











1860 PRINT LEFT$(D%,18); SP
1870 PRINT "PRESS KEYS [Him-
1880 PRINT : PRINT SPC(9);
1890 PRINT "PRESS [HSPACEBAR
i9@0 :

1910 :

1920 REM % SCAN THE KEYBOA
1930 :

1940 GET KP$

1950 IF KP$ = "" THEN 1940
1960 IF KP$ = " " THEN 2200
1978 KP = VAL (KP$)

1988 IF KP<1 OR KP>8 THEN 1
19890 :

2000 :

2010 REM % PLAY A NOTE
2020 :

2030 POKE 646, HU(KP) :REM

2048 PRINT PM$(KP) :REM
2050 POKE SID+1,FH(KP) :REM
2060 POKE SID,FL(KP) :REM
207@ POKE SID+4, WF+1 :REM
2080 :

2098 GET KP$ :REM PLAY TIL

2100 IF VALCKP$) = KP THEN

2110 :

2120 POKE 646, 11 :REM

2130 PRINT CMS$(KP) :REM

2140 POKE SID+4, WF :REM

2158 GOTO 1850 t:REM

2160 :

2170 :

2180 REM %% CLEAN UP AND GO
2190 :

2200 POKE 56325, 66 t:REM

2210 POKE 646, 1 :REM CHAR
2220 PRINT "L's :REM CLERA
2230 FOR REG=SID TO SID+24

2240 : POKE REG, @

2258 NEXT REG

2260 :

2278 END
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C(9);
[48® TO PLAY"

= TO STOP"

RD

940

SET CHAR HU
OPEN MOUTH
SET FREQ
SET FREQ
START SOUND

KEY RELEASED
2090

BACK TO GRAY
CLOSE MOUTH
END SOUND
SCAN AGAIN

HOME

FIX KBD SCAN

COLOR WHITE

R SCREEN
:REM CLEAR
:REM SID

Fig. 10-3. Listing of the program Pianorgan.
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keyboard keys 1-8 are pressed, the appropriate
single key will pop into action. The character
codes for numbers run between 48 and 57. Line
1190 simply adds the value of the loop variable
N to 48 and then uses the CHR$ function to
produce the character that corresponds to the
value of N. For example, when N has the value
4, line 1190 will add on CHR$ (52), which is
ad.

After the closed mouth strings are set,
lines 1260-1340 set up eight open mouth
strings. The process is similar to that in lines
1120-1210. The major differences are the
details of the image. Figure 10-4 shows the two
different singing key images, one with a closed
mouth and the other with an open mouth.

This section’s final module stores eight
color codes in the array HU ( ). Remember, the
singing keys are numbered 1-8. Each key’s
color code will be used to set the color of that
key’s open mouth image.

10.4.2 Setting Up SID,
the Screen, and the Keyboard

This program uses the pulse waveform and
a carefully chosen ADSR envelope to create
sounds midway between a piano and an organ.
Lines 1480-1530 set the necessary SID reg-
isters.

Lines 1550-1630 set up two arrays, FH ()
and FL (), that will hold the frequency settings
for eight notes. The values in the data
statements come from Appendix O. They’ll
produce the notes C, D, E, F, G, A, and B from
the third octave, and C from the fourth octave.

Next, lines 1680 and 1690 set the screen
background and border to black. I have a def-
inite preference for a black background, since
colors really sing when displayed on it. In this
program I decided to enforce my preference.

Line 1700 pulls a stunt you’ve used before.
When memory location 650 contains the value
128, all keys on the keyboard will repeat when

Fig. 10-4. The two singing key images: closed mouth and open mouth.
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held down long enough.

Line 1710 pulls a new trick. One of the joys
of working with the Commodore 64 is the
measure of control you have over hardware
configuration. Normally, the Commodore 64
scans the keyboard for pressed keys 60 times
a second. In Pianorgan, you need to scan it
more often to get a more responsive instru-
ment. Memory location 56325 is a register that
controls the speed of keyboard scanning. Nor-
mally, it contains the value 66. By poking it
with the value 20, you can get the computer
to scan the keyboard 200 times a second. At
the end of the program, you’ll set it back to
normal scan speed. If you didn’t, strange things
would occur. Try it, if you've got a taste for
strangeness.

10.4.3 Set the Initial Display

The next two modules of Pianorgan are
straightforward. Lines 1760-1810 clear the
screen and then print the eight closed mouth
strings in dark gray. Then lines 1860-1890
print some instructions for playing the instru-
ment. Remember, those weird-looking char-
acters in lines 1770 and 1810 represent color
commands. Check back to the Introduction or
Appendix E if you’'ve forgotten about them.

10.4.4 The Main Program
Loop of Pianorgan

Now comes Pianorgan’s main program
loop. Lines 1940-1980 scan the keyboard. A
space will end the program; one of the number
keys in the range 1 to 8 will trigger a note;
anything else will be ignored.

Lines 2030-2150 play a note. This section
of the program is relatively short and simple,
thanks to all the setup work the program did

Sounds + Graphics = Magic

earlier. Line 2030 starts the process by setting
a new color. Memory location 646 is used by
the Commodore’s operating system to figure
out what color to draw characters. Then line
2040 draws an open mouth image. The color
and the open mouth string correspond to the
number of the key that’s been pressed. Lines
2050-2060 then set the note’s frequency, and
line 2070 triggers the sound.

The ADSR envelope for Pianorgan’s
sounds has a fast attack rate, a fairly slow
decay rate, and a sustain level that’s about two-
thirds of peak volume. The release rate’s
pretty close to the attack rate. If a note is held
for a short time, it will sound like a piano note.
The longer the note’s held, the more it will
sound like an organ note.

Lines 2090-2100 are the reason we
speeded up the keyboard scan. First, line 2090
gets a keypress and stores it in the variable
KP$. If a key’s being held down, the value of
KP$ will match KP, the number of the note
currently being played. In that case, the pro-
gram does a quick U-turn back to 2090 to read
the keyboard again. As soon as the key’s let
up, line 2100’s matching test will fail, and the
program will go on to end the note. With a
normal keyboard scan rate, these two lines
wouldn’t work correctly; the GET procedure
takes too much time; and it would miss a lot
of key action. The speeded-up scan rate solves
the problem.

The next four lines finish off the note. Line
2120 sets the drawing color back to dark gray.
Line 2130 draws the appropriate closed mouth
image. Line 2140 releases the sound, and then
line 2150 jumps on back to line 1950 to check
for new keypresses.

10.4.5 Closing Thoughts
As mentioned in Section 10.4.3, pressing
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the spacebar ends Pianorgan. Lines 2200-2250
clean up shop. First, line 2200 restores the nor-
mal keyboard scan rate. Line 2210 sets the
character color to white; line 2220 clears the
screen; and lines 2230-2250 play an homage
to thoroughness by resetting the first 24 SID
registers.

There are a number of things you can try
to do with this program. You might want to
add more keys to the instrument, use different
images, add more voices, change the style of
animation, or vary the keyboard action. Com-
modore has put some great hardware into your
computer; with clever software, you can create
animated musical instruments never before
seen or heard.

10.5 SOME THOUGHTS ABOUT
SOUND/IMAGE COORDINATION

There is a marvelous Charlie Chaplin
movie anyone interested in sound/image coor-
dination should see. It’s called City Lights.
Charlie Chaplin had become an expert movie
maker during the days of silent films. He got
so good at his craft that you could almost hear
sounds in those silent films. City Lights was
one of the first films he made with sound.

The sound in that film is used sparingly,
cleverly, and to great effect. Chaplin was a
master of comic and dramatic timing; he was
able to transfer those skills to his work with
sound. Often a sound comes earlier than ex-
pected, telegraphing a forthcoming action.
Sometimes it comes a bit late, increasing the
excitement of a scene. He uses sound spar-
ingly, not wanting to clog the audience’s taste
for it.

The coordination of sounds and images
doesn’t have to be perfect. Often, subtle off-
sets can add to the desired effect. Let the
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minds of your audience do some of the work.
Artists, magicians, and master filmmakers un-
derstand this. Some of the better computer pro-
grammers are starting to learn the same
principles.

10.6 THE FINAL PROGRAM: SEESAW

Figure 10-5 lists our final program, See-
saw. Type it in, save it, run it, and play around
with it. When you finish, come on back for
some explanation.

Two strange creatures appear, one
suspended from a sky hook, the other poised
on a seesaw. When you press the A key, for
Action, the sky hook releases its captive, who
moves with a falling whistle towards the
ground. She/he hits with a ringing vibration,
and the other creature gets launched into the
air. This creature also moves with a whistle,
but now the tone rises until it’s cut short by
the kerchunk of the sky hook snapping shut
on the hapless beast. When the dust clears, the
two creatures have traded situations. This hap-
pens every time you press A. Pressing the
spacebar ends the program.

10.6.1 Setting Up Strings,

Sprites, and Sounds

Like the other programs in this chapter,
Seesaw takes quite a bit of setting up. Each
element is prepared in its own module. Lines
1050-1140 set up four hook images: an open
and a closed hook for each of the two hook
positions. Each hook image is a large string,
built up out of all the fancy characters in the
Commodore’s arsenal: color changers, cursor
controls, display options, and graphics
characters. Parts common to all four hooks are
built up and then combined by lines 1110-1140
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[
(]

Y T T ST TN TN
e T e o T Ty e

SOXNDUTAWN -

S8 68086

REM % SEESAW %%

REM %% SET UP HOOK STRINGS

"E—r=-IARRRE —— "

Hi$ + "CIRNENEER] +— —+ 3"
"IN —— "

HZ? + "AEENNENE ="
"EI'RRERERBERER]"

R$ = "IRRRRRBRRERRERRE|"
PL$ + His®

PL$ + H2$%

PL$ + R$ + His
PL$ + R$ + H2s$

I

N

]
munnu

<

b

“
~e~ e
NN
NN
v
wiaan

REM %% SET UP SEESAW STRINGS

Il _. I!ll

SS$(1)
SS8$(2)

T$ + SS$(1)
T$ + SS$(2)

éEM ¥¥ LOAD IN SPRITE IMAGE

FOR N = 12288 TO 12350
: READ SPDTA

: POKE N, SPDTA

NEXT N

DATA @, 255, a, i, 129, 128
DATA 3, e, 182, 6, 2, 96
DATA 12, e, 48, 24, 231, 24
DATA 48, 165, 12, 32, 231, 4
DATA 32, e, 4, 32, 36, 4
bATA 38, 60, i1@0, 35, 1239, 1896
DATA 48, 231, 12, 24, 60, 24
DATA 14, e, 112, 3, 255, 192
DATA e, 129, o, e, 129, %]
DATA e, 129, o, e, 129, %]
DATA 3, 231, 192
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1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
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éEM %% PRINT PROMPTS

POKE 53281, ) :REM BKGRND BLACK
PRINT o)
PRINT SPC(10@); "PRESS A "3
PRINT "FOR ACTION"

PRINT

PRINT SPC(9); "PRESS ";j

PRINT "EASPACEBAR|E™ TO END"

REM %% SET UP SPRITES

OIC = 53248 :REM GRAPHICS CHIP
POKE 2040, 192 :REM SPRITE @ PNTR
POKE 2041, 192 :REM SPRITE 1 PNTR

éOKE vic, 92 :REM #@ INIT HR POS
POKE VIC+1, 77 :REM H#@ INIT VR POS
POKE VIC+2, 228 :REM #1 INIT HR PS
POKE VIC+3, 150 :REM #H1 INIT VR PS
éDKE VIC+39, 4 :REM #0 STARTS PRPL
POKE VIC+408, 3 :REM #1 STARTS CYAN
POKE VIC+23, 3 :REM EXPAND VERTICL
POKE VIC+29, 3 :REM EXPAND HORIZNT
POKE VIC+21, 3 :REM SPRITES ©@-1 ON
éEM % INITIALIZE SID

SID = 54272 ¢tREM SOUND CHIP
FOR REG = SID TO SID+24

: POKE REG, © t:REM CLEAR IT
NEXT REG

POKE SID+24, 15 ¢tREM MAX VOLUME

REM %% SET VOICE 1 FOR GONG

POKE SID+1, 5 :REM V-1 FREQ
POKE SID+5, 11 :REM ATK=@, DKy=11
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POKE SID+6, 1@ :REM SST=0, RLS=10

£
.

REM %% SET VOICE 2 FOR
WHISTLING FLIGHT

40 POKE SID+12, 12 :REM ATK=0, DKY=12
1850 :

1960 :

18;3 REM ¥ SET VOICE 3 FOR HOOK CLICK

198@ POKE SID+1i5, 21 :REM V-3 FREQ

gg?g POKE SID+20,192 :REM SST=12, RLS=0

W NSO W
Seee

el T TN
wWw wwwo
S

2020 :

ggig REM %% INITIALIZE HOOKS, SEESAW
2050 FH = 1 :REM HOOK 1 IS FULL
2868 EH = 2 :REM HOOK 2 EMPTY
207@ PRINT PH$(FH, 1) :REM PRINT HOOK 1
2080 PRINT PH$(EH, 2) :REM PRINT HOOK 2
2090 PRINT SSW$(1) :REM PRINT SEESAW
2100 :

2110 :

2120 REM %% SCAN KEYBOARD

2130 :

2140 GET KP$%
2150 IF KPS " THEN 2148 :REM SCAN
2168 IF KPS "A" THEN 2230 :REM ACTION
21708 IF KP$ = " " THEN 2980 :REM END IT
2180 GOTO 2140 :REM OTHER KEYS FILTERED
2190 :

2200 :

%%%g REM % RELEASE A SPRITE

2230 POKE SID+18,129 tREM START CLICK
2240 PRINT PH$(FH,2) :tREM HOOK OPENS
2250 FOR DL = 1 TO 40 : NEXT DL

2260 POKE SID+18, 128 :REM END CLICK
2270 POKE VIC + FH + 38, 3 :REM GO CVYAN
2280 :

2290 :

2300 REM ¥ RELEASED SPRITE DROPS

2310 :

2320 POKE SID+8,80 tREM V-2 INIT FRQ
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190

2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
24890
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770

POKE SID+11,17 :REM WHISTLE ON
FOR N = 78 T0 145

: POKE VIC+(FH»%2)-1, N :REM DROP
: POKE SID+8, 158 — N :REM WISL

NEXT N
POKE SID+11,16 :REM WHISTLE OFF

REM %% SEESAW ACTION

POKE SID+4,21 ¢tREM START GONG
PRINT SSW$(3-FH) :REM MOVE SEESAW
POKE VIC+(FH%2)-1,158 :REM MOVE
POKE VIC+(EH%2)>-1,146 :REM SPRITES
POKE SID+4,20 ¢tREM RELEASE GONG

éEM %% VIBRATE FALLEN SPRITE

HR = VIC + (FH»2) - 2 :REM HOR REG
HP = PEEK (HR) ¢:REM HOR POS
CR = VIC + FH + 38 :REM COLR RG
FOR VB =1 T0 S tREM 6 VIBES
: POKE HR, HP - 4 tREM GO LEFT
: POKE CR, 1 ¢tREM GO WHIT
: POKE SID+1, 6 tREM HI FREQ
: POKE HR, HP ¢:REM GO MIDL
: POKE CR, 2 ¢:REM GO RED
: POKE SID+1, 4 :REM LO FREQ
: POKE HR, HP + 4 :REM GO RGHT
H POKE CR, 7 ¢tREM GO YELO
: POKE SID+1, 5 ¢:REM MID FRQ
NEXT VB

POKE HR, HP :REM RESTORE POSITION
POKE CR, 3 tREM RESTORE COLOR

éEM ¥¥% SEESAWED SPRITE RISES UP

POKE SID+8,80 tREM V-2 INIT FRQ
POKE SID+11,17 tREM WHISTLE ON
FOR N = 145 T0O 77 STEP -1

: POKE VIC+(EHX%2)-1, N :REM RISE
: POKE SID+8, 158 - N :REM WISL
NEXT N
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2780 POKE SID+11,186 ¢tREM WHISTLE OFF
2790 :

2800 :

%gég REM % CAPTURE A SPRITE

2830 POKE SID+18,1289 :REM START CLICK
2840 PRINT PH$CEH,1) :REM HOOK CLOSES
2850 FOR DL = 1 TO 48 : NEXT DL

2860 POKE SID+18, 128 :REM END CLICK
2870 POKE VIC + EH + 38, 4 :REM GO PRPL
2880 :

2890 :

%g?g REM ¥ SWITCH FH & EH, GO BACK
2920 TEMP = FH ¢ FH = EH : EH = TEMP
2930 GOTO 2140

2940 :

2950 :

%ggg REM 3 END IT, CLEAN UP, GO HOME
2980 POKE VIC+21,8 :REM SPRITES OFF
2990 POKE SID+24,8 :REM VOLUME OFF

3000 POKE VIC+23,0 :REM VERT EXPAND OFF
3010 POKE VIC+29,8 :REM HORZ EXPAND OFF
3020 PRINT "K' :REM CLEAR SCREEN
3030 :

3040 END

Fig. 10-5. Listing of the program Seesaw.

into the four strings.

Similar techniques are used in lines
1190-1230 to set up two seesaw images. It took
some experimentation to find the keys that
would print out line pieces that gradually rose
and fell. As with the hook images, cursor com-
mands and color controls are included in the
strings; placing the seesaws in the correct
screen position becomes a snap.

The same data is used to create both
sprites. Lines 1280-1310 load the data in. The
data itself is stored in lines 1330-1430.

Lines 1480-1540 print the screen
prompts—very straightforward stuff. Then

lines 1590-1730 give the sprites their initial
VIC settings. Rather than try to calculate the
exact sprite positions, I started with an esti-
mate and then used intelligent searching
techniques (trial and error) to home in on the
right values.

The images are set, so it’s time to prepare
the sounds. SID’s first voice will be used for
the gong; its second voice will provide whis-
tling flights; and the third voice will create the
clunking hook effects. Lines 1780-1820 clear
the 24 important SID registers and set max-
imum volume. Then lines 1870-2000 poke in
the values needed to sculpt the three sounds.
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Once the program gets going, two
variables will be used to keep track of the hook
and creature situation. FH will contain the
number of the hook that’s holding a creature,
and EH will hold the number of the empty
hook. Hook 1 and creature 1 are on the left;
hook 2 and creature 2 are on the right.

Lines 2050-2060 initialize these variables.
Then lines 2070-2090 draw the appropriate
hook and seesaw images. The stage is now set.

10.6.2 Action Breakdown

Lines 2140-2180 form a familiar keyboard-
scanning module. Keys other than A or the
spacebar are ignored. Pressing A initiates an
action cycle; pressing the spacebar ends the
program.

The action cycle breaks down into six
modules: First, the creature held in a sky hook
is released. Second, it drops down whistling.
Third, it hits the seesaw, which switches posi-
tions, along with the two creatures. Fourth, the
recently-fallen creature vibrates. Fifth, the
other sprite rises up into the air, whistling.
Sixth, the rising sprite gets nabbed by its hook.

Lines 2230-2270 take care of releasing a
sprite. The sky hook noise begins, the hook
opens, there’s a short delay, the noise ends;
and the sprite changes color.

Lines 2320-2380 drop the sprite. First, an
initial sound frequency gets set, and the whis-
tling sound starts. Then a loop moves the sprite
down the screen, dropping the frequency as
the sprite drops. At the bottom, the whistling
stops. It has also slowly faded in volume dur-
ing the trip, thanks to a carefully chosen rate
of volume decay.

Then the falling sprite reaches the seesaw,
and you’re ready for the third part of the ac-
tion sequence. A gong noise is initiated; the
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seesaw tilts; the sprite moves; and the gong
noise begins a slow fadeout. All of this occurs
in lines 2430-2470.

Next, lines 2520-2670 vibrate the fallen
sprite. As the frequency of the gong shifts up
and down the scale, the sprite moves back and
forth horizontally and shifts colors. This ac-
tivity is repeated several times. Then, as the
clanging gong fades away, the shaken creature
comes to rest, restored to a healthy cyan color.

Now comes the fifth module of the action
cycle. The other sprite rises into the air. Com-
pare lines 2720-2780 to lines 2320-2380, which
dropped the hanging sprite creature. The two
modules are very much alike. First, voice #2
gets an initial frequency. Then the sound is
gated. The module’s main loop comes next. As
the sprite moves up the screen, voice #2’s fre-
quency rises. Finally, at the top, the whistling
sound is released.

Now comes the sixth part of the action.
Just as a sprite was released in the first part,
now the rising sprite is captured. It all happens
in lines 2830-2870. The hook noise begins; the
hook clamps shut; there’s a bit of a delay; the
hook noise ends; the sprite is drained of
freedom’s color.

The action’s over, and the sprites have ex-
changed situations. The empty hook is now
full, the once-full hook is empty. Line 2920 up-
dates the variables EH and FH to reflect those
sobering facts, and then line 2930 bounces
back to read the keyboard again.

10.6.3 Cleanup and Reflection

Lines 2980-3020 perform a standard
cleanup operation. You might choose to be
more thorough about resetting the SID and
VIC registers.

When I wrote this program, the broad



outlines of the action were implemented first.
Fine-tuning the sounds and sprite motions was
saved for last. This method of problem solv-
ing worked well with Seesaw.

10.7 SOME LAST THOUGHTS
ABOUT COMBINING
SOUND AND GRAPHICS
Before I fade into the final end-of-chapter
exercises, here are some things to keep in mind
when you’re combining sound and graphics:

A very simple ef-
fect can have a
solid impact when
it comes at the
right moment.
When every ele-
ment fits
seamlessly into the
whole effect,
synergy is max-
imized.

Remove excess
decoration. Every
sound and image
should have a clear
purpose.

The individual
elements must aid
one another.

Timing

Fine Tuning

Simplicity

Unity of Design

There’s a lot of sound and graphics magic
waiting inside your Commodore 64 and 128.
Start waving your wand.

10.8 CHAPTER SUMMARY

In this chapter you explored three pro-
grams that mix sound and graphics. More
specifically, I explained:

Sounds + Graphics = Magic

+ How to cultivate synergy, so that the
whole effect of a graphics/sound com-
bination is greater than the sum of the
individual parts

* Techniques that are useful for solving
complex programming tasks

* The program Bouncer, which mixes
character and sprite graphics with sim-
ple sound effects and introduces a sim-
ple wall-bounding technique

*+ The program Pianorgan, which uses
complex character strings and a speeded
up keyboard scan to create an animated
musical instrument

* Coordinating sounds and images in sub-
tle, artistic ways

* The program Seesaw, with a com-
plicated set of actions involving all three
SID voices, two sprites, and complex
character strings

I hope you’ve enjoyed our excursions into
sound and graphics on the Commodore 64 and
128. Stay curious, keep on learning, and have
fun!

10.9 EXERCISES

10.9.1 Self Test
My favorite answers can be found in Sec-
tion 10.9.3.

1. (10.1) When the whole becomes greater
than the sum of the parts, you can call it

2. (10.2) Breaking a complex programming
task down into successively simpler pieces

is known as .
3. (10.3) Parts of a picture that stay still are
known as elements,
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. (10.4) Speeding up the

and parts that move are

elements.

. (10.3) The program Bouncer uses

expressions to check
for blip/wall collisions.

scan in Pianorgan gives us a more respon-
sive musical instrument.

(10.6) In Seesaw, the complex action cy-
cle hasbeenbrokeninto

smaller modules.

10.9.2 Programming Exercises

1. Change the program Bouncer so it
makes noises in a more regular pat-
tern when the sprite bounces into
walls.

2. Change the program Pianorgan so the
heads shimmer colorfully when they
sing.

3. Change the program Seesaw so the

10.9.3
1.

Sk W

creatures move vertically as well as
horizontally when they hit the seesaw.

Answers to Self Test
synergy

top down structured programmmg
static; dynamic

Boolean

keyboard

six

10.9.4 Possible Solutions

to Programming Exercises
1. Load in the program Bouncer. Then
type in the lines shown in Fig. 10-6.

2. Load in the program Pianorgan. Then
type in the lines shown in Fig. 10-7.

3. Load in the program Seesaw. Then
type in the lines shown in Fig. 10-8.

100@ REM %% ROLLER BOUNCER ¥

463 :

1465 FQ = 18 :REM STARTING FREQUENCY
1468 FC = 1.3 :REM FREQ CHANGE FACTOR
1812 FQ = FQ % FC

1814 IF FQ > 100 THEN FC = @.6

1816 IF FQ < 1@ THEN FC = 1.3

1818 :

18302 POKE SID+1, FQ

Fig. 10-6. A possible solution to programming exercise 1.

1000
1275 JIM$
1305 :

2093
2086

= PMS$
JM$IN)

PRINT JM$(KP)

REM %% RAINBORGAN ¥

= PM$(N) + JIMS$
POKE 646, (C(PEEK(B46)+1)AND 15)0R 1

Fig. 10-7. A possible solution to programming exercise 2.
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1000 REM %% MORE SEESAW X
2533 VR = HR + 1

2535 VP = PEEK (VR)
2645 : POKE VR, VP - VB»2
2748 FOR N = 145 TO 77 STEP -1.6
2765 : POKE VR,
VP + (N>115) % (N/3 - 38)

Fig. 10-8. A possible solution to programming exercise 3.
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VIC starting address is 53248 ($D000)

Register number Bit Bit Bit Bit Bit Bit Bit Bit This register
Decimal | Hex 7 6 5 4 3 2 1 0 controls:
0 $00 S0 S0 S0 S0 So [ SO S0 | S0 |[Sprite #0
H7 H6 H5 H4 H3 H2 H1 HO | horizontal position
] $01 ) S0 S0 S0 S0 ) S0 S0 Sprite #0
v7 V6 V5 v4 V3 V2 Vi1 VO vertical position
2 $02 S1 S1 St X S1 S1 S1 St Sprite #1
H7 H6 H5 H4 H3 H2 H1 HO horizontal position
3 %03 s1 s1 st St s1 S1 S1 st Sprite #1
V7 V6 V5 V4 v3 V2 2 Vo vertical position
4 $04 s2 s2 s2 s2 s2 s2 s2 s2 Sprite #2
H7 H6 HS H4 H3 H2 H1 HO horizontal position
5 $05 S2 S2 S2 S2 S2 S2 S2 S2 Sprite #2
V7 V6 V5 V4 v3 V2 Vi Vo vertical position
6 $06 S3 s3 S3 s3 S3 s3 S3 S3 Sprite #3
H7 H6 H5 Ha H3 H2 H1 HO horizontal position
7 $07 S3 S3 S3 sS3 S3 s3 S3 S3 Sprite #3
V7 V6 V5 V4 V3 V2 Vi VO vertical position
8 $08 sS4 sS4 sS4 S4 S4 S4 S4 S4 Sprite #4
H7 H6 H5 H4 H3 H2 H1 HO | horizontal position
9 $09 sS4 sS4 S4 sS4 S4 S4 sS4 sS4 Sprite #4
V7 V6 V5 V4 V3 V2 Vi VO vertical position
H7 H6 HS H4 H3 H2 H1 HO horizontal position
11 $0B S5 S5 S5 S5 S5 S5 S5 S5 Spri}e #5 "
v7 V6 V5 V4 V3 V2 VAl VO vertical position
12 $0C S6 S6 S6 S6 S6 S6 S6 S6 Sprite #6
H7 H6 HS H4 H3 H2 H1 HO horizontal position
13 $0D S6 S6 S6 S6 S6 S6 S6 S6 Sprite #6
V7 V6 V5 V4 v3 v2 V1 ) vertical position
14 $0E S7 S6 s7 7 s7 | s7 s7 s7  |[Seite#7
H7 H6 HS5 H4 H3 H2 H1 HO horizontal position
15 $OF s7 S7 s7 s7 s7 S7 S7 s7 Sprite #7
\'Z4 V6 V5 V4 V3 V2 Vi Vi vertical position
Most significant
S7 S6 S5 sS4 S3 S2 St S0 ; b
16 $10 bit of horizontal
H8 H8 H8 H8 H8 H8 H8 H8 positions
Raster [EXtended| gy v | Blank [24 or 25| Vertical | Vertical | Vertical | | \yisceiianeous
17 $1 bit 8 lor mode screen |fOWS of sg:roll scroll scroll functions
text mode| text bit 2 bit 1 bit 0
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18 $12 Raster | Raster | Raster | Raster | Raster | Raster | Raster | Raster ||Raster
bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 register
19 $13 LP LP LP LP LP LP LP LP Light pen
H7 Hé H5 H4 H3 H2 H1 HO horizontal position
20 $14 LP LP LP LP LP LP LP LP Light pen
v7 V6 V5 v4 V3 v2 "2l Vo vertical position
21 $15 S7 S6 S5 S4 S3 S2 S1 SO Turn sprites
On/off | On/off | On/off | On/off | On/off | On/off | On/off | On/Off on/off
Reset- Multi- |38 or 40 |HorizontallHorizontal| Horizontal | | \iscellaneous
22 $16 — —_— always | color columns |scroll scroll scroll functions
setto0 | mode |oftext |bit2 bit 1 bit 0
23 $17 S7 S6 S5 S4 S3 S2 S SO Expand §prite
EV EV EV EV EV EV EV EV (2x) vertically
Text Text Text Text Char | Char Char Memory pointers
24 $18 screen | screen | screen | screen | dets defs defs — | [for character
bit 3 bit 2 bit 1 bit 0 bit 2 bit 1 bit 0 display, bit map, & screen
Interrupt Light Sprite to | Sprite to | Raster
25 $19 from — —_— — | pen sprite bkgrnd count :r;tgeg:;:t
VIC latched |collision | collision | match
Light |Sprite to | Sprite to| Raster ||e - hie
26 $1A _ _ —_— — | pen sprite bkgrnd | count interrupts
latched jcollision | collision | match
27 $1B S7 S6 S5 S4 S3 S2 S1 SO Sprite to background
SBP SBP SBP SBP SBP SBP SBP SBP priorities
28 1c S7 S6 S5 S4 S3 S2 S1 S0 Select multicolor
$ MCM MCM MCM MCM MCM MCM MCM MCM mode for sprites
29 $1D S7 S6 S5 S4 S3 S2 S1 SO Expand sprite
EH EH EH EH EH EH EH EH (2x) horizontally
30 $1E S7 S6 S5 S4 S3 S2 St SO Sprite to sprite
SSC SSC SSC SSC SSC SSC SSC SSC collision
3 $1IF S7 S6 S5 S4 S3 S2 S1 S0 Sprite to back-
SBC SBC SBC SBC SBC SBC SBC SBC ground collision




VIC starting address is 53248 ($D000)

Register number Bit Bit Bit Bit Bit Bit Bit Bit This register
Decimal | Hex" 7 6 5 4 3 2 1 0 controls:
32 $20 _ _ _ _ Bc.gger Bcgger BoCr<1:|er Bocrger Border color
a3 $21 Bkg0 | BkgO | BkgO | Bkg 0 Background #0
B B B - C3 Cc2 C1 Co color
24 $22 Bkg 1 Bkg 1 Bkg1 | Bkg1 Background #1
- B - - C3 Cc2 (o]] co color
35 $23 _ _ - _ Bkg2 | Bkg2 | Bkg2 | Bkg2 Background #2
C3 C2 C1 [o1] color
36 $24 _ _ _ _ Bkg 3 Bkg Bkg 3 Bkg 3 Background #3
C3 Cc2 C1 Co color
5 _ _ _ _ SMC O] SMCO | SMCO| SMC 0 | |Sprite multicolor
37 $2 c3a | c c1 co #0
ag $26 SMC1}] SMC1] SMC1]| SMC 1 Sprite mutticolor
~ ~ - - C3 c2 C1 Co #1
_ _ _ _ S0 S0 SO SO Sprite #0
39 27 C3 C2 C1 Cco color
_ _ _ ~ S1 St S1 St Sprite #1
40 $28 C3 C2 C1 Co color
_ _ _ _ S2 S2 S2 S2 Sprite #2
4 $29 c3 | c2 | ¢ co color
S3 S3 S3 S3 Sprite #3
42 $2A “ - " ~ C3 (o7] C1 Co color
S4 S4 S4 S4 Sprite #4
43 $28 - - - - c3 c2 ct co color
S5 S5 S5 S5 Sprite #5
44 $2C - - - ~ |l e | c2| o Co color
S6 S6 S6 S6 Sprite #6
45 $20 - - - -~ | ca c2 | c Co color
— — — — S7 S7 S7 S7 Sprite #7
46 $2E c3 c2 | ¢ co color

661




Appendix B
Screen Memory
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(3074

Usual

0
address 0

10

15

Column

20

25

39

Usual
address

1024 —»

0 €—1063

1064 —b

1104 —¥|

1144 —P

1184 —¥

1224 _5_.

5 €—1263

1264 —P

1304 —P

1344 —P;

1384 —P

1424 —19-’

Py
10 24-1463

1464 —P

1504 —b

1544 —P

1584 —

1624 -1—5—9

1664 —¥

1704 —¥

1744 —W

1784 —P

18242—00

1864—9

1904 —P

1944 —h

1984 24

15 ¢—1663

20 ¢—1863

24 €—2023

10

15

Column

25

35

39




Appendix C

Color Memory
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€0c

Usual
address 0

10

15

Color Memory
Column

25

39

Usual
address

55296 —#]

0 €—55335

55336 —pl

55376 —»

55416 —»

55455 —¥

55496 _5.

5 €—55535

55536 —®

55576 —¥

55616 —¥

55656 —p»
10

55696

55736 —B)

55776 —»

10 é" <-55735

55816 —&

55936 —#

55976 —»

56016 —

56056
20

56096 —

56136 —

56176 —

56216 —#

15 €4—55935

20 4—56135

56256 —"’in[
0

10

15

Column

35

39

24 €— 56295
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Screen Display Codes
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e

R ol el E B R E e kol
B NFEHTTUHNHEEPIRIPVINEEEILPIE
mMmmmmmmmmmmmmmmmwmmmmm
ol €00 |a|W|k(G|Z|mm  dEEO . v -
Frjn|el={0]|1|1 [1]=|=]e|* s | 7|\||r|o] 1|~
2 HEEREEHEEEEEEEEEEEEHE

Set

2

™

Set

1

CHRC]
@B

H]

K
L]
lic

L
0]

FRED

WG
K]

Poke

code

128

129
130

131

132

133 |14 83
134 | |&
135 | [8] | E)

136

137

13 MR

139

140

141

142
143

144
145
146

148 | I

Set

2

e
a
b

f

g
h

'

1

p
q
r

T

Set

1

Poke

code

10

1

12
13

14
15

16
17

18
19
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Set
2

U]

4
b
hd
£]

%

Set
1

K

0
1!

[#

W) *®

¥ &
na

4

Poke
code

213

214

215

216

217
218
219

220
221
222

223

224
225
226
227

228
229
230
231

232
233

234

Set
2

X
L

Z

&
N

%

Set
1

g

X| Vv

s

&

+ | +

b

R *®

4

Poke
code

85

86
87

88
89
90
91

92

93

95

96
97

98

100

101

102
103

104
105

106

Set
2
m
=
m

]
2

Set
1

U

U]
2
5

hd
£

B H
i

Poke
code

149
150
151
162

155

157
158

159

161

162

165
166

167

169

170

Set
2

X
v
r 4

£

1

Set
1

Poke
code

21

22

23
24

25

26
27

28
29
30
31

32

35

39

41

42
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Set

r:

I

S SE AL SH THEHOUIREL LG LEE 1B IE TRS
iU SH I AL S ITHEH UG O LI 1B IG RS
SEIB|8|R|B(B|2(2|2%3|88(5(8\%8|c(2|B|2|8
Sofoe| S| p| g S| Bl ™ (0] U] ™ || |e"
(] W] | f | ™[0 N || |
- EHEHBEEEEEEEEEEEBEHEHEE

Set

2__

(1]

E

(3

il
El

- B3 o7 [ ol T ko)

2 NHENHEEEEEEEHEEEEHBHEEE
Sva| af1| N[ w||B|=[|o| | a[v|n]|A|e
w1+ sl 1| [Nt T IO WD|= 0[O | a1 |A|
LT (¥|9le|v(2(2|8|5|0|8|3|8|8|58|3|8|a|2|8
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Display icons
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602

COLOR ICONS
Icon | Key(s) to press What it does Icon Key(s) to press What it does
B |CTRL-1 Text color black £y |€2—-1 Text color orange
|# |CTRL-2 Text color white R |¢e-2 E%X\}vr?o or
B |cTRL-3 Text color red e |€z-3 Iger)\(tt .9:&0'
A |[CTRL4 Text color cyan @ |ec-4 don Goler
A |CTRL-S5 Text color purple B |ex-5 ,T,,Z’Siﬁ,?,bg,ay
CTRL-6 Text color green B |ex-s6 ot gg;g';,
BB |CTRL-7 Text color blue £ |[€e=-7 IS.’{} t?lﬁlgr
CTRL-8 Textcoloryellow || 22 |ex-8 Text color
OTHER ICONS
Icon Key(s)to press What it does lcon Key(s)to press What it does
B |cLR/home Cursor L |shift—CLR/home [Slear
[ |crsR 1 |Sursor O |shift-CRSR Gursor
M [crsr T, [Gurser M |[shit-CRSR —___ |2Hrsor
[ |cTRL-9 Reverse = |CTRL-0 Reverse




Appendix F

Color Codes
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0 - black
1 - white
2 -red

3 - cyan
4 - purple
5 - green
6 - blue
7 - yellow

8 - orange

9 - brown
10 - light red
11 - dark gray
12 - medium gray
13 - light green
14 - light blue
15 - light gray




Appendix G

Normal Sprite Coding Form
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cle

Column
Number

10

1"

16

19

20

21

22

23

Values

128

64

32

16

1128

64

32

16

128

32

Number
codes

Row 0

Row 1

Row 2

Row3

Row 4

Row 5

Row 6

Row 7

Row 8

Row 9

Row 10

Row 11

Row 12

Row 13

Row 14

Row 15

Row 16

Row 17

Row 18

Row 19

Row 20
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Multicolor Sprite Coding Form
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214

Number
codes

Frt

Column
number

Values
Row 0
Row 1

Row 2
Row 3

Row 4

Row 5

Row 6

Row 7

Row 8

Row 9

Row 10
Row 11

Row 12

Row 13
Row 14

Row 15

Row 16

Row 17

Row 18

Row 12

Row 20
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Character Coding Form
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9ie

value

Bit
number

it

128

64

32

16

Byte O

Byte 1

Byte 2

Byte 3

Byte 4

Byte 5

Byte 6

Byte 7




Appendix J

Multicolor
Character Coding Form
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Bit : [ { ' Number
value P 128 | 64 32 : 16 8 : 4 2 : 1 codes
! H l ¥
| ! | |
Byte 0 " ' ' 1
| : b '
Byte 1 | | : !
| | ' !
Byte 2 ! [ | ]
| ' ' |
. ._‘ 1
: i i
o —
]
| | :
' | [
! ! ]
$ ! |
" ! '
1 1 ]
| ' |
1 ' [
) | |
| ) |

' ' ' :

! i : :

e [ H ‘
Background Background Background Lower 3
#0 color #1 color #2 color bits of color
(screencolor) memory

color
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Appendix K

2H x 3V Character
Block Coding Form
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o8leal32l16l 8 | 4 | 2|1 i2eleala2l16] 8] 4| 2] 1
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SID Register Layout

221



ece

SID starting address is 54272 ($D400)

Register number Bit Bit Bit Bit Bit Bit Bit Bit This register
Decimal | Hex 7 6 5 4 3 2 1 0 controls:
Low byte of
0 $00 FR7 FR6 FR5 FR4 FR3 FR2 FR1 FRO frequency
High byte of
1 $01 FR15 | FRi14 FR13 FR12 FR11 FR10 FR9 FR8 frequency
Low byte of
2 $02 PW7 PW6 PW5 PW4 PW3 | PW2 PWi1 PWO pulse width <
High nibble &
3 $03 - - - - pwi1 | Pwio | Pwe | Pws of pulse width |2
Saw- | Trian- Ring Gate and wave -
4 $04 Noise | Pulse tooth | gular Test mod Sync Gate form contro!
5 $05 ATK3 | ATK2 ATK1 | ATKO DCY3 | DCY2 | DCY1 | DCYO Attack/decay
6 $06 SST3 | SST2 SST1 | SSTO RLS3 | RLS2 RLS1 RLSO Sustain/ release
Low byte of
7 $07 FR7 FR6 FR5 FR4 FR3 FR2 FR1 FRO frequency
High byte of
8 $08 FR15 | FR14 | FR13 | FR12 FR11 | FR10 FR9 FR8 frequency
Lowbyte of
9 $09 PW7 PW6 PW5 PwW4 PW3 PW2 PW1 PWO pulse yvtvidth
High nibble of é
10 $0A - - - - PW11 | PW10 | PW9 | PW8 pulse width 3
— [\M]
. Saw- Trian- Ring Gate and wave-
1 $0B Noise | Pulse |, gular Test mod Sync Gate form control
12 $0C ATK3 | ATK2 | ATK1 | ATKO DCcY3 | bcy2 | bcy1 | DCyo | |Attack/decay
13 $0D SST3 SST2 | SST1 | SSTO RLS3 | RLS2 RLS1 RLSO Sustain/ release




gee

Register number Bit Bit Bit Bit Bit Bit Bit Bit This register
Decimal Hex 7 6 5 4 3 2 1 0 controls:
Low byte of
14 $OE FR7 FR6 FR5 FR4 FR3 FR2 FR1 FRO frequency
High byte of
15 $OF FR15 FR14 FR13 FR12 FR11 FR10 FR9 FR8 frequency
16 $10 PW7 | PW6e | PWs | PW4 | PW3 | PW2 | PW1 | PWO t?,ﬁé’ﬁ?a?rf
High nibble <
17 $11 _ - - - PW11 | PW10 | PW9 PwWs8 of pulse width §
. Saw- | Trian- Ring Gate and W
18 $12 Noise | Pulse tooth gular Test mod Sync | Gate “waveform control
19 $13 ATK3 | ATK2 ATK1 ATKO DCY3 | bpcy2 | DCY1 | DCYO Attack/decay
| |
t 20 $14 l SST3 | SST2 SST1 SST0 RLS3 | RLS2 RSL1 | RLSO Sustain/release
' Low 3 bits of cutoff/
21 $15 - - - - - CFR2 | CFR1 | CFRO center frequency “l
High 8 bits of cutoff/ 3|
22 $16 CFR10| CFR9 CFR8 | CFR7 |CFR6 CFR5 | CFR4 | CFR3 center frequency 3
Filter Filter Filter Filter Resonance/ %
23 $17 RES3 | RES2 | REST | RESO | iomall va V2 V1 filter 3
24 $18 V3 High Band | Low  |Volume| Volume| Volume| Volume ] I Filter mode/
silent | pass pass pass 3 2 1 0 volume
25 $19 GPX GPX GPX GPX GPX GPX GPX GPX
7 6 5 4 3 > ] 0 Game paddle X
GPY GPY GPY GPY GPY GPY GPY GPY
26 $20 7 6 5 4 3 2 1 0 Game paddle Y g.
V30 V30 v30 V30 V30 V30 V30 V30 . : ?
27 $21 7 6 5 4 3 2 1 0 Voice 3 oscillator
V3E V3E V3E V3E V3E V3E V3E V3E Voi I
28 $22 |- 6 5 4 3 2 ) 0 oice 3 envelope
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Note Values
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Octave Note Frequency| SID |High byte| Low byte
nam in freq. | of SID of SID
hertz setting lfreq. set.freq. set
0| C 16.4 269 1 13
0| C# 17.3 284 1 28
0| D 18.4 302 1 46
0| D# 19.4 318 1 62
0| E 20.6 338 1 82
0| F 21.8 358 1 102
0| F# 23.1 379 1 1238
0] G 245 402 1 146
0| G# 26.0 427 1 171
0| A 27.5 451 1 195
0 | A# 29.1 477 1 221
o] B 30.9 507 1 251
1] C 327 536 2 24
1] C# 34.6 568 2 56
1{D 36.7 602 2 90
1| D# 389 638 2 126
1 E 412 676 2 164
1 F 43.7 717 2 205
1| F# 46.2 758 2 246
11 G 49.0 804 3 36
1 G# 51.9 851 3 83
1 A 55.0 802 3 134
1 A# 58.3 956 3 188
1 B 61.7 1012 3 244
2] C 65.4 1073 4 49
2] C# 69.3 1137 4 113
2 D 73.4 1204 4 180
2| D# 77.8 1276 4 252
2| E 82.4 1352 5 72
2| F 87.3 1432 5 152
2| F# 92.5 15617 5 237
2| G 98.0 1608 6 72
2 G# 103.8 1703 6 167
2 A 110.0 1804 7 12
2| A# 116.5 1911 7 119
2 B 123.5 2026 7 234
3| C 130.8 2146 8 98
3| C# 138.6 2274 8 226
3| D 146.8 2408 9 104
3 D# 155.6 2553 9 249
3 E 164.8 2703 10 143
3 F 174.6 2864 11 48
3 F# 185.0 3035 1 219
3| G 196.0 3215 12 143
3| G# 207.7 3407 13 79
3| A 220.0 3609 14 25
3| A# 233.1 3824 14 240
3| B 246.9 4050 15 210
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Note Values

Octave Note |Frequency| SID freq. [High byte| Low byte »

name in setting | of SID | of SID
hertz freq. set. Jfreq. set
4] C 261.6 4291 16 195
4| c# | 2772 4547 17 195
4| D 293.7 4818 18 210
4| o# | 3111 5103 19 239
4| E 329.6 5407 21 31
4| F 349.2 5728 22 96
4 | F# | 3700 6070 23 182
4| G 392.0 6431 25 31
4 | G# | 4153 6813 26 157
4 | A 440.0 7218 28 50
4 | A# | 466.2 7648 29 224
4| B 493.9 8102 31 166
s| C 523.3 8584 33 136
5 | C# | 5544 9095 35 135
5| D 587.3 9634 37 162
5| O# | 6223 10208 39 224
5| E 659.3 10815 42 63
s | F 698.5 11458 44 194
s | F# | 7400 12139 47 107
5| G 784.0 12861 50 61
5| G# | 8306 13625 53 57
5| A 880.0 14436 56 100
5 | A# | 9323 15294 59 190
5| B 987.8 16204 63 76
6| C |10465 17167 67 15
6 | C# | 11087 18188 7 12
6| D |11747 19270 75 70
6 | O# | 12445 20415 79 191
6| E |13185 | 21629 84 125
6| F 1396.9 22915 89 131
6 | F# | 1480.0 24278 94 214
6| G |1568.0 25722 100 122
6 | G# |1661.2 27251 106 115
6| A |1760.0 28872 112 200
6 | A# | 1864.7 30589 119 125
6| B |19755 32407 126 151
7|1 ¢ |2083.0 34334 134 30
7| c# | 22175 36377 142 25
7| D | 23493 | 38539 150 139
7 | D# | 2489.0 40831 159 127
7| E 2637.0 43258 168 250
71 F 2793.8 45831 179 7
7 | F# | 2960.0 48557 189 173
7| ¢ |3136.0 51444 200 244
7 | G# | 33224 54502 212 230
71 A 3520.0 57743 225 143
7 | A# | 37293 61177 238 249
7] 8 3951.1 64815 253 47
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Appendix N

ANDing and ORing

ANDing and ORing are logical operations your

Commodore 64 uses to play with bits and check

on the truth of complex expressions. I'll try to

give you a brief glimpse of how they work.
First, a few conventions:

—When the computer tries to decide
whether a number is true or false, any
nonzero number is considered true.

—When the computer looks over a com-
parison, and decides that the com-
parison is true, it assigns it the value
—1. A false comparison is assigned
the value 0.

Here’s a brief program that illustrates
these two conventions at work:

10 IF 8 THEN PRINT “8 IS TRUE”
20 IF 0 THEN PRINT “0 IS TRUE”:
GOTO 40

30 PRINT ““0 IS FALSE”
40 PRINT (9 = 8)
50 PRINT (9 = 9)

Running the program will give these results:

8 IS TRUE
0 IS FALSE
0

-1

The Commodore 64 performs ANDing and
ORing on numbers in the range -32768 to
+32767. The numbers first have any fractional
parts dropped, and then they’re converted into
16-bit binary format. Here are some examples:

ORIGINAL FRACTION 16-BIT BINARY
VALUE DROPPED
-1 -1 111111111111 1111
254.75 254 000000001111 1110

227



ORIGINAL FRACTION 16-BIT BINARY

VALUE DROPPED

513 513 0000 0010 0000 0001
0 0 0000 0000 0000 0000
15.4 15 0000 0000 0000 1111

Note that I have inserted spaces into the
16-bit binary values just to make them easier
for humans to read.

When two numbers are ANDed together,
they’re first put into this chopped-off 16-bit
binary format. Then corresponding bits are
ANDed together according to the following ar-
bitrary rules:

0 0 1 1
ANDO AND1 ANDO ANDI1
0 0 -0 1

The result is then converted back to deci-
mal form. Here are some examples of ANDing:

certain bits in a register off. For example, if
you wanted to turn off bits 4, 5, 6, and 7 in
a register, you’d AND the register value with
the number 15. Take a look at the last exam-
ple to see why this is so.

When two numbers are ORed together,
they’re first put into the familiar chopped-off
16-bit binary format. Then corresponding bits
are ORed together according to the following
arbitrary rules:

(sound familiar?)

0 0 1 1
OR 0 OR 1 OR 0 OR 1
0 1 1 1

The result is then converted back to deci-
mal form. Here are some examples of ORing:

-1 decimal

AND 0 decimal

1111 1111 1111 1111 Dbinary
AND (0000 0000 0000 0000 binary
0000 0000 0000 0000 binary

0 decimal

255 decimal

AND 15 decimal

0000 0000 1111 1111 binary
AND 0000 0000 0000 1111 binary
0000 0000 0000 1111 binary

15 decimal

In graphics and sound programming on the
Commodore 64, ANDing is often used to turn

228

-1 decimal

OR 0 decimal

1111 1111 1111 1111  binary
OR 0000 0000 0000 0000 binary
1111 1111 1111 1111  binary

-1 decimal

537 decimal

OR 131 decimal

0000 0010 0001 1001 binary
OR 0000 0000 1000 0011 binary
0000 0010 1001 1011 binary

67 decimal

In graphics and sound programming on the
Commodore 64, ORing is often used to turn
certain bits in a register on. For example, if
you wanted to turn on bits 0, 1, and 7 in a reg-
ister, you’d OR the register value with the
number 131. Take a look at the last example
to see why this is so.



So much for a brief look at ANDing and  spends most of its time, at its deepest subcon-
ORing. They're really quite remarkable func-  scious levels, ANDing and ORing away several
tions. In fact, your Commodore computer million times each second.
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Appendix O

Assembly Language
Code For Bit Map Clearing

A number of readers have written to me about
the bit-map clearing routine that first appears
in Fig. 5-5. What’s going on? Well, what
follows in an assembly language listing of that
routine. It was written using the Merlin

assembler, available from Roger Wagner
Publishing. I don’t have room here to teach you
about assembly language; look to magazine ar-
ticles and other books for that. This listing
should be helpful to beginners in the arcane art.

12 : program identification ----c-ceccccaaa- :
3 * clear bit map.s *
4 * *
5 * Clears an 8K bit map in the C-64's memory. This *
6 * version perches in the middle of BASIC 2.0's memory *
7 * area. SYS 21248 runs the routine. Developed for the *
g * book Commodore 64 Graphics & Sound Programming. *
* *
10 * Version 1.01 *
11 * 10:18 AM PST July 6, 1983 *
12 * *
13 * Developed using Glen Bredon's Merlin assembler *
14 * *
15 * (C) 1985 by Stan Krute and the Camp Creek Institute *
16 * *
17 B e e ———————————— *
18
19
g? L e L P P PP constants -------c-c-cmmmmnooao *
gg bitMapBs = 8192 ;base address for the bit map
24
25 L et page zero variables -------cce-o-eo *
26 * *
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5300: A9
5302: 85
5304: A9
5306: 85
5308: A2
530A: A0

530C: 98

530D: 91

530F: C8
5310: DO

5312: CA
5313: FO

5315: E6
5317: DO

5319: 60

00
FB
20
FC
20

00

FB
FB

04

FC
F4

indrPtro0 = $00FB sindirect addressing pointer

L L EL LD S St set program origin -------ce--ee-ao
ORG $5300 sthat's 21248 in decimal

L e L e L T e main -—----emmmmmmee e

* main program block

main LDA
STA
LDA
STA
LDX
LDY

TYA

mainLoop STA
INY
BNE

DEX
BEQ

INC
BNE

mainDone RTS

--End assembly, 26 bytes, Errors:

#<bitMapBs
indrPtro0
#>bitMapBs
indrPtro+1
#32

#0

(indrPtro0)

mainLoop

mainDone

indrPtr0+1
mainLoop

;initialize the pointer
;to the start of the bit map

;X will count thru 32 pages of
;memory (32 X 256 = 8192)

;Y indexes bytes on a

jmemory page

;we'll be sticking a 0 in
;each memory location

,Y ;stick a zero in the bit map
;another byte cleared
;256 bytes at a crack

;another page of memory done
;if we've done all 32 pages

;not done yet,so adjust the
;pointer & do another page

sreturn from routine
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Appendix P

Assembly Language
Version of Seesaw

Here’s one I would have liked a few years as the program Seesaw (Fig. 10-5). So you can
back. A real (albeit short) assembly language do some comparison between the two
application with plenty of graphics and sound languages. It was written using the Merlin
examples. The program runs exactly the same assembler. Have fun . . .

1 e program identification -------c-e-o *
2 * *
3 * SEESAW.S *
4 * *
) * SYS 32768 starts the program. Little creatures drop *
6 * from animated hooks, and bounce off a seesaw at the *
7 * bottom of the screen. Appropriate sound effects *
8 * accompany the action. *
9 * *
10 * Version 1.08 *
11 * 5:36 PM PST July 4, 1985 *
12 * *
13 * Developed using Glen Bredon's Merlin assemblers & *
14 * associated tools *
15 * *
1; : (C) 1985 by Stan Krute and the Camp Creek Institute :
18 H e e e ————————— *
19

20

21 L et L L standard constants ------———-c—— *
22

23 CHROUT = $FFD2 ;kernal routine for char. output
24 GETIN = $FFE4 skernal routine for char. input

25

26 pVBlack = 0 ;a screen poke & VIC color code

27 pVWhite = 1 ;a screen poke & VIC color code

28 pVRed = 2 ;a screen poke & VIC color code
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pVCyan
pVPurple
pVYeLow

VIC
hPosRgs

vPosRgs
colorRgs
seeMeRg
vrXReg
hzXReg
border
bkgrnd0
SID
ViFrqlLo
V1FrqHi
ViwavGat
V1AtkDcy
VisstRel
V2FrqLo
V2FrqHi
V2WavGat
V2AtkDey
V2SstRel
V3FrqLo
V3FrgHi
V3WavGat
V3AtkDcy

V3SstRel

filtrvol =

SIDSize

maxVoL
minVoL

noise
triang
ringMod
gateOn
gateOff
dataPtr

spDatSiz

return

nn nouon

n

onnann

D000

oOH Naw

-

39
21
23
29
32
33

$D400
0

o N o U e

;a screen poke & VIC color code
;a screen poke & VIC color code
;a screen poke & VIC color code

;address of the C-64's video chip

sVIC register offset for

;sprite horizontal positions

;VIC register offset for
;jsprite vertical positions
sVIC register offset for
;jsprite colors

;VIC register offset for
;sprite visibility

;VIC register offset for

;vertical expansion settings

;VIC register offset for

shorizontal expansion settings
;VIC register # for border color
;VIC register # for background0

;jcolor

saddress of the C-64's sound chip
;SID register offset for low

ibyte of voice 1 frequency

;SID register offset for high

;byte of voice 1 frequency

;SID register offset for voice 1
;waveform spec and sound gating

3SID register offset for
;voice 1 attack/decay

;SID register offset for
;voice 1 sustain/release

;SID register offset for low

;byte of voice 2 frequency

;SID register offset for high

;byte of voice 2 frequency

;SID register offset for voice 2
;waveform spec and sound gating

3SID register offset for
;voice 2 attack/decay

;SID register offset for
;voice 2 sustain/release

;SID register offset for low

;sbyte of voice 3 frequency

;SID register offset for high

;byte of voice 3 frequency

;SID register offset for voice 3
;waveform spec and sound gating

;SID register offset for
;voice 3 attack/decay

;SID register offset for
;voice 3 sustain/release
;SID register offset for
;filtration and volume

snumber of SID registers

;to set SID's maximum volume

;to set SID's minimum volume

character constants

;SID waveform/gate
;SID waveform/gate
;SID waveform/gate
;SID waveform/gate
;SID waveform/gate

;starting address for set of

register
register
register
register
register

;sprite data pointers
;# of bytes to define a sprite

value
value
value
value
value

;C-64 ASCII for a carriage return
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102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

home
clearScr
upCurs
downCurs
leftCurs
riteCurs
rvrsOn
rvrsOff
white
red

cyan
green
yellow
space
topBar
u2MidBar
uiMidBar
midBar
diMidBar
d2MidBar
botomBar
bullet
upTee
downTee
cross
uLCRound
uRCRound

LeftHook
LHRow
LHCol
riteHook
RHRow
RHCol

SSRow
SsCol
pri1Row
pricCol
pr2Row
pr2cCol

pattern
spritDat

spTopPos
spBtmPos

strEnd
actinKey

endItKey
inPause

midPause
reLDLNum
capDLNum
drpDLNum
rizDLNum
sSADLNum

vbrDLNum

MR IR U U LTI A B

198
210
175
209
177
178
123
213
201

1
26

17
9
21
10
23
9

311111111
12288

77
145

65
32
16
16
112
112
14

14

22

;C-64 ASCII for homing the cursor
;C-64 ASCII for a screen clear
;C-64 ASCII for cursor up

3C-64 ASCII for cursor down

;C-64 ASCII for cursor left

;C-64 ASCII for cursor right

;C-64 ASCII for reverse text on
;C-64 ASCII for reverse text off
;C-64 ASCII for text color white
;C-64 ASCII for text color red
;C-64 ASCII for text color cyan
;C-64 ASCII for text color green
:C-64 ASCII for text color yellow
;C-64 ASCII for a space

;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
3C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element
;C-64 ASCII for a graphics element

our constants -—--------c--mm—mmoo—— *

;numeric code for left hook
srow to start printing left hook
;col. to start printing left hook

;numeric code for right hook
;row to start printing right hook
;col. to start printing right hook

;jrow to start printing seesaw
;col. to start printing seesaw

jrow to start printing 1st prompt
scol. to start printing 1st prompt
srow to start printing 2nd prompt
scol. to start printing 2nd prompt

;pattern for sprite filling
sstarting address for sprite
;data buffer

;upper limit for sprite
;vertical position

;lower limit for sprite
s;vertical position

smarker for the ends of strings
;key code returned when user
swants action (the letter A)
skey code returned when user
;jwants to end things (a space)
;for a pause' inner loop counter
sfor a pause' middle loop counter
;for sprite release action
;pause' outer loop counter

;for sprite capture action
;pause' outer loop counter

;for sprite dropping action
;pause’ outer loop counter

;for sprite rising action
;pause' outer loop counter

;for seesaw action

;pause' outer loop counter

;for vibrational action

;pause' outer loop counter



8000:
8003:
8006:
8009:

800A:
800D:
8010:
8013:
8016:

8019:
801C:
801F:
8022:

8025:

8026:
8027:
8028:
8029:
802a:

802B:
802E:
8030:

8032:
8034:
80362
8039:
803A:

0A
46

E4
F9

41
74

EF

80
80

FF

82

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

201

202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

sSFactor

"

dropFrCn
riseFrCn
vibFrHi

n

vibFrMid

vibFrLo

vibes

of £ =

5 ;a sprite vertical adjustment
;factor for seesaw work

158 ;drop frequency base constant

158 ;rise frequency base constant

6 shigh frequency for vibrating

;sprite noise

* main program block

main JSR
JSR
JSR
RTS

e e

4 smiddle frequency for vibrating
;sprite noise

2 ;low frequency for vibrating
;sprite noise

5 ;# of times sprite vibrates when
;it hits the seesaw

0 ;for grounding out whole registers

------ page zero variables ----------------_%

$00c1 ja pointer for indirect addressing

$00C3 ;a pointer for indirect addressing

global variables at end of program --------- *

------------ main —---c-cmmm ek

setUp ;set up to run the program

operate joperate the seesaw

cleanUp ;clean up any loose ends

sreturn from main

* gset up to run the program

setUp JSR
JSR
JSR
JSR
JSR

JSR
JSR
JSR
JSR

RTS

*

scrnSet ;set the screen
prntPrmp ;print the prompts
prntLCH sprint a left closed hook
prntRPH ;print a right open hook
prntSRzL sprint a seesaw with its
;left side raised
LASpImg ;load the sprite imaging data
spConSet sset the sprite controls
soundSet ;set the sound effects
setHooks ;set which hook's empty,
swhich hook's full
sreturn from setUp

* operate the

operate PHA
TXA
PHA
TYA
PHA

opLoop JSR
CMP
BEQ

opTestl CMP
BNE
JSR
CLV
BVC

-- operate ---------meemcmmo—m e *
seesaw
;save A, X, and Y registers
GETIN jcall the kernal's input routine
#0 ;any key pressed ?
opLcop ;no, so go check again

;yes, so run some tests

#factinKey ;did they press the action key?

opTest2 sno, so try the next test

action ;yes, so provide some action
;force a branch

opLoop
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803C:
803E:

8040:
8041:
8042:
8043:
8044:

8045:

8046:

8047:
804A:
804D:
804F:

8052:
8053:

8054:

8055:
8057:
805A:

805D:
805F:

8062:
8063:

8064:
8065:
8066:

8067:
8069:
806C:
806F:
8072:
8075:

8078:
807A:

807C:
807F:
8080:
8083:
8086:
8088:
8089:

c9
DO

68
A8
68
68

60

48

20
20

20

68
60

48

A9
8D
8D

A9
20

68
60

20
EB

61
3E

D2

00
20
21

93
D2

00
BD
c1
BF
c2
7c

01
1E

4Cc
52
9F
92

82
84

FF

DO
DO

FF

84
84
84
84
84

84

45
20

282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

318
319
320

opTest2 CMP f#lendItKey ;did they press the end-it key ?

BNE opLoop ;no, so scan the keyboard again
;yes, so we're done with operate

PLA sjrestore Y, X, and A registers
TAY
PLA
TAX
PLA
RTS sreturn from operate

[ et L L L T cleanUp ~--=------ccmmcemmm—— oo

* clean up any loose ends

cleanUp PHA ;save the A register
JSR clearSID ;clear the SID registers
JSR resetSpC ;reset the sprite controls
LDA #clearScr ;clear the screen
JSR CHROUT
PLA sjrestore the A register
RTS sreturn from cleanUp
L e e E LR e L e scrnSet -~----ecmmmmmm e e

* get the screen

scrnSet PHA ;save the A register
LDA #pVBlack ;set border and background
STA VIC+border ;to black
STA VIC+bkgrnd0
LDA f#clearScr ;clear the screen
JSR CHROUT
PLA ;restore the A register
RTS s;return from scrnSet
T ittt L Lt Lt bt pProtPrmp ------=-==-------———--e-==

* print prompts

prntPrmp PHA
TXA

pPLoop

prmpt0

PHA

LDX
LDA
STA
LDA
STA
JSR

CPX
BEQ

JSR
DFB
ASC

DFB
ASC
DFB

;save the A and X registers

#0 ;it'll index into prompt data
prRows,X ;move the cursor to the

row ;prompt's starting location
prCols,X

column

mvCrsAbs ;the cursor-moving function

#1 sprint the appropriate prompt
prmpt1

prinThis ;print the Oth prompt
white

'PRESS '

rvrsOn,cyan

.A'

white,rvrsOff




80C2:

80C3:
80C5:
80C8:
80CA:
80CD:

80D0:

80D3:
80D4:

80ES8:

80EB:
80EE:

20
52
00
B8
50

20
05
50
53
12
53
43
05
20

00
E8
EC
DO
68
68

60

20

9E
co

46
20

4C

co
11

4F
41

84

45
20

41
42

4F
4E

84

84

84
84

80

84

84
84

80

84

B2
9D

321
43 54
322
323
324
325
326
327
328

329
330
41 52
331
332

44
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
37
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389

ASC ' FOR ACTION'

49 4F 4E
DFB strEnd

endPr0 CLV ;force a jump down to increment
BVC btPrLup sthe index and test completion

prmpt1 JSR prinThis sprint the 1st prompt
DFB white
ASC 'PRESS '

DFB rvrsOn,cyan
ASC 'SPACEBAR'

DFB white,rvrsOff
ASC ' TO END'

DFB strEnd

btPrLup INX
CPX numPrmps shave we printed all prompts ?

ENE pPLoop sno, so do more

PLA ;jrestore the A and X registers

TAX

PLA

RTS sjreturn from prntPrmp
e PratLCH —---mmmmmmmm e

* print left closed hook

prntLCH PHA ;save the A register

LDA f#LHRow ;move the cursor to its
STA row ;jstarting row and column
LDA #LHCol

STA column
JSR mvCrsabs

JSR prntCHK ;print closed hook

PLA srestore the A register
RTS sjreturn from prntLCH
* === PrNtRCH —-cmm e

* print right closed hook

prntRCH PHA ;jsave the A register

LDA #RHRow smove the cursor to its
STA row sjstarting row and column
LDA #RHCol

STA column
JSR mvCrsAbs

JSR prntCHK ;print closed hook

PLA ;jrestore the A register
RTS ;jreturn from prntRCH
e PrNtCHK ---momcmm e

* print closed hook
prntCHK JSR prinThis sprint the following string

DFB yellow,midBar,downTee
DFB midBar,downCurs,leftCurs
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80F1:
80F4:
80F7:
80FA:
80FD:
8100:
8103:
8106:
8109:
810C:
810F:
8110:

8111:

81123

8113:
8115:
8118:
811A:
811D:

8120:

8123:
8124:

8125:

8126:
8128:
812B:
812D:
8130:

8133:

8136:
8137:

8138:

813B:
813E:
8141:
8144:
8147:
814A:
814D:
8150:
8153:
8156:
8159:
815C:
815F:
8160:

48

A9
8D
A9
8D
20

20

68
60

20

9E
co
9D
9D
co
co
11
9D
9D
co
20
20

00

01
c1
oa
c2
7C

01
c1

c2
7C

38

84

84
84

81

84
84

81

390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

L ittt DL L L PrntLPH —----memmmommmmmemmm oo

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

RTS

* print left

prntLPH PHA ;save the A register
LDA #LHRow smove the cursor to its
STA row ;starting row and column
LDA #LHCol
STA column
JSR mvCrsAbs
JSR prntPHK ;print open hook
PLA ;restore the A register
RTS sreturn from prntLPH
LT ettt et PrntRPH —---——cmmmmmmmmmmme oo
* print right open hook
prntRPH PHA ;save the A register
LDA #RHRow ;move the cursor to its
STA row ;starting row and column
LDA #RHCol
STA column
JSR mvCrsAbs
JSR prntPHK ;print open hook
PLA ;jrestore the A register
RTS sreturn from prntRPH

*

leftCurs,leftCurs,leftCurs
leftCurs,red, space
uLCRound,midBar,upTee
midBar,uRCRound, space
downCurs,leftCurs,leftCurs
leftCurs,leftCurs, leftCurs
leftCurs,leftCurs,leftCurs
space,space,Cross
midBar,space,midBar
cross,space,space

white

strEnd

sreturn from prntCHK

open hook

* print open

prntPHK

JSR

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

hook
prinThis sprint the following string

yellow,midBar,downTee
midBar,downCurs,leftCurs
leftCurs,leftCurs,leftCurs
leftCurs,green, uL.CRound
midBar,midBar,upTee
midBar,midBar, uRCRound
downCurs, leftCurs,leftCurs
leftCurs,leftCurs,leftCurs
leftCurs,leftCurs,leftCurs
midBar,cross,space
space,space,space
space,cross,midBar

white

strEnd

-= pratPHK ---cemmmmmmmccece e m e



8161:

8162:

8163:
8165:
8168:
816A:
816D:

8170:

8173:
81762
8179:
817C:
817F:
8182:
8185:
8188:
818A:

818B:
818C:

818D:

818E:
8190:
8193:
8195:
8198:

819B:

819E:
81A1:
81A4:
81Aa7:
81AA:
81AD:
81B0:
81B3:
81BS:

81B6:
81B7:

81B8:
81B9:
81BA:
81BB:
81BC:

81BD:
81BF:

60

48

A9
8D
A9

48

A9
8D
A9
8D
20

20
9E

D2
cé
co
Cc4
C5

00

68
60

1
(o]
09
c2

00

84

84
84

84

B7
(o]
c4
D1
cé
D2

84

84
84

84

D2
Cc6
D1
c4
c5
B7

467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494

495
496
497
498

500
501

502
503
504
505
506
507
508
509
510
511

512
513
514
515
516
517
518
519
520
521

522
523
524
525
526
527
528
529
530
531
532
533

;return from prntPHK

* print seesaw up on the left

prntSRzL PHA

LDA
STA
LDA
STA
JSR

JSR

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

PLA
RTS

;save the A register

#SSRow ;move the cursor to it's
row ;starting row and column
#SsCol

column

mvCrsAbs

prinThis ;jprint the following string

yellow, topBar,topBar
topBar,u2MidBar,u2MidBar
u2MidBar,u1MidBar,ui1MidBar
uiMidBar,midBar,bullet
midBar,d1MidBar,d1MidBar
d1MidBar,d2MidBar,d2MidBar
d2MidBar ,botomBar ,botomBar
botomBar,white

strEnd

jrestore the A register
sreturn from prntSRzL

----------- PrntSRzR ------eecemmm e

* print seesaw up on the right

prntSRzR PHA

LDA
STA
LDA
STA
JSR

JSR

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

PLA
RTS

;save the A register

#SSRow ;move the cursor to it's
row ;starting row and column
#sscol

column

mvCrsAbs

prinThis sprint the following string

yellow,botomBar,botomBar
botomBar ,d2MidBar,d2MidBar
d2MidBar,d1MidBar,d1MidBar
d1MidBar,midBar,bullet
midBar,uiMidBar,ulMidBar
ulMidBar,u2MidBar,u2MidBar
u2MidBar, topBar, topBar
topBar,white

strEnd

jrestore the A register
sreturn from prntSRzR

------------ LASPIMg -------ccmcccmeme e oo

* load the sprite images

LdSpImg PHA
TXA
PHA
TYA
PHA

LDX
LSDLp0 TXA

;save the A, X, and Y registers

#0 ;start with sprite 0
sdouble the index for
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81C0:
81C1:

81Cc2: -

81C5:
81C7:
81CA:
81cC:
81CF:
81D1:
81D4:
81D6:
81D7:
81D8:

81D9:
81DB:
81DD:
81DF:
81E0:
81E2:

81E4:

81E5:
81E8:

81EA:
81EB:
81EC:
81ED:
81EE:

81EF:

81F0:
81F1:
81F2:
81F3:
81F4:

81F5:
81F7:
81FA:
81FD:
8200:

8203:

g
8204:
8205:

8206:
8209:
820C:
820F:

8212:
8213:
8216:

8218:
821B:
821E:
8221:
8224:
8227:

822A:
822B:

BD
99

99

E8
EC
DO

AD
8D

8D
AD
8D

68
A8

CB
c1
CF
c3
cc

DO
Cc4

00
c1
c3

3F
F7

c3
D5

c4
00

01
c3
DF
D5
17
D6
1D

15

84

84
DO
84
DO

84

84
DO
84
DO

DO

534

535
536

537

538
539
540

541

542

543
544
545
546
547
548
549
550
551

552
553
554
555
556
557
558
559
560
561

562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579

581
582
583
584

585
586
587
588
589
590
591

592
593
594
595
596
597
598
599
600
601

602
603
604
605

ASL ;address work
TAX
LDA sDSrcPtr,X ;set pointers to the
STA pntro0 ;source and target for the
LDA sDBfrPtr,X ;sprite data transfer
STA pntrl
LDA sDSrcPtr+1,X
STA pntroO+1
LDA sDBfrPtr+1,X
STA pntri+l
TXA srestore the index by halving
LSR
TAX
LDY #0 ;it indexes the sprite data
LSDLp1 LDA (pntr0),Y jget a byte of sprite data
STA (pntr1),Y ;store it
INY jup the counter
CPY #spDatSiz ;done yet ?
BNE LSDLp1 ;nope, so continue
INX sanother sprite done
CPX numSprtz ;all done ?
BNE LSDLpO sno, so do one more
PLA ;restore Y, X, and A registers
TAY
PLA
TAX
PLA
RTS jreturn from LASplImg
L ittt spConSet -----c-ce-cemmmmmmeno—— *
* set up the sprite controls
spConSet PHA ;save the A, X, and Y registers
TXA
PHA
TYA
PHA
LDX #0 ;set up sprite 0
sCSLoop LDA sDatPg,X ;set sprite's data pointer
STA dataPtr,X
LDA spColr,X ;set sprite's color
STA VIC+colorRgs,X
TXA ;adjust Y-reg for position indexin
ASL ;by doubling X-register
TAY
LDA hzPosLo,X ;set sprite's horizontal coord
STA VIC+hPosRgs,Y
LDA vrPos,X ;set sprite's vertical coord
STA VIC+vPosRgs,Y
INX janother sprite done
CPX numSprtz ;jdone all sprites yet ?
BNE sCSLoop sno, so do another
LDA spVrXFac ;set the sprites' vertical
STA VIC+vrXReg ;expansion factor
LDA spHzXFac ;set the sprites' vertical
STA VIC+hzXReg ;expansion factor
LDA sprOn ;make sprites visible
STA VIC+seeMeRg
PLA sjrestore the A, X, and Y registers
TAY



822C:
822D:
822E:

822F:

8230:
8231:

8234:
8236:
8239:
823B:
823E:
8240:

8243:
8245:

8248:
824A:
824D:
824F:

8252
8253:

8254:

8255:
8257:
825A:
825C:

825F:
8260:

8261:
8262:
8263:

8264:
8266
82682
826B:
826C:
826E:

8270:
8271:
8272:

8273:

68
68
60

48
20

A9
8D
A9
8D

8D

A9
8D

A9
8D
A9
8D

68
60

48

A9
8D
A9
8D

68
60

61

15
OF
co
14

00
DF

EO

00
00

19
F8

82

D4

D4

D4

D4

D4
D4

84
84

D4

646

667
668

678

PLA
TAX
PLA

RTS

* -

;jreturn from spConSet

---- goundSet -—---cmmemcemmcmceen *

* get the sound effects

soundSet PHA

JSR

LDA
STA
LDA
STA
LDA
STA

LDA
STA

LDA
STA
LDA
STA

PLA
RTS

* _——

;save the A register

clearsiD jclear the SID registers

;prepare voice 1 for gong

#$05 sfrequency = 5 * 256 (1280)
SID+V1FrqHi
#$0B ;attack = 0, decay = 11
SID+V1AtkDcy
#$0A ssustain = 0, release = 10
SID+V1SstRel

jprep voice 2 for whistling flight
#$0C jattack = 0, decay = 12
SID+V2AtkDcy

sprepare voice 3 for hook click
#$15 ;frequency = 21 * 256 (5376)
SID+V3FrqHi
#3$CO ;jsustain = 12, release = 0
SID+V3SstRel

jrestore the A register
sjreturn from soundSet

- --- setHooks *

* set which hook's empty, which hook's full

setHooks PHA

LDA
STA
LDA
STA

PLA
RTS

* initialize

clearSID PHA
TXA
PHA

LDA
LDX
iSLoop STA
INX
CPX
BCC

PLA
TAX
PLA

RTS

;jsave the A register

#LeftHook ;the left hook is full
fullHook

firiteHook ;the right hook is empty
emtyHook

srestore the A register
sreturn from setHooks

____________ clearSiD --*

the SID chip by zeroing registers

;jsave A and X registers

#0 ;we'll store a bunch of zeroes
#0 sthis'll index into the registers
SI1Dh,X ;zero a register

sup the index
#SIDSize jdone yet ?
iSLoop sno, so continue

;restore X and A registers

jreturn from initsid
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679

680
681 ¥ommememmee e action —-—-cmc-mcmmmcmmm e
682
683 * do a complete sprite/seesaw action cycle
684
8274: 20 8A 82 685 action JSR release ;release a sprite
8277: 20 BD 82 686 JSR drop ;drop the released sprite
827A: 20 FA 82 687 JSR seesawAc ;perform the seesaw action
827D: 20 31 83 688 JSR vibrate ;vibrate the fallen sprite
8280: 20 BB 83 689 JSR rise ;the other sprite rises up
8283: 20 F8 83 690 JSR capture ;capture the risen sprite
8286: 20 2B 84 691 JSR hookAdj ;adjust the hook states
8289: 60 692 RTS
693
694
695 ¥eomme e release ----——-—————----m—eem—moo
696
697 * release a sprite
698
828A: 48 699 release PHA ;save the A and X registers
828B: 8A 700 TXA
828C: 48 701 PHA
702
828D: A9 OF 703 actnVoL1 LDA #0+maxVoL ;set maximum volume
828F: 8D 18 D4 704 STA SID+filtrvol
705
8292: A9 81 706 rLStCLk LDA #noise+gateOn ;start the hook click noise
8294: 8D 12 D4 707 STA SID+V3WavGat
708
8297: AD DF 84 709 LDA fullHook ;get the # of the full hook
710 ;(it's also the sprite #)
829A: C9 00 711 CMP #LeftHook ;it's either the left or the
712 sright hook
829C: DO 06 713 BNE rtHkRlse sbranch accordingly
829E: 20 12 81 714 LfHkRlse JSR prntLPH ;print a left open hook
82A1: B8 715 CLV ;force a branch
82A2: 50 03 716 BVC rLDelay ;go delay a bit
82a4: 20 25 81 717 rtHkRlse JSR prntRPH ;print a right open hook
718
82A7: A2 70 719 rLDeLay LDX #reLDLNum j;go delay a bit
82A9: 20 A2 84 720 JSR pausABit
721
82AC: A9 80 722 rLEnCLk LDA #noise+gateOff ;turn off hook click
82AE: 8D 12 D4 723 STA SID+V3WavGat
724
82B1: AE DF 84 725 rLClrChg LDX fullHook ;the hook number is our index
82B4: A9 03 726 LDA #pVCyan ;load the new color code
82B6: 9D 27 DO 727 STA VIC+colorRgs,X
728
82B9: 68 729 PLA ;restore the X and A registers
82BA: AA 730 TAX
82BB: 68 731 PLA
732
82BC: 60 ;gi RTS " jreturn from release
735
736 Femmmmmmmm e e Arop ---==---memmemmmemmm e
737
733 * drop the released sprite
7
82BD: 48 740 drop PHA ;save the A, X, and Y registers
82BE: 8A 741 TXA
82BF: 48 742 PHA
82Cc0: 98 743 TYA
82C1: 48 744 PHA
745
82C2: A9 50 746 dropStWwh LDA #80 sinitialize whistle frequency
82C4: 8D 08 D4 747 STA SID+V2FrqHi
82C7: A9 11 748 LDA #triang+gateOn ;start the whistle noise
82C9: 8D OB D4 ;gg STA SID+V2WavGat
82CC: A2 4E 751 dropVPos LDX #spTopPos+1 ;X keeps track of the sprite's
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82CE:
82D1:
82D2:
82D3:
82D4:

82D7:

82DA:
82DB:
82DD:
82DF:

82E2:
82E4:

82E7:
82EA:
82EB:
82ED:

82EF:
82F1:

82F4:
82F5:
82F6:
82F7:
82F8:

82F9:

82FA:
82FB:
82FC:

82FD:
82FF:

8302:
8305:
8307:

8309:

830C:
830D:

830F:

8312
8313:
8314:
8316:

8319:
831C:
831D:
831E:
8320:

8323:
8325:

8328:

oA
A8
8A
99
8E
38

E9
8D

A2
20
E8
90

A9
8D

68
68
68
60

48
48

A9
8D

AD
DO
20

B8
50

20

oA
AA
A9
9D

AD
0A
AA
A9
9D

A2
20

A9

DF

DE

9E
08

0E
A2

DE

92
DF

10
0B

15
04

DF
06
8D

03
62

96
01

EO
91
01

08
A2

14

84

DO

82

D4

84
82

D4

D4
84

81

DO

84

DO

84

dropLoop

dropFreq

dsubPar

dropDLay

dropLpBt

dropEnWh

e

LDA
ASL
TAY
TXA
STA

STX

SEC
LDA
SBC
STA

LDX
JSR

LDX
INX
CPX
BCC

LDA
STA

PLA
TAY
PLA
TAX
PLA

RTS

jvertical position
fullHook jget ref # of dropped sprite
;double the ref #
smove it to Y
smove vertical pos to A reg
VIC+vPosRgs,Y ;set the dropped sprite's
svertical position

dsubPar+1 j;a cheap storage and subtraction
strick
jprepare to derive new frequency
f#dropFrCn ;the drop frequency constant
0 sminus current vertical position
SID+V2FrqHi ;and set the frequency

#drpDLNum ;go delay a bit

pausABit

dsubPar+1 j;get the vertical pos back
sanother vert position done

#spBtmPos+1 ;done yet ?

dropLoop sno, so continue

#triang+gateOff ;yes, so turn off whistle
SID+V2WavGat

srestore the Y, X, and A registers

sreturn from drop

———— ~- 8@eSaAWAC ------mmmmme e *

* perform the seesaw action

seesawAc

SSAcStGg

sSAcMove

sSFrmLft

sSFrmRit

SSFHSpPAJ

SSEHSpPAJ

sSAcDLay

SSACEnGg

PHA
TXA
PHA

LDA
STA

LDA
CMP
BNE

JSR

CLV
BVC

JSR

ASL
TAX
LDA
STA

LDA
ASL
TAX
LDA
STA

LDX
JSR

LDA

;save the A and X registers

ftriang+ringMod+gateOn ;start the gong noise
SID+ViWavGat

fullHook smove the seesaw, based on
f#iLeftHook ;which hook the sprite
sSFrmRit ;has dropped from

prntSRzR jdropped from left -- move seesaw
jup on the right (down on left)
;force a branch

sSFHSpAj ;to adjust sprite positions

prntSRzL ;jdropped from right -- move seesaw
;jup on the left (down on right)

;double the full hook sprite #

smove it to X for indexing
#spBtmPos+sSFactor ;really bottom 'er out
VIC+VPOSRgs,X

emtyHook ;now adjust the other sprite
;via a similar indexing process

#spBtmPos
VIC+vPosSRgs,X

#sSADLNum ;go delay a bit
pausABit

ftriang+ringMod+gateOff ;end the gong noise
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832A:

832D:
832E:
832F:

8330:

8331
8332:
8333:
8334:
8335:

8336:
8339:
833A:
833B:

833C:
833F:
8342:
8343:
8345:
8348:
8349:
834B:

834E:
8350:
8351:
8354:
8357:
8359:
835C:
835E:

8361:
8364:
836632
8369:

836C:
836F:
8372:
8374:
8377:

8379:

837C:
837F:
8381:
8384:

8387:
838A:
838D
838F:
8392:
8394:

8397:
839A:
839C:
839F:

83A2:
83A3:

8D 04 D4

68
AA
68

60

DF

84

Do
84

84

84

84
DO

Do
D4
84

84
84

84
Do

Do
D4
84

84
84

84
DO

DO
D4
84

84
84

825

836

STA
PLA
PLA
RTS

* e ———

* vibrate the
vibrate PHA
TXA

PHA
TYA
PHA

vibrNdex LDA

vibrSHPs LDA

vibrLoop PHA

STA

STX
LDX
JSR
LDX

LDA
STA
LDA
STA
LDA
STA

STX
LDX
JSR
LDX

LDA
STA
LDA
STA
LDA
STA

STX
LDX
JSR
LDX

vibrLpTs PLA
CLC

SID+ViWavGat

srestore the X and A registers

sreturn from seesawAc

---------- vibrate ----eeememmmm ¥

fallen sprite

;save the A, X, and Y registers

fullHook ;get the dropped sprite's ref. #
juse X for color indexing
;jdouble it for horizontal
;position indexing (Y reg)

VIC+hPosRgs,Y ;set three horz. positions :

vibr1 ;the current horizontal position

#4

vibr2 jcurrent HP plus 4

#8

vibr3 jcurrent HP minus 4

#1 ;A will count our loop
;store count on stack

vibr3 smove sprite to left

VIC+hPosRgs,Y

#pVWhite ;turn sprite white

ViC+colorRgs,X

#vibFrHi ;set sound to high freq.
SID+V1FrqHi

vibr4 ;jset X aside for a pause
f#ivbrDLNum j;and wait a bit

pausABit

vibr4 ;get our color index back
vibr1 sjmove sprite to middle
VIC+hPosRgs,Y

#pVRed sturn sprite red
VIC+colorRgs,X

#vibFrLo ;set sound to low freq.
SID+V1FrqHi

vibr4 ;set X aside for a pause
#vbrDLNum j;and wait a bit

pausABit

vibr4 ;get our color index back
vibr2 ;move sprite to right
VIC+hPosRgs,Y

#pVYeLow jturn sprite yellow
VIC+colorRgs,X

#vibFrMid ;set sound to middle freq.
SID+V1FrqHi

vibr4 ;set X aside for a pause
#vbrDLNum j;and wait a bit

pausABit

vibr4 ;get our color index back

;test for completion



83a4:
83A6:
83A8:

83AA:
83AD:
83B0:
83B2:

83B5:
83B6:
83B7:
83B8:
83B9:

83BA:

69
c9
90
AD
99
A9
9D
68
68
68

60

8E

38
A9
E9
8D

A2
20

EO
BO

A9
8D

68
A8

AA
68

60

01
A6

DA
00

27

50

11
0B

91

EO

9E
08

OE
A2

4D
DF

10
0B

84
DO

DO

D4
D4

84

DO

83

D4

84
83

D4

898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914

944
945

969
970

ADC #1 ;jwe need an INA command
CMP f#vibes+1
BCC vibrLoop ;do another vibe
vibrRstr LDA vibri smove sprite back to middle
STA VIC+hPosRgs,Y
LDA #pVCyan jturn sprite back to cyan
STA VIC+colorRgs,X
PLA ;restore the Y, X, and A registers
TAY
PLA
TAX
PLA
RTS sreturn from vibrate
it T, rige ——--mmm e *

* the other sprite rises up

rise PHA ;save the A, X, and Y registers
TXA
PHA
TYA
PHA
riseStWwh LDA #80 ;jinitialize whistle frequency
STA SID+V2FrqgHi
LDA #triang+gateOn ;start the whistle noise
STA SID+V2WavGat
riseVPos LDX #spBtmPos ;X keeps track of the sprite's
jvertical position
riseLoop LDA emtyHook iget ref # of rising sprite
ASL ;double the ref #
TAY smove it to Y
TXA jmove vertical pos to A reg
STA VIC+VPOsSRgs,Y ;set the rising sprite's
jvertical position
riseFreq STX rSubPar+1 ;a cheap storage and subtraction
strick
SEC iprepare to derive new frequency
LDA #riseFrCn ;the rise frequency constant
rSubPar SBC #0 ;minus current vertical position
STA SID+V2FrqHi j;and set the frequency
riseDLay LDX #rizDLNum ;go delay a bit
JSR pausABit
riseLpBt LDX rSubPar+1 j;get the vertical pos back
DEX sanother vert position done
CPX #spTopPos ;done yet ?
BCS riseLoop sno, so continue
riseEnWwh LDA #triang+gateOff ;yes, so turn off whistle
STA SID+V2WavGat
PLA jrestore the Y, X, and A registers
TAY
PLA
TAX
PLA
RTS sreturn from rise
e ittt L P capture -—----ececccmeeeeeo *

* capture the risen sprite
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83F8: 48 971 capture PHA ;save the A and X registers

83F9: 8A 972 TXA
83FA: 48 973 PHA
974
83FB: A9 81 975 cpStCLk LDA #noise+gateOn ;start the hook click noise
83FD: 8D 12 D4 g;g STA SID+V3WavGat
8400: AD EO 84 978 LDA emtyHook ;get the # of the empty hook
979 ;(it's also the sprite #)
8403: C9 00 980 CMP #LeftHook ;it's either the left or the
981 sright hook
8405: DO 06 982 BNE rtHkCptr ;branch accordingly
8407: 20 C2 80 983 LfHkCptr JSR prntLCH ;print a left closed hook
840A: B8 984 CLV ;force a branch
840B: 50 03 985 BVC cpDeLay ;go delay a bit
840D: 20 D5 80 986 rtHkCptr JSR prntRCH ;print a right closed hook
987
8410: A2 70 988 cpDeLay LDX #capDLNum j;go delay a bit
8412: 20 A2 84 989 JSR pausABit
990
8415: A9 80 991 cpEnCLk LDA #noise+gateOff ;turn off hook click
8417: 8D 12 D4 992 STA SID+V3WavGat
993
841A: AE EO 84 994 cpClrChg LDX emtyHook ;the hook number is our index
841D: A9 04 995 LDA #pVPurple ;load the new color code
841F: 9D 27 DO 996 STA VIC+colorRgs,X
997
8422: A9 00 998 actnVoL2 LDA #0+minVolL jset minimum volume
8424: 8D 18 D4 999 STA SID+filtrVol
1000
8427: 68 1001 PLA ;restore the X and A registers
8428: AA 1002 TAX
8429: 68 1003 PLA
1004
842A: 60 1005 RTS sreturn from capture
1006
1007
1008 *- - -- hookaAdj P e LT L
1009
1010 * adjust the hook states
1011
842B: 48 1012 hookAdj PHA ;save the A and X registers
842C: 8A 1013 TXA
842D: 48 1014 PHA
1015
842E: AD DF 84 1016 LDA fullHook
8431: AE EO 84 1017 LDX emtyHook
8434: 8E DF 84 1018 sSTX fullHook
8437: 8D EO 84 1018 STA emtyHook
. 102
843A: 68 1021 PLA ;restore the X and A registers
843B: AA 1022 TAX
843C: 68 1023 PLA
1024
843D: 60 1025 RTS ;return from hookAdj
1026
1027
1028 ¥emmmmmemcmmmm e mm e resetSpC --==---------cmmmmmmooo
1029
13%2 * reset the sprite controls
843E: 48 1032 resetSpC PHA ;save the A register
1033
843F: A9 00 1034 LDA f#off
8441: 8D 15 DO 1035 STA VIC+seeMeRg ;make sprites go away
8444: 8D 17 DO 1036 STA VIC+vrXReg j;and shut down expansion factors
8447: 8D 1D DO :Ogg STA VIC+hzXReg
0
844A: 68 1039 PLA jrestore the A register
844B: 60 1842 RTS ;return from resetSpC
4
1042
1043 ¥emmmmmme e prinThis --—----c-rommcmmmcoooooo *
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844cC:
844F:

8452:
8453:
8455:
8456

8458:

845A:;
845C:
845E:
8460:
8463:
8464:
8465:

8467:
8468:
8469:
846B:
846D:
846F:
8471
8472:
8474:

8475:
8478:

847B:

847C:
847D:
847E:

847F:
8481:

8484:
8487:
8489:
848B:
848E:
848F:

8491:
8494:
8496
8498:
849B:
849C:

849E:
849F:
84A0:

84A1:

48
8A
48

A9
20

AE
FO
A9
20
CA
Do

AE
FO
A9
20
CA
DO

68
AA
68

60

D8
D9
c3
c4

c3

c4
00

c3

D9
D8

13
D2

c1
08
11
D2
F8
c2

1D
D2

F8

84
84

FF

84
84

FF
84

FF

84

FF

1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
11N
1112
1113
1114
1115
1116

* print the string that follows any jump to this subroutine

* gtring ends are marked

prinThis STA prinTmp1
STY prinTmp2

PLA

STA pntri
PLA

STA pntril+1

LDY #01

pSLoop LDA (pntr1),Y
CMP #strEnd
BEQ pSDone
JSR CHROUT
INY
CLC
BCC pSLoop

pSDone CLC
TYA
ADC pntri
STA pntri
LDA pntri+1
ADC #0
PHA
LDA pntri
PHA

LDY prinTmp2
LDA prinTmp1

RTS

* move the text cursor to

mvCrsAbs PHA
TXA
PHA

LDA #home
JSR CHROUT

doRow LDX row
BEQ doColumn
rowLoop LDA #downCurs
JSR CHROUT
DEX
BNE rowLoop

doColumn LDX column
BEQ mCADone
columLup LDA #riteCurs
JSR CHROUT
DEX
BNE columLup

mCADone PLA
TAX
PLA

RTS

by the value strEnd (typically 0)

isave the A and Y registers

;jmove the return address to pntri
;first the low byte

;then the high

;pntrl now points to one address
;jshort of the start of the string
;we want to print

3it'll count into the string

jget the next char

;is it the end-of-string char ?
jyes, so we've got it printed
suse the built-in char print
;up the counter

;set carry to force a branch
jalways

jnow we'll add the string length
;to get the correct return address
;that's the low byte

spark it for a moment

;jnow the high byte

jget the carry added in

;high byte onto the stack
sparking's over

jand low byte's on the stack

jrestore the A and Y registers
;jreturn from prinThis

MVCYSADS ~=-cmmmeem e *
an absolute screen position

isave A and X registers

shome the cursor
jwith the built-in routine

7do the row -- X does the counting
;if row=0, then go right to column
;move down a row

;one more row done
;1f more to be done

;jdo the column -- X counts again
;if column=0, we're done
;jmove over one column

jone more column done
;if more to be done

;restore the A and X registers

sreturn from mvCrsAbs
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84A2:
84A3:
84A4:
84A5:
84A6:

84A7:
84A8:
84AA:
84AC:
84AD:
84AF:
84B0:
84B2:
84B3:

84B4:

84B6:
84B7:
84B8:
84B9:
84BA:

84BB:

84BC:
84BD:
84BF:

84C3:
84C4:
84C6:
84C7:

02
15
[2:

02
5C
00
4D

ositions

84C9:
84CB:
84CD:
84CF:
84D1:
84D3:
84D4:
84D5:
84D6:
84D7:

84E1:
84E4:
84E7:

04
E1
E1
00
00
co
co
03
03
03

00 FF 00
01 81 80
03 00 CO

17
09

1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134

1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157

1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
ANA

1172
1173
1174
1175
1176
1177
1178
1179
1180
1181

1182
1183
1184
1185
1186
1187

1188

* pause a bit
* X comes in with the outer pause loop counter value

pausABit PHA ;save the A, X, and Y registers
TXA
PHA
TYA
PHA
aPOutLup TXA ;save outer loop counter

LDX #midPause jinitialize middle loop counter
aPMidLup LDY #inPause sinitialize inner loop counter

aPInLup DEY ;decrement the inner counter
BNE aPInLup suntil inner loop finishes
DEX sdecrement the middle counter
BNE aPMidLup ;until middle loop finishes
TAX ;get the outer loop counter
DEX ;decrement the outer counter
BNE aPOutLup ;until outer loop finishes
PLA srestore Y, X, and A registers
TAY
PLA
TAX
PLA
RTS ;return from pausABit
L ettt global variables ----------====-=-- *
numPrmps DFB 2 ;number of prompts
prRows DFB 21,23 ;starting rows for prompts

;starting columns for prompts
;holds row for setting cursor
;holds column for setting cursor

prCols DFB 10,9
row DS 1
column DS 1

numSprtz DFB 2 ;number of sprites

bzPosLo DFB 92,220 ;sprite horizontal positions
hzPosHi DFB %00000000 ;bit #8 for sprite horz. positions
vrPos DFB spTopPos,sthmPos+sSFactor ;sprite vertical p
spColr DFB pVPurple,pVCyan ;sprite colors
sDSrcPtr DA  sOData ;address of sprite 0's data

DA sOData ;address of sprite 1's data
sDBfrPtr DA 12288 ;pointers to sprite

DA 12288 ;data buffer

sDatPg DFB 12288/64 ;sprite data buffer

DFB 12288/64 ;in 64-byte units
spVrXFac DFB %00000011 ;sprite vertical expansion bits
spHzXFac DFB $%00000011 ;sprite horizontal expansion bits
spron DFE %00000011 ;sprite visibility bits

prinTmp1 DS 1 ;short-term storage
prinTmp2 DS 1 sshort-term storage
vibr1 DS 1 ;short-term storage
vibr2 DS 1 ;short-term storage
vibr3 DS 1 ;short-term storage
vibr4 DS 1 ;short-term storage

keyFlag DS 1 sholds result of keyboard scan

fullHook DS 1 ;holds the numeric code of the
;full (shut) hook
sholds the numeric code of the
;empty (open) hook

emtyHook DS 1

L ittt actual sprite data ---------------- *
sObata DFB 0,255,0,1,129,128
DFB 3,0,192,6,0,96



84EA:
84ED:
84F0:
84F3:
84F6:
84F9:
84FC:
84FF:
8502:
85052
8508:
850B:
850E:
8511
8514:
8517:
851A:
851D:

--End

06
oc
18
30
20
20
20
26
23
30
18
(V]
03
00
00
00
00
03

1189
1190
1191
1192
1193
1194
1195
1196
1197

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB

DFB

12,0,48,24,231,24
48,165,12,32,231,4
32,0,4,32,36,4
38,60,100,35,129,196
48,231,12,24,60,24
14,0,112,3,255,192
0,129,0,0,129,0
0,129,0,0,129,0
3,231,192

assembly, 1312 bytes, Errors: 0
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*

4
4-Color Sprite program, 45

A

addressable locations, 9
addresses

color memory, 203

screen memory; 201

VIC, 9
ADSR, 145
ADSR envelope, 128
ADSR envelopes, 151
Alien Walker program, 75
amplitude, 120, 121
amplitude modulator, 125
AND function, 88, 105
AND operation, 227
animation

characters for, 73

developing images for, 53

sprite, 52
arrays

performance, 141, 147
assembly language, 230, 232
attack rate, 128, 129

B
background, 98
Bam-P'Twang program, 168
Bigger Sprite program, 15

250

binary number system, 25
bit map
clearing, 85, 86
bit-map clearing, 230
bit-mapped display with text, 101
bit-mapped mode, 80
color in, 83
multicolor, 116
Bit-Mapped Text program, 102
bits, 25, 88
blocks of memory, 81
Boolean variable, 37
Bouncer program, 176

byte, 83
bytes, 25, 88
(o
caps
sounds of, 165

changing character patterns, 67
character block coding form, 220
character coding form, 216
multicolor, 218
character design, 74
character generator ROM, 62
character memory, 66
character mode
extended background, 111
multicolor memory, 109
character patterns, 62

changing, 67

custom, 66
Character ROM Display program, 63
Character ROM to RAM program, 67
character string, 64
character string movement, 66
character strings, 180
characters

designing, 70 :
characters for animation, 73
chip

graphics, 7

SID, 119
clearing

bit-map, 230
clearing the bit map, 85, 86
Clock program, 158
clock sounds, 157
codes

color, 25, 210

number, 2

pixel, 21

screen display, 71, 205
codes for sprites, 16
coding form

character, 216

character block, 220

sprite, 2, 212
coding forms

sprite, 54



collision detection, 106
color, 9

sprite, 41
color codes, 210
color in the bit-mapped mode, 83
color keys, 61
color memory, 62
color memory addresses, 203
colors, 21

random, 86

sprite, 24
colors in the multicolor mode, 42
Commodore key, 61
Complex Clones program, 29
control key, 61
coordination

sound/image, 186
Coventry Carol program, 152
CTRL key, 61
custom character patterns, 66
Custom Muiticolor program, 112

D

data

dummy, 56

sprite, 7, 14, 30

sprite pixel, 50
data pointers

sprite, 21, 24, 29
data statements, 15
decay rate, 128, 129
defining a sprite pattern, 3
dental floss, 119
design

sprite, 15, 21

unity of, 193
Design a Sprite program, 14
design of characters, 74
designing a multicolor sprite, 43
designing characters, 70
detection

collision, 106
direction of sprite movement, 37
direction switches

joystick, 104
display

graphics, 7

text, 7, 80
display codes

screen, 71
display icons, 209
display of sprites, 9
doodler

electronic, 80
drawing program, S0
dummy data, 56
durations of notes, 140

E
eavesdropping, 162
effects
sound, 157

envelope
ADSR, 128
envelope generator, 125, 131
eraser, 66
exercises
programming, 94
exercises, 17, 38, 57, 78, 94, 117,
136, 153, 172, 193
programming, 39, 58
expanded sprite position, 15
expansion
sprite, 15, 26
extended background character
mode, 111
Extended Background program, 115

F

face

flying, 64
false code, 12
Fast Random Draw program, 87
Fly the Face program, 64
form

sprite coding, 2
frequencies of musical notes, 133
frequency, 120

voice, 125

G

gating the envelope generator, 131
generator

envelope, 1256

waveform, 124
Gong Machine program, 161
gong sounds, 160
graphics chip, 7
graphics display, 7
graphics icons, 6

H

horizontal position, 9

sprite, 11
horizontal positions, 10
horizontal sprite expansion, 15
horizontal sprite position, 24
horse

galloping, 165
Horse program, 166

1
icons
display, 209
graphics, 6
images for animation, 53
integrated circuit
vici,7

J
Joyous Collision program, 107
joysticks, 101
Juggling Fool program, 54
Juke Box program, 154

K
keyboard, 61
keypress test, 9
keys, 61
repeating, 61

L

language

assembly, 230, 232

machine, 86
loading sprite data, 14, 30, 56
location of sprite data, 7
locations

addressable, 9

memory, 25

sprite, 21, 24, 35

sprite data, 29
logical operations, 227
loops for sprite data, 50
loudness, 120

M
machine language, 86
Mad Computer program, 163
memory
character, 66
color, 62
screen, 62
memory blocks, 81
memory locations, 25
memory locations for sprites, 21, 24,
29

Minimal Siren program, 124
mode

bit-mapped, 80

multicolor, 41
modular thinking, 175
modulation

ring, 160
modulator

amplitude, 125
movement

character string, 66

sprite, 30, 51
movements

sprite, 35

moving character generator ROM to
RAM, 67
multicolor bit-mapped mode, 116
multicolor character coding form,
218
multicolor character mode, 109
multicolor mode
colors in, 42
muliticolor sprite
designing, 43
multicolor sprite coding form, 214
multicolor sprite mode, 41
multiple sprite data
storing, 29
multiple sprites, 21, 24, 29
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music

reading, 139
musical note values, 225
musical notes, 133

N

nibble, 83
noise

white, 167
normal sprite coding form, 212
note durations, 140
note values, 225
note/octave string, 145
notes

musical, 133
number codes, 2
number codes for sprites, 16
number system

binary, 256

o

octave

reference, 139
operations

logical, 227
OR operation, 227
oscillator

tone, 124
output

ring-modulated, 160
oven rack, 119
Over and Under program, 99
overlap

sprite, 47, 50

P

patterns. random, 86
pattern

sprite, 1, 3
patterns

character, 62

repetitive, 51
performance arrays, 141, 147
Pianorgan program, 181
pitch, 120
pixel codes

sprite, 21
pixel data

sprite, 50
pixels, 1, 16, 80, 88

transparent, 47
Play Some Sounds program, 134
pointers

sprite data, 21, 24, 29
position

expanded sprite, 15

horizontal, 11

sprite, 9
positions

screen, 10, 24
priority

sprite-to-background, 98
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sprite-to-sprite, 47
program
4-Color Sprite, 45
Alien Walker, 75
Bam-P'Twang, 168
Bigger Sprite, 15
bit-map clearing, 230
Bit-Mapped Text, 102
Bouncer, 176
Character ROM Display, 63
Character ROM to RAM, 67
Clock, 158
Complex Clones, 29
Coventry Carol, 152
Custom Multicolor, 112
Design a Sprite, 14
Extended Background, 115
Fast Random Draw, 87
Fly the Face, 64
Gong Machine, 161
Horse, 166
Joyous Collision, 107
Juggling Fool, 54
Juke Box, 154
Mad Computer, 163
Minimal Siren, 124
Over and Under, 99
Pianorgan, 181
Play Some Sounds, 134
Pulzer Zone, 170
Random Draw, 84
Read Music, 142
Seesaw, 187, 232
Sideways Sprite, 13
Simple Clones, 22
Simple Sprite, 8
Sketch, 80
Sprite Overlap, 48
Sprite Yo-Yo, 11
Spritely Chase, 34
spritely couple, 32
Three-Part Song, 148
programming
structured, 176
programming exercises, 17, 39, 58,
78,94, 117, 137, 154, 172, 194
pulse width
setting, 126
Pulzer Zone program, 170

R

Random Draw program, 84
Read Music program, 142
read statement, 14
reference octave, 139
register

miniature, 25
register layout

SID, 125, 222

VIC, 197
registers

restoring, 9

sprite expansion, 15

VIC-II, 9
release rate, 128, 129
repeating keys, 61
repetitive patterns, 51
restoring registers, 9
ring modulation, 160
ROM, 66

character generator, 62
RVS OFF key, 61
RVS ON key, 61

S
screen display codes, 71, 205
screen memory, 62
screen memory addresses, 201
screen positions
sprite, 24
Seesaw program, 187
assembly language version, 232
self test, 17, 38, 78, 94, 117, 136,
1563, 172
self text, 193
set
voice, 125
shape
wave, 124
SID chip, 119, 124
SID register layout, 125, 222
Sideways Sprite program, 13
Simple Clones program, 22
Simple Sprite program, 8
simplicity, 193
Sketch program, 90
sound, 119
turning on, 131
sound effects, 157
Sound Interface Device, 124
sound/image coordination, 186
sounds
gong, 160
sprite
muiticolor, 43
sprite animation, 52
sprite coding form, 2
multicolor, 214
normal, 212
sprite coding forms, 54
sprite colors, 21, 24
sprite data, 7, 14
loading, 30, 56
storing, 29
sprite data pointers, 21, 24, 29
sprite design, 15
sprite expansion, 15
sprite horizontal position, 11
sprite locations, 35
sprite movement, 30, 51
direction of, 37
sprite movements, 35
sprite multicolor mode, 41



Sprite Overlap program, 48
sprite pattern

defining, 3
sprite pixel codes, 21
sprite pixel data, 50
sprite position, 9
sprite screen positions, 24
sprite yo-yo, 10
Sprite Yo-Yo program, 11
sprite-to-background priority, 98
sprite-to-sprite collisions, 106
sprite-to-sprite priority, 47
Spritely Chase program, 34
Spritely Couple program, 32
sprites, 1, 16

displaying, 9

multiple, 21, 29

turning on, 25
statement

read, 14
statements

data, 15
storing muitiple sprite data, 29
string

character, 64
structured programming, 176
sustain level, 128, 129
switches

joystick, 104
synergy, 175
synthesizers, 124

Edited by Marilyn L. Johnson

tost
Boolean, 37
self, 38
text
bit-mapped, 102
bit-mapped display with, 101
text display, 7
thinking
modular, 175
three voice example, 147
Three-Part Song program, 148
timing, 193
tone oscillator, 124
top-down programming, 176
transparent pixels, 47
tremolo, 162
true and false, 12
true code, 12
true/false test, 37
tuning
fine, 193
tuning fork, 119
turning a sound on, 131
turning on sprites, 25
Twilight Zone, 170

v
unity of design, 193

Vv
values

note, 225
variable

Boolean, 37
vertical position, 9
vertical positions, 10

vertical sprite expansion, 15

vertical sprite position, 24
vibrato, 162

vViCl,7

VIC register layout, 197
Video Interface Chip, 7
voice frequency, 125
voice set, 125

voices, 124, 146
volume, 120

volume control, 131
volume variations, 128

w

wave

sound, 119
waveform, 145

setting, 126
waveform generator, 124
waveforms, 120
white noise, 167
width

pulse, 126

yo-yo
sprite, 10
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SOFTWARE
AVAILABLE

Commodore 64/128 Graphics
and Sound Programming—2nd Edition

If you are intrigued with the possibilities of the programs included in Commodore 64/128 Graphics
and Sound Programming—2nd Edition (TAB Book No. 2640), you should definitely consider hav-
ing the ready-to-run disk containing the software applications. This software is guaranteed free
of manufacturer’s defects. (If you have any problems, return the disk within 30 days, and we'll
send you a new one.) Not only will you save the time and effort of typing the programs, the disk
eliminates the possibility of errors that can prevent the programs from functioning. Interested?

Available on disk for Commodore 64 and 128 at $19.95 for each disk plus $1.00 shipping and
handling.

I’'m interested. Send me:

disk for Commodore 64 and 128 (6425S)

TAB BOOKS catalog

Check/Money Order enclosed for $19.95

plus $1.00 shipping and handling for each disk ordered.

VIBA ______ MasterCard
Account No. Expires
Name
Address

|
|
|
|
|
|
|
|
|
I
]
|
|
1 ciy State Zip
|
|
I
|
I
|
|
|
|
|
i

Signature

Mail To: TAB BOOKS Inc.
P.O. Box 40
Blue Ridge Summit, PA
17214

(Pa. add 6% sales tax. Orders outside U.S. must be prepaid with international money orders in U.S. dollars.)
TAB 2640

I
|
|
i
1
I
i
|
i
|
1
i
1
|
1
1
i
I
|
i
i
i
i
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Commodore 64"/128 ™ Graphics and

Sound Programming—2nd Edition
Stan Krute

Completely revised and expanded
with new programs and techniques, plus details on the C-128’s graphics!

Discover how to get far more from the graphics and sound capabilities
of your C-64 or C-128 than you’ve ever thought possible! All you need is
here in this completely revised and expanded new edition of a guidebook
that’s been hailed as the best in its field!

Here’s all the hands-on, learn-by-doing information you’ll need to start
taking full advantage of your Commodore’s exceptional graphics powers—
sprite, character, and bit-mapped graphics. Plus, you’ll find out how to utilize
all of your machine’s advanced three-voice music synthesizer chip. Best of
all, you’ll find a whole collection of new programs to demonstrate how each
concept operates on both the C-64 and the C-128!

Sample exercises plus clear, concise explanations make it easy to mas-
ter each technique. Then you’ll see how to combine these various concepts
using a wide range of ready-to-run programs especially designed by the au-
thor to make the most of your Commodore’s graphics and sound capabilities.
From here on out, you'll be able to use the same principles to create your
own original programs for business, household use, or game playing ap-
plications!

In fact, the programs included here are alone worth far more than the
price of the book. In this new edition, Krute has included nearly 75 programs
for both the C-64 and the C-128, each one with thorough description, com-
plete program listing, and summary of what the program has been designed
to accomplish. Plus there’s all the expert advice and guidance you need to
get you started designing your own sprites and custom characters as well
as exciting sound programs in both 64 and 128 modes!

Stan Krute is an experienced writer, programmer, and artist who has
taught on the elementary, secondary, and junior college levels. He currently
teaches and lectures on various computer topics including sound and
graphics programming. The first edition of his Commodore 64 Graphics and
Sound Programming sold more than 35,000 copies!

TAB BOOKS Inc.

Blue Ridge Summit, Pa. 17214

Send for FREE TAB Catalog describing over 750 current titles in print.

FPT > $14.95 ISBN 0-830L-0340-9

PRICES HIGHER IN CANADA 1445-0386




