





































































































































































































































































































































































































































































































Program 18-2 Rocket Moving Anywhere

NEW

100 PRINT CHR$(147) ; «—

105 REM START ROCKET IN ROW 10, COLUMN 18
110 FOR J=1 70 9

120

FRINT

130 NEXT J

140 PRINT TAER(17);

150 R=10

160
165
170
175

185 REM

C=18

Put semicolon here.

REM DRAW ROCKET MOVING UP INITIALLY
GOSUE 1000
REM RETURN CURSOR TO START OF FPICTURE
PRINT "{& LEFT} (S UP}";

WAIT BETWEEN PICTURES

FOR K=1 TO 100:NEXT K

REM
BGET K&
REM
IF K="

REM W KEY MOVES ROCKET UP
IF K$<x

En

e

E KEY IS EXIT

THEN 9000

THEN 260

LOOK. FOR KEYBOARD COMMANDS

REM MOVE ROCKET UP ONE ROW IF POSSIBLE

IF R*1 THEN R=R—-1:PRINT
REM DRAW ROCKET MOVING UF
GOSUE 1000

GOTO 180
REM 2z KEY MOVES ROCKET DOWN

IF K$<x

wzn

THEN 300

"LUP3

REM MOVE ROCKEET DOWN ONE ROW IF POSSIBLE
IF R<19 THEN R=R+1:PRINT
REM DRAW ROCKET MOVING DOWN
GOSUR 2000
GOTO 180

IF k$<x

g

THEN 340

" {DOWN3> "3

REM MOVE ROCKET LEFT ONE COLUMN IF POSSIELE

IF €31 THEN C=C-1:PRINT

"LEFT3";

REM DRAW ROCKET MOVING LEFT

GOSUER

3000

GOTO 180
REM S KEY MOVES ROCKET RIGHT

IF K$<x

ngn

THEN 190

REM MOVE ROCKET RIGHT ONE COLUMN IF POSSIBELE
IF C<34 THEN C=C+1:PRINT
REM DRAW ROCKET MOVING RIGHT
GOSUR 4000

GOTO 180

"{RIBGHT>";

995 REM PICTURE OF ROCKET MOVING UP

1000
1020
1040
1060
1080
1100
1010
1030
1050
1070
1090
1110

PRINT
PRINT
PRINT
PRINT
PRINT
FRINT
PRINT
PRINT
PRINT
PRINT
PRINT
RETURM

§ -

Pan Lrpo-

6 spaces

Ll e
;

2 spaces, shifted (N, M), 2 spaces

" L_J "

2 spaces, shifted (L, @), 2 spaces

"e g
§

LEFT} {DOWN>";
LEFT> {DOWN3}"3
LEFT? {DOWN3
LEFT) {DOWNZ
LEFT} {DOWN}"j;

6 spaces

always the same.

2 spaces, COMMODORE (G, M), 2 spaces
2 spaces, COMMODORE (J, L), 2 spaces
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1995
2000
2020
2040
2060
2080
2100
2010
2030
2050
2070
2090
2110
2995
000
I020
3040
F060
3080
3100
3010
JO30
3050
I070
3090
3110
A da]
4000
4020
4040
4060
4080
4100
4010
4030
4050
4070
4090
4110
000
RUN

REM PICTURE OF ROCKET MOVING DOWN
PRINT "

e -
s

PRINT " | ] ;-

FRINT " [ ";
FRINT " | | ;-
FRINT " %/ ;-
FRINT * "y -
PRINT "{6 LEFT> (DOWN3";
PRINT "{6 LEFT> {DOWN3}"j
FRINT "{6 LEFT> (DOWN}";
PRINT "{6 LEFT? {DOWN3}";
FRINT "{& LEFTY {DOWN3";

RETURN
REM FICTURE OF ROCKET MOVING LEFT

6 spaces

2 spaces, COMMODORE (J, L), 2 spaces
2 spaces, shifted (O, P), 2 spaces

2 spaces, COMMODORE (G, M), 2 spaces
2 spaces, shifted (M, N), 2 spaces

6 spaces

PRINT *
FRINT ";:De spaces

FRINT " /T ";
FRINT " "3
FRINT " "
PRINT * "3

FRINT "{6 LEFT> {(DOWN3>";
PRINT "{6 LEFT} {DOWN3";

FRINT "{&6 LEFT} {DDNN}"§
FRINT "{& LEFT> {DOWN3}";
FRINT "{&6 LEFT} {(DOWN}";

RETURN
REM PICTURE OF ROCKET MOVING RIGHT
FRINT "

Space, shifted N, COMMODORE T, shifted P,
COMMODORE U, space

Space, shifted M, COMMODORE 9, shifted 9,
COMMODORE O, space

6 spaces

T spaces

Space, COMMODORE U, shifted O, COMMODORE T,

shifted M, space
Space, COMMODORE O, shifted L, COMMODORE 3,
shifted N, space

.
FRINT "
FRINT " =T, "; <
PRINT " o/ ";
FRINT " vy
PRINT " " o—
PRINT “{& LEFTY {DOWN3";
FRINT "{& LEFT} {DOWN3}";
FRINT “{& LEFT {DOWN3";
PRINT "{& LEFT {DOWN3}";
FRINT “{& LEFT> (DOWN3";

RETURN
FRINT CHR%$(147)

6 spaces

If you use the CRSR keys to enter the rocket subroutines (you should, since so many

of the lines are repetitive), be sure to LIST each subroutine separately to check the draw-
ings. It is quite easy (as we know from experience) to accidentally omit a picture line, a
cursor command, or a RETURN statement.

Run Program 18-2 and move the rocket around the screen. Move it all the way to the
right, left, top, and bottom. It should not budge if you try to move it off the screen.

Note how we got to this point. We started by making things move in different direc-
tions. Then we introduced control keys and moved things left and right. Next we moved a
single picture of an alien in four directions. Here we have extended the program to handle
an object that looks different, depending on which way it is heading. Writing a complex
program is obviously much simpler if you divide it into small parts and make each part
work. You can then expand the program and add features easily.

Although Program 18-2 is long, it follows naturally from Program 18-1. Once we
could move an alien in all four directions, it was relatively easy to extend the idea to
drawing four different pictures. Note how much of the main program (the 100 and 200
lines) stayed the same, since we put all the pictures in subroutines.

To add sound, we could use a routine like the one in Program 16-8.
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Program 18-3 Rocket Moving Anywhere, With Sound

Do not type NEW since we want to keep Program 18-2.

55 REM CLEAR SOUND CHIP AND SET VOLUME
50 FOR J=54272 TO S4296

70 POKE J,0

80 NEXT J

90 POKE S4296,15

190 GOSUR 8000

7995 REM MAKE NOISE

8000 POKE S4277,16%0+15:REM MINIMUM ATTACK, MAXIMUM DECAY
8010 POKE 54276,17:START WAVEFORM 1
8020 POKE S54273,4

8030 POKE S54272,112

8040 FOR L=1 TO 100:NEXT L

B80S0 POKE S54276,16:REM STOF WAVEFORM 1
8060 RETURN

RUN

We can modify Program 9-3 to scatter objects randomly for the rocket to hunt down.

We will use left-hand graphics for the random characters and choose one with

LH=INT (RND (1) X31) +161
PRINT CHRS$ (LH)

Look at Table 9-1 if you cannot remember how this works. The random position and

character selection routines will be another subroutine starting at line 7000.

Program 18-4 Rocket Moving Anywhere,
With Sound and Targets

So not type NEW since we want to retain Program 18-3. If the noise annoys you, either

turn down the volume on your television set or change line 190 back to
190 FOR k=1 TO 100:NEXT K

101 REM PLACE RANDOM TARGETS ON SCREEN

102 GOSUER 7000

103 PRINT CHR$(19);

6995 REM FPUT RANDOM LEFT-HAND GRAPHICS IN RANDOM FPOSITIONS
7000 FOR J=1 TO 10 = 10 objects

7010 PRINT CHR$(19)3;

7015 REM MOVE DOWN A RAMDOM NUMERER OF ROWS

7020 NR=INT (RND (1) %x24)-< Move down 0 to 23 rows.

7025 REM NO MOVEMENT DOWN IF RANDOM NUMEER IS ZERO
7020 IF NR=0 THEN 7070

7040 FOR R=1 TO NR

7050 PRINT

7060 NEXT R

7065 REM MOVE RIGHT A RANDOM NUMEER OF COLUMNS

7070 C=INT(RND(1)X39) < Move right 0 to 38 columns.

7075 REM GENERATE A LEFT-HAND GRAPHICS CHARACTER

7080 LH=INT(RND(1)%31)+161 - LH is between 161 and 191.

7090 PRINT TAER(C)CHRS (LH)
7100 NEXT J

7110 RETURN

RUN
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Run Program 18-4 and see how long it takes you to destroy all the objects. Any
resemblance to a famous trademarked video game is purely deliberate. Because of the
spaces around the rocket, it does not have to actually strike an object. The object will
disappear when the rocket comes near it. The rocket appears to be surrounded by one of
those invisible destructive shields made so popular by science-fiction writers.

Note how convenient GOSUB and RETURN are. We can add new features easily
from other programs by assigning them some line numbers, adding a RETURN at the end,
and putting a GOSUB in the main program. You can, in fact, add more features, such as
more sounds or smoke trailing from behind the rocket.

In Program 18-4 we must repeatedly press a key to keep the rocket moving. This is
unrealistic, since an actual vehicle has momentum. Once it is moving, it keeps going until
you apply thrust in another direction. This is particularly true for a rocket moving outside
the atmosphere, with neither gravity nor friction to slow it down.

Let us modify our game so the rocket maintains its momentum between commands.
Instead of moving the rocket, the command keys will simply establish its direction
DI$—UP, DOWN, LEFT, or RIGHT. The rocket will then move continuously in the DI$
direction. Lines 215 on are now

215 REM W KEY MAKES DIRECTION UP

220 IF K$="W" THEN DI$="UP"

225 REM Z KEY MAKES DIRECTION DOWN

230 IF K#="Z" THEN DI$="DOWN"

235 REM A KEY MAKES DIRECTION LEFT

240 IF K$="A" THEN DI&="LEFT"

245 REM S KEY MAKES DIRECTION RIGHT

250 IF K#="8" THEN DI$="RIGHT"

255 REM MOVE ROCKET IN APPROPRIATE DIRECTION
260 IF DI$<:="UP" THEN 300

265 REM MOVE ROCKET UP ONE ROW IF POSSIELE
270 IF R*1 THEN R=R—-1:PRINT "{UP}";

275 REM DRAW ROCKET MOVING UP

280 GOSUE 1000

290 GGTO 180

J00 IF DI%<>"DOWN" THEN 340

305 REM MOVE ROCKET DOWN ONE ROW IF POSSIELE
310 IF R<19 THEN R=R+1:PRINT "{DOWN3";

315 REM DRAW ROCKET MOVING DOWN

320 GOSUE 2000

330 6OTO 180

340 IF DI$<>"LEFT" THEN 380

345 REM MOVE ROCKET LEFT ONE COLUMN IF POSSIELE
350 IF C»1 THEN C=C-1:PRINT "{LEFT>";

355 REM DRAW ROCKET MOVING LEFT

360 BOSUR 3000

370 GOTO 180

380 IF DI#%< »"RIGHT" THEN 180

385 REM MOVE ROCKET RIGHT ONE COLUMN IF FOSSIELE
390 IF C<34 THEN C=C+1:PRINT "{RIGHT>";

395 REM DRAW ROCKET MOVING RIGHT

400 GOSUE 4000

410 GOTO 180

We must also start the rocket in the upward direction by inserting

172 DIs="UP"
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Program 18-5 Rocket Game With Momentum

Do not type NEW since we want to keep Program 18-4 in memory.

172

190

215
220
225
230
235
240
245
250
255
260
265
270
275
280
290
J00
308
310
315
20
330
340
345
330
355
360
70
380
89
390
395
400
410

DI$="UP"
FOR K=1 TO 100:NEXT K

REM W KEY MAKES DIRECTION UF

IF KE$="W" THEN DIs="UP"

REM Z KEY MAKES DIRECTION DOWN

IF KE$="Z" THEN DI$="DOWN"

REM A KEY MAKES DIRECTION LEFT

IF K#="A" THEN DI$="LEFT"

REM S KEY MAKES DIRECTION RIGHT

IF K$="S" THEN DI$="RIGHT"

REM MOVE ROCKET IN APPROFRIATE DIRECTION
IF DI$<>"UF" THEN 300

REM MOVE ROCKET UP ONE ROW IF POSSIELE
IF R>1 THEN R=R-1:PRINT "{UP}"; '
REM DRAW ROCKET MOVING UF

GOSUE 1000

GOTO 180

IF DI%$<>"DOWN" THEN 340

REM MOVE ROCKET DOWN ONE ROW IF FOSSIELE

IF R<19 THEN R=R+1:FRINT " {DOWN>";
REM DRAW ROCKET MOVING DOWN

GOSUR 2000

GOTO 180

IF DI$<"LEFT" THEN 380

REM MOVE ROCKET LEFT ONE COLUMN IF POSSIBLE
IF C*1 THEN C=C-1:PRINT "{LEFT}";

REM DRAW ROCKET MOVING LEFT

GOSUR 2000

GaT0 180

IF DI$<»"RIGHT" THEN 180

REM MOVE ROCKET RIGHT ONE COLUMN IF FOSSIBLE
IF C<34 THEN C=C+1:PRINT "{RIGHT}";

REM DRAW ROCKET MOVING RIGHT

GOSUER 4000

GOTO 180

6995 REM FPUT RANDOM LEFT-HAND GRAFHICS IN RANDOM FOSITIONS
7000 FOR J=1 TO 10 - 10 objects

7010 PRINT CHR$%(19);

7015 REM MOVE DOWN A RANDOM NUMEBER OF ROWS

7020 NR=INT(RND (1) %23) - Move down 0 to 22 rows.
7025 REM NO MOVEMENT DOWN IF RANDOM NUMBER IS ZERO

7030 IF NR=0 THEN 7070

7040 FOR R=1 TO NR

7050 PRINT

7060 NEXT R

7065

REM MOVE RIGHT A RANDOM NUMEER OF COLUMNS

7070 C=INT(RND (1) Xx38) - Move right 0 to 37 columns.
7075 REM GENERATE A LEFT-HAND GRAPHICS CHARACTER

7080 LH=INT(RND(1)%31)+161

7090 PRINT TAER(C)CHR$ (LH)

7100 NEXT J

7110 RETURN

000 FRINT CHR$(147)

RUN
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These changes make the game much more difficult, since the rocket moves rapidly
between commands. If you ponder your next move too long, the rocket will go right past
the objects and stop at an edge. An even more realistic game would force the player to
stop the rocket before turning it. That is, if the rocket were moving left, the player would
have to apply thrust to the right and stop the rocket before changing its direction.
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19

TARGET PRACTICE

We can combine ideas to create new scenes. Let us draw an artillery gun firing a shell at a

factory. The shell first rises at an angle for a while, then falls toward the target. The artil-
lery gun looks like

3 spaces, shifted N, COMMODORE G
2 spaces, shifted (N, N), space
Space, shifted (N, N), 2 spaces
COMMODORE L, shifted N, 3 spaces
2 s, 3 spaces

The target (a factory with smokestacks) looks like

]
AAA ﬂk

Space, COMMODORE (J, L), space
Shifted N, COMMODORE (T, T), shifted M
COMMODORE (G, —, +, M

Shifted (L, &, L, 9)

E3S
i

The shell looks like

~ <«4—————Shifted (U, |)

1 <+—————— COMMODORE (Z, X)
when it is rising and like

 <«————————— COMMODORE (A, S)

' —— Shifted (J, K)

when it is falling.
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To create the scene, we will combine several routines, each of which performs a
single function. Let us start by making the shell rise diagonally from the lower left-hand
corner. The required instructions are

FOR J=1 TO 19

GOSUE 1000 - Draw shell.

FOR k=1 TO 200:NEXT K

FRINT “{2 LEFT}» {UF}"; «————————Move cursor back to start of picture.

BOSUR 3000 - Erase shell.
FRINT "{LEFT} {2 UF}"; «—————— Move cursor to start of next picture.

The shell drawing (lines 1000 on) is

,4:, FrRIN‘] " ’F.‘ ll;
FRINT »' vy
FRINT "{2 LEFT} {DOWN}"; <——Move cursor to next line.

the shell erasure (lines 3000 on) is

SRR L S ——
0 FRINT % "3 2 spaces

Z010 PRINT "{2 LEFT> {DOWN}";-«———Move cursor to next line.

Note that we have reserved the 2000 series lines for the picture of the falling shell. We
have also left the 100 series line numbers for the background.

Program 19-1 Shell Rising

NEW
100 FRINT CHR$(147)
20%5 REM START SHELL NEAR EOTTOM OF SCREEN
FOR J=1 TO 19
O FRINT
NEXT J
5 REM MOVE SHELL UFP DIAGONALLY
FOR J=1 TO 19
KEM DRAW SHELL
GOSUE 1000
5 REM WAIT A WHILE
FOR k=1 TO 200:NEXT K
REM ERASE SHELL
PRINT "{2 LEFT> (UP}";
GOSUR 2000
REM MOVE SHELL UF DIABONALLY
FRINT "{(LEFT} {2 UP}";
NEXT J
GOTO 9000
i REM FICTURE OF RISING SHELL
1000 FRINT "o - Shifted (U, 1)
1020 PRINT n -, < COMMODORE (Z, X)
FRINT "{2 LEFT} (DOWN3";
RE TURN
5 REM ERASE SHELL

OO0 FRINT " ";%

O FPRINT 0 v 2 spaces
FRINT "{2 LEFTY {DOWN3";

0 RETURN

POO0 PRINT CHR$(147)

RUN
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Let us now modify the program to make the shell first rise and then fall. This in-
volves an additional picture (falling shell) and a new cursor command. The command to
make the shell fall diagonally is

FRINT " CLEFT3";

Now we have two FOR-NEXT loops, each with J going from 1 to 19. Both use the
erasure routine starting at line 3000.

Program

NEW
100
208
210
220
230
235
240
245
250
255
260
265
270
280
285
290
00
305
310
315

20

1000
1020
1010
1030
1995
2000
2020
2010
2030
2995
3000
3020
3010
3030
000
RUN

19-2 Shell Rising and Falling

FRINT CHR$(147)

REM START SHELL AT EBOTTOM OF SCREEN
FOR J=1 TO 19

FRINT

NEXT J

REM MOVE SHELL UF DIAGONALLY
FOR J=1 TO 19

REM DRAW SHELL RISING

GOSUE 1000

REM WAIT A WHILE

FOR K=1 TO 200:NEXT kK

REM ERASE SHELL

FRINT "{2 LEFT} {UP}";

GOSUER 3000

REM MOVE SHELL UP DIAGONALLY
PRINT "{LEFT> (2 UP}";

NEXT J

REM MOVE SHELL DOWN DIAGONALLY
FOrR J=1 TO 19

REM DRAW FALLING SHELL

GOSUR 2000

REM WAIT A WHILE

FDOR K=1 TO 200:NEXT K

REM ERASE SHELL

PRINT "{(2 LEFT} {UP3}";

GOSUE Z000

REM MOVE SHELL DOWN ONE STEF DIAGONALLY
FPRINT "{LEFTX";

NEXT J

60TO 2000
REM PICTURE OF RISING SHELL

PRINT " /" ;< Shifted (U, 1)
PRINT "M . COMMODORE (Z, X)
PRINT "{2 LEFT} {DOWN3>";

RETURN

REM PICTURE OF FALLING SHELL

PRINT "M ";: ¢ COMMODORE (A, S)
PRINT " ;< Shifted (J, K)
PRINT "{2 LEFT> {(DOWN}";

RETURN

REM ERASE SHELL

PRINT " ;-

PRINT " "i;4— — . 2 spaces

PRINT "(2 LEFT} (DOWN3}";

RETURN

PRINT CHR$(147)
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Now the shell rises diagonally, turns over when it reaches the peak of its path, and
then falls diagonally. We could add sound to the picture by replacing lines 260 and 330
with GOSUB 8000 and adding the routine from Chapter 15.

7995 REM FRODUCE SHELL SOUND

8000 FOR k=1 70 5

8010 FOKE S4277,16%0+10:REM MINIMUM ATTACK, MEDIUM DECAY
8020 PDKE 54276,17:REM START WAVEFORM 1

8030 FOKE S54273%,2%:REM OCTAVE 4, F SHARP

8040 FDKE 54272,181

8050 FOR L=1 TO S:NEXT L

8060 POKE 65276,16:REM STOF WAVEFORM 1

8070 NEXT K

8080 RETURN

You must also insert

55 REM CLEAR SOUND CHIP

60 FOR J=54272 TO 54296

70 POKE J,0

80 NEXT J

85 REM LOW VOLUME INITIALLY
?0 FOKE 54296,5

to initialize the sound chip. Be sure to turn the volume up on your television set as well.

We are now ready to add the background, the artillery gun, and the target. We must
modify the shell’s path to extend from the end of the gun to the top of the target. A little
experimentation shows that the upward FOR loop should go from 1 to 12, and the down-
ward FOR loop from 1 to 13.

Program 19-3 Artillery Shelling a Factory

NEW

100 PRINT CHR$(147)

105 REM MOVE CURSOR NEAR BOTTOM OF SCREEN
110 FOR J=1 TO 18

120 PRINT

130 NEXT J

135 REM DRAW ARTILLERY GUN

140 GOSUB 4000

145 REM MOVE CURSOR TO START OF TARGET
150 PRINT "{3 UPX";

160 PRINT TAEB(30);

165 REM DRAW FACTORY

170 GOSUE S000

205 REM MOVE CURSOR TO END OF GUN

210 PRINT "{6 UP}" = No semicolon here.

220 PRINT TAB(5); - Move right to end of gun.

235 REM MOVE SHELL UFP DIAGONALLY There is no line 230; lines 235
240 FOR J=1 TO 12 through 380 are almost identical
245 REM DRAW RISING SHELL to those in Program 19-2.

250 GOSUE 1000

255 REM WAIT A WHILE

260 FOR K=1 TO 200:NEXT K

265 REM ERASE SHELL

270 PRINT "{2 LEFT} {UP}";

280 GOSUE 3000

285 REM MOVE SHELL UP DIAGONALLY
290 PRINT "{LEFT} {2 UP}";

J00 NEXT J
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305 REM MOVE SHELL DOWN DIAGONALLY
310 FOR J=1 TO 13

315 REM DRAW FALLING SHELL

320 GOSUER 2000

325 REM WAIT A WHILE

330 FOR k=1 TO 200:NEXT K

335 REM ERASE SHELL

340 PRINT "{2 LEFT} {(UPX}";

IS0 GOSUR 3000

355 REM MOVE SHELL DOWN DIAGONALLY
360 PRINT “{LEFT}";

370 NEXT J

380 GOTO 000

99% REM FICTURE OF RISING SHELL

1060 PRINT "ot ; < Shifted (U, 1)

1020 PRINT "Y1 - COMMODORE (Z, X)
1010 PRINT "{2 LEFT} {DOWN}";

1030 RETURN

1995 REM FICTURE OF FALLING SHELL

2000 FRINT VMY < COMMODORE (A, S)
2020 PRINT "' n: < Shifted (J, K)

2010 PRINT "{2 LEFT} {DOWN}";

2030 RETURN

2995 REM ERASURE OF SHELL

ZO00 PRINT " " €—

20 PRINT " " 4«— — 2 spaces

10 PRINT "{2 LEFT> {DOWNI";
J0T0 RETURN
3995 REM F1CTURE OF ARTILLERY GUN
4000 PRINT " At 3 spaces, shifted N, COMMODORE G
4020 FRINT " PR 2 spaces, shifted (N, N), space
4040 PRINT " /7 "; = Space, shifted (N, N), 2 spaces
40460 PRINT " I "y - COMMODORE L, shifted N, 2 spaces
4080 PRINT " @@ "y - 2 @s, 3 spaces

4010 PRINT "{5 LEFT} {DOWN>";

4030 PRINT "{5 LEFT} (DOWN3";

4050 FRINT "<{5 LEFT> {DOWN>";

4070 PRINT "{5 LEFT> {(DOWN3";

4090 RETURN

4995 REM FICTURE OF FACTORY

5000 PRINT " 1 ) ; - Space, COMMODORE (J, L), space

5020 PRINT " ™, ; < Shifted. N, COMMODORE (T, T), shifted M

5040 PRINT " | 38 |; COMMODORE (G, —, +, M)
5060 FRINT "1 J; - Shifted (L, @, L, 9)

5010 PRINT "{4 LEFT} (DOWN3}"j;

5030 FRINT "{4 LEFT} {DOWN3";

5050 PRINT "{4 LEFT} {DOWN3";

S070 RETURN

9000 FRINT CHR$(147)

RUN

Finally, let us add the sounds of the gun firing and the shell traveling up and down.
We will also create an explosion in which the factory collapses and debris flies up in the
air.
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Program 19-4 Artillery Shelling a Factory,
With Noise and Explosion

NEW

55 REM CLEAR SOUND CHIP

60 FOR J=54272 TO S4296

70 FOKE J,0

80 NEXT J

85 REM TURN VOLUME UF FOR GUN FIRING
90 FOKE S54296,15

100
105
110
120
130
135
140
145
150
160
165
170

290
300
309
310
18
320
329
330

P95

PRINT CHR$(147)

REM MOVE CURSOR NEAR BOTTOM OF SCREEN
FOR J=1 TO 18

PRINT

NEXT J

REM DRAW ARTILLERY GUN

GOSUER 4000

REM MOVE CURSOR TO START OF TARGET
PRINT "{3 UP3}";

FRINT TAB(30);

REM DRAW FACTORY

GOSUER S000

REM MAKE SOUND OF BUN FIRING

GOSUE 7000

REM MOVE CURSOR TO END OF GUN

PRINT "{6 UF)}" - No semicolon here.
PRINT TAE(S) ;- Move right to end of gun.

REM TURN VOLUME DOWN FOR SHELL
POKE 54296,2

REM MOVE SHELL UFP DIAGONALLY Lines 235 through 380 are almost identical

FOR J=1 TO 12 to those in Program 19-2.

REM DRAW RISING SHELL

GOSUR 1000

REM SHELL SOUND

GOSUE 8000

REM ERASE SHELL

PRINT "{2 LEFTX {UP}";

GOSUE 3000

REM MOVE SHELL UF DIAGONALLY
PRINT “{LEFT} (2 UPX}";

NEXT J

REM MOVE SHELL DOWN DIAGONALLY
FOR J=1 TOD 1=

REM DRAW FALLING SHELL

GOSUR 2000

REM SHELL SOUND

GOSUER 8000

REM ERASE SHELL

PRINT "{2 LEFT> {UP>";

GOSUE 3000

REM MOVE SHELL DOWN DIAGONALLY
PRINT "“"{LEFT3":

NEXT J

REM TURN VOLUME UP FOR EXPLOSION
POKE 54296,15

REM PRODUCE EXPLOSION

GOSUE 6000

60TO Q000

REM FICTURE OF RISING SHELL

1000 FPRINT "™ " ;-

1020 PRINT " <

1010 PRINT (2 LEFT} {DOWN3}";
1030 RETURN

1995 REM FPICTURE OF FALLING SHELL
2000 PRINT "0

2020 PRINT "™ " ; <

2010 PRINT "{2 LEFT3} (DOWN}";
2030 RETURN
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Shifted (U, 1)
COMMODORE (Z, X)

COMMODORE (A, S)
Shifted (J, K)



2993
Z000
JOR0
ZO010
J030
3995
4000
4020
4040
4060
4080
4010
4030
4050
4070
4090
4995
S000
S020
5040
[OLO
SO10
SOE0
SOS0
S070

5995
5998
=Yelals]
6010
&015
6020
6030
6035
6040
6045
&050
6060
6065
6070
b075
6080
6090
6095
6100
6105
6110
6120
6125
6130
6135
6140
6150
6155
6160
6165
6170
6180
6190
6200
6995
7000
7010
7020
7030
7040
7050
7060
7995
8000

REM ERASURE OF SHELL
PRINT » 0yt
PRINT ™ v 2 spaces

FRINT "{2 LEFT3 {DOWN3} "3

RETURN

REM FPICTURE OF ARTILLERY GUN

FRINT " ANy - 3 spaces, shifted N, COMMODORE G
FRINT "/ "; - 2 spaces, shifted (N, N), space
FRINT " /7 ";- Space, shifted (N, N), 2 spaces
PRINT " L " - COMMODORE L, shifted N, 2 spaces
PRINT " @@ "y - 2 35, 3 spaces

FRINT "{5 LEFT} {DOWN3"j
FRINT "{5 LEFT} (DOWN3";
FRINT "{5 LEFT} {(DOWN3";
PRINT "{5 LEFT> {(DOWN3";
RE TURN

REM FICTURE OF FACTORY
FRINT " I |

Space, COMMODORE (J, L), space

PRINT * . 3 Shifted N, COMMODORE (T, T), shifted M
F’RINT " | 3% |§ - COMMODORE (G, ~ +, M)
FRINT L1 |3 < Shifted (L, @, L, @)

PRINT "{4 LEFT}> {DOWN3>";
FRINT "{4 LEFT> {DOWN>";
PRINT "{4 LEFT} {DOWN3";
RETURN

REM EXPLOSION

REM DESTROY CHIMNEYS

PRINT " {DOWNX{RIGHT}";

PRINT "wfs"; - COMMODORE (I, B)

REM SEND UP SOME DEEBRIS

PRINT "{3 LEFT> {2 UP3";

PRINT "8 8" COMMODORE D, space, COMMODORE D
REM MAKE SOME EXFLOSION NOISE

GOSUB 7000

REM CRUMELE ROOF OF BRUILDING

PRINT "{3 LEFT} {3 DOWN}"g3

PRINT " _ o~ |";-¢ Shifted (F, N, M, F)

REM MAKE MORE EXPLOSION NOISE

GOSUER 7000

REM SEND UF MORE FRAGMENTS

PRINT "{5 LEFT} {4 UF>";

PRINT "muzennn; COMMODORE (F, F, £, D, D)
REM MAKE MORE EXFLOSION NOISE

GOSUE 7000

REM COLLAPSE MIDDLE OF BUILDING

PRINT "{4 LEFT> {5 DOWNX}";

PRINT "™ ; -t Shifted M, COMMODORE (£, £), shifted N
REM MAKE MORE EXPLOSION NOISE

GOSUE 7000

REM SEND UP A MUSHROOM CLOUD

PRINT "{S LEFT3> {7 UF>";

FRINT " ; < COMMODORE (£, +, +, +, f)
REM MAKE MORE EXFLOSION NOISE

GOSUER 7000

REM COLLAPSE REST OF BUILDING

PRINT "{4 LEFT} {8 DOWN3}";

PRINT " [~[71"5 <— Shifted (B, |, O, B)

GOSUEB 7000

RETURN

REM PRODUCE EXPLOSION SOUND EFFECTS

FPOKE S4277,16%4+12:REM LOW ATTACK, HIGH DECAY
FOKE S4276,129:REM START NOISE WAVEFORM

POKE S4273,5

POKE 54272,71

FOR L=1 TO 500:NEXT L

POKE S54276,128:REM STOP NOISE WAVEFORM
RETURN

REM PRODUCE SHELL SOUND

FOR K=1 TO 5
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8010 POKE S54277,16%0+10:REM MINUMUM ATTACK, MEDIUM DECAY
BO20 POKE S4276,17:REM START WAVEFDRM 1

8030 POKE S4273,23:REM OCTAVE 4, F-SHARF

8040 POKE 54272,181

8050 FOR L=1 TO S:NEXT L

8060 POKE S54276,16:REM STOF WAVEFORM 1

8070 NEXT K

8080 RETURN

F000 PRINT CHR%(147)

RUN

When creating a complex scene like the explosion in lines 6000 through 6200, a
paper sketch is generally insufficient. The timing and order are significant, and you sim-
ply cannot put those on paper. Furthermore, one incorrect cursor instruction will distort
the entire picture and will be difficult to trace on the screen. One approach is to freeze the
scene after each printed line. For example, to see if lines 6000 and 6010 are correct,
temporarily insert

6012 BOTD 6012

This statement branches to itself, creating an endless loop; you must press the STOP key
to regain control. Either 6012 STOP or 6012 END would actually terminate the program
and return control to you. You could then resume it later by typing CONT (continue).
Unfortunately, both STOP and END make the computer print a message on the screen,
which either distorts the picture or destroys part of it. Remember to remove line 6012 (by
typing 6012 and RETURN) after you have checked the scene.

One unrealistic aspect of Program 19-4 is that the shell’s velocity is constant. In the
real world, of course, gravity slows the shell down as it rises, and speeds it up as it falls.
We can model this effect by changing the duration in the shell’s sound routine, since that
determines its speed. We will introduce an upper limit M in line 8050, and control it as
follows:

1. Line 225 makes M initially 5.
2. Line 295 (inside the rising loop) adds 1 to M, thus slowing the shell down as it rises.

3. Line 365 (inside the falling loop) subtracts 1 from M, thus speeding the shell up as it
falls.
The new lines are

222 REM INITIALIZE SHELL SPEED CONTROL
225 M=3

292 REM REDUCE SHELL SPEED AS IT RISES
295 M=M+1

362 REM INCREASE SHELL SPEED AS IT FALLS
365 M=M-1

8045 REM CONTROL SHELL SPEED WITH LOOFP LIMIT
B80S0 FOR L=1 TO M
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20

SIMULTANEOUS
MOTION
IN TWO DIRECTIONS

So far, we have allowed motion in only one direction at a time. Now we want to move two
objects in different directions simultaneously. We will have a ship travel right on the
ocean’s surface, while a submarine travels left underneath it. We can move both of them
using TABs inside a FOR-NEXT loop controlled by

FOR C=1 TO 25

TAB(C) in front of each line of the ship moves it right, while TAB(26-C) in front of each
line of the submarine moves it left. The ship drawing is

/3 spaces, COMMODORE (M, Y, G), space

M 2 spaces, shifted O, COMMODORE T, shifted W,
o—1<—""_ COMMODORE (T, T), shifted P, space
MO0000.," «— Space, shifted (O, W, W, W, W, W, N), space

f—
Space, shifted M, COMMODORE (9, 3,9, 2 ),
shifted 9 , space

The submarine drawing is

4 spaces, COMMODORE (A, S), space
[l /Space, shifted (U, F, F), COMMODORE (X, 2Z),
¢~ '—~ «———shifted (F, F, I), space
" - Space, shifted(J, F, F, F, F, f, F, K), space

We will start by moving the ship and submarine without any background. The top of
the submarine is seven lines below the bottom of the ship. We have grouped functions into
sets of line numbers in the main program and left many numbers for later expansion.
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Program

20-1 Ship and Submarine Moving

in Different Directions

NEW
100
105
110
195
200
295
200
310
393
400
405
410
420
495
500
fyala)
610
?9S
1000
1010
1020
1030
1040
1993
2000
2010
2020
2030
000
RUN

PRINT CHR$(147)

REM MOVE CURSOR TO TOP OF SHIP
PRINT "{S DOWN}"j3

REM MOVE SHIF AND SUEMARINE
FOR C=1 TO 25

REM DRAW SHIF

GOSUE 1000

FOR k=1 TO 100:NEXT K

REM MOVE CURSOR TO TOP OF SUBMARINE
PRINT "{7 DOWN3}";

REM DRAW SUEMARINE

GOSUE 2000

FOR k=1 TO 100:NEXT k

REM MOVE CURSOR BACK TO TOFP OF SHIF

PRINT "{14 UP}";
NEXT C

GOTO 000

REM PICTURE OF

e
PRINT TRE(C)" M " 3 spaces

PRINT TAER(C)" O 1"
PRINT TAER(C)" Mooooo.s
PRINT TAE(C)" | "
RETURN

REM PICTURE OF SUBMARINE
PRINT TAE(26-C)" (] "
PRINT TAB(26-C)" s b
FPRINT TAB(26-C)" ‘e ¥
RETURN

PRINT CHR$(147)

4 spaces

We can use graphics characters to simulate rolling ocean waves. Two useful charac-
ters are the triangles (the left-hand graphics character on the * key and the right-hand
graphics character on the £ key). We can produce the rolling effect as follows:

1. Print a line consisting of eighteen alternating COMMODORE *’s and shifted £’s,
starting with a COMMODORE *,

2. Move the cursor up a line.

3. Print a line consisting of eighteen alternating shifted £’s and COMMODORE *’s,
starting with a shifted £.

Enter the wave lines carefully, since you must alternate one finger between COMMO-
DORE and SHIFT while you alternate another between * and £. You may want to keep
count on a piece of paper to ensure that you enter eighteen pairs of characters.

We can also use the following pictures to draw birds with flapping wings:

R

A0 A -
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2 spaces, shifted M, COMMODORE 9, shifted W,
COMMODORE 3, shifted N, 2 spaces, shifted (C, W, C)

2 spaces, shifted N, COMMODORE T, shifted W,

COMMODORE T, shifted M, 2 spaces, shifted (U, W, 1)



Program 20-2 Ship, Submarine, Ocean Waves, and Birds

Do not type NEW since we want to retain Program 20-1.

105 REM MOVE CURSOR TO EIRDS

110 PRINT " {2 DOWN>";

195 REM MOVE SHIF, SUEMARINE, BIRDS, AND WAVES

205 REM DRAW BHIRDS WITH WINGS IN ONE POSITION

210 PRINT TAR(10) " “_0_/ —o— "4\25"“"5

220 FOR K=1 TO 200:NEXT K No semicolon here.
225 REM DRAW BIRDS WITH WINGS IN ANOTHER FDSITION

230 PRINT "“{uUpP3"; 2 spaces

240 PRINT TAEB(1O) " /g™ ’/: -~ .

245 REM MOVE CURSOR TO TOP OF SHIP No semicolon here.

250 PRINT "{2 DOWN3";

315 REM DRAW DCEAN WAVES IN ONE F‘OSITIDN r——18 pairs of COMMODORE *s and
JI20 FRINT "W Ly L ¥ % " shifted £s You should see 18

395 REM MOVE CURSDR TO TOP OF SUE«MARINE upside-down light blue pyramids.
400 PRINT "{& DOWN3";

425 REM MOVE CURSOR BACK TO OCEAN SURFACE

430 PRINT "{10 UP3";

435 REM DRAW OCEAN WAVES IN ANDTHER F’USITIDNr— 18 pairs of shifted £s and

440 FRINT "7 W@ W& F 5 FFEF D ¥ ¥ ": COMMODORE *s. You should see

495 REM MOVE CURSOR BACE TO BIHDS 18 dark-blue pyramids.
S00 PRINT "8 UF}";
RUN

In creating such a complex drawing, you may end up with cursor errors even if you
work from a good sketch. The result is usually duplicate pictures appearing all over the
screen because the computer is starting each iteration in the wrong place. One way to
check parts of the drawings, as we noted in the last chapter, is to temporarily insert state-
ments such as

305 6OTO Z0S

into the program. This kind of endless loop halts the computer without affecting the pic-
ture. You must press STOP and remove the loop (i.e., type 305, then RETURN) before
continuing.

Let us now make the submarine fire a projectile when the ship reaches column 13.
At that time the screen looks like

m
o1
rooooo.s

We want the cursor here.
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The pictures of the ship, submarine, birds, and waves do not change. We must add a
new picture for the launch sequence, and make the computer draw it only when C=12.
We will start the launch sequence in line 3000. The only addition to the main program is

445 REM FIRE PROJECTILE WHEM SHIF REACHES COLUMN 173
450 IF C=12 THEN GOSUE 3000

The subroutine that fires the projectile must:

1. Move the cursor to the top left comer of the submarine.
2. Use the logic from Program 7-7 to move the projectile up the screen.

Program 20-3’ Submarine Firing Projectile

Do not enter NEW.

445 REM FIRE PROJECTILE WHEN SHIP REACHES COLUMN 13
450 IF C=12 THEN GOSUER 3000

2990 REM FIRE PROJECTILE UP THE SCREEN

2995 REM MOVE CURSOR TO TOP LEFT OF SUEMARINE

3000 PRINT "{&6 DOWN3";

3010 PRINT TRE(28-L);

2015 REM SEND PROJECTILE UP

3020 FOR R=1 TO 17

F025 REM DRAW PROJECTILE

FOI0 PRINT "@"; - Shifted Z
Z040 FOR K=1 TO 200:NEXT K

3045 REM ERASE FPROJECTILE

T0S50 PRINT "{LEFT3>":

060 PRINT " "jw 1 space here
32065 REM MOVE PROJECTILE UP ONE LINE

3070 PRINT "{LEFT3> {(UP}";

3080 NEXT R

F085 REM MOVE CURSOR EBACK TO OCEAN SURFACE

3090 PRINT "{10 DOWN}";-e No semicolon here so cursor
3100 RETURN moves to left edge
RUN

The submarine now fires a projectile when C is 12. Note how the action stops, since
the computer is no longer executing the parts of the program that redraw and thus move
the birds, ship, waves, and submarine. The projectile breaks through the ocean waves
(leaving a hole in them), scores a direct hit on the center of the ship, rips off the end of a
bird’s left wing, and flies off the screen. Fortunately nature (and the ship’s crew) have
marvelous regenerative powers, so the ocean, ship, and bird recover their original shapes
immediately and the action continues.

We can easily let the player control when the submarine fires its projectile. We will
use the F key for this purpose, as in earlier programs. The additional lines are

445 REM CHECK KEYEOARD

450 GET K$

455 REM F KEY FIRES PROJECTILE
460 IF K$="F" THEN GOSUE 3000

Now you can make the submarine fire several projectiles. You do not have to rush,
since nothing moves while a projectile is on the screen. See if you can score a direct hit on
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NEW
100
105
110
195
200
205
210
’)"){)

225

230
240
245
250
295
300
310
315
320
395
400
405
410
420
425
430
435
440
445
450
455
460
495
S00
[=lale]
610
P95
1000
1010
1020
1030
1040

a bird’s body, rather than just ripping off its wing. Be careful, however, not to practice
this feat around Audubon Society members.

In fact, you can use the computer’s keyboard memory to make the submarine fire
projectiles continuously. Simply press F several times. While the computer will not re-
spond to the extra Fs immediately, it will remember them. Once the projectile disappears
from the screen, the submarine will move left one column and fire again. It will continue
this routine of waiting for a projectile to disappear, moving left one column, and firing
until the program ends or until the computer has responded to all the extra Fs.

The complete program with the player controlling the firing is as follows:

Program 20-4 Ocean, Birds, Ship, and Submarine,
With Launch

PRINT CHR%(147)

REM MOVE CURSOR TO EBIRDS

PRINT "{2 DOWN3";

REM MOVE SHIF, SUEIMARINE. BIRDS, AND WAVES
FOR C=1 TO 28

REM DRAW EBIRDS WITH WTNGS IN ONE POSITION
FRINT TAE(10)" 0+ K o= " 2 spaces

~————————— No semicolon here.

FOR K=1 TO 100:NEXT K

REM DRAW EIRDS WITH WINGS IN ANOTHER FPOSITION

PRINT "€UP3"; 2 spaces

PRINT TAB(IO) " 0% Foom " o lon here.

REM MOVE CURSOR TO TOP OF SHIF

PRINT (2 DOWN3"j

REM DRAW SHIF

BOSUE 1000

FOR K=1 TO 100:NEXT K .

REM DRAW OCEAN WAVES IN ONE POSITION - 18.Palte of COMMODORE *s and
PRINT "5 o o w5y e o e shifted £s. You should see 18
REM MOVE CURSOR TO TOP OF SUBMARINE upside-down light blue pyramids.
PRINT "(& DOWN}"j

REM DRAW SUBMARINE

BOSUE 2000

FOR k=1 TO 100:NEXT K

REM MOVE CURSOR EACK TO OCEAN SURFACE

PRINT "(10 UP3"; . .

REM DRAW OCEAN WAVES IN ANOTHER POSITION 4~ 18 pairs of shifted £s and
FRINT "F % & T T 45 aaaal

REM CHECK KEYROARD

BET K3

REM F KEY FIRES PROJECTILE

IF K$="F" THEN GOSUB 3000

REM MOVE CURSOR BACK TO BIRDS

PRINT "(8 UP3"j

NEXT C

GOTO Q000

KEM FICTURE OF SHIF /——3 spaces, COMMODORE (M, Y, G), space
PRINT TAE(C)" M "

. _——— 2 spaces, shifted O, COMMODORE T, shifted W,
PRINT TAB(C)" [0 COMMODORE (T, T), shifted P, space
PRINT TAB(C)" I"ljcn:lCu’_'u/ ne—_

ERINT TAE(D)" | ..\Space, shifted (O, W, W, W, W, W, N), space
RETURN Space, shifted M, COMMODORE (9, 2, 9, 9),
shifted 9, space
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1995 REM FICTURE OF SUEMARINE

2000 PRINT TAR(24-C)" ] " «—————— 4 spaces, COMMODORE (A, S), space

2010 PRINT TAB(26-C)" ' ' " Space, shifted (U, F, F), COMMODORE (X, 2),
2020 PRINT TABR(26-C) " e ' \shifted (F, F, 1), space

2030 RETURN Space, shifted (J, F, F, F, F, F, F, K), space

2990 REM FIRE PROJECTILE UFWARD
2995 REM MOVE CURSOR TO TOF LEFT OF SUBMARINE
IOO00 PRINT "{6 DOWNX";
3010 PRINT TAR(28-C);
3015 REM MOVE FROJECTILE UF
Z020 FOR R=1 TO 17
REM DRAW FPROJECTILE
PRINT "4"; <— Shifted Z
FOR k=1 TO 200:NEXT K
REM ERASE FPROJECTILE
IS0 PRINT “{LEFT}"3
Z060 FRINT " "; -
&S REM MOVE FROJECTILE UP ONE LINE
O FRINT "{LEFT} {UP>";
NEXT R
REM MOVE CURSOR BACE TO OCEAN SURFACE
0 PRINT "{10 DOWNI" -
F100 RETURN
FOO0 PRINT CHR%(147)
RUN

1 space here

No semicolon here, so cursor
moves to left edge.

As with the shell in Chapter 19, gravity should reduce the projectile’s speed. We
can simulate gravity by increasing the time delay (line 3040) as the projectile rises. This
increases the time between pictures and thus reduces the speed. Let us call the upper limit
T, start T at 150, and increase it by 20 after each iteration. The required changes are

011 REM INITIALIZE TIME BETWEEN FICTURES
3012 T=1%0
S REM WAIT BETWEEN FICTURES
FOR k=1 TO T:MNEXT kK
2 REM SLOW FROJECTILE EBY INCREASING TIME BETWEEN FICTURES
I074 T=T+20

This is similar to the way we changed the shell’s speed in Chapter 19, although here we
are varying the length of a delay loop rather than a sound-generation subroutine.

An additional complication is that the projectile moves from water into air. Clearly,
water should exert more drag than air, since water is much thicker (more viscous). We can
simulate that difference by reducing the change in T after the projectile reaches the surface
(six lines up). To do this, we replace line 3074 with

3074 IF R<é THEM T=T+20
276 IF R Qim/ #= means "greater than or equal to”.

We can also introduce sound into the silent ocean scene. To produce an explosion
sound when the submarine fires, and a sound to accompany the projectile, add

55 REM CLEAR SOUND CHIF
&0 FOR J=S4272 TO 54296
70 FOKE J,0

B8O NEXT J
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016 REM MAKE A LOUD FIRING SOUND
3017 FOKE 54296,15

3018 GUSUR 6000

3019 FOKE S54296,2:REM REDUCE VOLUME
3033 REM MAKE NOISE

2040 GOSUR 7000

3995 REM SOUND OF SUBMARINE FIRING FROJECTILE

6000 POKE S54277,16%4+12:REM LOW ATTACK, HIGH DECAY
4010 POKE 54276,129:REM START NOISE WAVEFORM

6020 POKE S54273,5

6030 POKE S54272,71

6040 FOR L=1 TO SO0O:NEXT L

6050 FOKE 54276,128:REM STOF NOISE WAVEFORM

6060 RETURN

6995 REM PROJECTILE SOUND

7000 FOR K=1 TO S

7010 POKE S4277,16X0+10:REM MINIMUM ATTACK, MEDIUM DECAY
7020 POKE S4276,17:REM START WAVEFORM #1

7030 FOKE S54273,23:REM OCTAVE 4, F-SHARF

7040 POKE S4272,181

7050 FOR L=1 TO S:NEXT L

7060 POKE 54276, 16:REM STOP WAVEFORM #1

7070 NEXT kK

7080 RETURN

You may want to modify the projectile sound routine so that it can be used to simulate the
effects of gravity and water’s resistance to motion.
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21
MUSICAL INTERLUDE

The computer can produce music as well as noise to accompany pictures. We already
know how to create musical notes using the values in Appendix A. The following pro-
gram plays the first three notes (C, D, and E) in octave 3.

Program 21-1 Musical Quarter Notes

NEW
55 REM CLEAR SOUND CHIF

60 FOR J=54272 TO S4296

70 POKE J,0

80 NEXT J

90 POKE S4296,15

100 FRINT CHR$(147)

110 PRINT TAE(S)"FIRST THREE NOTES IN OCTAVE 3"
120 POKE 54277,16%0+10:REM MINIMUM ATTACK, MEDIUM DECAY
130 FOKE S54276,17:REM START WAVEFORM 1

135 REM PLAY C FROM OCTAVE 3

140 POKE 54273,8

150 FOKE 54272,97

160 FOR L=1 TO 250:NEXT L

170 POKE S4276,16:REM STOP WAVEFORM 1

175 REM PLAY D FROM OCTAVE 3

180 FPOKE S4276,17:REM START WAVEFORM 1

190 POKE 54273,9

200 FOKE 54272,104

210 FOR L=1 TO 250:NEXT L

220 POKE S4276,16:REM STOP WAVEFORM 1

225 REM PLAY E FROM OCTAVE 3

230 POKE 54276,17:REM START WAVEFORM 1

240 POKE 54273,10

250 POKE 54272, 143

260 FOR L=1 TO 250:NEXT L

270 POKE S54276,16:REM STOP WAVEFORM 1

280 PRINT CHR$(147)

RUN
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Only the high and low frequency POKEs change for different notes. Thus we need a
way to repeat all the POKEs but bring in different high- and low-frequency values each
time. To do this requires two new BASIC statements: DATA, which holds information
until the program needs it, and READ, which obtains information from a DATA
statement.

DATA statements simply consist of a sequence of values (either numbers or charac-
ters) separated by commas. For example, to hold the HF and LF values from Program
21-1, we would use

DATA 8,97,9,104,10,143

READ statements take values from DATA statements in the usual left-to-right or-
der. For example,

READ HF,LF

at the start of a program would take the first two values from DATA statements and call
them HF and LF. If the first DATA statement were the one above, these values would be 8
for HF and 97 for LF. The next READ statement would take up where this one left off.
That is, the next

READ HF,LF

would set HF to 9 and LF to 104. The following program shows how this works:

NEW
100 PRINT CHR$(147)

110 FOR J=1 TO &

120 READ V

130 PRINT V

140 NEXT J

150 DATA 8,97,9,104,10,143
RUN

This program reads and prints the six values consecutively, one at a time. The FOR
NEXT loop determines how many times the computer executes READ V. The following
version READs and PRINTSs two items in each iteration.

NEW

100 PRINT CHR$(147)

110 FOR J=1 TO 3

120 READ HF,LF

130 PRINT HF,LF

140 NEXT J

150 DATA 8,97,9,104,10,143
RUN

This program READs the DATA statement three times, taking two values (HF and LF)
from it each time.

Now let us use READ and DATA to play the eight notes in the third octave; note
how much shorter this program is than Program 21-1.
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Program 21-2 Musical Scale in Octave 3

NEW

55 REM CLEAR SOUND CHIP AND SET VOLUME

60 FOR J=54272 TO S4296

70 POKE J,0

80 NEXT J

90 POKE 54296, 15

100 PRINT CHR$(147)

110 PRINT TAB(10)"THE NOTES IN OCTAVE 3"

120 POKE S54277,16%0+10:REM MINIMUM ATTACK, MEDIUM DECAY
130 FOR J=1 TO 8

140 POKE S4276,17:REM START WAVEFORM 1

145 REM READ HIGH AND LOW FREQUENCY FDR NOTE
150 READ HF,LF

160 POKE 54273, HF

170 POKE 54272,LF

175 REM LENGTH IS QUARTER NOTE

180 FOR L=1 TO 250:NEXT L

190 POKE 54276, 16:REM STOF WAVEFORM 1

200 NEXT J

210 DATA 8,97,9,104,10,143,11,48,12,143,14,24,15,210,16,195
RUN

Note that we borrowed the ending C (16,195) from octave 4 in Appendix A to com-
plete the octave. We have put the DATA statement at the end to keep it out of the way, but
it can actually go anywhere in the program. The computer simply skips over DATA state-
ments when it reaches them.

To repeat the notes, we must make the computer return to the beginning of the
DATA statement. The statement that does this is RESTORE. Thus, to play the same eight
notes over and over, add

220 RESTORE
230 60OTO 130

If you forget RESTORE, the program will stop and report

?0UT OF DATA ERROR IN 150

To produce a different sound, change the waveform in lines 140 and 190—that is

140 POKE 54276,33:REM START WAVEFORM 2
190 POKE 54276,32:REM STOF WAVEFORM 2

To hear the effects of duration, change the length of each note by changing the up-
per limit in line 180 to 1000 (a whole note). To hear the effects of attack and decay,
change the value in line 120 to 16%8+8 (medium attack, medium decay), then to
16+15+0 (maximum attack, minimum decay). Experimenting with these values will give
you a practical understanding of how to create music on the Commodore 64.

Now let us consider the classic song ‘“Old MacDonald’s Farm.”” We will split it

into two parts, to be played sequentially. Appendix B contains a summary of music for
those who cannot read it.
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PART A

PART A -
b 2 = »
L |
D) |
PART B
PART B F__m S —
- — 11 =
)

Using Appendix B, we convert the notes to the letters A through G. Let’s look at the
first four measures. The b at the left tells us which notes are flat (a half-tone lower than the
natural note). Here all Bs and Es are flat unless specifically marked otherwise. A minus
sign (—) following a note’s letter designation means it is flat.

oo
i i g

T

Notes E-E-E-B- c C B- G G F F E- B-

After converting the notes from a score to the proper letters, we then find the length
of each note

N | _
|
ﬁv &i ] = ] e
o) |

174 14 1/4 1/4 14 1/4 1/2 174 1/4 1/4 1/4 1/2 1/4

++H

We next find the octave for each note

D)

Octave 3 3 3 2 3 3 2 3 3 3 3 3 2
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We now have all the information we need to program these four measures. The mu-
sic looks like

fopo s

-
e o e e e = 2
)] [ ' I
Octave 3 3 3 2 3 3 2 3 3 3 3 3 2
Notes E-E-E-B- C C B- G G F F E- B-
Length 14 1/4 1/4 14 /4 114 12 14 1/4 14 1/4 112 1/4
Using Appendix A, the score becomes
oo r
|-
- T —T —
D) T
HF values 9 9 9 7 8 8 7 1212 11 N 9 7
LF values 247 247247 119 97 97 119 143143 48 48 247 119
Length 4 4 4 4 4 4 2 4 4 4 4 2 4

We have inverted the lengths to make the values easier to enter. That is, a value of 4
represents a length of Y4, a value of 2 a length of 2, etc. The do-nothing loop that deter-
mines duration must divide 1000 (a full note) by the inverted length; that is, the loop will
be

FOR L=1 TO 1000/LE:NEXT L

To hold the frequency and length values, we need the following DATA statements:

DATA 9,247,4,9,247,4,9,247,4,7,119,4
DATA B,97,4,8,97,4,7,119,2

DATA 12,143,4,12,143,4,11,48,4

DATA 11,48,4,9,247,2,7,119,4

Since the computer handles all DATA statements as a unit, we can divide the values into
many lines. The computer will proceed to the next DATA statement as soon as it finishes
the previous one.

The READ statement that obtains an inverted (reciprocal) length value as well as
frequency values is

READ HF,LF,LE

Let’s look at the next four measures.
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— — =

1 T T

) |
Octave 3 3 3 2 3 3 2 3 3 3 3 3 0
Notes E- E- E- B- cC C B- G G F F E- 0
Length 14 1/4 1/4 1/4 1/4 1/4 1/2 1/4 1/4 1/4 1/4 3/4 1/4

The ¥ is called a rest, that is, a pause in the music. Here, the symbol means to pause for
one fourth of a second (same time given a quarter note) before continuing. To include the
rest, we must add

Q
© Indicates a pause by POKEing zeros into the sound chip.
4 |nverted time value.

at the end.
Using Appendix A, we get

D N
1
D —® 4 1 -
\vJ 4 | | ! :
I
HF values 9 9 9 7 8 8 7 12 12 11 11 9
LF values 247 247 247 119 97 97 119 143 143 48 48 247
Length 4 4 4 4 4 4 2 4 4 4 4 1.33

This produces the DATA statements

DATA 9,247,4,9,247,4,9,247,4

DATA 7,119,4,8,97,4,8,97,4

DATA 7,119,2,12,143,4,12,143,4

DATA 11,48,4,11,48,4,9,247,1.33,0,0,4

Since the song has 26 notes (including the rest), the FOR NEXT loop to read the
DATA statements becomes

FOR J=1 TO 26
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Program 21-3 “‘Old MacDonald’s Farm”

PART A

PART B

172

NEW
S5

&0

70

80

0

100
110
120
130
140
145
150
140
170
178
180
190
200
295

Z00

REM CLEAR SOUND CHIF AND SET VOLUME
FOR J=54272 TO S4296
FOKE J,0

NEXT J

FOKE S4296,15

PRINT CHR$(147)

FRINT TAB(10)"OLD MACDONALD®S FARM"
FPOKE S54277,16%0+10:REM MINIMUM ATTACEK, MEDIUM DECAY

FOR J=1 TO 26

FOKE S54276,17:REM START WAVEFORM 1

REM OBRTAIN HIGH FREQUENCY, LOW FREQUENCY, RECIPROCAL LENGTH
READ HF,LF,LE

FOKE S4273,HF

FOKE S4272,LF

FEM CONVERT RECIFROCAL LENGTH TO DELAY
FOR L=1 TO 1000/LE:NEXT L

FOKE S427&6,16:REM STOF WAVEFORM 1

NEXT J already gone down to the
REM FIRST 4 MEASURES next empty line. This is
DATA 9,247,4,9,247,4,9,247,4,7,119,4 <—— 3 problem case because it is
DATA 8,97,4,8,97,4,7,119,2 exactly 40 characters long.
DATA 12,143,4,12,143,4,11,48,4 If you have entered line
DATA 11.48,4,9,247,2,7,119,4 300 correctly, there will

REM SECOND 4 MEASURES be a blank line between it
DATA 9,247,4,9,247,4,9,247,4 and line 310 in the

DATA 7,119,4,8,97,4,8,97,4 Iisting.

DATA 7,119,2,12,1473,4,12,14%,4

Be sure to press RETURN at
the end of this line, even
though the cursor has

) DATA 11,48,4,11,48,4,9,247,1.33,0,0,4

PRINT CHR$1{147)

To increase the tempo, change 1000 in line 180 to 500 or 250. By experimenting
with this value, you can speed the song up or slow it down. A high value such as 2000
produces a good version to play at Old MacDonald’s foreclosure auction. Changing the
attack and decay values or the waveform produces a different rendition of the tune.

The

i?

American classic ‘‘Yankee Doodle Dandy’’ has the musical score

o
T

N

11
IBBL )
o

N




If we treat ‘‘Yankee Doodle Dandy’’ the same way we did ‘‘Old MacDonald,”” we get

! / '
7Y i —® i el J
v T T ] &
jvJ ya U T ! U !
)
3 3 3 3 3 3 3 3 3 3 3 3 3 3
E-E-F G E-G F D E-E-F G E- D
1/4 1/4 1/4 1/4 174 1/4 /4 1/4 1/4 1/4 1/4 1/4 12 14
This produces the values
1 [ —® i ?
v T —1 i [
‘V L T L] ! T
9 9 11 12 9 12 11 9 9 9 11 12 9 9
247 247 48 143 247 143 48 104 247 247 48 143 247 104
4 4 4 4 4 4 4 4 4 4 4 4 2 4
for the first four measures.
The second four measures are
ob
I oN
1 1 i e
1 J T I ]
T T ! Jl !
giving
.]'b o) o)
-4 i | 1 o
|4 [ T I 1 I
v Z i J I [
y T T
3 3 3 3 3 3 3 3 3 2 2 3 3 3
E-E-F G A-G F E- D B-C D E- E-
1/4 1/4 1/4 /4 14 1/4 1/4 /4 14 1/4 1/4 1/4 1722 12
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These are translated into

b
o »
i | o -

A

N
N
4

‘ T
l
9 9 1 12 13 12 11 9 9 7 8 9 9

247 247 48 143 78 143 48 247 104 119 97 104 247
4 4 4 4 4 4 4 4 4 4 4 4 2

The DATA statements then become

DATA 9,247,4,9,247,4,11,48,4
DATA 12,143,4,9,247,4,12,143,4
DATA 11,48,4,9,104,4,9,247,4
DATA 9,247,4,11,48,4,12,143,4
DATA 9,247,2,9,104,4,0,0,4

for the first four measures and

DATA 9,247,4,9,247,4,11,48,4
DATA 12,143,4,13,78,4,12,143,4
DATA 11,48,4,9,247,4,9,104,4
DATA 7,119,4,8,97,4,9,104,4
DATA 9,247,2,9,247,2

for the second four.
There are 29 notes in the tune, so we use

FOR J=1 TO 29
to read the DATA statements.

Program 21-4 ‘‘Yankee Doodle Dandy’’

NEW

55 REM CLEAR SOUND CHIP AND SET VOLUME

60 FOR J=5S4272 TO 54296

70 POKE J,0

80 NEXT J

90 POKE 54296,15

100 PRINT CHRS$ (147)

110 PRINT TAE(9)"YANKEE DOODLE DANDY"

120 POKE $4277,16%0+8:REM MINIMUM ATTACK, MEDIUM DECAY
130 FOR J=1 TO 29

140 POKE 54276,33:REM START WAVEFORM 2

145 REM READ HIGH AND LOW FREQUENCY, INVERTED LENGTH
150 READ HF,LF,LE

160 POKE S4273,HF

170 POKE 54272,LF

175 REM FIND LENGTH OF EACH NOTE

180 FOR L=1 TO 300/LE:NEXT L Divide reciprocal length into 300

247

190 POKE 54276,32:REM STOFP WAVEFORM 2 to produce a fast tempo.

200 NEXT J
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295
300
310
320
330
340
345
350
360
370
380
390

REM THE FIRST 4 MEASURES

DATA 9,247,4,9,247,4,11,48,4
DATA 12,143,4,9,247,4,12,143%,4
DATA 11,48,4,9,104,4,9,247,4
DATA 9,247,4,11,48,4,12,143,4
DATA 9,247,2,9,104,4,0,0,4

REM SECOND 4 MEASURES

DATA 9,247,4,9,247,4,11,48,4
DATA 12,143,4,13,78,4,12,143,4
DATA 11,48,4,9,247,4,9,104,4
DATA 7,119,4,8,97.4,9,104,4
DATA 9,247,2,9,247,2

000 PRINT CHR$(147)

RUN

The following additions make a stick figure wave a baton as the song plays.
The figure looks like

BATON HELD OUT
o Space, COMMODORE F, shifted —, COMMODORE D,

BATON HELD UP

2 spaces, shifted W, 2 spaces

. ——
LN Y shifted N

‘4 <——————— gpace, shifted (J, +, K), space

o,

i - .
A 2 spaces, shifted —, 2 spaces

Space, shifted N, COMMODORE T, shifted M,

space

.1 4 «————— Space, COMMODORE F, shifted ~, COMMODORE (D, G}
+ Space, shifted (J, +, K), space

2 spaces, shifted W, 2 spaces

s \ 2 spaces, shifted —, 2 spaces
Space, shifted N, COMMODORE T, shifted M,

space

Note that the only difference between the two figures is in the second line.

Program 21-5 Stick Figure Conducting
“Yankee Doodle Dandy”

Do not type NEW since we want to retain Program 21-4.

110
173
180
190
195
200
210
220
230
240
250
260

PRINT CHR$(147)

REM DRAW FIBURE WITH BATON HELD OUT

GOSUE 1000

FOR L=1 TO 300/LE:NEXT L
REM DRAW BATON HELF UF
FRINT "(5 LEFT} {3 UP3";
PRINT " | n/ "3 <

FOR L=1 TO 300/LE:NEXT L

POKE S54276,32:REM STOP WAVEFORM 2

PRINT CHR$(19)
NEXT J
GOTO 000

Space, COMMODORE F. shifted —

COMMODORE D, shifted n
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995 REM DRAW FIGURE WITH EATON HELD OUT

1000 PRINT " 0O "j-4——— 2 spaces, shifted W, 2 spaces

1020 PRINT " a id "‘4-——" Space, COMMODORE F, shifted —, COMMODORE (D, G)
1040 PRINT " *+ ";<4———————— Gpace, shifted (J, +, K), space

1060 PRINT " | ";-e—————— 2 spaces, shifted —, 2 spaces

1080 PRINT * . "‘<—- Space, shifted N, COMMODORE T, shifted M,

1010 PRINT "{5 LEFT‘ {DOWN3" space

1030 PRINT "{5 LEFT} {DDWN""
1050 PRINT "{5 LEFT){DOWN}";
1070 PRINT "{5 LEFT}{DOWN>";
1090 RETURN

RUN

To accompany animated figures with music, we must first draw the figures, then
intersperse the music in the drawing program. For example, we can make a stick figure
dance by drawing the following four pictures in the same place. Each shows a different
stage of dancing.

PICTURE #1

1 -«—————— 2 spaces, shifted W, 2 spaces

| -«———————2 spaces, shifted —, 2 spaces

~, «—————————Space, shifted (U, +, 1), space

# ", 4—————————— 2 spaces, shifted —, 2 spaces
Space, shifted N, COMMODORE T, shifted M, space

PICTURE #2
0 - 2 spaces, shifted W, 2 spaces
| - 2 spaces, shifted —, 2 spaces
- - Space, shifted (F, +, F), space
| - 2 spaces, shifted —, 2 spaces
T - Space, shifted 5, COMMODORE T, shifted M, space
PICTURE #3
0 - 2 spaces, shifted W, 2 spaces
| - 2 spaces, shifted —, 2 spaces
— - Space, shifted (F, +, K), space
| - 2 spaces, shifted —, 2 spaces
- Space, shifted N, COMMODORE T, shifted L, space
PICTURE #4
0 - 2 spaces, shifted W, 2 spaces
) | - 2 spaces, shifted —, 2 spaces
"+ - Space, shifted (J, +, F), space
| - 2 spaces, shifted —, 2 spaces
AT — Space, shifted N, COMMODORE T, shifted M, space

Note that only the third and fifth lines of the pictures (the arms and legs) change;
lines one, two, and four are the same in all four pictures. In fact, lines two and four are

identical. All the repetitions and similarities mean that you can use the CRSR keys heavily
when entering the pictures.
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Program 21-6 Dancing Stick Figure

NEW

FRINT CHR%(147)
REM DRAW STAGE FLOOF

105
110
120
125
130
135
140
150
140
170
180
190

BEINT o1 Dot oo — 20 COMMODORE +s
FRINT ]
REM MOVE CURSOR TO TOF OF STICK FLGURE

FRINT

"h LRI

REM MAKE STICK FIGURE DANCE
FOR J=1 TO 15

GOSUR 1000
FRINT {5
FOR k=1 TO
GOSUR 2000
FRINT "{S
FOR k=1
GOSuUr 3
FRINT

ns
)

L.

L.

L.

EFT}

EFT}

EFT3

4 UR";
100 NEXT K

{4 U3y
T 1G0:NEXT K
C

€4 UF3";

FOR E=1 TO 100:NEXT K

GOSUR 4000

FRINT {5

L

EFTY

4 U3

FOR E=1 TO 100:NEXT K

NEXT
GOTO

J
2alalal

3 REM FICTURE #1 OF DANCING STICE FIGURE
"' ; «———— 2 spaces, shifted W, 2 spaces

nle}

)
1040
10460
108

1010
10720
1050
1070
1090
1995
2000
2020

‘( 080
2010
2030
DOBO
2070
2090

@2

fie———————— spaces, shifted —, 2 spaces
" .: -<——— Space, shifted (U, +, 1), space
;«—————————— 2 spaces, shifted —, 2 spaces

"; «———— Space, shifted N, COMMODORE T, shifted M, space

{DOWNY
CDOBNG " 3
{DOWN3 "
{DOWM "

8

#2 OF DANCING STICE FIGURE
"3 - 2 spaces, shifted W, 2 spaces

"; -«—— 2 spaces, shifted —, 2 spaces

; «——————— Space, shifted (F, +, F), space

"' ; .———— 2 gpaces, shifted —, 2 spaces

FRINT " @
FRINT " |
PRINT " A
FRINT " |
FRINT " ™,
FRINT "{5 LEFT;
FRINT "{5 LEFTY
FRINT "{S LEFTX
PRINT "{% LEFTZ
RETURN

REM PILTURE
FRINT 1]
FRINT " |
FRINT " ~t—
FRINT "

PRINT " -
FRINT "{5 LEFTX
FRINT "{5 LEFTX
FRINT "{5 LEFT3
FRINT "{5 LEFT:
RETURN

FRINT

5OREM FICTURLE

OF #3 DANCING

'i+———Space, shifted 3, COMMODORE T, shifted M, space

{DOWN";
{DOWN3 "3
{DOWN "
{DOWNZ "3

H
3
B
H

STICE FIGURE

#4 OQF DANCING

v - 2 spaces, shifted W, 2 spaces

ol e - 2 spaces, shifted —, 2 spaces

R Space, shifted (F, +, K), space

v e 2 spaces, shifted —, 2 spaces

L L Space, shifted N, COMMODORE T, shifted L, space
LS LEFTY CDOWM";

B i LDOWMI " 5

v ;

"{E OLEFTY {DOWNI";

STICK FIGURE

2 spaces, shifted W, 2 spaces

2 spaces, shifted —, 2 spaces
Space, shifted (J, +, F), space

2 spaces, shifted —, 2 spaces

A A h A A

LtFi

Space, shifted N, COMMODORE T, shifted M, space
{DOWNX "3
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FRINT
O FRINT ®
FRINT "¢
RE TLFN

O PRINT CHRS (147)

{85 LEFTY {DOWN";
{85 LEFTY {DOWN}";
{5 LEFT} {DOWN>";

RN

To make the stick figure dance across the stage, all we must do is insert

262 REM MOVE STICEK FIGURE ONE COLUMN RIGHT
268 PRINT "{RIGHT>";

To produce music for the stick figure, we must intersperse the statement

READ HF,LF,LE

throughout Program 21-6. since there are 29 notes, we must READ 29 values from the
DATA statement, using

140 FOR J=1 TO 7

170 READ HF,LF,LE
171 GOSUE 7000

200 READ HF,LF,LE
201 GOSUE 7000

230 READ HF,LF,LE
231 BOSUR 7000

260 READ HF,LF,LE
261 GOSUE 7000

270 NEXT J

275 READ HF,LF,LE
276 GOSUE 7000

The 7000 routine to play the song is

7000 POKE S4277,16%0+10:REM MINIMUM ATTACK., MEDIUM DECAY
7010 POKE S54276,33:REM START WAVEFORM 2

7020 POKE S4273,HF

7030 FOKE S4272,LF

7040 FOR L=1 TO 1000/LE:NEXT L

7050 POKE S4276,32

7060 RETURN
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Program 21-7 Stick Figure Dancing
to ‘‘Yankee Doodle Dandy’’

Do not type NEW since we want to retain Program 21-6.

55 REM CLEAR SOUND CHIF AND SET VOLUME
60 FOR J=54272 TO 54296

70 PDKE J,0

80 NEXT J

90 POKE 54296,15

140 FOR J=1 TO 7
170 READ HF,LF,LE
171 GOSUER 7000
200 READ HF,LF,LE
201 GOSUE 7000
230 READ HF,LF,LE
231 GOSUE 7000
260 READ HF,LF,LE
261 GOSUE 7000
270 NEXT J

275 READ HF,LF,LE
276 GOSUE 7000

262 REM MOVE STICK FIGURE ONE COLUMN RIGHT
263 PRINT "{(RIGHT}";

6995 REM PLAY A NOTE FROM SONG

7000 POKE S4277,16%0+10:REM MINIMUM ATTACK, MEDIUM DECAY
7010 POKE S54276,33:REM START WAVEFORM 2

7020 POKE S4273,HF

7030 POKE S4272,LF

7040 FOR L=1 TO 1000/LE:NEXT L

7050 POKE S54276,32

7060 RETURN

RUN

We can even make the figure stop at the end, raise his hands in triumph, and bow
right and left (the big ham!) before exiting. The additional picture with hands raised is
PICTURE #5

it

<«—— 2 spaces, shifted W, 2 spaces

-«—— 2 spaces, shifted —, 2 spaces

-<«—— Space, shifted (J, +, K), space

<«—— 2 spaces, shifted —, 2 spaces

.. «—————Space, shifted N, COMMODORE T, shifted M, space

e

Of course, we cannot let such a spectacular dance go unrewarded. The following
routine adds thunderous applause for the stick figure’s efforts:

8000 FOKE S54277,16%0+2:REM MINIMUM ATTACK, LOW DECAY
8010 FOR kK=1 TO S

8020 POKE S4276,129:REM START NOISE WAVEFORM

8025 REM PLAY F FROM OCTAVE 3

8030 FOKE 54273,11

8040 PDKE S54272,48

8050 FOR L=1 TO 100:NEXT L

8060 POKE S54276,128:REM STOP NOISE WAVEFDRM

8070 NEXT K

8080 RETURN
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You may note that the applause is not exactly overwhelming. In fact, it sounds like
there’s only one person clapping (perhaps it’s the dancer’s mother). If you change the
decay in line 8000 to 8, it sounds like more people, but now they’re all banging on the
doors, trying desperately to escape before the encore.

Program 21-8 Stick Figure Dancing to Song,
With Bow and Applause

Do not type NEW; leave Program 21-7 in memory.

279
280
290
I00
305
310
320
330
335
340
350
360
365
370
380
390
393
400
410
420

4995
000
5020

REM STAND UF IN
GOSUE S000
GOSUE 8000
FRINT "{5 LEFT>
REM EBOW RIGHT
GOSUER 2000
GOSUE 8000
PRINT "{S LEFT}
REM UP AGAIN
GOSUE S000
GOSUE 8000
PRINT "{5 LEFT>
REM BOW LEFT
GOSUE 2000
GOSUE 8000
PRINT "{5 LEFT>
REM UF AGAIN
GOSUE S000

TRIUMPH

4 UP3"y

4 UP3";

4 UP3V;

€4 UR3";

GOSUER 8000

GOTO Q000

REM PICTURE #5 OF DANCING STICK FIGURE

PRINT " 1 ";<«———2 gpaces, shifted W, 2 spaces
PRINT " "' ; «————— 2 spaces, shifted —, 2 spaces

|
SO40 PRINT * 4 "3 Space, shifted (J, +, K), space
PRINT " | ";<4———2 spaces, shifted —, 2 spaces
5080 FRINT " 7. ";<e————Space, shifted N, COMMODORE T, shifted M, space

SO60

5010
S0O30
SOS0
S070
S090
7995
8000
8010
8020

FRINT "{S LEFT>
PRINT "“{5 LEFT>
FRINT "{3 LEFT>
FRINT "{5 LEFT>
RETURN

{DOWN3 " 5
{DOWNI";
{DOWN3 "3
£DOWN3 "3

REM PRODUCE A ROUND OF AFFLAUSE FOR THE DANCER
FOKE S4277,16%0+2:REM MINIMUM ATTACK, LOW DECAY

FOR K=1 TO S
FOKE 54276,129:

8020 FOKE S54273,11

8040
8050
8060
8070
8080

RUN

180

POKE 54272,48
FOR L=1 TO 100:

REM START NOISE WAVEFORM

NEXT L

POKE 54276,128:REM STOF NOISE WAVEFORM

NEXT K
RETURN



22

RACE CAR GAME

We can use the symbol COMMODORE + to draw a simple rectangular racetrack for a
car. The track begins in column 8 of row 7 and looks like

column 8

row 7

We make these PRINT lines 7000 through 7070 so that we can later use them as a
subroutine in a racing game.

Program 22-1 Beginner’s Racetrack

NEW

6995 DRAW RACE TRACK

6998 REM START DOWN 7 LINES

7000 PRINT "{7 DOWN3}"3 18 COMMODORE +s. Line 7060

7005 REM DRAW TOP is the same.

7010 PRINT TAB (8) " Gy igu s punaiy”
E

7015 REM DRAW SID| SPC(N) skips N spaces forward; that is,

7020 PRINT TAER(8)"#"SPC(16)"H" it moves the cursor N columns right.
7030 PRINT TAE(8) "§"SPC(16)"%" COMMODORE +. Lines 7030, 7040, and
7040 PRINT TAE(8)"3"SPC(16)"3" 7050 are the same.

7050 FRINT TAR(8)"%"SPC(16)"F"

7055 REM DRAW EOTTOM —18 C%WPD%RE +s{ Be sure to

7060 PRINT TAR(8) "#gaduui s £ type and 2, no

FRINT CHR$ (147) s ggMMODORE and 2 to enter the

RUN closing quotation mark.
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right,

mNEwn»

To race a car around the track, we need the following pictures of it moving left,

up, and down.
CAR MOVING DOWN

6 spaces
s — 2 spaces, COMMODORE (F, D), 2 spaces
o p<— ————————— — Space, shifted (W, O, P, W), space
oLjg<«—  —————— Space, shifted (W, L, &, W), space
'\/ -« ———————— 2 spaces, shifted (M, N), 2 spaces
- ———————— 6 spaces

CAR MOVING RIGHT

-~ ————_ G spaces
00 4 spaces, shifted (W, W), 2 spaces
T 4 Space, COMMODORE C, shifted (O, P, M), space
A Space, COMMODORE D, shifted (L, »', N), space
e S spaces, shifted (W, W), 2 spaces

« T spaces

CAR MOVING UP

6 spaces

2 spaces, shifted (N, M), 2 spaces
Space, shifted (W, O, P, W), space
Space, shifted (W, L, @, W), space

2 spaces, COMMODORE (V, C), 2 spaces

oo
Ld-
Ahhiard

6 spaces
CAR MOVING LEFT
- 6 spaces
00 - 2 spaces, shifted (W, W), 2 spaces
AT = Space, shifted (N, O, P), COMMODORE V, space
- - Space, shifted (M, L, @), COMMODORE F, space
o0 - 2 spaces, shifted (W, W), 2 spaces
- 6 spaces

We will use the same control keys as in Program 18-1, that is,

— move car left
— move car right
— move car up
— move car down
— end game

Like the rocket in Program 18-5, the car continues in its current direction until the player
presses a different direction key. The car starts moving left from line 0, column 20 (top
center).
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Program 22-2 Car Racing Around Track

NEW

100 PRINT CHR$(147);

105 REM DRAW TRACEK

110 GOSUE 7000 Put semicolon here.
120 PRINT CHR$(19);

125 REM START CAR IN FIRST ROW, 20TH COLUMN
130 R=1

140 C=20

150 PRINT TAR(19);

160 DI$="LEFT"

170 GOSUE 3000

1759 REM RETURN CURSOR TO START OF FPICTURE
180 PRINT "{&6 LEFT}> {5 UP3}";

190 FOR k=1 TO 100:NEXT K

195 REM EXAMINE KEYEROARD

200 GET kK%

205 REM E KEY ENDS GAME

10 IF K$="E" THEN 2000

215 REM W, A, S, AND Z KEYS CHANGE DIRECTIONS
218 REM W KEY MAKES CAR MOVE UF

220 IF K$="W" THEN DI&="UF"

225 REM Z KEY MAKES CAR MOVE DOWN

230 IF K$="Z" THEN DI$="DOWN"

235 REM A KEY MAKES CAR MOVE LEFT

240 IF K$="A" THEN DI$="LEFT"

245 REM § KEY MAKES CAR MOVE RIGHT

250 IF K$="8" THEN DI$="RIGHT"

255 REM MOVE CAR IN APPROFRIATE DIRECTION
260 IF DI%<>"UP" THEN J00

265 REM MOVE CAR UF ONE ROW IF POSSIBLE
270 IF R*1 THEN R=R-1:FRINT "{UF3>":

275 REM DRAW CAR MOVING UF

280 GOSUE 1000

290 GOTO 180

Z00 IF DI$<>"DOWN" THEN 340

0% REM MOVE CAR DOWN ONE ROW IF FOSSIBLE
310 IF R<19 THEN R=R+1:FRINT "{DOWN}";:
315 REM DRAW CAR MOVING DOWN

320 GOSUER 2000

330 60TO 180

T40 IF DI%<»"LEFT" THEN 380

345 REM MOVE CAR LEFT ONE COLUMN IF POSSIBLE
350 IF C»*1 THEN C=C-1:PRINT "{LEFT3}";

355 REM DRAW CAR MOVING LEFT

360 GOSUE 3000

370 60OTO 180

380 IF DI$<»"RIGHT" THEN 180

385 REM MOVE CAR RIGHT ONE COLUMN IF POSSIELE
390 IF C<Z4 THEN C=C+1:FRINT "{RIGHT>":
395 REM DRAW CAR MOVING RIGHT

400 GOSUER 4000

410 GOTO 180

995 REM FICTURE OF CAR MOVING UP

1000 PRINT " "y -— 6 spaces

1020 PRINT " /™ " 2 spaces, shifted (N, M), 2 spaces

1040 PRINT * O )0 ;- Space, shifted (W, O, P, W), space

1060 PRINT " OLJ0 "< Space, shifted (W, L, ®, W), space
1080 PRINT " * % ;- 2 spaces, COMMODORE (V, C), 2 spaces
1100 PRINT " - 6 spaces

1010 PRINT "{& LEFTX {(DOWN3X";
1030 PRINT “"{&6 LEFT> {DOWN}"j
1050 PRINT "{& LEFT} {DOWM}";
1070 PRINT "{6 LEFT} {DOWN3"3
1090 PRINT "¢6 LEFT} {(DOWN3";
1110 RETURN

183



1995 REM FICTURE OF CAR MOVING DOWN

2000 FRINT " " - 6 spaces

2020 PRINT " # 8 2 spaces, COMMODORE (F, D), 2 spaces
2040 PRINT » O 13

s Space, shifted (W, O, P, W), space
2060 PRINT » OLJ0 ;< Space, shifted (W, L, &, W), space
2080 PRINT " " "; - 2 spaces, shifted (M, N), 2 spaces
) PRINT ® " 6 spaces
D PRINT "{& LEFT> {DOWNI"j
FRINT "{& LEFT> {DOWM}"3
FRINT "{&6 LEFTY {DOWNI";
O FRINT "{&6 LEFTY {DOWN}"j
0 FRINT "{6 LEFTY {(DOWN3";
RETURN
3 REM FICTURE OF CAR MOVING LEFT
FRINT * 6 spaces

FRINT *
FRINT
FRINT
FRINT

2 spaces, shifted (W, W), 2 spaces
Space, shifted (N, O, P), COMMODORE V, space
Space, shifted (M, L, ), COMMODORE F, space
2 spaces, shifted (W, W), 2 spaces

FRINT " i 6 spaces
FRINT "“{&6 LEFTI {DOWM>";
FRINT "{&6 LEFT} {DOWNZ"j
FRINT "{& LEFT> {DOWNX";
FRINT "{& LEFTY {DOWN>";
FRINT "{&6 LEFTY {DOWNX";
b ETURN
I99% REM FICTURE OF CAR MOVING RIGHT
4000 FRINT " - 6 spaces
4020 FRINT " 0D ";-- 2 spaces, shifted (W, W), 2 spaces

4040 FPRINT " &7

Space, COMMODORE C, shifted (O, P, M), space

4060 PRINT " J_ )" ";-= Space, COMMODORE D, shifted (L, @, N), space
4080 FRINT " 1 - 2 spaces, shifted (W, W), 2 spaces
4100 PRINT ¢ - 6 spaces

4010 PRINT "{6
4030 PRINT " {
4050 PRINT "{é&
4070 PRINT "{
4090 PRINT "“{&
4110 RETURN

{DOWND "3
CDOWN2 "3
CDOWNZ "3

CDOWN3 " 5
CDOWN "3

6995 DRAW RACE TRACEK

6998 REM START DOWN 7 LINES
7000 PRINT "{7 DOWN3";

7005 REM DRAW TOF
TO10 PRINT TAE(S)"
7015 REM DRAW SIDE
7020 PRINT TAER(8)"
7030 PRINT TAER(8)"
7040 PRINT TAE(8)
70350 PRINT TAE(8)"
7055 REM DRAW BDTTg
7060 PRINT TAR(8)"
7070 RETURN

000 PRINT CHR$(147)
RUN

'SPC{1&) "%““'—\COMMODORE +
"SPC(16) "%
"SFC(16) "

M

18 COMMODORE +s

The car keeps moving straight ahead until you tell it to turn. Pressing W makes it
head up, Z down, A left, and S right. As usual, pressing E ends the program. Take a test
drive around the track. Don’t crash into any walls! Leave yourself a lot of maneuvering
room; since the car is surrounded by spaces, it acts as though it has a destructive magnetic
shield. It can destroy a wall just by coming near it.

To speed the car up and make the game more difficult, change the 100 in line 190 to
50 or 25. Keep your finger on the control cluster (W, Z, A, and S). It’s easy to find
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yourself frantically pressing Q or X or accidentally pushing SHIFT LOCK down; if you
have SHIFT LOCK down, none of the control keys will work.

We can also draw a more complex racetrack that requires more maneuvering skill.
All we must change is the track-drawing subroutine. The new version is

Program 22-3 Intermediate Car Race
Do not type NEW; retain Program 22-2 in memory.

4995 REM DRAW INTERMEDIATE RACE TRACK

6998 REM START DOWN 7 LINES

7000 PRINT “{7 DOWNI"j;

7005 REM DRAW UFFER WALL

7010 PRINT TAE(8)" " 4———— 15 COMMODORE +s. Line 7030 is th
7015 REM DRAW Lowsﬁaaﬁﬁﬁﬁ“‘ﬁﬁgﬁa sm“g ODORE +s. Line 7030 is the
7020 PRINT "{7 DOWN3}";

7030 PRINT TAE(8)" "
S one RETURN BERRARRARARARAY
RUN

The screen will look like

Take a test drive around the track. Try maneuvering between the walls. Since the car has
momentum, you must prepare to turn it before it reaches an opening. Put your finger on
the key you plan to press, but don’t push down too early. If the car goes too far, you do
have the luxury of being able to turn it around and go back. Real race-car drivers don’t
have this option—imagine how many head-on collisions would occur if they did.

We can add sound as follows:

Program 22-4 Car Race, With Sound

Do not type NEW since we want to keep Program 22-3.

55 REM CLEAR SOUND CHIFP AND SET VOLUME
&0 FOR J=S54272 TD 54296

70 FOKE J,0

80 NEXT J

0 FOKE S54296,15

8% GOSUR BOOO

25 GOSUE 8000

365 GOSUER 8000

405 GOSUE 8000
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7995 REM FRODUCE SOUND

8000 FOR K=1 TO S

8010 POKE S4277,16%0+12:REM MINIMUM ATTACK, HIGH DECAY
8020 POKE S54276,33:REM START WAVEFORM 2
8025 REM PLAY G SHARP IN OCTAVE 2

800 FOKE S4273,6

8040 POKE S4272,167

B80S0 FOR L=1 TO S:NEXT L

8060 POKE S4276,32:REM STOP WAVEFORM 2
8070 NEXT K

8080 RETURN

RUN

A more complex racetrack has several openings. Since the car is six lines tall and
six columns wide, all openings must be at least that large for it to pass through. The ad-
vanced track looks like

HRER EEERELE LEELEEL

RhagnL LELELL LEEELLE]

We can add numbers to designate the car’s route.

]

Program 22-5 Car Race, With Advanced Racetrack

Do not type NEW; leave Program 22-3 or 22-4 in memory.

6995 REM DRAW ADVANCED RACE TRACK
6998 REM START DOWN & LINES 9 COMMODORE +s
7000 PRINT "{& DOWN3"; 3 spaces

7005 REM DRAW TOP EARRIERS

7010 PRINT v 1 =) "
"Biegy, @ UeREREEEE T

7020 PRINT "3

7030 PRINT TARB(7)"2"

7040 FRINT "{3 DOWN>"j 7 COMMODORE +s5
7045 REM DRAW EOTTOM BARRIERS

7050 PRINT " §§%Bam}"5 HEEEEE S RieRbER

7060 PRINT " H

7070 PRINT TAER(9)"4" 3 spaces

7080 RETURN

RUN 6 COMMODORE +s
4 spaces
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See if you can maneuver the car through the numbers in the proper order without
destroying any track, backing up, or hitting the edge of the screen. Tricky, isn’t it?

You can easily devise other geometries for the track-drawing subroutine. Give the
driver a challenge, but also give him or her a reasonable chance to avoid crashing. One
approach is to make the track more difficult (say, by narrowing the openings in Program
22-5) each time the driver completes a circuit without crashing. We could also simplify
the track each time the driver fails, thus keeping a beginner from getting discouraged.
Many arcade games become more difficult as the player becomes more skillful; this prac-
tice holds the player’s interest and keeps the quarters coming.
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23

ADD A LITTLE COLOR
TO YOUR LIFE

So far, we have barely mentioned the fascinating subject of color. Of course, those of you
with black and white television sets will have to content yourselves with watching varia-
tions in gray scale.

The easiest way to change the Commodore 64’s printing color is by pressing the
CTRL key and one of the following keys simultaneously:

Key Color

Black

White

Red

Cyan (Greenish-blue)
Purple

Green

Blue

Yellow

00NN AWM -

When you do this, the cursor will appear in the selected color. So will everything you type
until you select another color, press STOP and RESTORE together, or turn the computer
off. Note that the computer always starts out printing in light blue. We can use this simple
approach to vary the color of a moving figure.

Program 23-1 Colorful Alien Moving Right

NEW

100 PRINT CHR%(147);

110 FOR C=1 TO 25

120 GOSUE 1000

125 REM MOVE ALIEN RIGHT
130 PRINT "{4 LEFT} {2 UP}";
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140 FOR K=1 TO 200:NEXT K
150 NEXT C

160 GOTO 000

995 REM PICTURE OF ALIEN
1000 PRINT " \=/ "3

1020 PRINT " [D0] ";j @ ———Puta space on each side of alien.
1040 PRINT " /-\ "

1010 PRINT "{S LEFT} {DOWNJ";

1030 PRINT "{5 LEFT> {DOWN}"3;

1050 RETURN

Q000 FPRINT CHR$(147)

RUN

To determine the alien’s color, simply press CTRL and a color key before entering
RUN. For example, press CTRL and 1 (BLK) to make the alien black, or CTRL and 3
(RED) to make it red. What happens if you press CTRL and 7 (BLU)? Blue printing on a
blue screen is like writing in invisible ink. The cursor disappears, and you cannot see what
you are typing or what the computer is displaying. This combination is well suited to
intelligence agencies, gossip columnists, and paranoids. To return the printing color to
light blue, press STOP and RESTORE simultaneously.

RUN Program 23-1 with each of the eight colors. Be sure to adjust the controls on
your television set. Note that the computer keeps working in the color you choose until
you select another color. You may want to change back to cyan (CTRL and 4) or white
(CTRL and 2) before continuing.

We can also place color-change instructions in PRINT statements just like cursor-
moving instructions. Here again, we need special notation, since what appears on the
screen is meaningless. The following list shows our notation for color change instructions
and what you will actually see.

Color Keys Program Screen
produced pressed notation symbol
Black CTRL and 1 {BLK} [ ]
White CTRL and 2 {WHT} ]
Red CTRL and 3 {RED} a
Cyan CTRL and 4 {CYN} S
Purple CTRL and 5 {PUR}
Green CTRL and 6 {GRN} ]
Blue CTRL and 7 {BLU} s
Yellow CTRL and 8 {YEL} n

One problem with displaying colors is that they show up so poorly against the com-
puter’s normal dark blue background. Fortunately, we can change the background
(screen) color to white with

POKE 53281, 1

at the beginning of a color program. We can then return it to blue with
POKE 53281,6

at the end.
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The following program prints the name of the colors, each in its own color. Be sure
to press CTRL to enter a color change instruction, not SHIFT or COMMODORE. Watch
the screen carefully; having to choose between CTRL, SHIFT, and COMMODORE leads
to many typing errors.

Program 23-2 Color Names in Color

NEW

100 PRINT CHR$(147);

105 REM MAKE SCREEN WHITE

110 FOKE 53281,1

115 REM PRINT COLOR NAMES

120 PRINT TAEB(15)" {2 DOWN> {BLK3}BLACK"
130 FPRINT TAEB(15)"{2 DOWN2 {WHTI}WHITE"
140 PRINT TAB(15)"{2 DOWN}{RED}RED"
150 PRINT TAE(13)"{2 DOWN3} {CYN}CYAN"
160 FPRINT TAEB(15) " {2 DOWN} {PUR>PURPLE"
170 PRINT TAE(15)"{2 DOWN3 {GRN}GREEN"
180 PRINT TAER(15)" {2 DOWN} {BLU}BLUE"
190 PRINT TAE(135)"{2 DOWNZ{YEL}YELLOW"
200 GOTO 200

RUN

You will see all the color names except WHITE, but there will be a mysterious gap
between BLACK and RED. The problem is that white printing is invisible against a white
background. If you leave the background its normal dark blue by omitting line 110, the
white line will appear but the blue line will vanish.

The program will run forever, since line 200 branches to itself. What happens when
you press STOP? The background stays white. Furthermore, READY and the cursor are
yellow, since the last color command is {YEL}. To restore the dark blue background,
enter

FOKE S53281,6

without a line number.

We can use different colors in different parts of a picture. For example, we could
revise Program 23-1 to make the alien’s lines red, green, and black from top to bottom.
To obtain a white background for easier viewing, enter

FOKE 53281,1

without a line number before RUNning Program 23-3. You may then want to use black
(CTRL and 1) or dark blue (CTRL and 7) as the printing color.

Program 23-3 Multicolored Alien Moving Right

NEW

100 PRINT CHR$(147);

110 PRINT "{5 DOWNX"

120 FOR C=1 TO 25

130 GOSUE 1000

135 REM MOVE ALIEN RIGHT
140 PRINT "{4 LEFT} {2 UP}";
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150 FOR K=1 TO 200:NEXT K

160 NEXT C

170 GOTO 2000

995 REM COLORFUL PICTURE OF ALIEN
1000 FPRINT " (RED>\-/ ";

1020 PRINT " {GRN}[O] "; - Put a space on each side.
1040 PRINT " {BLKX>/~-\ "3

1010 PRINT "{5 LEFT)} {(DOWN>";
1030 PRINT "{(5 LEFT> {DOWNX";
1080 RETURN

000 PRINT CHR%(147)

RUN

Since {BLK} is the last color command, the cursor will be black after the program
ends. If you try other color combinations, you should add

010 PRINT “"{BLK>"3

or

010 PRINT "{BLU}";

We can also produce a scene in which a black horse grazes on green grass.

Program 23-4 Black Horse Grazing on Green Grass

NEW

100 PRINT CHR$(147);

105 REM MOVE NEAR MIDDLE OF SCREEN
110 FOR J=1 TO 1S

120 PRINT

130 NEXT J

135 REM DRAW GREEN GRASS

140 PRINT " {GRN>"
=

1o PRINT - s ~——Press COMMODORE and + 20 times.
165 REM RETURN CURSOR TO TOP OF HORSE

170 PRINT "{7 UF}"“;

175 REM MAKE HORSE BLACK

180 FRINT "({BLK>";

185 REM LET HORSE GRAZE ON GRASS

190 FOR J=1 TO 10

200 GOSUER 1000

210 GOSUER 2000

220 GOSUE 3000

230 GOSUER 2000

240 GOSUE 1000

250 NEXT J

260 GOTO 000

995 REM PICTURE #1 OF HORSE

1000 PRINT " o 6 spaces
1010 PRINT " !'=——/ "
1020 PRINT " (——) "

1030 PRINT * /! /¢ o
1040 PRINT "/ 1/ t o

1050 FOR K=1 TO 200:NEXT K

1060 FRINT "{S UP}";

1070 RETURN

1995 REM PICTURE #2 OF HORSE

2000 PRINT * " — 8 spaces
2010 PRINT " !————- o"

2020 FRINT " (-==) "

2030 PRINT * /! /t "

2040 FRINT "/ '/ ' °
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2030 FOR K=1 TO 200:NEXT K
2060 PRINT "{5 UP>";

2070 RETURN

2995 REM PICTURE #3 OF HORSE

3000 FRINT * " 8 spaces
3010 PRINT  !=—=\
3020 PRINT " (——=)\ "
3030 FRINT " /! /! |M"a—————— o udB

3040 PRINT "/ '/ ! O"

3050 FOR K=1 TO 200:NEXT K
3060 PRINT "{5 UP}";

3070 RETURN

Q000 PRINT CHR$(147)

RUN

By changing line 170, you can make the horse any color you want. You could even
make the horse change colors, much as the famous ‘‘horse of a different color’’ did in the
motion picture ‘‘The Wizard of Oz.”’

Program 23-5 Horse of a Different Color

Do not type NEW; leave Program 23-4 in memory.

192 IF J=3 THEN PRINT "{RED}";
194 IF J=5 THEN PRINT "{FUR}";
196 IF J=7 THEN PRINT "{CYN}";:
198 IF J=9 THEN PRINT "<{YEL3}";
RUN

We can also make an alien change color as it moves. The following program prints
three pictures in the original color (normally light blue), four in red, four in green, and
four in yellow.

Program 23-6 Moving Alien With Varying Colors

NEW

100 PRINT CHR$(147);

110 PRINT "{4 DOWN>

120 FOR C=1 TO 25

130 IF C=4 THEN PRINT "{RED}";
140 IF C=8 THEN FRINT "{GRN}";
150 IF C=12 THEN PRINT "{YEL}";
160 GOSUR 1000

165 REM MOVE ALIEN RIGHT

170 PRINT "{4 LEFT> {2 UF}";
180 FOR K=1 TD 200:NEXT K

190 NEXT C

200 60OTO 000

995 REM PICTURE OF ALIEN

1000 PRINT " \=/ ";
1020 PRINT " (0) ¢
1040 PRINT " /=\ ";
1910 PRINT "{5 LEFT> {(DOWN}";
1030 FRINT "{(5 LEFT> {DOWN>";
1050 RETURN

000 FRINT CHR$(147)

RUN

2 s a

¢ —— Put a space on each side.
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We can easily draw a space station that changes color as it moves. The station looks like

/4 spaces, COMMODORE O, 3 spaces

-«—— 4 spaces, shifted B, 3 spaces

~<——————Space, COMMODORE L, shifted C, 3 COMMODORE +s,
shifted C, COMMODORE J

4 spaces, shifted B, 3 spaces
4 spaces, COMMODORE U, 3 spaces

:s

In the following program, the station takes on seven different colors; it might be

passing through a huge gas cloud or reflecting light from many different stars.

Program 23-7 Space Station Changing Color

NEW

100 PRINT CHR$(147)

105 REM MOVE NEAR CENTER OF SCREEN

110 FOR J=1 TO 9
120 PRINT
130 NEXT J

135 REM DRAW MOVING SPACE STATION
FOR J=1 TO 4

140

145 REM FIRST BLACK

150

PRINT "{BLK3}";

160 GOSUE 1000

165

REM SECOND RED

170 PRINT "{RED}";:

180

GOSUE 1000

185 REM THIRD CYAN
190 PRINT "{CYN}";
200 GOSUE 1000

205

‘REM FOURTH PURFPLE

210 PRINT "{PUR3":

220

GOSUE 1000

225 REM FIFTH GREEN

220

PRINT "{GRN>";

240 GOSUE 1000

245

REM SIXTH BLUE

250 PRINT "{BLU}";
260 GOSUE 1000

265 REM SEVENTH YELLOW

270 PRINT "“{YEL3}":
280 GOSUE 1000

290

300

995

998

1000
1020
1040
1060
1080
1010
1030
1050
1070
1085
1090
1095
1100
1110
Elelele]
RUN

NEXT J
GOTO 9000
REM MOVE SPACE STATION RIGHT
REM DRAW SPACE STATION
PRINT - vy

PRINT " ! "3

PRINT * F¥8% o,

PRINT " | v

PRINT * - "e

PRINT "{8 LEFT}{DOWN3}";
PRINT "{8 LEFT}{DOWN}";
PRINT “{8 LEFT} {DOWN3}"
FRINT "{8 LEFT}{DOWN}";
REM WAIT BETWEEN PICTURES
FOR K=1 TO 100:NEXT K

REM MOVE STATION RIGHT
PRINT "{7 LEFT}{4 UF3";
RETURN

PRINT CHR$(147)
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We can also make a colorful dot move in a circle. The dot changes from red to green
to yellow to cyan as it moves.

Program 23-8 Multicolored Dot Moving in a Circle

NEW
100
105
110
120
130
140
145
180
155
1460
170
178
180
190
200
205
210
220
230
235
240
250
260
265
270
280
290
300
95

PRINT CHR$(147);

REM MOVE NEAR CENTER OF SCREEN

FOR J=1 TO 10
FPRINT

NEXT J

FRINT TAE(17);
REM ESTABLISH TIME CONSTANT
T=100

REM CIRCULAR MOTION

FOR J=1 TO 20

PRINT "{(RED}";-—

REM MOVE RIGHT AND DOWN
PRINT "{2 DOWN} {RIGHT}"j
GOSUEB 1000

PRINT "{GRN}"; =

REM MOVE RIGHT AND UF
PRINT "{2 UP} {(RIGHTX";
GOSUE 1000

PRINT “{YEL}" ;-
REM MOVE LEFT AND UP
PRINT "{2 UP} (3 LEFTI}";
GOSUE 1000

PRINT " {CYNJ}" ;-

REM MOVE LEFT AND DOWN
PRINT "{2 DOWN3} {3 LEFT}";
GOSUE 1000

NEXT J

GOTO 000

REM DRAW DOT, WAIT, ERASE IT

1000 PRINT "@"; <

1010
1020
1030

FOR K=1 TO T:NEXT K
PRINT "(LEFT}";
FRINT " ";e—

1040 RETURN

000

RUN

FRINT CHR$(147)

Put semicolon here.

Red dot

Green dot

Yellow dot

Cyan dot

Shifted Q

1 space

The value of T in line 150 controls the dot’s speed. Setting T to 250 slows the dot
down enough so you can see it hop from one position to the next. We can produce many
unusual effects with slight variations on this program. Try the following:

1. Change line 1030 to

V'
FRINT "0";

Shifted W

This gives the effect of twinkling lights as the dot appears to move from one empty circle
to the next.

2. Change line 1030 to

Shifted S

PRINT "4";
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Now you see four beating hearts. The value of T determines the pulse rate.

3. Change line 210 to

PRINT "{2 DOWN} {RIGHT>";

Now the cursor never returns to its original position, so the pattern of dots keeps expand-
ing. You can control the direction of the growth by changing the cursor-moving com-
mands. Experiment with lines 180, 210, 240, and 270 to see what effects you can create.

We can also extend our random art program (Program 9-3) to include color. The
following program uses four colors, (red, green, yellow, and cyan) and prints 10 random
characters before changing colors.

Program 23-9 Random Art With Color

NEW

100 PRINT CHR$(147);

105 REM PRODUCE 10 CHARACTERS IN RED
110 PRINT "{RED}";

120 GOSUE 1000

125 REM PRODUCE 10 CHARACTERS IN GREEN
130 PRINT "{GRN3>";

140 GOSUE 1000

145 REM PRODUCE 10 CHARACTERS IN YELLOW
150 PRINT "({YEL}";

160 GOSUEB 1000

165 REM PRODUCE 10 CHARACTERS IN CYAN
170 PRINT "{CYN}";

180 GOSUB 1000

190 BOTO 110

995 REM PRODUCE 10 RANDOM CHARACTERS
1000 FOR J=1 TO 10

1010 PRINT CHR#$(19);

1015 REM MOVE DOWN TO A RANDOM ROW

1020 NR=INT(RND (1) Xx23) +1 The computer makes up a number
1030 FOR R=1 TO NR between 1 and 23.

1040 PRINT

1050 NEXT R

1055 REM MOVE RIGHT TO A RANDOM COLUMN

1060 C=INT(RND (1) X39) - C is between 0 and 38.

1065 REM GENERATE A RANDOM SYMEOL

1070 S=INT(RND (1) %&4) +64 = S is between 64 and 127.

1080 PRINT TAB(C)CHR$(S) ;- Puts the random symbol in a random
1090 NEXT J column.

1100 RETURN

RUN

The program will run forever, producing 10 random characters in each color. To
stop the action, first press RUN/STOP, then SHIFT and CLR/HOME together to clear the
screen, and finally CTRL and 4 to produce a cyan printing color. You can vary the charac-

ter set by using Table 9-1.

Although the Commodore 64’s keyboard has markings for only eight colors, the
computer can actually produce 16. To obtain the other eight, press COMMODORE (in-

stead of CTRL) and a color key. This results in the following colors:
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Color Keys Program Screen

produced pressed notation symbol
Orange COMMODORE and 1 {ORN} 2
Brown COMMODORE and 2 {BRN} r
Light red COMMODORE and 3 {LRD} -]
Gray 1 (dark gray) COMMODORE and 4 {GY1} 7
Gray 2 (medium gray) COMMODORE and 5 {GY2} i
Light green COMMODORE and 6 {LGR} L1}
Light blue COMMODORE and 7 {LBL} o}
Gray 3 (light gray) COMMODORE and 8 {GY3} H

The following program prints the names of the additional colors, each in its own
color. Be sure to use COMMODORE here to enter the color-change instruction, not

CTRL or SHIFT.

Program 23-10 Additional Color Names in Color

NEW
100
105
110
115
120
170
140
150
160
170
180
190
200
RUN

PRINT

CHR$(147) ;

REM MAKE SCREEN WHITE
FPOKE 53281,1
REM FPRINT COLOR NAMES

PRINT
PRINT
PRINT
FRINT
FRINT
FPRINT
PRINT
PRINT

TAR(1S) " (2
TARB(15) " {2
TAB(15) " (2
TAER(15) "{(2
TAEB(15) " (2
TAB(15) " {2
TAEB(15) " (2
TAEB(15) " {2

GOTO 200

DOWNJ {ORG>ORANGE"

DOWNJ {ERNEROWN"

DOWNJ {LRD>LIGHT RED"

DOWN3 {GY13}GRAY 1 (DARK)"
DOWN3} {GY23GRAY 2 (MEDIUM)"
DOWN3 {LGR>LIGHT GREEN"
DOWN} {LEL}LIGHT BLUE"
DOWN3 {GY3X}GRAY 3 (LIGHT)"

Note that light blue is the computer’s start-up printing color. You can thus restore
that color at any time by pressing COMMODORE and 7 simultaneously.

While we have used only dark blue and white backgrounds, we can actually change
the screen (background) and outside color to any of the 16 colors. Table 23-1 lists the
values needed to change the border color with

POKE 53280,EC

and the screen with

POKE S3281,SC

For example, the command that makes the border green is

FOKE 53280,5
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and the command that makes the background light red is

POKE S53281,10

These POKEs do not affect the printing color. Of course, you will not be able to distin-
guish the border if you make it the same color as the screen.

TABLE 23-1 SCREEN AND BORDER COLOR VALUES

0

1
2
3

Black 4  Purple 8  Orange 12 Gray 2
White 5 Green 9  Brown 13 Light Green
Red 6 Blue 10 Light Red 14  Light Blue
Cyan 7  Yellow 11 Gray1 15 Gray 3

Be careful when using colors. Characters will be difficult to read if the printing
color and the screen color are similar, and invisible if they are identical.
The following program produces a variety of screen and border colors.

Program 23-11 Kaleidoscope of Screen and Border Colors

NEW
100
110
120
125
130
135
140
150
160
170
RUN

PRINT CHR$(147);

FOR CB=0 TOD 15

FOR CS=0 TO 15

REM CHANGE BORDER COLOR
POKE 53280,CE

REM CHANGE THE SCREEN COLOR
POKE S3281,CS

FOR K=1 TO 100:NEXT K

NEXT CS

NEXT CE

Program 23-11 starts with black as the screen color and displays all 16 possible
borders. It then continues with the next screen color. After the program ends, enter

POKE 53281,6

to restore the normal blue screen and

POKE 53280, 14

to restore the normal light blue border.
We can also produce a red, yellow, and blue neon sign with moving lights. We will
put the sign in the center of a solid white screen (white border and white background).
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Program 23-12 Neon Sign With Moving Lights

NEW

100 PRINT CHR$(147);

105 REM MAKE BORDER WHITE

110 POKE S53280,1

115 REM MAKE BACKGROUND WHITE

120 FPOKE 53281,1

125 REM MOVE TO CENTER OF SCREEN

130 FOR J=1 TO 10

140 PRINT

150 NEXT J

155 REM PRINT BLUE MESSAGE IN MIDDLE

160 PRINT " {2 DOWN>{BLU}";

170 PRINT TAE(11)"GRAND OFENING SALE"

180 PRINT "{3 UP3}";

185 REM CREATE MOVING YELLOW LIGHTS

1920 PRINT "{YEL>";

200 FOR J=1 TO S0

205 REM DRAW LIGHTS ONE WAY

210 PRINT TAB(10) "@08080080808080808080" «—— 10 pairs of shifted Q,
shifted W

220 PRINT TAE(10)"0";TAB(29)"®" «—————— Shifted W, shifted Q

230 PRINT TAB(1O0)" ':TAB("‘?) "0" «—— Shifted Q, shifted W

240 PRINT TAE(10)"0";TAB(29) "®"<«———— Shifted W, shifted Q

2530 PRINT TAE(10)"808080808080800808080" <«—— 10 pairs of shifted Q,
shifted W. Same as line 210.

260 FOR K=1 TO S0:NEXT kK

270 PRINT "{S UP}";

275 REM DRAW LIGHTS OTHER WAY

280 PRINT TAE(10)"08080808080808080808" «—— 10 gairs of shifted W,
shifted Q

290 PRINT TAE(10)"®";TAB(29) "D"-«————— Shifted Q, shifted W

300 PRINT TAER(10)"0"; TAE(29) "®"<«—————— Shifted W, shifted Q

10 PRINT TAE(10)"@";TAE(29) "O"-<+«—————— Shifted Q, shifted W

320 PRINT TAE(10)"06080808080808080808" «—— 10 pairs of shifted W,

330 FOR k=1 TO SO:NEXT K shifted Q. Same as line 280.
340 PRINT "{S UFP}";

IS0 NEXT J

RUN

To make GRAND OPENING SALE flash periodically, add

321 REM BLANK MESSAGE FOR A WHILE

322 PRINT "{3 UF}";

323 PRINT TAER(11)" " -«———18 spaces
324 PRINT "{UP3>";

I25 FOR K=1 TO 25:NEXT K

326 REM THEN RESTORE MESSAGE IN BLUE

327 PRINT "{BLU>";TAE(11)"GRAND OPENING SALE"

328 PRINT "{YEL3}{2 DOWN>";

330 FOR K=1 TO 25:NEXT K

You can adjust the wait loops on lines 260, 325, and 330 to change the rates at
which the lights move and the s1gn flashes.

Feel free to change the sign’s colors or message. Note the use of two different pat-
terns of characters to create the illusion of moving lights.

We can even use a combination with the same printing and screen colors to hide a
message. Here is the latest way to give James Bond his orders. All the agent must do is
press the British pound sign (£) key.
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Program 23-13 James Bond’s Secret Orders

NEW
100
105
110
115
120
125
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
315
320
330
335
340
345
350
358
360
365
370
RUN

PRINT CHR$(147);

REM MAKE BORDER WHITE

POKE 53280,1

REM MAKE BACKGROUND WHITE
FOKE S53281,1

REM MAKE PRINTING COLOR WHITE
PRINT " {WHT>";

PRINT "{2 DOWN>"j;

PRINT "TO: JAMES BOND"

FRINT

FRINT "FROM: M."

PRINT

PRINT "TAKE THE NEXT FLIGHT TO TIMBUKTU"

FRINT

PRINT "CARRY NO LUGGAGE EXCEPT A RED SCARF"
PRINT

PRINT "YOU WILL BE MET AT THE AIRPORT"

PRINT

PRINT "THIS MISSION IS EXTREMELY DANGEROUS"
FPRINT

PRINT "BE SURE YOUR WILL IS UP TO DATE"

PRINT

PRINT "DON"T FORGET YOUR AMERICAN EXPRESS CARD"
PRINT

PRINT “"READ FAST. THIS MESSAGE SELF-DESTRUCTS"

REM WAIT FOR EOND TO FRESS BRITISH POUND SIGN KEY
GET k&

IF K$<>" £" THEN 220

REM TURN EBACKGROUND DARK EBELUE SO MESSAGE AFPEARS
FPOKE 53281,6

REM LET MESSAGE SHOW FOR A WHILE

FOR k=1 TO 4000:NEXT K

REM THEN BLANK SCREEN

FRINT CHR$(147)

REM AND DESTROY THE ENTIRE FROGRAM

NEW

Be sure to save this program before typing RUN. The message appears in white on a
dark blue background, then the screen goes blank. Note the use of NEW in line 370 to
make the program self-destruct.
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NEW
100
110
120
130
140
RUN

24

REVERSING THE ODDS

Besides changing the Commodore 64’s color scheme, we can also reverse its character
and screen colors. This makes the printing look like an X ray or a photographic negative,
since it appears in the screen color against a background of the normal character color. If,
for example, the computer is printing its usual light blue characters on a blue background,
reversal results in blue characters on a light blue background.

To reverse colors, all you must do is press CTRL and the RVS ON (9) key simulta-
neously; we will refer to this as {RVS} in programs. Be careful when you do this. Nothing
happens on the screen, so you only know whether reverse is on when you type. To return
to normal, press CTRL and RVS OFF (0) simultaneously; we will refer to this in pro-
grams as {OFF}. Reverse the Commodore 64’s standard colors and type THIS IS RE-
VERSE PRINTING to see how reversed characters look. Note that pressing RETURN
turns the reverse off.

We can put reversal instructions in programs just like color changes and cursor
moves. All we must do is type {RVS} or {OFF} inside quotation marks in PRINT state-
ments. When you type {RVS} (CTRL and 9) inside quotation marks, a reversed R appears
on the screen. {OFF} shows up as a reversed shifted R.

The following program prints your name in reverse near the center of the screen.
Note how distinctive it looks, as compared to ordinary printing.

Program 24-1 Your Name in Reverse

PRINT CHR%( 14773 Press the CTRL and RVS ON keys simultaneously.
FOR J=1 TO 10

FRINT

NEXT J V' Put your name here.

PRINT TAE(18)"{RVS>}TONY{OFF3"

Press the CTRL and RVS OFF keys simultaneously.
You can omit this since RETURN turns the
reverse off anyway.
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Adjust the TAB in line 140 to center your name. Note that the {RVS} and {OFF}
characters appear in the listing, making the printing in line 140 look two columns longer
than it actually is. Like cursor moves and color changes, {RVS} and {OFF} do not appear
in the printed output.

We can also make the computer print a staircase of reversed names.

Program 24-2 Your Name in Reverse, Moving Left

NEW

100 PRINT CHR$(147)

110 INPUT "WHAT IS YOUR NAME";N$
120 PRINT CHR$(147);

130 FOR C=1 TO 15 Remember to press CTRL and RVS ON
140 PRINT TAE(C)"(RVS3}"N$ (9) to enter (RVS).

150 FOR K=1 TO 100:NEXT K

160 NEXT C

RUN

Reversed printing lets us flash words on the screen. We simply have the computer
alternate reversed and normal printing of the same characters. The next program flashes
your name in the middle of the screen. You can adjust the TAB as in Program 24-1.

Program 24-3 Your Name Flashing

NEW

100 PRINT CHR$(147);

110 INPUT "WHAT IS YOUR NAME";N$
120 PRINT CHR$(147);

125 REM MOVE DOWN TO CENTER OF SCREEN
130 FOR J=1 TO 10

140 PRINT

150 NEXT J

155 REM FLASH NAME

160 FOR J=1 TO 20

165 REM PRINT NAME REVERSED

170 PRINT TAB(15)"{RVS}"N$

180 FOR K=1 TO 200:NEXT K

190 PRINT "{UP3}";

195 REM PRINT NAME NORMAL

200 PRINT TAB(1S)N$

210 FOR K=1 TO 200:NEXT K

220 PRINT "{UP}";

230 NEXT J

RUN

Flashing can direct people’s attention to important messages such as ENEMY AP-
PROACHING, REACTOR CRITICAL, or ABANDON SHIP. The following program
emphasizes its message with flashing.
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Program 24-4 Abandon Ship

NEW

100 PRINT CHR$(147);

105 REM MOVE DOWN TO CENTER DF SCREEN
110 FOR J=1 TO 10

120 PRINT

130 NEXT J

135 REM FLASH MESSAGE

140 FOR J=1 TO 20

145 REM PRINT MESSAGE REVERSED

150 PRINT TAB(13X)"{(RVS}>AEANDON SHIP"
160 FOR K=1 TO 200:NEXT K

170 PRINT "{UP}"3

175 REM PRINT MESSAGE NORMAL

180 PRINT TAB(13) "ABANDON SHIP"

190 FOR K=1 TO 200:NEXT K

200 PRINT "<{UPX";

210 NEXT J

RUN

The reversal command makes the printing appear longer on line 150 than on line
180, although they are actually the same length.

We can easily modify the program to let the user select the message. The only prob-
lem is centering a message of unknown length. To do this, we use the computer’s built-in
LEN (length) function. LEN finds the length of a string, including embedded (interior)
spaces but not ones at either end. Once we use LEN to determine the message’s length, L,
we know how many spaces to indent. Since the entire screen is 40 characters wide, we
should indent

INT(20-L/2)

spaces to center the message. INT drops the fraction if the length is odd.
Program 24-5 Message Flasher

NEW

100 PRINT CHR$(147);

105 REM LET USER ENTER MESSAGE

110 PRINT "ENTER MESSAGE"

120 PRINT "39 CHARACTERS MAXIMUM INCLUDING SPACES."
130 FPRINT "NO COMMAS OR COLONS, PLEASE!'"

140 INPUT M$

145 REM CHECK IF LENGTH IS PROPER

150 L=LEN (M%)

155 REM REJECT STRING IF TOO LONG OR NOTHING IN IT
160 IF L=0 DR L>40 THEN 100 - OR means “‘either one or both.”
170 PRINT CHR%(147);

175 REM MOVE DOWN TO CENTER LINE

180 FOR J=1 TO 10

190 PRINT

200 NEXT J

205 REM DETERMINE HOW FAR TO INDENT FOR CENTERING
210 INDENT=INT (20-L/2)

215 REM FLASH MESSAGE

220 FOR J=1 TO 20

225 REM PRINT MESSAGE REVERSED

230 PRINT TAE(INDENT) " {RVS}"M$

240 FOR K=1 TO 200:NEXT K
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250 PRINT "{UP3";

255 REM PRINT MESSAGE NORMAL
260 PRINT TAH(INDENT)M$

270 FOR K=1 TO 200:NEXT K
280 PRINT "{UP3";

290 NEXT J

300 PRINT CHR$(147)

RUN

Note the restrictions on the messages. Valid entries include ] WANT TO BE
ALONE, DO NOT DISTURB, and LOOK OUT BELOW. What happens if you start or
end your message with a space?

The program rejects messages that are too long for the Commodore 64’s screen.
What happens if you enter STOP THE WORLD, I WANT TO GET OFF or HELP, I'M
TRAPPED IN THE COMPUTER? The computer thinks the first comma marks the end of
the entry. You can, however, enter these messages if you put quotation marks around
them. This approach also allows you to enter messages with colons (e.g., ‘‘DESTINA-
TION: MARS’) or commands (e.g., ‘“‘{RED} RED ALERT{CYN}’ or
*{GRN}PRESERVE OUR FORESTS{CYN}’

We can also draw a blimp and have it flash a message as it moves. The blimp looks
like

2 'spaces, reversed COMMODORE U,

e «——— COMMODORE (I, P, O, 1, 1,1,1,0, P, 9)

oD, $<«———— Space, COMMODORE D, reversed

R \(COMMODORE V, 10 spaces, COMMODORE *)

2 spaces, COMMODORE U, reversed
COMMODORE (1,0, P, », &, @, P, 0), COMMODORE (U, Y)

We used reversed graphics characters to form the blimp’s fin, nose, and bottom,
and reversed spaces (solid squares) to form the bulk of its body. Note that you must enter
{RVS} by pressing CTRL and 9 before typing the characters you want reversed. You must
enter {OFF} by pressing CTRL and O if subsequent characters on the same line are to
appear in the normal form. Thus we need {OFF} in lines 1 and 3 of the blimp, but not in
line 2 since it ends with reversed characters. Remember that RETURN always turns the
reverse off automatically.

For example, to enter the top line of the blimp, proceed as follows after typing the
opening quotation mark:

Press the space bar twice.
Enter {RVS} by pressing CTRL and RVS ON (9).
Enter COMMODORE U.
Enter {OFF} by pressing CTRL and RVS OFF (0).

Complete the line by holding COMMODORE down and typing I, P, O, I, 1,1, 1, O,
P, and @. Then type an ending quotation mark and RETURN.

M

While reversed graphics characters are quite useful in drawing pictures, they also
introduce new problems:

1. Pictures look different when you RUN the programs. This is because the reversed
characters do not appear in the listing. Determining how a picture involving both
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normal and reversed graphics characters will look is-like trying to reconstruct a
scene from a mixture of photographs and negatives.

The reversal characters ({RVS} and {OFF}) distort the alignment since they appear
in the listing but not in the actual picture.

To avoid problems in composing pictures with reversed characters, always make a paper
sketch first. Do not try to compose directly on the computer screen.

Program 24-6 Blimp With Blinking Message

NEW
100
105
110
115
120
1730
140
150
160
165
170
175
180
185
190
200
210
’1")( )
225
230

~.'-J
240

250

255

260
270
280
290
300
305
310
RUN

FRINT CHR$(147);

REM MAKE BACKGROUND WHITE

FOKE S3281,1

REM PLACE EROWN GROUND AT THE BOTTOM

PRINT "{BRN>}"; - Press COMMODORE and 2 together.
FOR J=1 TO 23

FRINT —— 38 COMMODORE I's

NEXT J

FPRINT * " <—Put a semicolon here.
REM MAKE BLIMF LIGHT GRAY

FRINT "{BY3}" = Press COMMODORE and 8 together.
REM MOVE BLIMF RIGHT

FOR C=1 TO 20

REM DRAW BLIMF

PRINT CHR$(19)" {5 DOWN3>"
FRINT TAE(C)" Secommmes. "
FRINT TAB(C)" ek,

FRINT TAR(CC)" i
REM MOVE CURSOFR TO MIDDLE OF BLIMP
PRINT "{2 UP}"TAB(C+&);

REM FRINT MESSAGE NORMAL

PRINT "SELL";

FOR k=1 TO 100:NEXT K

REM PRINT MESSAGE REVERSED

PRINT "{4 LEFT}";

PRINT "{RVSX}SELL";

FOR K=1 TO 100:NEXT kK

NEXT C

FRINT CHR$(147)

REM RETURN TO DAREK BLUE FRINTING COLOR
FRINT "{BLU>";

If you change the message (lines 240 and 270), be sure also to change the TAB on

line 230 and the cursor move on line 260.

We can also use reversed characters to draw solid figures. For example, we could

draw a truck with a solid cab and body as follows:

2 spaces, shifted (U, 1), space
~ 4 Space, COMMODORE M, reversed COMMODORE (I, F),
™1 space, 6 reversed spaces, space

M98} «<— —— Space, COMMODORE M, 2 reversed spaces,

[u I W R ] <—\ COMMODORE O, reversed KEEPON, space
2 spaces, shifted (W, W), space, shifted (W, W),
2 spaces, shifted (W, W), space

Note that a reversed space is simply a solid square. In fact, the Commodore 64

creates its cursor by flashing the space character.
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Program 24-7 Keep on Trucking

NEW
100 PRINT CHR$(147);

110 FOR C=18 TO 1 STEP -1 Put one space on each side of the truck.
120 FRINT CHR$(19); 1 space

125 REM FICTURE OF TRUCK P

130 PRINT TAER(C)" & »

140 FRINT TAR(C)" ! {RVS} smm (OFF} {RVS> {OFF3} " 1 space

150 FPRINT TAE(C) "1 {RVS} L{OFF3e{RVS}KEEPON(OFF}
160 FRINT TAB(C)" 00 06‘;§§:i::::::::::::>

170 FOR K=1 TO 200:NEXT K 2 spaces
180 NEXT C

190 PRINT CHR#(147)
RUN

The letters KEEPON appear in blue on a light blue background. Note how far re-
moved lines 140 through 160 are from the actual picture; it’s like looking at a distorted
negative containing special coded instructions for the photographer.

We can produce a more memorable tank command with reversed characters. Each
tank looks like

B o 2 spaces, reversed COMMODORE (J, L), space

r—. «——__ Space, reversed (shifted £, 2 spaces, COMMODORE *),
2 COMMODORE i s, space

P ¢ ~—— Space, 4 reversed spaces, 2 COMMODORE Us, space
~ww <——————————— Space, 4 @ s, space

Program 24-8 Tanks for the Memory

NEW
55 REM CLEAR SOUND CHIP AND SET VOLUME

60 FOR J=54272 TO 54296

70 FOKE J,0

80 NEXT J

90 FOKE S54296,15

100 PRINT CHR$(147);

105 REM MOVE TANK COMMAND RIGHT

110 FOR C=1 TO 20

120 PRINT CHR$(19);

130 GOSUE 1000

140 GOSUE 1000

150 GOSUE 1000

160 NEXT C

170 GOTD 9000

995 REM PICTURE OF TANK

1000 PRINT TAB(C)" 4TRVS3I KOFF2 \! 2 spaces
1010 PRINT TAE(C)" {(RVS}P N{OFF} _— " 1 space
1020 PRINT TAB(C)" {RVS} {OFF3} == "
1030 PRINT TAB(C)" 2999 "

1035 REM PUT ONE BLANK LINE BETWEEN TANKS
1040 PRINT

1045 REM FRODUCE STRANGE NOISE

1050 PODKE S4277,16%X0+10:REM MINIMUM ATTACK, MEDIUM DECAY
1060 POKE S4276,17:REM START WAVEFORM 1

1070 POKE S4273,5

1080 POKE 54272,237

1090 FOR L=1 TO 1S0:NEXT L

1100 POKE S5427&,16:REM STOF WAVEFORM 1

1110 RETURN

9000 PRINT CHR$(147)

RUN

4 spaces
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To add a fourth tank to the squadron, insert

155 BGOSUB 1000

We can also use reversed characters to draw a house with a solid roof. We form the
diagonal edges from reversed triangles (shifted British pound sign and Commodore *) and
the main part of the roof from reversed spaces. The house looks like

A
AR 4—\2 spaces, reverse (shifted £, COMMODORE *)
‘ 1 space, reverse (shifted £, 2 spaces, COMMODORE *),

%2

4\ Reverse (shifted £, 4 spaces, COMMODORE *)
Shifted 0O, COMMODORE (T, T, T, T), shifted P
|<\ COMMODORE (G, +, 2 spaces, +, M)
\ COMMODORE (G, space, L, K, space, M)

6 COMMODORE T

Program 24-9 Little House on the Prairie

NEW
100
105
110
120
130
135
140
150
160
165
170
180
190
200
RUN

PRINT CHR$(147);
REM MOVE DOWN TO CENTER OF SCREEN
FOR J=1 TO 10

PRINT

NEXT J

REM DRAW SOLID ROOF

FRINT " {RVS}PTY"

FRINT " {RVSIF &49" ) paces
PRINT "{RVS}Fr "

REM DRAW HOUSE\_/ 4 spaces
PRINT "

PRINT " % |

PRINT | ® "

PRINT "~

Note that the {RVS} characters in lines 140, 150, and 160 make the roof appear out of
alignment with the house below it. To make the roof brown and the background yellow,

insert

106 REM MAKE PRINTING COLOR EROWN

107 PRINT "{ERN>}"; - Press COMMODORE and 2.
108 REM MAKE BACKGROUND YELLOW

109 POKE S53281,7

We can produce a more elaborate picture by changing the colors. Here’s a little red
schoolhouse with a green roof and a flag.

3 spaces, COMMODORE +

3 spaces, COMMODORE G

f A A

2 spaces, reversed (shifted £, COMMODORE *)

-

WA

Space, reversed (shifted £, 2 spaces, COMMODORE *)

Reversed (shifted £, 4 spaces, COMMODORE *)

Reversed (6 spaces)
Reversed (space, COMMODORE +, 2 spaces, COMMODORE +, space)

AhAdah

Reversed (6 spaces)
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Program 24-10 Little Red Schoolhouse

NEW

100 PRINT CHR$(147);

110 PRINT "{5 DOWN}*"

115 REM DRAW PURFLE FLAG

120 PRINT " (PUR}";

130 PRINT A’,;?_"_\

140 PRINT * " 3 spaces
145 REM DRAW GREEN ROOF

150 PRINT “{GRN3}"3

160 PRINT ’?EUE?FiT“‘“‘-—-—-__\§_\_\
170 PRINT " {RVS)F "

180 PRINT " (RVS}F w

185 REM DRAW RED SCHOOLHOUSE

190 PRINT "<RED>";

200 PRINT "{RVS} ",
210 PRINT “{RVS3}| i 4% |v < Spaces

220 PRINT "(RVS} w_ " —— ©%Paces
RUN

2 spaces

Enter
POKE 53281,1

to make the background white before you run this picture.

We could combine the color changes (lines 120, 150, and 190) with the subsequent
PRINT statements, but separating them makes it easier to see which lines they control.
Add

80 POKE S3280,1
90 POKE S3281,1

to produce a scene on a totally white screen.

A flashing character (such as the computer’s own cursor) provides a conspicuous
indicator of where you are working on the screen. The following program constructs a
maze from your keyboard commands—U for up, D for down, R for right, L for left, and E
for exit. The flashing diamond always indicates the active position, even if you backtrack.

Program 24-11 Maze Builder

NEW

100 PRINT CHR$(147);
105 REM START CURSOR IN TOP LEFT-HAND CORNER
110 R=1

120 C=1

125 REM FLASH CURSOR

128 REM FRINT NORMAL CURSOR
130 PRINT "&";:

140 FOR K=1'TO SO:NEXT K Shifted Z
150 PRINT "(LEFT3}";

=

155 REM PRINT CURSOR REVERSED Shifted 2

160 PRINT "{RVSMTOFFT "3

170 FOR K=1 TO SO:NEXT K

180 PRINT "{LEFT3";

185 REM CHECK FOR KEYBOARD COMMAND
190 GET K$

195 REM E KEY MEANS EXIT
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200 IF K$="E" THEN 9000

205 REM U KEY MEANS UP (IF PDSSIBLE)

210 IF K#$="U" AND R>»1 THEN R=R-1:PRINT "{UP}";
215 REM D KEY MEANS DOWN (IF POSSIBLE)

220 IF K$="D" AND R<24 THEN R=R+1:PRINT " {DOWNX";
225 REM R KEY MEANS RIGHT (IF POSSIBLE)

230 IF K$="R" AND C<40 THEN C=C+1:PRINT "(RIGHT}";
235 REM L KEY MEANS LEFT (IF POSSIBLE)

240 IF K&$="L" AND C>1 THEN C=C-1:PRINT "{(LEFT}";
250 BOTO 130

000 PRINT CHR$(147)

RUN

In lines 210, 220, 230, and 240, AND between the two conditions makes the com-
bination true only if both are true. Thus line 210 causes the computer to reduce R by 1 and
to move the cursor up if the key entry is U and R is greater than 1.

Draw a few patterns so you can see the cursor move. If you try to move it off the
screen or into the bottom row, it will simply hold still and flash.

The reversed characters can produce more realistic ocean waves than the regular
characters we used in Chapter 20. Reversing the triangles (shifted British pound sign and
Commodore *) makes the waves roll on top of the surface instead of below it.

Program 24-12 Rolling Ocean Waves

NEW

75 REM TURN SCREEN AND RORDER WHITE

80 POKE S3280,1

90 POKE 53281,1

100 FRINT CHR$(147);

105 REM MOVE DOWN NEAR CENTER OF SCREEN

110 FOR J=1 TO 10 18 pairs of COMMODORE *

120 PRINT and shifted fs. You

130 NEXT J should see 18

135 REM MAKE OCEAN WAVES ROLL upside-down light

140 FOR J=1 TO 20 blue pyramids.
)/—

145 REM DRAW WAVES IN DNE DIRECTIDN
150 PRINT "{RVS}W @ W% ¥ % e
160 FOR k=1 TO 200:NEXT K

165 REM DRAW WAVES IN ANOTHER DIRECTION
170 PRINT "{UP3";

180 FRINT "({RVS}F W% 9§ 5 & % T FF F oo ¥y

i -l

120 FOR k=1 TO 200:NEXT kK

200 PRINT “"{UP}"; A\

210 NEXT J 18 pairs of shifted £ and
20 PRINT CHR$(147) COMMODORE *s. You

225 REM RETURN SCREEN TO ITS NORMAL COLORS should see 18 dark blue

230 FOKE 53280,14 pyramids.

240 POKE S53281,6

250 FRINT "(LEL}"; Press COMMODORE and 7.

RUN

Enter the wave lines (150 and 180) carefully. Remember that you must move your
fingers between Commodore and SHIFT as well as between the British pound sign and *
each time. Count the pyramids to determine how many pairs of characters to enter. Exper-
iment with the different screen colors to produce different color combinations.

The waves roll left continuously. Let us now use inverted spaces to draw some solid
ocean underneath them. We will make the water red to represent the Red Sea.
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Program 24-13 Rolling Waves on the Red Sea

NEW

75 REM TURN SCREEN AND EBORDER WHITE

80 POKE 53280,1

?0 POKE 53281,1

100 PRINT CHR$(147);

105 REM MOVE DOWN NEAR CENTER OF SCREEN

110 FOR J=1 TO 10

120 PRINT

130 NEXT J

135 REM PAINT SEA RED

140 PRINT "{REDX";

145 REM CREATE A SOLID EXPANSE OF OCEAN

147 REM SKIP WAVE LINE

150 PRINT

155 REM FPRINT THREE LINES OF SOLID OCEAN 36 spaces

160 FOR J=1 TO 3 e P

170 PRINT " {RVS> "

180 NEXT J

185 REM MOVE CURSOR BACK TO OCEAN SURFACE

190 PRINT "{4 UP}"; 18 pairs of COMMODORE *s and
195 REM MAKE OCEAN WAVES ROLL shifted £s. You should see 18
200 FOR J=1 TO 20 upside-down blue pyramids.
205 REM DRAW WAVES IN ONE DIRECTION

210 PRINT " {(RVS}¥F W W P W W W W W T Gy

220 FOR k=1 TO 200:NEXT K

225 REM DRAW WAVES IN ANOTHER DIRECTION

230 PRINT "{UP3}"; r—'— 18 pairs of shifted £s and COMMODORE *s.
240 PRINT " {RVSIP Ty gyt You should see 18 pairs of
250 FOR k=1 TO ZOO-NEXT K white pyramids.

260 PRINT "{UF3}";

270 NEXT J

280 PRINT CHR$(147)

285 REM RETURN WITH CYAN PRINTING ON BLUE SCREEN

290 FRINT "{CYN3>";

300 POKE S3280,14

310 PDEE S3281,6

RUN

What’s next? Did you guess? After all, as long as we have drawn the Red Sea, we
might as well show you how to part it.

Program 24-14 Parting the Red Sea

35 REM CLEAR SOUND CHIP AND SET VOLUME
40 FOR J=54272 TO 54296

50 POKE J,0

60 NEXT J

70 POKE S4296,15

202 REM NORMAL SEA EXCEPT DURING BREAK TIME (J=6 TO 9)
205 IF J»5 AND J<10 THEN 270
262 REM DONE WITH NORMAL WAVE ACTION

265 GOTO 450 ( ?:gaﬁgfogggrfgdand
268 REM PRINT ROLLING WAVES WITH PART shifted £s, 2 spaces,

270 PRINT "{(RVS}'WW W ¥ W ¥ PWOFF} (RVSIWW W2 ¥ FW¥" 4.9 more reversed
27? REM CONTINUE UNLESS SEA MUST BE PARTED pairs. You should see a
292 IF J*6 THEN 340 total of 17 upside-
285 REM FART ENIIRE SEA down light blue

290 FOR L=1 TO = T~ pyramids.

300 PRINT TAER(1S)" " 2 spaces

310 NEXT L
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315 REM RETURN TO QOCEAN SURFACE

320 PRINT "({3 UF3}";

325 REM ANNOUNCE PARTING WITH NOISE

330 GOSUER 7000

335 REM ROLL WAVES SLOWER WHILE PARTING IN PROGRESS

340 FOR K=1 TO 400:NEXT K

Z50 PRINT "{UP3"; 8 pairs of reversed shifted fs
355 REM DRAW FARTED OCEAN WAVES IN ANOTHER POSITION ¥ and COMMODORE *s, 2 spaces,
360 FRINT “{RVSIF W% F ¥ I{0FF} (RVSIW ¥ ¥ ¥ ¥ P ¥ ¥i" then 9 more reversed pairs. You
370 FOR K=1 TO 400:NEXT kK should see a total of 17 dark biue
375 REM CONTINUE UNLESS SEA MUST BE RECONNECTED pyramids.

380 IF J<9 THEN 440

385 REM REFILL THE ENTIRE SEA

390 FOR L=1 TO 3

400 FRINT TAR{(15)"{RVSY "

410 NEXT L 2 spaces

415 REM RETURN TO OCEAN SURFACE

420 FRINT "{Z UP3";

425 REM ANNOUNCE RECONNECTION WITH NOISE

470 GOSUR 7000

440 PRINT "{UP3"j

450 MEXT J

460 GOTO 2000

6995 REM BOOMING NOISE TO ANNOUNCE PARTING, RECONNECTION OF SEA
7000 POKE S4277,16%4+12:REM LOW ATTACK, HIGH DECAY
7010 POKE 54276,129:REM START NOISE WAVEFDRM

7020 POKE 54273,34

7030 POKE 54272,75

7040 FOR L=1 TO 1000:NEXT L

7050 POKE S4276,128:REM STOF NOISE WAVEFORM

7060 RETURN

8995 REM RETURN SCREEN TO DARK BLUE WITH CYAN PRINTING
9000 PRINT CHR$(147)

FOKE 53280,14

POKE S53281,6

PRINT " {CYN3"

Clearly, parting the Red Sea is a complicated business. You must create a gap in the
waves and in the underlying ocean. After the Israelites have passed through, you must
then fill in the ocean and the waves. The moral here is that programmers should not at-
tempt to play God.
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Appendix A

Music Note Values*

Musical High Low
Note Frequency Frequency
Octave 2
NATURAL
C 4 48
D 4 180
E 5 71
F 5 152
G 6 71
A 7 12
B 7 233
SHARP
C# 4 112
E: : ;g; There is no E sharp
G 6 167
At 7 119
There is no B sharp
FLAT
C - 3 244 Same as B natural in octave 1
D - 4 112
E - 4 251
F - 5 71 Same as E natural
G - 5 237
A - 6 167
B - 7 119
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212

Octave 3
NATURAL

wWrQmmuoaO

SHARP

FLAT

Octave 4
NATURAL

W >aQmmo O

SHARP

FLAT

10
11
12
14
15

11
13
14

10
11
13
14

16
18
21
22
25
28
31

17
19
23
26
29

15
17
19
21
23
26
29

97
104
143
48
143
24
210

225
247
218
78

239

233
225
247
143
218
78

239

195
209
31
96
30
49
165

195
239
181
156
233

210
195
239
31

181
156
233

There is no E sharp

There is no B sharp

Same as B natural in octave 2

Same as E natural

There is no E sharp

There is no B sharp

Same as C natural in octave 3

Same as E natural



Octave 5

NATURAL
c 33
D 37
E 42
F 44
G 50
A 56
B 63
SHARP
Ct 35
D# 39
Fi 47
Gi 53
Al 59
FLAT
C- 31
D - 35
E — 39
F - 42
G- 47
A - 53
B-— . 59

135
162
62
193
60
99
75

134
223
107
57

190

165
134
223
62

107
57

190

There is no E sharp

There is no B sharp

Same as B natural in octave 4

Same as E natural

*Note that to complete an octave (eight notes) you must end it with the first note of the next octave.
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APPENDIX B

MUSIC REVIEW

The following pages contain a brief summary of music terms.

(4 Py -
s i' under lineZ-above line
pause hold an whole rest half rest repeat
1-beat rest extra beat this section

03
0

TTe

OCTAVES

(On the Commodore 64 octave 3 begins at middle C).

A-B

u

e
v/}

B

G
=
P
| A
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MUSIC REVIEW

Scale
A T II P ~) 'p"P' #
F—FF—F =ttt 1
@J_ch}dldnlri!!t!‘ji ] |
CD EF GA BC DE FG AB C

é - Treble clef

2 _ (4) beats per measure
(4) quarter note receives the beat

o =whole note (4 counts) ‘% = whole rest
r = half note (2 counts)
E = half rest

|' = quarter note (1 count)

% = quarter rest

JS = eighth note ("2 count)

ﬁ = sixteenth note (s count) E =eighth rest

% = repeat sign r'= dotted quarter note (3 counts)

The value of the dot is 2 the value
of the note to which it is added.

% rf\ r= tied notes

t t
1 measure end of section
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APPENDIX C

COMMODORE 64
DISC OPERATIONS

The model 1541 disk drive for the Commodore 64 is a small box with rectangular slits in
the front. It is like a record player except that it plays thin, flexible disks (hence the name
floppy disk). The disks, 5-V4 in. (about 13 cm) in diameter, are often called diskettes,
minidisks, or minifloppies. We just call them disks.

When turning on the computer that has a printer or disk drive, turn the individual
items on in the following order:

1. Printer

2. Disk drive

3. Monitor (television set)
4. Computer

To start operating the Commodore 64, load the disk drive with a disk that has been
prepared for computer use (or formatted). You may compare formatting to preparing a
grade book, scorecard, or ledger sheet for later use. Put the formatted disk in the slot, with
the label up and toward you. Pull the drive door (a small black lever in the center) down
until it clicks into place. Be careful, you must push in and then up to open the door once it
has been closed. Don’t force anything! Once you have the disk in the drive and the door
closed, the Commodore 64 is ready to operate.

We will now summarize some disk commands. Consult your owner’s manual for
more details.

FORMATTING A DISK

You must prepare (or formatr) a new disk before using it. You can also format old disks if
you no longer want the programs on them.
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WARNING: FORMATTING A DISKETTE DESTROYS ALL PROGRAMS ON IT.

To format a disk, enter OPEN 15,8,15, “NO:NAME,ID’’ where NAME and ID are

any names you care to use. For example, you might use

OPEN 15,8,15, "NO:DISK1,D1"

for the first disk, %— Zero, not the letter O.

DPEN 15,8,15, "NO:DISK2,D2"

for the second disk etc. The name ID can only be two letters long. Formatting takes the
Commodore about 30 to 45 seconds. You should label your disks after formatting them.
Put the date you first used the disk on the label as part of the identification information.

OTHER DISK OPERATIONS

1.

To see what programs are on a disk (i.e., to load its directory), type

LOAD "$",8

followed by LIST. The listing may move by rapidly; you can use the CTRL key to
slow it down or RUN/STOP to stop it completely. Note that loading a directory
erases any program in memory.

To save a program on a disk (after entering it into the computer), type SAVE fol-
lowed by the program’s name (say P02-04 for Program 4 of Chapter 2) and the num-
ber 8. For example, enter

SAVE "P02-04",8
to save Program 4 of Chapter 2 for later use.
To load a program from a disk (you must have saved it earlier under its name), type

LOAD, followed by the program’s name and the number 8. For example, use

LOAD "P0O2-04",B

to load Program 4 of Chapter 2 from a disk.
To erase a program from a disk, enter

DFEN 15,8,15, "SO: NAME"
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where NAME is the name of the program to be deleted. For example, to erase Pro-
gram P02-05, enter

OFEN 15,8,15,"80:P02-05" Zero, not the letter O.

To stop the red light on the disk drive from blinking, enter

OFEN 15,8,15,"I"

To use the disk drive after you see the error message ‘‘FILE ALREADY OPEN”’
enter

s

CLOSE 15

To use the disk drive after you see the error message ‘‘DEVICE NOT AVAILA-
BLE”’, enter

OPEN 15,8,15,"1"

If this instruction does not work, remove the disk, then turn both the computer and
the disk drive off. Turn them back on (disk drive first), and reinsert the disk.

WARNING: NEVER TURN THE DISK DRIVE OFF WITH A DISK IN IT.
To SAVE a new version of a program (say P03-05), enter
SAVE "90:P03-05",8

This saves the program under the name P03-05 and destroys the old program with
that name.



INDEX

Advanced car race, 186
Advanced race track, 186
Airplane, 26, 32, 123-25
Alien, blinking, 45, 101
color, 190-91
moving right, 53
pulsating, 130
Alien face, 27
Alien spacecraft, 40, 60, 102
Alphabetic characters, 73-75, 83
Animation, 42-48
Answering questions, 81-88
Applause, sound, 179
Applications, 1
Areas on screen, 13
Arithmetic quiz, 87
Arrow drawing, 33
Arrow keys (cursor control), 5, 8, 43, 49-50
Art, random, 68, 195
Artillery gun, 32, 151
Asking questions, 8§1-88
Attack, in sound, 95
b (flat in music), 169
Back and forth motion, 27-28
Background for pictures, 36
Backward FOR-NEXT statements, 19, 24
Backward index, 19
Ball, 35-36
Ball game, 37
BASIC, 7
Baton, and stick figure, 175
Bee drawing, 34-35
Birds flying, 160
Birthday card, 77
Blank line, 23

Blanks around drawing, 36, 119, 127
Blastoff, 40
Blimp, 2034
Bomb, 116-21
Bomb, guided, 135
Bomb game, 116-25
Border color, 197
Box, 58
graphics, 58
Branches, 87
Buffer, entering, 137, 163
Bug, 28, 4243, 111-13
Bumble bee, 34-35
Capital letters, 5-6, 10
Car, 26, 33, 60-61, 110-11, 182-84
Cassette, saving on, 16-17
Cassette tape player, 3
Cat, 78-79
Catalog (see LOAD, a directory)
Catch (game), 37
Central Processing Unit, 3
Characters, 3
CHRS, 67, 72
table, 72
CHR$(19), 23-24
CHR$(147), 22-23, 36
Christmas card, 76
Christmas tree, 76
Circular motion, 194
Clearing a program, 10
Clearing the screen, 22, 25, 36, 68
CLR/HOME, 22, 25
Colon, 23
Color, 5-6, 4748, 188-99
Color, notation, 189, 196
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Color keys, 5-6, 10

Column (right-most column on screen), 32,

65-66, 75, 81, 121
Column numbers (on screen), 4
Commas in PRINT statements, 12—-14
COMMODORE key, 5-6, 10, 58
Computer languages, 7

Condition (in IF-THEN statement), 86
Controlling keyboard, 89-93, 118-19, 162-63
Controlling left or right motion, 119-20

Controlling movement, 119-20
Controlling speed, 138, 158
Correcting errors, 9
Countdown to launch, 40
Cow’s face, 29
CPU, 3
Creature, 45
CRSR keys, 5, 8, 43, 49-50
CRSR keys (to shorten typing), 23
CTRL key, 5-7, 10, 43, 188
Cursor, 4
Cursor control, 52
Cursor moving keys, 50
Dancing stick figure, 176-80
DATA statement, 267-72
Decay, in sound, 95
Deleting, 7-9
character, 8-9
line, 7
Diagonal motion:
left-to-right, 18, 126-30
right-to-left, 131-32
up-and-down, 126-34, 152-53
Diagonal printing, 25, 37
Dice, 64
Digits, random, 6468
Directory (see LOAD, a directory)
Diskette, 3
Disk drive, 3
Display character set, 72
Division, 138
Doctor’s assistant, 86
Dollar sign (in text names), 83
Door, 34
(DOWN), 50
Easter bunny, 80
Easter card, 79
Editing a program, 23
END, 158
Endless loop, 76, 161
Entering a program, 8
Entering CRSR keys, 51
Enter key (see RETURN key)
Equal sign (=), 13
Erasing line, 7-8
Errors, 9-10
Errors, correcting, 9-10
Exploding star, 47, 69 .
Explosion (drawing), 124, 140, 15
sound, 124, 138, 156-57
Eyes in drawings, 61
Face, graphics, 61
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Factory, 151-58
Fast (controlling speed), 138
File names (standard), 16
Firing command (submarine), 162
Flat, in music, 169
Flower drawing, 35
Flying, 38
FOR-NEXT statement, 13
backward, 19, 24
multiple, 27-29
nested, 29, 62
slowdown loop, 23
STEP, 19
Four-letter words, 71
Frequency, in music, 167
Funny faces, 45-46
Geography quiz, 88
GET, 89-93
Gorilla drawing, 25
GOSUB statement, 4247
convenience, 148
GOTO statement, 76, 161
Graphics:
entering, 58
left-hand, 6, 10
mode, 6, 10-11
right-hand, 6, 10
Graphics characters, 33
table, 59
Graphics keys, 5-6, 10
Grass, 46, 191
Gravity, 164
Greater than (>), 114, 121
Grid, 4, 51
Grid layout:
for alien, 52, 127, 132-34
for face, 54-55
Ground (in drawings), 115
Halloween card, 78
Halloween cat, 78
Hard copy, 3
Hardware, 2
Heart, 76
Homework notice, 82
Homing the cursor, 23
Horse grazing, 46, 191
Houses, 206
IF-THEN statement, 86-88
examples, 87
statements after, 86-88, 119-21
Illegal quantity error, 121
Index, 13
Infestation of bugs, 112
INPUT statement, 73
Inserting characters, 8-9
INST/DEL, §, 8, 10, 35
Interfaces, 3
Interview, 85
INT statement, 64
Inverse characters, 52, 85
Inverse video, 6, 200-210
Invisible characters, 6-7



Kaleidoscope of color, 197
Keeping drawings on screen, 32, 65-66, 75, 81,
121, 127
Keyboard, picture, 5
Keyboard, reading, 89-93
Keyboard control of programs, 89-93
Language of computer, 7
(LEFT), 50
Left-hand graphics, 34
Left-to-right motion, 24, 37
Legal notice, 83
Less than (<), 121
Letters, random, 68
Limits of screen, 32, 65-66, 75, 81, 105
Line numbering, 7-8
LIST, 8, 10, 40
variations, 40
Listing a program, 40
Living art, 68, 195
LOAD, a directory, 18
Loading a program:
from cassette, 17
from diskette, 17-18
Location on screen, 4
Loop, 13-14, 62
Loop variable, 13
Lowercase letters, 6, 10
random, 68
Lunar station, 56, 89-93
Making faces, 45-46
Mars warship, 41
Maze builder, 207-8
Measure, in music, 166
Memory, 3
Message board, 83
Message flashing, 202
Minus sign (=), in music, 169
Modules, 137
Monster, 25
Mother’s Day card, 79
Motion picture, 42
Movement:
anywhere on screen, 144-50
back and forth, 27-28
diagonal, 126-34
in all directions, 141-50
left to right, 24, 37
right-left, 25, 37
to bottom of screen, 105, 111, 116-17
up-down, 113-14, 152-53
Moving up and down, 113-14, 152-53
Muffler, sound, 111
Muitiple statements on line, 23
Multiplication, 138
Music, 166-80
Musical notes, 166, 168
Naming programs, 16
Neon sign, 198
Nested loops, 29, 62
NEW command, 8, 10, 12
New Year's card, 77
NEXT statement, 13

Noise, 94-104
Nomenclature, 50
Normal screen, 48
Notation for color, 181, 196
Not equal to (<>), 118
Notes, 94
converting, 168-84
finding, 168-84
Null string, 90
Numerical answers, 83
Numeric variables, 83
Ocean waves, 160
Qctave, 166
Old Macdonald’s farm, 168-72
On/off, 3
Out of data error, 168
Paratroopers, 114-15
Pcc-nn (form), 16
Police car, 102
POKE (for color), 189-91, 197
POKE (for sound), 94-104, 160-67
Power supply, 3
PRINT CHR$(19), 23-24, 34, 55
PRINT CHR$(147), 22-23, 36
Printer, 3
PRINT statement, 11-15
commas, 12-14
quotation marks, 12-13
semicolons, 12-13, 15
to print a blank line, 23
Program, 7
Program names, 16
Program stub, 136
Program writing methods, 128, 137, 146, 158
Pulsating object, 129-30
Pumpkin, 78
Question mark, 23
Questions, asking, 73-88
Quizzes, 87-88
Quotation marks, 12-13, 84
Rabbit, 80
Race car, 110-11, 182-84
Race car game, 183-84
Race track, drawing, 181-87
Random art, 195
Randomizing, 71
Random numbers, 64-68
Random placement on screen, 64—66
READ statement, 167-72
READY, 12
Rectangular waveform, 95
REDO FROM START, 83
REM (remark) statement, 30
Repeating characters, 8
Rest, in music, 171
RESTORE key, 7, 9, 48
RESTORE statement, 168
Restoring screen, 77
RETURN key, 7, 9, 12
RETURN statement, 4247
Reversed characters, 52, 85
Reverse video, 6, 200-10
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(RIGHT), 50
Right-hand graphics, 6
Right-to-left motion, 25, 37
RND (random number), 64
Rocket, 31, 38, 144-50
graphics, 60
launch, 38, 98, 164
sound, 98
Rolling waves, 161, 208-9
Roulette wheel, 64
Row numbers on screen, 4, 64
Rows, 4, 64-65
Rows, bottom most, 4, 6465, 105
RUN, 8, 12, 22
RUN/STOP key, 9, 29, 76
RVS OFF, 6-7, 10, 85, 200-10
RVS ON, 6-7, 10, 85, 200-10
Sailboat, 26
SAVE, 16-17
Saving a program:
on cassette, 16-17
on diskette, 17
Sawtooth, in sound, 95
Schoolhouse, 206-7
Screen, 3, 13, 197
Screen areas, 3
Screen color, 197
Scrolling screen, 65-66, 105, 127
Secret orders, 199
Semicolon, 12-13, 15, 50, 67
Shadow elimination, 36, 119, 127
Shadows in pictures, 36, 119
Shell, 151
Shifted (, 76-77
SHIFT key, 5-6, 10
SHIFT LOCK, 6, 10, 22
Ship drawing, 159
Shortcut:
in PRINT, 23
in writing programs, 27-28
SID chip, 96
Simultaneous movement, 159-65
Siren, 102
Slow (controlling speed), 138
Slowdown, speedup, 138
Slowing screen down, 8, 10, 43
Slowdown:
FOR-NEXT, 65
using delays, 23, 41, 67
using sound, 158
Smoke drawing, 39
Snowfall, 65
Sound, 94-104

adding to program, 147, 154, 16465

slowdown, 112, 158
Sound effects, 110, 112, 117
explosion, 154
Spacecraft, 40
Spaceship, 135-40
Spaceship game, 135-40
Space station, 193
Speed control, 164
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Speed object up, 138
Spider drawing, 107-10
Spider web, 108-9
Standard name for programs, 16
Star, exploding, 47-69
Starting the Commodore 64, 11
Statement, 7
STEP (in FOR-NEXT statement), 19, 24
Stick figure, 36, 44, 175
dancing, 176-80
STOP, 158
Stopping sound, 96, 113
Stopping the computer, 9-10, 77
STOP/RUN, 7
Stories, 81-82
String, alphabetic, 73-75, 83
String variable, 73-75, 83
Stub, program, 136
Submarine drawing, 159
Subroutine, 42, 137
Supernova, exploding, 69
Syntax error, 9
TAB (0), 19
TAB statement, 18, 32, 49
Tank, 27, 30-31, 62, 103, 205-6
Tank command, 103
Targets, 33, 136
factory, 151-58
random location, 147
Tax collector, 86
Television display, 3
Tempo, in music, 172
Testing programs, 136-37, 143
Text mode, 11
Thrust, 150
Top-down design, 136
Town, 33
Track, racing, 181-87
Trampoline analogy (to FOR-NEXT statement),
13
Tree, 76
Triangular waveform, 95
Truck, 62-63, 204-5
Tumning computer on, 6
(UP), S0
Uppercase characters, 10
Valentine heart, 76
Video display, 2
Volume, 94
Waiting for any key, 89-93
Walking, 42-44
bug, 42
stick figure, 44
Warship, 41
Wave, ocean, 160, 208-10
Waveform, in sound, 95
Web, spider, 108-9
Window, 34
Word answers, 81-86
Wrap around, 32, 65-66, 75, 81, 121, 127
X, giant, 20
Yankee Doodle Dandy, song, 172-80
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SAILBOAT MOVING LEFT...BEE FLYING RIGHT TO FLOWER. . . EASTER
BUNNY...OCEAN, BIRDS, SHIP, AND SUBMARINE, WITH LAUNCH. ..OLD
MACDONALD’S FARM. ..CAR RACE WITH ADVANCED RACE TRACK. ..BLIMP
WITH BLINKING MESSAGE

These are just a few examples of the dozens of fascinating programs featured in
Tony Fabbri’s new book. It will show you how to draw pictures and figures, make
them move, and create game action with keyboard control, moving targets, noise,
and explosions. The author guides you step by step through every aspect of simple
arcade games; even if you have no background in computers or programming, you
will soon be making sailboats and tanks move, launching rockets and spaceships,
making eyes blink and stars explode, creating a game of catch, producing your own
greeting cards, and devising your own colorful action games.

Some special features:
e includes over 180 complete programs you can, use to create new games and
handle practical applications;

lets you do things and see the results rather than just read about concepts or
methods;

provides simple, straightforward examples that you can easily expand;

e teaches the programming skills you need to solve business, educational,
engineering, management, and scientific problems:

e shows you how to create many of the effects you have seen in arcade and
computer games, on television, and in movies;

¢ assumes no special background, requires no extra equipment, and does
everything in elementary BASIC.
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