
PLUMS program 75
POINT 79,135
PROLATE CYCLOID program 85
PSET 78,135

PTAB 79

PUT 97

Pachinko game 79
Paint bucket 18

Palette 1

Pascal 64

Paste 13

Pattern definition 200
Pencilto erase 18
Pencil 1

Pfruits 72

Pie charts 201

Pixel 18

Pixels and resclution 77
Plums 73

Posters and flyers 33
Print Draft 25
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Probability of same bithdays 95
Processes design, programming 48
Processes, DRAW subroutine 164, 165
Program ALPHABET DRAW 172
Program ANGLEDRAW 166
Program ANGLEWALK 140
Program APPROACHING STAR 110
Program ASTROID 92

Program BAR CHART 208
Program BENT SIERPINSKI 157
Program BIRTHDAY 95

Program CARDIOCID 89

Program CIRCLES 148

Program DIAMONDWALK 143
Program DIGITAL CLOCK 123
Program EGG TIMER 132

Program ENLARGE STAR 104
Program EVOLUTE OF ELLIPSE 91
Program ICON CHART 205
Program INVOLUTE OF CIRCLE 87
Program MANTEL CLOCK 128
Program MENU 70

Program MORE CIRCLES 148
Program NEWS ROOM CLOCK 129
Program PACHINKO 82

Program PEACHES 74

Program PEARS 74

Program PIECHART 202

Program PLUMS 75

Program PROLATE CYCLOID 85
Program RACING STARS 106
Program RAW DATA 198

Program REVOLVING STARS 112
Program ROSES 94

Program SHOOTING STAR 99
Program SIERPINSK| 150

Program SQUAREDRAW 168
Program SQUAREWALK 142
Program STARS & CIRCLES 146
Program STARWALK 144

Program TAN APPLICATION 185
Program TWO CLOCKS 126
Program VINYL FLOORWALK 145
Program WALL CLOCK 120
Program coding and testing 51
Program design 45

Program flowcharts 27

Program maintenance 51

Program modules 46, 49

Program planning 45

Programming, structured 50
Programs 57
Prolate cycloid 84

Pseudocode for ALPHABET DRAW 174

Pseudocode, DRAW subroutine 163
Pseudocode 49
Pythagorean theorem 161

Quickdraw CALLs 117
Quickdraw routines 65, 197

RACING STARS program 106
RAW DATA program 198
REVOLVING STARS program 112
ROSES program 94

Racing invitation application 33
Random walk problem 138
Random walk with DRAW 165
Recursion 149

References on fractals 152
References ontangrams 43
Resolution 77

Roses 93

Rounded rectangle 26

Row of Macs 13

SETCURSOR 192

SHOOTING STAR program 99

SHOWCURSOR 192

SIERPINSKI program 150

SQUAREDRAW program 168

SQUAREWALK program 142

STARS & CIRCLES program 146

STARWALK program 144

Scrapbook 13

Screen coordinates 77

Screen displays, TAN APPLICATION
program 182

Sequential structure 52

Show page 24

Shrink 15

Shrinking a picture 11

Sierpinski patterns 149

Sierpinskis, centered 153

Spraycan 5

Square tessellation 141

Stars and circles tessellation 146



- INDEX 217

Stars and motion application 97

Stepsin program planning 47

Storage design 48

Storage, MacPaint documents 29

Stork tangram production 41

Stork with TAN APPLICATION
program 184

Storks, legal and illegal 39

Structure, case 56

Structure, decision 53

Structure, general 60

Structure, sequential 52

Structured pregramming 50

Structures, loop 54

Stylemenu 12,17

Submenus 57
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