




















































































































































































































































































































































































































PROGRAMMING SOUND AND MUSIC 

2. Write a program that employs a FOR loop to change the value ofF. MakeF 
span the range 0 to 65535 by using various STEP increments. Each value of 
F should be transmitted to SID with a PO KE so you can hear the result. Try 
having F go from 65535 to 0 (use a negative STEP value). A further en­
hancement would be to insert a delay loop, so the tone remains steady for 
each value of F. 

3. Now try changing the volume by using a FOR loop. Choose a frequency 
and let it sound continuously. Change the volume automatically by using a 
POKE to location S+24. 

11-8 . .. Waveforms 

In Program 11-1, the following line was included: 

140 POKE S+4,16+1 

The SID location S +4 is known as the control register for Voice 1. Each of the eight 
bits of this register controls some aspect of Voice 1 operation. The four high-order 
bits allow us to select a waveform. The four low-order bits of this register have a 
purpose too. We really don't want to concern ourselves very much with the low­
order bits at this time. It is worth noting, however, that the lowest order bit (with a 
value of 1) is the gate bit and is required to initiate sound output. In the example line 
140 above, the value 16 + 1 is entered into the control register location with a POKE. 
The number 16 represents one of the high-order bits and selects a waveform. We 
add one to this to set the gate bit as well. 

The names of the waveforms are based on their appearance on an electronic 
instrument called an oscilloscope. The four waveforms available are triangle, 
sawtooth, pulse, and noise. Each is selected by setting the proper bit in the register, 
using values of 16, 32, 64, and 128, respectively. In the previous example, the tri­
angle waveform was selected by using the value 16. That's a good place to start. 

· .. The Triangle Waveform 
The triangle waveform is an approximation of a sine wave. In musical terms, 
however, it does contain odd harmonics (although it is not particularly rich in 
them). It is pleasant and somewhat hollow sounding, rather like a flute. 

· .. The Sawtooth Waveform 
For a brighter, more brassy sound than the triangle waveform, you would select the 
sawtooth wave. The sawtooth contains odd and even harmonics, both in reasonably 
high proportion. 

· .. The Pulse Waveform 
The pulse waveform is really an adjustable rectangular wave. The pulse width of a 
rectangular wave determines its harmonic content. For SID, the pulse width can 
range from 0 to 4095. The value 2048, right in the middle of the range, will cause a 
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square wave to be emitted. We must use a set of two POKE statements to assign the 
desired pulse width to locations S + 2 and S +3, similar to the way we assigned the 
frequency. For our sample programs, we will use these statements to assign the 
pulse width P to SID's Voice 1: 

POKE S+2,P AND 255 
POKE S+3,P/256 

In contrast to a frequency value, a pulse width value cannot exceed 32768. 
Therefore we are able to use a simpler expression for the first POKE. 

You will be able to generate a tone that varies from bright and hollow (a square 
wave, PW = 2048) to nasal and reedy (a narrow pulse, PW = 50). Pulse width 
values in the range from 0 to 2047 will sound just like those in the range 4095 to 2049. 
Values less than about 50 or greater than about 4045 are generally too quiet to be 
useful. Note that locations S +2 and S +3 will only affect the sound output when the 
pulse waveform is selected . 

. . . The Boise Waveform 
The noise waveform is of a random nature. Although the noise waveform is 
essentially unpitched, the frequency value selected does have a significant effect. 
The output can be varied from a scratchy rumble to a rushing or hissy sound. Noise 
waves make it possible to simulate drums that are highly percussive and have no 
definite pitch. They are also useful for special effects such as explosions, missiles, 
gunshots, wind, etc . 

. . . SlJ!4l4Al1.Y 
We have learned that SID is capable of a variety of waveforms. Each waveform, 
because of its harmonic content, produces a unique sound. The triangle and 
sawtooth waves are the basis of conventional music. The pulse waveform, in 
addition to frequency control, has a variable pulse width. The noise waveform is 
most useful for special effects. 

To produce any sound output at all from any of the voices, a waveform must be 
selected for that voice. It is strongly suggested that you select only one waveform 
per voice, however. As it happens, the waveforms do not add together, as you 
might expect. Furthermore, there is a possibility that the noise output will "lock up" 
if it is selected along with any other waveform. 

Problems for Section 11-8 . ........................ . 
1. Modify line 140 of Program 11-1, replacing the value 16 with 32 and 128. 

This will allow you to sample the sawtooth and noise waveforms, respec­
tively. Be sure to include + 1 after the waveform selection value. A further 
program modification would be to prompt for a waveform value in 
addition to the frequency. In this way you could readily compare the 
different waveforms at various frequencies. 

2. Create a program that selects the pulse waveform for Voice 1. For sim­
plicity, select one frequency and use it for the duration of the program. For 
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this experiment, frequencies in the range from 500 to 4000 will probably be 
most effective. Prompt for a pulse width in the same way we accepted a 
frequency in Program 11-1. Remember to use two POKE statements to 
place the pulse width into locations S+2 and S+3. 

11-3 . .. The Bnvelope Generator 
In addition to a tone source, each of SID's voices has an envelope generator. (Once 
again, although we will limit ourselves to Voice 1, what we learn will apply to all of 
the voices.) The job of an envelope generator is to control the volume of a musical 
tone as it is played. There are a few instruments (an organ, for example), that simply 
switch their tones on and off. More often, when a note is first played, it takes a little 
time for the note to reach full volume. Even more significant is that most 
instruments don't end their notes immediately, but rather take a while to fade away. 
We may program the envelope generator to produce realistic imitations of common 
instruments as well as creating new instruments of our own . 

.. . GatlDg 
In the previ0us section we discovered the control register for Voice 1. The low­
order bit (value 1) was termed the gate bit. It is helpful to think of the gate bit as a 
piano key. We learned that the gate bit must be set to 1 to cause sound to be 
produced by the tone source. This bit tells SID to begin to sound the note. It's much 
like pressing a piano key. Then, should you reset this bit, the note will cease to 
sound. This action, of course, is just like releasing the piano key. 

We will gate the tone source for Voice 1 by controlling only the gate bit within 
the Control Register. After all, we don't want to change the waveform that we have 
selected. Assuming that we have the waveform selection stored in the variable W 
(having the value 16, 32, 64, or 128), the following will gate Voice 1: 

POKE S+4, W+1 

To release Voice 1, we would execute: 

POKE S+4, W 

At the time we choose to gate the tone source, we will have already set the proper 
parameters (for example, frequency) for the note we wish to play. Then we would 
release the note, change the frequency, and gate the next note. 

It is plain to see that the gate bit is used to turn the tone source on and off. But 
gating really controls the envelope generator, and it is the envelope generator that 
actually controls the voice . 

. . . Attack/Decay/Sustain/ltelease 
The envelope generator controls four parameters: attack time, decay time, sustain 
level, and release time. Each of these is fully programmable by specifying a value 
ranging from 0 to 15. 

Attack time is defined as the time it takes for a note to reach its maximum 
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volume after it has been gated. Specifying an attack time of 0 tells SID to use the 
minimum time of 0.002 seconds. The maximum attack is eight seconds and is 
obtained with the value 15. The attack period begins when the gate bit is set to I. 
During the attack period, the volume of the tone source will gradually increase until 
it reaches maximum. 

The decay period begins as soon as the attack period ends. Using the values 0 to 
15, the decay may range from a minimum of 0.006 seconds to a maximum of 24 
seconds. The volume of the tone source will decrease evenly until, at the end of the 
decay phase, it reaches the sustain level. 

The sustain level, ranging from 0 to 15, determines the volume of the tone 
source during the remainder of the gating. After the decay period ends, the volume 
will remain indefinitely at the sustain level-as long as the gate bit stays set. 

When the gate bit is finally cleared, the release period starts. The release values 
o to 15 have the same absolute time durations as the decay values. During the release 
phase, the volume of the tone source will gradually decrease until it finally reaches 
zero. The voice will then remain quiet until it is once again gated. 

The acronym ADSR is commonly used to represent the attack! decay/ sustain/ 
release cycle. Each of the conventional musical instruments has its own natural 
envelope. Although natural envelopes are often complicated and even change 
dynamically, we can approximate many instruments by choosing the proper 
ADSR. 

An organ, for example, has ADSR values of 0/0/15/0. This means that, once 
gated, the sound takes a minimum amount of time to build up to a full sustain level. 
The sound remains at full volume until the gate bit is cleared, and then stops almost 
immediately. On the other hand, the ADSR of a piano is more likeO/lO/O/O. Like 
the organ, the piano sound begins immediately. But, unlike an organ, the volume of· 
a piano note begins to decrease just after the key is pressed. The sustain is zero 
because, no matter how long you hold the key, the sound will decay to nothing. The 
release value is also zero, ensuring that the sound ends as soon as the key is released, 
even if this is before the decay period has finished. 

Figure II-I is a graphic representation of the ADSR cycle. You can see that, 
before gating, the volume is zero. The attack period begins immediately when the 
gate bit is set, and is then followed by the decay. The volume remains at the 
intermediate level until the gate bit is reset. Then the release interval begins, with 
the volume returning ,to zero. The actual time values for the attack, decay, and 
release periods are given in Table II-2. 

S 

PEAK AMPLITUDE--+--- PERIOD 
-A-,.DJ-SUSTAIN-- R-

ZERO AMPLITUDE 

INTERMEDIATE 
LEVEL 

Figure 11-1. The ADSR cycle. (Courtesy of Commodore Electronics Limited.) 
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VALUE AftACKBATE DECAY/lUDLlLABE BATE 
('.rime/Cycle) (Time/Cycle) 

0 2 ms 6 ms 
1 8 ms 24 ms 
2 16 ms 48 ms 
3 24 ms 72 ms 
4 38 ms 114 ms 
5 56 ms 168 ms 
6 68 ms 204 ms 
7 80 ms 240 ms 
8 100 ms 300 ms 
9 250 ms 750 ms 

10 500 ms 1.5 s 
11 800 ms 2.4 s 
12 17 s 3 s 
13 3 s 9 s 
14 5 s 15 s 
15 8 s 24 s 

Table 11-2. ADSR Timing Values. (Courtesy of Commodore Electronics Limited.) 

... PlayiDg a 80114 with SID 
It's time to see how the various things we've learned about SID fit together. 
Program 11-2 does just that. Before we go into the analysis of how this program 
works, you might want to enter and run it. 

10 S=54272 
20 FOR 1=0 TO 24 : POKE S+I,O NEXT I 
100 POKE S+5, 0*16 +10 
110 POKE S+6, 0*16 + 0 
120 W=16 
180 POKE S+24,15 
200 READ F,D : IF F=O THEN 900 
210 POKE S,(F-32768) AND 255 
220 POKE S+1,F/256 
300 POKE S+4,W+1 
320 FOR 1=1 TO 0*50 : NEXT I 
360 POKE S+4,W 
390 GOTO 200 
900 END 
9000 DATA 4291,4 
9010 DATA 4817,2 
9020 DATA 5407,4 
9030 DATA 4817,4 
9040 DATA 5407,2 
9050 DATA 5728,4 
9060 DATA 5407,2 
9070 DATA 4817,4 
9080 DATA 4291,4 
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9090 DATA 4817,2 
9100· DATA 5407,4 
9110 DATA 4817,2 
9120 DATA 4291,6 
9130 DATA 5407,4 
9140 DATA 4817,8 
9999 DATA 0,0 

Program 11-2. Playing a melody. 

Program 11-2 plays the melody of a simple song. The melody and rhythm are 
stored in DATA statements. The data are read and transmitted by POKE 
statements to the SID locations that control Voice 1. Although the program was 
originally intended to sound like a piano, you can easily change the waveform and 
ADSR parameters. The DATA statements, of course, may be replaced to play any 
song you wish. Let's see how it works . . . 

The first two lines of the program, 10 and20, are our standard SID initialization. 
The attack and decay periods are determined by line 100. To sound like a piano, we 
have chosen an attack of 0 and a decay of 10. Rather than simply POKE the value 10 
into location S +5, we chose to clearly demonstrate that the high nibble is 0 and the 
low nibble is 10. Also, should you decide to alter line 100 to provide other values, it 
will be very easy to edit. Line 110 sets the sustain level and decay interval in a similar 
way. Both values are set to 0 for the piano sound. 

Line 120 assigns the desired waveform value to W. The triangle waveform, 
value 16, has been selected. The volume level is set to maximum at line 180 by 
putting the value 15 into location S + 24. This concludes the one-time setup of 
Voice 1. • 

Line 200 begins the main loop. The READ statement picks up two values from 
the next DATA statement. The variables F and D are assigned to the frequency and 
the duration of the note about to be played, respectively. The frequency value F is 
entered into the proper locations by the POKE statements in lines 210 and 220. This 
technique, detailed previously, allows the DATA statements to contain F values in 
the range of 1 to 65535. The last DAT A statement should contain an F value of 0, to 
terminate the program. Line 200 detects this condition and transfers control to the 
END at 900. 

With the frequency now properly set, it is time to gate Voice 1. Line 300 enters 
the value W + 1 into the control register. This selects the waveform Wand sets the 
gate bit. Now the ADSR cycle begins and the voice plays. However, we only want it 
to play for a specified duration, D. So, the FOR loop at line 320 delays for the 
duration of the note. It is a do-nothing loop, designed just to wait a while. It waits for 
a time period that is proportional to the value of D. The timing parameters are 
chosen so that D may represent the number of sixteenth-note counts required. For 
example, a whole note would have a D value of 16, a half note would be eight, a 
quarter note would be four, an eighth note would be two, and a sixteenth note 
would be one. 

When the wait loop is done, the note must be released. This is accomplished by 
resetting the gate bit. However, we don't want to change the selected waveform. So 
we POKE the value W into the control register, but without adding one. Now the 
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decay phase begins, with the volume falling off at a rate determined by the decay 
setting. Line 390 returns control to line 200, which will read the F and D values for 
the next note to be played. This loop will continue on and on, playing one note after 
another, until the last D AT A statement is reached. 

Let's also take a look at the DATA statements, which begin at line 9000. Each 
DATA line represents one note to be played. The frequency values are selected 
from Table 11-1. This particular song only requires four notes, C, D, E, and F. The 
values 4291, 4817, 5407, and 5728 were chosen from the table. The first value 
corresponds to middle C on a piano. As explained above, the duration values supply 
the information necessary to reproduce the rhythm of the song. The last DATA 
statement, line 9999, contains two 0 values, allowing the program to end in an 
orderly way . 

... 8UllKAllY 
In this section we have learned about SID's mechanism for gating and envelope 
generation. Gating is the process by which the volume of a tone source is controlled. 
The envelope generator is supplied with four parameters; attack, decay, sustain, 
and release. Also known as ADSR, these values control the rise and fall of a musical 
note as it is played. 

We have introduced a program capable of playing a melody. The program is 
flexible enough to be easily modified to play any desired tune. The waveform and 
ADSR parameters may be changed quickly also. 

Problems for Section 11-3 . ....................... . 
1. Supply Program 11-2 with new DATA statements. You can convert the 

melody of your favorite song, especially if you have the sheet music. Or, if 
you have access to a piano or other instrument, perhaps you can do it by ear. 
Another idea is to try random values, not necessarily from Table 11-1, to 
create a computer music effect. 

8. Modify lines 100 and 110 of Program 11-2, experimenting with different 
ADSR cycles. Use 0/0115/0 to simulate an organ. Try some of your own. 
Then modify line 120 to assign other waveforms to W. (If you try the pulse 
waveform, don't forget to set a pulse width with two POKE statements.) 

11-4 . .. The Three Voices 
As we know, SID has three independent voices (tone sources). Voices 2 and 3 
function in an identical manner to Voice 1. For each voice you must choose a 
waveform, frequency, ADSR, and (if the pulse waveform is selected) a pulse 
width. The voices sound simultaneously, allowing you to create three-part harmony 
or complex melodies. 

Voice 1 uses seven SID locations, S through S +6. Voice 2 uses the next seven, 
S+7 through S+13. The following seven locations, S+14 through S+20, are 
dedicated to Voice 3. The registers for Voices 2 and 3 are mapped in the same order 
as for Voice 1. You can add seven to any Voice 1 location to find the equivalent 
Voice 2 location. Add 14, and you convert from Voice 1 to Voice3. For example, the 
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control register for Voice I is S +4. Therefore, the control register for Voice 2 is 
S + II, while for Voice 3 it is S + 18 . 

. . . SID LocatioDS 
Table II-3 is a chart of all 29 SID locations. It shows each of the locations along with 
its offset. The offset is the value you add to S; it can range from 0 to 28. This table 
allows you to visualize the bit functions of the registers. The first 21 locations are 
divided into three groups of seven, corresponding to the three voices. We have 
learned how to use these SID registers. 
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..........., AA TEST 

ATK, ATK. DCY, 

STN, STN. RLS, 

F, F. F, 

F" FI2 F" 
PW, PW. PW, 

- - PW" 

..........., 'V' TEST 

ATK, ATK. DCY, 

STN, STN. RLS, 

F, F. F, 

F" FI2 F" 
PW, PW. PW, 

- - PW •• 

..........., AA TEST 

ATK, ATK. DCY, 

STN, STN. RLS, 

- - -
FC. FC, FC, 

RES, RES. FILTEX 

BP LP VOL, 

PX, PX. PX, 

PY, PY. PY, 

0, O. 0, 

E , E. E" 

8 1 

IllIG IIAJDI JUIIG ftPlI 

D, VOice 1 

F, F, "'11 FREQ LO WRITE·ONLY 

Fin F. ~ .. FREQ HI WRITE·ONLY 

PW, P\\', PWII PW LO WRITE·ONLY 

PW,. PW. PW, PWHI WRITE·ONLY 

RING 
MOD SYNC GATE CONTROL REG WRITE·ONLY 

DCY, DCY, DCY. ATTACK/DECAY WRITE·ONLY 

RLS, RLS, RLS. SUSTAIN/RELEASE WRITE·ONLY 

Volae 8 
F, F, F. FREQ LO WRITE·ONLY 

F,. ' F. F, FREQ HI WRITE·ONLY 

PW, PW. PW. PWLO WRITE·ONLY 

PW IO PW. PW, PWHI WRITE·ONLY 

RING 
MOD SYNC GATE CONTROL REG WRITE·ONLY 

DCY, DCY, DCY. ATTACK/DECAY WRITE·ONLY 

RLS, RLS, RLS. SUSTAIN/RELEASE WRITE·ONLY 

Volae II 

F, F, F. FREQ LO WRITE·ONLY 

F,. F. F. FREQ HI WRITE·ONLY 

PW, PW, PW. PWLO WRITE·ONLY 

PW,. PW. PW, PWHI WRITE·ONLY 

RING 
MOD SYNC GATE CONTROL REG WRITE·ONLY 

DCY, DCY, DCY. ATTACKIDECAY WRITE·ONLY 

RLS, RLS, RLS. SUSTAIN/RELEASE WRITE·ONLY 

J'1lt81' 

FC, FC, FC. FCLO WRITE·ONLY 

FC, FC. FC, ~'C HI WRITE·ONLY 

FILT3 FILT2 FILT 1 RES/FILT WRITE·ONLY 

VOL, VOL, VOL. MODE/VOL WRITE·ONLY 

IIiIIa 

PX, PX, PXo POT X READ·ONLY 

PY, PY, PYa POTY READ·ONLY 

0, 0, o. OSC,.tRANDOM READ·ONLY 

E, E, Eo ENV, READ·ONLY 

Table 11-3. SID Locations. (Courtesy of Commodore Electronics Limited.) 
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Locations S +21 through S +24 control the filter circuit. These four registers 
allow further modification of all three tone sources. We already know that location 
S +24 controls the volume, but our map reveals that this register has additional 
functions in the bits of the high nibble. We will examine the filter in the next section. 

Finally, SID locations S+25 through S+28 are read-only registers, and are 
accessed with the PEEK( ) function. These locations, as well as certain bits of 
locations we have already covered, allow experienced programmers access to even 
more SID features . 

. . . PlayiDg the Voices Together 
Our next goal is to coordinate the three voices, allowing us to achieve three-part 
harmony. The design of a multiple-voice program is more complicated because of 
the need to maintain the same timing (rhythm) for each voice. For example, Voice 1 
may sound a half note (eight counts) while" Voice 2 may be required to 
simultaneously sound two quarter notes (four counts each). And who knows what 
Voice 3 may be called upon to do! 

Previously, Program 11-2 played a melody directly from notes that were 
encoded into DATA statements. But for three voices, this approach is extremely 
difficult. It becomes a confusion of which voice or voices must be gated op, which 
voice(s) must be gated off, and which voice(s) must change pitch. One way to ease 
this dilemma is to build a separate set of DAT A statements for each voice. Then the 
computer can construct an array containing all of the SID instructions in their 
proper timing relationship. 

Program 11-3 may be used to play any song in three-part harmony. The DATA 
statements at the end appear in three groups, one for each voice. In addition, an 
improved encoding scheme is used that allows you to read a song directly from 
sheet music. Enter and run this program and then we'll see how it works. 

10 S=54272 
20 FOR I=S TO S+24 : POKE 1,0 : NEXT I 
40 DIM HF%(2,200), LF%(2,200) 
50 DIM WC%(2,200), MF(13) 
100 PRINT "STANDBY •.. " 
200 GOSUB 4000 
220 GOSUB 2000 
400 GOSUB 1000 
420 Z$="" : INPUT "PLAY IT AGAIN"; Z$ 
440 IF LEFT$(Z$,1) = "Y" THEN 400 
900 END 

1000 REM ** PLAY TUNE 
1020 FOR I=1 TO S+14 STEP 7 
1030 POKE 1+5,0*16+0 
1040 POKE I+6,15*16+0 
1090 NEXT I 
1100 POKE S+24,15 
1200 FOR 1=1 TO CT 
1220 POKE S, LF%(O,I) 
1230 POKE S+ 1,HF%(0,I) 
1240 POKE S+ 7,LF%(1,I) 
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1250 POKE S+ 8,HF%(1,I) 
1260 POKE S+14,LF%(2,I) 
1270 POKE S+15,HF%(2,I) 
1280 POKE Sj 4,WC%(0,I) 
1282 POKE Sj11,WC%(1,I) 
1284 POKE Sj18,WC%(2,I) 
1400 FOR J=1 TO 50 : NEXT 
1490 NEXT I 
1800 POKE S+24,0 
1990 RETURN 
2000 REM ** LOAD ARRAYS FROM DATA 
2020 FOR V=O TO 2 : CT = 0 
2040 PRINT "LOADING VOICE"j V+1 
2100 READ D$ : IF D$ = "*" THEN 2900 
2110 8 = 7-VAL(LEFT$(D$,1» 
2200 F = ASC(MID$(D$,2,1» 
2400 Z$ = MID$(D$,3,3) : H=O 
2410 IF ASC(Z$) >= 48 THEN 2500 
2420 H=1 . 
2430 IF LEFT$(Z$,1) = "-" THEN H=-1 
2440 Z$ = MID$(Z$,2,2) 
2500 IF F > 71 THEN F=O : GOTO 2600 
2510 F=F-67 : IF F < 0 THEN F=F+7 
2520 F = 2*F + 1 : IF F > 5 THEN F=F-1 
2530 F = MF(F+H) I 2A 8 
2600 D = VAL(Z$) 

2800 FOR I=1 TO D : CT = CT+1 
2810 WC%(V,CT)=17-(1 AND I=D AND D<>1) 
2820 LF%(V,CT) = (F-32768) AND 255 
2830 HF%(V,CT) = F/256 
2840 NEXT I 
2890 GOTO 2100 
2900 NEXT V 
2980 PRINT "LOADING COMPLETE" : PRINT 
2990 RETURN 

4000 REM ** SETUP MASTER FREQ ARRAY 
4020 FOR I=O TO 13 : READ MF(I) : NEXT I 
4100 DATA 32407 
4110 DATA 34334, 36376, 38539, 40830 
4120 DATA 43258, 45830, 48556, 51443 
4130 DATA 54502, 57743, 61176, 64814 
4140 DATA 68668 
4190 RETURN 

6000 REM ** DATA FOR VOICE 1 
6010 DATA OR8,484,4E4 
6020 DATA OR2,4G+2,4F+2,4E2 
6022 DATA 4F+2,4D+2,4E2,4F+2 
6030 DATA OR2,4F+2,4E2,4D+2 
6032 DATA 4E2,4C+2,4D+2,4E2 
6040 DATA OR2,4E2,4D+6,4D+2,4C+6 
6052 DATA OR2,386,4C+2,4D4 
6060 DATA 4C+2,382,4C+2,4D2 
6062 DATA 4E2,4D2,4C+2,382 
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6070 DATA 4C+8,4C+8 
69,90 DATA * 
7000 REM ** DATA FOR VOICE 2 
7010 DATA OR8,4G+4,4A2,4B2 
7020 DATA 5C+8,4B4,3B2,3B2 
7030 DATA 4B8,4A4,3A2,3A2 
7040 DATA 4A6,4B2,4G+6,4A2 
7050 DATA 4F+2,4E2,4F+4 
7052 DATA 4F+2,4A2,4G+2,4F+2 
7060 DATA 4E+2,4D+2,4E+2,4F+2 
7062 DATA 4G+2,4F+2,4E+2,4D+2 
7070 DATA 4E+16 
7990 DATA * 
8000 REM ** DATA FOR VOICE 3 
8010 DATA OR8,3E2,3E2,3F+2,3G+2 
8020 DATA 3A16 
8030 DATA 3G+16 
8040 DATA 3F+8,3E8 
8050 DATA 3D4,3D2,3C+2,3D4,2B4 
8060 DATA 3C+12,2G+4 
8070 DATA 3C+8,3C+8 
8990 DATA * 
Program 11-3. Three-part harmony. 

Lines 10 through 900 of Program 11-3 are the control section. Our standard SID 
initialization takes place in lines 10 and 20. The DIM statements at lines 40 and 50 
define the data storage arrays we will use. The arrays HF%( ), LF%( ), and WC%( ) 
are each two-dimensional, with the first subscript representing the voice (the values 
0, 1, and 2 stand for Voices 1, 2, and 3), and the second subscript representing the 
beat count. The arrays HF%( ) and LF%( ) contain the low-order and high-order 
bytes of the current frequency of the voice. The array WC%( ) contains the 
waveform control byte. The MF( ) array holds the master frequency values from 
which the frequencies of all the possible notes are obtained. 

The 4000 routine is called to initialize the master frequency array. Then, a 
GOSUB 2000 loads the data values into the working arrays. It is the subroutine at 
1000 that actually plays the song. Lines 420 and 440 allow the song to be replayed 
immediately, as the data remain in the arrays. Line 900 terminates the program 
when no more play is requested. 

The 1000 subroutine plays the song from the HF%( ), LF%( ), and WC%( ) 
arrays. Lines 1020 through 1090 set up the ADSR envelopes. All three voices are set 
to imitate an electronic organ. The volume is turned to full at line 1100. The main 
play loop appears from lines 1200 to 1490. The variable CT contains the number of 
beat counts in the entire song. Each value of I represents one beat. The variable I is 
used to index the arrays to assign the high and low frequency bytes from LF%( ) and 
HF%( ), and the control register bytes from WC%( ). After the parameters for all 
three voices are entered with POKE statements, line 1400 delays to allow the tones 
to sound for one beat time. Line 1800 turns off the volume at the end of play, and 
line 1990 returns to the caller. 
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The DATA statements are loaded into the working arrays by the subroutine at 
line 2000. Voice 1 is loaded from its own set of DAT A statements. Then Voices 2 and 
3 are loaded, in order, from theirs. It takes a significant amount of time for all three 
voices to be loaded, but this approach allows the play subroutine (line 1000) to 
produce three properly synchronized voices. 

The precise internal workings of the 2000 subroutine are left as an exercise for 
the reader. Only conventional programming techniques are employed, without 
relation to the SID. However, some discussion of the note encoding scheme is 
required, as well as the data array formats. 

Look at the data for Voice 1, beginning at line 6000. Each note is expressed by a 
sequence of letters and numbers. These are all of the same format: a number, a 
letter, and a number, for example, 3CB. Here, the first number represents the octave 
band, 0 to 7 (SID is capable of an eight-octave musical range). The letter in the 
middle represents the musical note: C, D, E, F, G, A, or B. The letter R may also be 
used to denote a rest, causing that voice to be silent. The final number, called the 
duration, is the number of beats to hold the note. Values in the range of 1 to 16 allow 
us to specify sixteenth notes through whole notes, as in Program 11-2. Duration 
values greater than 16 may be used to produce even longer notes. 

As a matter of convention, the zero octave band is used for rest notes, such as 
ORB. Also, we may make any note sharp (i) or flat (b) by appending either + 01'-, 

respectively, to the letter. For instance, an F -sharp quarter note in the third octave 
band would be described as 3F + 4. Even notation such as Ei and Cb (really the 
E-sharp and C-flat) can be processed. The lowest possible note is OC- and the 
highest is 7B. The DAT A statements for Voice 1 end with a single asterisko. Voices 2 
and 3 use the same format for their data at lines 7000 and BOOO. It is important that 
the voices match up with one another and that the total number of beats be 
equal for each voice. 

The number of array elements required for a note depends on its duration. A 
half note, for example, has a duration value of eight. Therefore, it would require 
eight elements each of LF%( ), HF%( ), and WC%( ). For these eight elements, the 
frequency values would all be the same (itis the same note). But, the WC%( ) values 
would cause the voice to be gated on for the first WC%( ) element, remain gated for 
elements 2 to 7, and release the gate bit for the final element. The DIM statements 
allow for a maximum of 200 beat counts, which provides room for 12 measures of 
4/4 time music. The DIM statements may be increased for longer songs, 

Problems for Section 11-4 ....................... . 
1. Write a program that plays a simple melody, using Program 11-2 as a 

starting point. Have the melody play through Voice 1. But have Voices 2 and 
3 also play. To create a choir effect, don't use the same frequency values for 
the second two voices. Assuming that F is the frequency of Voice 1, play 
Voice 2 at 1.01°F and play Voice 3 at 1.02°F. Try other multipliers as well. 

8. Modify Program 11-3 to vary the waveforms' selected for the voices. Try 
changing the delay loop at line 1400 to alter the tempo. 
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3. Create your own set of DATA statements for Program 11-3. Producing 
three-part harmony will require you (or a helper) to have some musical 
knowledge. This is easiest if you can read sheet music prepared for a piano. 
Generally, it makes sense to assign Voice 1 to the melody or vocal part. Use 
Voice 2 to build harmony. Voice3 can be used to help complete chord struc­
tures or to provide a bass line. Don't be afraid to spread the voices over the 
various octave bands. 

11-8 . .. The Filter Section 

8ID has a programmable filter that allows frequencies in a certain range to be 
excluded from the sound output. All of the tone source waveforms produce 
harmonic frequencies in addition to the fundamental frequency that determines 
their pitch. The filter makes it possible to further shape the waveform by tailoring 
the harmonic content. Therefore, a wider variety of sounds are possible and natural 
instrument sounds can become more realistic. 

The four locatidns 8 + 21 through 8 + 24 control the filter. Although the filter has 
a 12-bit cutoff register, it will be entirely sufficient for us to deal only with the high­
order byte. We will ignore location 8 + 21. The location 8 + 22 will be used to set the 
filter's cutoff frequency. This byte may range from 0 (the lowest cutoff frequency) 
to 255 (the highest). Let's see how the cutoff frequency changes the sound. 

The low-order nibble of location 8 + 24 controls the volume. As we have seen, a 
value in the range 0 to 15 will dictate the overall sound level of all the voices. To 
activate the filter, we must also set one of the high-order bits of 8 + 24. Referring to 
Table 11-3, we see that the bit values 16,32, and 64 correspond to LP, BP, and 
HP. These are the three basic modes of the filter, and stand for low-pass, band-pass, 
and high-pass. When the filter is in low-pass mode, frequencies below the cutoff are 
passed, but higher frequencies are reduced. The higher the frequency, the more itis 
reduced. The high-pass mode does just the opposite. The high frequencies are 
undisturbed, but low frequency components are reduced in level. The band-pass 
mode allows frequencies near the cutoff to pass, while attenuating those above and 
below the cutoff. We select the filter's mode by setting the appropriate bitin8+24. 
Normally only one of the three mode bits is set. However, LP and BP may both be 
set, creating a notch effect. This reduces only those frequencies near the cutoff. 

Location 8 + 23 provides further control of the filter. The lowest three bits of 
this register determine which voices are affected by the filter section. 8etting the 
value of bit 1 causes the output of Voice 1 to be routed through the filter, rather than 
going directly to the sound output. The bit values 2 and 4 apply to Voices 2 and 3, 
respectively. If all three bits are zero, the filter has no effect. 

The upper nibble of location 8+23 controls the resonance of the filter. This 
parameter may vary from 0 to 15. Higher values of resonance cause a peaking effect 
near the cutoff frequency. You may use the resonance feature to create a sharper 
sound by emphasizing the filter's effect. 
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... Vsblg the :rUter 
Program 11-4 demonstrates the action of the filter. Enter this program to hear how 
it uses the filter to modify the tone of Voice 1. 

Lines 10 and 20 should be quite familiar by now. At line 100 we assign a con­
stant value to the high-order frequency register for Voice 1. For the duration of the 
program, the frequency of the tone source will not change. Line UO sets the sustain 
level of the ADSR envelope to maximum, allowing us to produce a continuous tone. 
The sawtooth waveform for Voice 1 is selected at line 120; the tone source is gated. 
We chose the sawtooth because it is rich in harmonics. Line 130 instructs the filter to 
process the output of Voice 1. The volume is set to maximum and the low-pass filter 
mode is selected at line 140. 

At this point, Voice 1 is producing a constant tone. The filter's cutoff frequency 
is zero (S +22 was cleared by line 20), so there is practically no output. Remember 
that a low-pass filter removes frequencies above the cutoff, and right now the 
cutoff is zero. Line 200 executes and begins a FOR loop, causing C to go from 0 to 
255. The variable C represents the filter's cutoff frequency. Sure enough, we POKE 
the value of C into the cutoff register at line 210. Line 220 is a delay loop, allowing us 
time to hear each step as the cutoff frequency changes. The effect is that, as the loop 
progresses, more and more of the high-frequency components of the tone source 
can be heard. Line 300 turns off the volume at the end of the program. 

10 3=54272 
20 FOR 1=0 TO 24 : POKE 3+1,0 : NEXT 1 
100 POKE S+1,25 
110 POKE 3+6,15*16 
120 POKE 3+4,32+1 
130 POKE 3+23,1 
140 POKE 3+24,16+15 
200 FOR C = 0 TO 255 
210 POKE 3+22,C 
220 FOR J=1 TO 10 : NEXT J 
240 NEXT C 
300 POKE 3+24,0 

Program 11-4. Filter demonstration. 

The filter can be used to help produce sound effects, as Program U-5 illus­
trates. Try running this example. You will hear a jet plane approach take-off 
velocity and leave the runway. This program uses the noise waveform to generate 
the rushing sound of the jet engines. The filter cutoff frequency is swept from low to 
high, causing the initial low-pitched rumble to build to a mighty roar. 

10 S=54272 
20 FOR 1=0 TO 24 : POKE 3+I,0 : NEXT 1 
100 POKE 3+1,100 
110 POKE 3+6,15*16 + 13 
120 POKE S+4,128+1 
130 POKE 3+23,1 
140 POKE S+24,16+15 
200 FOR C = 0 TO 255 
210 POKE 3+22,C 
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220 FOR J=1 TO 10 
240 NEXT C 
300 POKE 3+4,128 

NEXT J 

Program 11-5. Jet aircraft departure. 

Program 11-5 was derived from Program 11-4 above. Only four lines are 
different-100, llO, 120, and 300. A higher frequency is selected at line 100. Line 110 
provides the ADSR with a release period of nine seconds. This gives the jet the 
appearance ·of fading into the sky at the end. The noise waveform is activated and 
gated at line 120. Rather than abruptly turn off the volume at line 300 as above, this 
program simply turns off the gate bit at the end. This way, the ADSR envelope does 
the work of letting the volume fade off gradually . 

. . . SUMl'ttAllY 
The SID programmable filter allows you to easily remove unwanted harmonics 
from the tone sources. The filter mode-low-pass, high-pass, band-pass, or notch­
is selected according to the effect desired. The filter's cutoff frequency and 
resonance are determined by simple POKE statements. Any or all of the three 
voices may optionally be processed by the filter, as required. One of the main uses 
of the filter is in achieving realistic sound effects. 

PB.OGB.A1VIMEB'S COlU\TEB. 11 

Synchronization and BiDg Modulation . .......... . 
There are two additional bits in the control register of each voice that allow further 
modification of the harmonic content of the tone source. The principal use of both 
features is in the creation of special sound effects. Bit value 2, when added to the 
control register data value, enables the synchronization feature. Ring modulation is 
effected by adding bit value 4. 

If either of these options is activated for Voice 1, then Voice 3 will have an 
effect upon the first voice. Only the frequency value of Voice3 is important; it need 
not be gated or have any waveform selected. The frequency of Voice 3 must be 
nonzero, however. Should these special bit values be selected for Voices 2 or 3, then 
they will be affected by Voice 1 or 2, respectively. Synchronizing one voice with 
another has the effect of drastically altering the harmonic structure of the 
waveform. 

Ring modulation creates nonharmonic overtones and is useful for bell and gong 
sounds. Only the triangle waveform may be selected, along with the ring modula­
tion bit. Program 11-6 simulates a gong by using this technique. 
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10 S=54272 
20 FOR 1=0 TO 24 : POKE S+I,O NEXT I 
30 POKE S+1,50 
40 POKE S+6,15*16 + 13 
60 POKE S+14,2 
70 POKE S+15,20 
80 POKE S+24,15 
90 POKE S+4,16+4+1 
100 FOR J=1 TO 500 NEXT J 
110 POKE S+4,16+4 

Program 11-6. Gong sound. 

Line 30 assigns a frequency value to Voice 1. The ADSR envelope is set to 
0/0/15/13 by line 40. Lines 60 and 70 set up the frequency for Voice3. At line 80, the 
volume is turned on. Line 90 selects the triangle waveform, ring modulation, and 
gate bit for Voice 1. After the delay loop at line 100, the Voice 1 gate is released by 
line 110 . 

. . . The Output Begisters 
Locations S + 27 and S + 28 change dynamically as SID produces your music and 
sound effects. Location S+27 is known as the oscillator 3 output. Location S +28 is 
the output of the Voice 3 envelope generator. 

As Voice 3 oscillates, location S + 27 tracks the waveform. The following state­
ment will read this location: 

X = PEEK(S+27) 

If the triangle waveform is selected for Voice 3, the value read will have 
smooth transitions from 0 to 255. The noise waveform will have random values. 
These values will change at a rate determined by the frequency of Voice 3. 
Typically, the oscillator three output value is used to modify the frequency of the 
other tone sources for a vibrato effect. You may also use this value to affect the 
volume for a tremolo effect. 

Location S+ 28 tracks the ADSR envelope for Voice 3 and may be accessed by 
a PEEK statement at any time. Again, the value from this location may be used to 
affect other SID registers that control frequency, volume, etc. 

In the register at location S + 24, the bit value 128 may be set. This completely 
cuts off the sound output from Voice 3. Generally, when the Voice 3 output 
registers are used for modulation purposes, the output is not desired. 
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Special Print 
Oharacters 
(How They Appear in Quote Mode) 

Upper-case Mode 
ROW r.r .APPlIIAlIB 

CRllS KEYS TO PJUIIII8 II!I' PBOGlUIlII ACl'nOR 

144 - II • BLACK 

5 - II [;J WHITE 

28 - II It RED 

159 - B IiiJ CYAN 

156 - II g PURPLE 

30 - II D GREEN 

31 - II = BLUE 

158 - II rn YELLOW 

129 m II c ORANGE 

149 m II - BROWN 

150 (HI II ~ LIGHT RED 

151 m B ~ GRAY 1 
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HOW IT Al'PlIIAlIS 
CHll. KlIIYB TO PBllS8 Dr PBOGllAlII AC'nOIT 

152 0 II ~ GRAY 2 

153 191 II II LIGHT GREEN 

154 19' II () LIGHT BLUE 

155 0, II ~ GRAY 3 

18 - II ~ REVERSE ON 

147 - - U CLEAR THE 
SCREEN AND 
HOME 

19 - § HOME 

145 II 0 CURSOR UP 

17 II ~ CURSOR DOWN 

157 - 81 11 CURSOR LEFT 

29 81 Ii] CURSOR RIGHT 

148 -- II INSERT 

Lowercase Mode 

186 II 0 CHECK MARK 

169 - D ~ DIAGONAL 
HASHING 

127 0 II ~ DIAGONAL 
HASHING 

126 01 II ~ CHECKERBOARD 
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OOllllllodore 64 
Screen Oodes 

The Commodore 64 has an upper-case character set and a lower-case character set. 
We move from one to the other by pressing the ~ and SHIFT keys. Characters 
from only one set at a time can be displayed on the screen. Screen codes are 
distinguished from ASCII codes in that screen codes are used for PEEK and POKE 
with memory locations in the range 1024 to 2023 (the character screen), and ASCII 
codes are used for PRINT statements and the CHR$ ( ) function. 

In order for a character to be displayed on the character screen, a corresponding 
location in color memory must be accessed by POKE with a color code. Character 
screen memory from 1024 to 2023 is mapped onto color memory from 55296 to 
56295. 

We present here a chart of code values and characters in the range 0 to 127. 
Values in the range 128 to 255 are correlated with the reverse display of the codes 
o to 127. 

Upper-case Screen Codes 
VALVE VALUE VALUE VALUE 

TO TO TO TO 

CllAllACTJIIIl POXJII CJI.AllJIflTJIII POXJII CJI.AllJIflTJIII POXJII CllAllACTJIIIl POXJII 

@ 0 D 4 H 8 L 12 

A 1 E 5 I 9 M 13 

B 2 F 6 J 10 N 14 

C 3 G 7 K 11 0 15 
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VALum VALUm VALUm VALUm 
TO TO '1'0 TO 

CJUllAC'l'JiIJl POKE OHAlUIC'l'JJJl POKE CJI.AJlAC'l'JJIl POKE ClHAJlAO'l'JJJl POKE 

P 16 & 38 < 60 ~ 82 

Q 17 39 = 61 ~ 83 

R 18 ( 40 > 62 [] 84 

S 19 ) 41 ? 63 [lj 85 

T 20 * 42 B 64 ~ 86 

U 21 + 43 ~ 65 C 87 

V 22 44 []] 66 ~ 88 

W 23 45 B 67 [] 89 

X 24 46 EJ 68 [lJ 90 

Y 25 / 47 U 69 ~ 91 

Z 26 0 48 Q 70 IJ 92 

[ 27 1 49 [] 7I rn 93 

£ 28 2 50 0 72 ~ 94 

] 29 3 51 ~ 73 ~ 95 

30 4 52 ~ 74 - 96 

31 6 53 ~ 75 IJ 97 - 32 6 54 0 76 .- 98 

33 7 55 LSJ 77 [J 99 

1/ 34 8 56 lZJ 78 W 100 

# 35 9 57 0 79 D 101 

$ 36 58 0 80 - 102 

% 37 59 - 81 [] 103 
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VALUJII VALUJII VALUJII VALUJII 
!L'O !L'O !L'O !L'O 

CIJlAllAC'rBll POKB CIJlAllAC'rBll POKB ClJlAJIADTJIIB POKB ClJlAJIADTJIIB POKB 

~ 104 @ 110 D 116 0 122 

~ 105 ~ 111 [] 117 ~ 123 

[] 106 en 112 [] 118 ~ 124 

[E 107 ~ 113 LJ 119 ~ 125 

C. 108 rn 114 ~ 120 ~ 126 

l~ 109 EIJ 115 ~ 121 ~ 127 

Lower-case Screen Codes 
VA'DJI VAUJII VAL'DJI van 
m m m m 

CIB.IB.AaDIl J.IOJIJII ~ 1'OKJ!I CDUJI..I«mIJl J.IOJIJII CIUB.AImIB IQBB 

@ 0 n 14 £ 28 * 42 

a. 1 0 15 ] 29 + 43 

b 2 p 16 30 44 

c 3 q 17 31 45 

d 4 r 18 - 32 46 

e 5 B 19 33 / 47 

f 6 t 20 " 34 0 48 

g 7 u 21 # 35 1 49 

h 8 v 22 $ 36 2 50 

i 9 w 23 % 37 3 51 

j 10 x 24 & 38 4 52 

k 11 Y 25 39 5 53 

1 12 z 26 ( 40 6 54 

m 13 [ 27 ) 41 7 55 
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VALUJII VALUJII VALUJII VALUJII 

TO TO TO TO 

CHAllAC'rB1l POXl!I CHAlIACTlIlIl POXl!I CHAlIACTlIlIl POXl!I CHAlIACTlIlIl POXl!I 

8 56 J 74 IJ 92 EiJ 110 

9 57 K 75 rn 93 ~ III 

58 L 76 ~ 94 en ll2 

59 M 77 ~ 95 ~ ll3 

< 60 N 78 96 En ll4 

61 0 79 IJ 97 EIJ ll5 

> 62 P 80 .- 98 D ll6 

? 63 Q 81 D 99 [J ll7 

B 64 R 82 D 100 [] ll8 

A 65 S 83 D 101 D ll9 

B 66 T 84 g 102 ~ 120 

C 67 U 85 D 103 ~ 121 

D 68 V 86 ~ 104 0 122 

E 69 W 87 ~ 105 ~ 123 

F 70 X 88 [] 106 ~ 124 

G 71 Y 89 [E 107 ~ 125 

H 72 Z 90 ~ 108 ~ 126 

I 73 EB 91 ~ 109 ~ 127 
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PRJNT Oodes 
on the 

Oommodore 64 
The character sets and certain control functions are produced by using PRINT 
CHR$(C), where C is a value from this appendix. Sometimes it is useful to 
determine the code value from an entry from the keyboard. This is easily ac­
complished with GET A$ and PRINT ASC (A$). ASC will return the numeric value 
associated with the character in A$. This is particularly useful for the function keys 
(£1 to f8) at the right on the keyboard. 

The Commodore 64 has an upper-case and a lower-case character set. 
Characters from only one at a time can be displayed. We switch from one to the 
other by pressing the ~ and SHIFT keys. We may also specify lower-case dis­
play by using CHR$(14) in a PRINT statement. To switch to upper-case, use 
CHR$(142) in a PRINT statement. 

Upper-case PBIlft Codes 
DI81'LAY DI8l'LAY DI81'LAY DI8l'LAY 
OB OB OB o:a 
ACTIO. mm8< ) ACTIO. mm8< ) ACTIO. mme< ) ACTIO. mmsC) 

0 II 5 10 15 

1 6 11 16 

2 7 12 II 17 

3 D1sable_~8 - 13 II 18 

4 Enable _~9 14 II 19 
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DIlIl'LAY DIlIl'LAY DIlIl'LAY DIBl'LAY 
Oil OIl Oil Oil 
ACl'l'IOlII' 0Hll${ ) ACTIOlll' 0Hll8{ ) ACl'l'IOlII' 0Hll${ ) ACTIOlll' 0Hll${ ) 

II 20 * 42 @ 64 V 86 

21 + 43 A 65 W 87 

22 44 B 66 X 88 

23 45 C 67 Y 89 

24 46 D 68 Z 90 

25 / 47 E 69 [ 91 

26 0 48 F 70 £ 92 

27 1 49 G 71 ] 93 

II 28 2 50 H 72 94 

II 29 3 51 I 73 95 

II 30 4 52 J 74 B 96 

II 31 6 53 K 75 ~ 97 - 32 6 54 L 76 rn 98 

33 7 55 M 77 B 99 

" 34 8 56 N 78 D 100 

# 35 9 57 0 79 U 101 

$ 36 58 p 80 Q 102 

% 37 59 Q 81 [] 103 

& 38 C 60 R 82 0 104 

• 39 = 61 S 83 ~ 105 

( 40 => 62 T 84 ~ 106 

) 41 ? 63 U 85 ~ 107 
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DISPLAY DISPLAY DISPLAY DISPLAY 
OR OR OR OR 
ACTIOllJ' mm.C) ACTIOllJ' mm.C) ACTIOllJ' mm.C) ACTIOllJ' mm$C) 

0 108 130 Gray 2 152 @ 174 

[S] 109 131 Light green 153 ~ 175 

[Z] UO 132 Light blue 154 en 176 

0 Ul fl 133 Gray 3 155 ~ 177 

0 U2 f3 134 II 156 rn 178 

- U3 f5 135 II 157 EIJ 179 

D U4 f7 136 II 158 D 180 

~ U5 f2 137 II 159 [J 181 

D U6 f4 138 - 160 [J 182 

[lj U7 f6 139 IJ 161 U 183 

~ U8 f8 140 ~ 162 U 184 

C U9 .... 141 D 163 ~ 185 

~ 120 - 142 D 164 0 186 

0 121 143 D 165 ~ 187 

[tJ 122 II 144 g 166 ~ 188 

~ 123 II 145 D 167 ~ 189 

iJ 124 II 146 ~ 168 ~ 190 

CD 125 II 147 ~ 169 ~ 191 

~ 126 II 148 [J 170 

~ 127 Brown 149 [E 171 

128 Light red 150 C. 172 

129 GrSiV 1 151 ~ 173 
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Lower-caae 1'BI1ft Codes 
DISPLAY DISPLAY DISPLAY DISPLAY 

Oil Oil Oil Oil 
ACTIOll aBU( ) ACTIOll aBU( ) ACTIOll aBU( ) ACTIOll aBU( ) 

0 21 * 42 ? (:)3 

1 22 + 43 @ 64 

2 23 44 a 65 

3 24 45 b 66 

4 25 46 c 67 

II 5 26 / 47 d 68 

6 27 0 48 e 69 

7 II 28 1 49 f 70 

Disable _'~8 II 29 2 50 g 71 

Enable _~9 II 30 3 51 h 72 

10 II 31 4 52 1 73 

11 - 32 6 53 j 74 

12 33 6 54 k 75 - 13 " 34 7 55 1 76 

III 14 # 35 8 56 m 77 

15 $ 36 9 57 n 78 

16 % 37 58 0 79 

II 17 & 38 59 p 80 

II 18 • 39 C 60 q 81 

II 19 ( 40 = 61 r 82 

II 20 ) 41 ==> 62 s 83 
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DJIIlILAY DJBPLAY DJBPLAY DJBPLAY 
08 08 08 08 
ACI'l'IOR CIJUlJ( ) AOTIOR CIJUlJ( ) AOTIOR CIJUlJ( ) AOTIOR CRld( ) 

t 84 J 106 128 Light red 150 

u 85 K 107 Orange 129 Gray 1 151 

v 86 L 108 130 Gray 2 152 

w 87 11 109 131 Light green 153 

x 88 N 110 132 Light blue 154 

y 89 0 III fl 133 Gray 3 155 

z 90 P ll2 f3 134 II 156 

[ 91 Q ll3 f5 135 II 157 

£ 92 It ll4 t:I 136 II 158 

] 93 B ll5 f2 137 II 159 

94 T ll6 f4 138 - 160 

95 U ll7 f6 139 IJ 161 

B 96 V ll8 f8 140 .- 162 

A 97 W ll9 "1"141 D 163 

B 98 X 120 - 142 D 164 

C 99 Y 121 143 D 165 

D 100 Z 122 II 144 g 166 

E 101 EB 123 II 145 D 167 

F 102 IJ 124 II 146 ~ 168 

G 103 []] 125 II 147 g 169 

B 104 126 II 148 [] 170 

I 105 g 127 Brown 149 [E 171 
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DlBPLAY DlBPLAY DlBPLAY DlBPLAY 

OB OB OB OB 
JUl'ftOIJ CJJDd( ) JUl'ftOIJ CJJDd( ) JUl'ftOIJ CJJDd( ) JUl'ftOIJ CJJDd( ) 

C. 172 ~ 177 [] 182 ~ 187 

[S 173 rn 178 U 183 ~ 188 

6J 174 BJ 179 ~ 184 ~ 189 

,~ 175 D 180 ~ 185 ~ 190 

en 176 IJ 181 0 186 ~ 191 

CODES 192-223 ARE THE SAME AS 96-127 
CODES 224-254 ARE THE SAME AS 160-190 
CODE 255 IS THE SAME AS 126 
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The Disk 

Adding a 1541 Commodore disk drive to the Commodore 64 computer creates a 
powerful computer system. Now we can purchase a wide variety of applications 
programs for education, business, and entertainment. We can write programs of 
our own and save them to use later. These programs are easily used with simple 
commands in BASIC. The disk is much faster and more versatile than tape. This 
appendix contains information for maintaining programs on a disk. For informa­
tion on sequential files, see Chapter 8. 

The disk drive is connected to the computer with a single cable that fits only in 
the correct socket at the rear of the keyboard unit. A standard power cord is also 
supplied. All connections of any computer components should be made only with 

. power switches turned off. Once the connections are made, turning the disk drive 
power switch on should cause the red light on the front to come on momentarily; the 
green light should come on and stay on until the power switch is turned off. Only 
after the power is on should you insert a disk. The disk should always be removed 
before power is turned off. Failure to observe these rules could result in damage to 
the data stored on the disk. 

To insert a disk, first remove it from the protective paper envelope. Then, with 
the label facing up and the little notch toward the side the lights are on, gently slide 
it all the way in. To do this you must slide a finger part way into the one-inch by two­
inch opening in the center. Then gently press down on the door cover. It should 
slide easily past a little spring and stay down. This process very quickly becomes 
automatic. 

To remove a disk, press the door cover into the disk drive (toward the rear) 
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with a firm motion. The door will spring up and the disk will be propelled part way 
out of the slot. 

Always be careful when you are handling disks. Never touch the exposed parts 
of the Mylar disk enclosed within the square jacket. Fingerprints, dust, and dirt are 
enemies of the recording surface. Always use a soft tip marker to write on the label. 
Never use a ball point pen, as this could dent the disk, causing permanent damage . 

. . . The Directory 
One way to look at a directory of files stored on a disk is to type the following: 

LOAD "$",8 

(We'll get to the LOAD command shortly.) Then type LIST. If your disk has a large 
number of files on it you may want to press the CTRL key to hold the display on the 
screen long enough to read it all. Each file name will contain a PRG, SEQ, USR, or 
REL to distinguish the four types of files available on the Commodore 64. The two 
file types discussed in this book are PRG and SEQ. All BASIC programs are labelled 
PRG. All sequential files (see Chapter 8) are labelled SEQ. 

At the left in each entry of the directory is a number. That is the number of 256-
byte blocks required to store the file on the disk. A disk will hold 664 blocks for a 
total of about 170K. 

Be careful. Reading the directory in this way destroys any BASIC program in 
memory at the time. Yes, the directory is read into main memory by the procedure 
described above. Once you have read the directory, it is necessary to clear it out by 
typing NEW or by loading a program from disk. Turning the machine off will do it, 
too. 

We can also examine the directory without displacing any BASIC program in 
memory. This is done by using a program supplied on the test/ demo disk included 
with the 1541 disk drive . 

.. . LOAD 
In order to use any program on disk, we must first load it into the computer. This 
command causes a copy of a program to be transferred to memory in the 
Commodore 64. It is a good idea to begin with the test/ demo disk supplied with the 
1514 drive. It should contain a program called C-64 WEDGE. On some disks it may 
be ~alled DOS SUPPORT or a similar name. If one of these names isn't present, 
check the directory by entering LOAD "$", 8 and LIST as described above. The 
wedge provides some convenient commands not available in BASIC, and it doesn't 
use any of the memory normally available to a BASIC program. To use it type 

LOAD "C-64 WEDGE", 8 

We need to tell the Commodore 64 that we want to access the disk. The disk is 
number 8 to this computer. Other values are used for other devices. 0 is the screen, 1 
is the Datassette. Additional values represent other peripherals like a printer. So, we 
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use the number8 in our command. That is called the device number. The first disk is 
always taken to be device number 8. The Commodore 64 should reply 

SEARCHING FOR C-64 WEDGE 
LOADING 
READY. 

N ext, we type RUN and the new commands are in place. All programs are used in 
this way, by first loading the program and then running it. We may use an asterisk to 
request the first program on the directory. 

With the C-64 WEDGE in place we can easily examine the directory by 
entering the command 

@$ 

We don't even have to give the device number. The biggest benefit is that we can 
examine the directory and maintain a program in memory at the same time . 

... SAVE 
Every disk must be properly formatted once to prepare it for storing programs (see 
"Formatting a New Disk" below). 

To save a program with the name FIRST on disk we simply type 

SAVE "FIRST",8 

The computer will display 

SAVING FIRST 

on the screen. The disk will whir for a few seconds. When it shuts off and the red 
light goes out, typing @$ will reveal that indeed our program named FIRST is on 
the list. 

If it happens that we already have a program named FIRST, there will be no 
discernable difference on the screen. However, (and this is a however), the red light 
on the drive will flash. Whenever the red light on the drive flashes, there's trouble. 
Press @ and RETURN. (With the WEDGE in place, @ reads disk errors.) The red 
light will go out and the following message will appear on the screen: 

63, FILE EXISTS,OO,OO 

This means just what it says. Disk errors are numbered for the Commodore 1541 
drive. The error number 63 is the FILE EXISTS error. The other two numbers are 
the track and sector. With track and sector, the advanced programmer can diagnose 
the exact location on the disk where the difficulty lies. Track 18 has to do with the 
directory. (Errors are discussed under the section entitled "DOS Commands.") 

We need a special instruction to tell the computer to replace the existing 
program. It is 

SAVE "@:FIRST",8 

The at-sign-colon (@:) causes the replacement. 
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... DOS Commands 
Certain things that we do on disk are controlled by the disk drive itself. In order to 
do those things, we must create a communications link between BASIC and a 
program in the disk drive called DOS (Disk Operating System). The communi­
cations link is called the command channel and is always numbered 15. In addition, 
we must specify a file number in the range 1 to 127 in an OPEN statement. 

OPEN 3,8,15 

This OPEN statement connects file 3 to the command channel. The 8 refers to the 
disk drive as before. The OPEN statement can be issued in immediate or deferred 
mode. Now we can send commands to the disk drive through PRINT# statements. 
We will get to the commands soon. 

Following any command and at the end of a task, we must be sure to close the 
file. In the case above 

CLOSE 3 

does it for us . 

. . . J'ormatt1Dg a New Disk (lVEW) 
Before we can save programs on a disk it must be formatted. That is, a pattern must 
be written on the disk so that the computer can organize data stored on it. 

We can write a program to format a disk. See Program D-l. 

100 OPEN 3,8,15 
110 PRINTH 3, "NEW:FIRST DISK,OO" 
130 CLOSE 3 
Program D-l. Formatting a disk. 

The formatting command appears in quotes in line llO. The NEW command may 
be abbreviated to uN." The colon separates the command from the disk name. We 
are allowed up to 16 characters for a name. The comma separates the name from a 
two-character identification (ID). This ID is checked by DOS. If we improperly 
change disks during an operation DOS will produce an error. (We'll also get to 
errors.) 

Alternatively, the command can be included right in the OPEN statement, as in 
Program D-2. 

100 OPEN 3,8,15,"N:FIRST DISK,OO" 
130 CLOSE 3 
Program D-2. Formatting with the OPEN statement. 

Following the NEW command the red light will come on and the disk will whir for 
about a minute and a half. The red light will go out and the disk is ready for use. 

We can format a disk by typing the lines of either Program D-l or D-2 in 
immediate mode as well. 

Omitting the two-character ID at the end will cause DOS to simply erase all 
directory entries. This is a way to reformat a disk with unwanted programs on it. 
This operation will erase all programs. 
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... Disk Errors 
If the red light ever blinks continuously, something is wrong. We have to look at the 
light-BASIC does not necessarily display an error message. Even when BASIC 
does display a message, it may not reflect the real problem. The easy way to 
determine what th~ error might be is to have the C-64 WEDGE program in place at 
all times. Then we can simply press the @ symbol and the error will be displayed 
for us. 

Without the WEDGE program we must write a program to read the ERROR 
channel. See Program D-3. 

100 OPEN 3,8,15 
-->110 INPUT# 3, E,E$,T,S 

120 PRINT EjE$jTjS 
130 CLOSE 3 

Program D-3. Reading the error channel. 

Errors are read through the command channel, 15. Line 110 of Program D-3 uses a 
variation of the INPUT statement-it simply takes its INPUT from file 3. The value 
of E is the error number. These numbers are keyed to a table of errors in the VIC 
1541 user's manual. The second value is a string with a readable error message. The 
symbols T and S stand for the disk track and sector where the error was detected. In 
rare instances where a valuable disk has been damaged, advanced programmers 
can use this information to bypass the error and recover lost data. Usually the error 
is something simple that beginners tend to do. After a few days, we gain experience 
and most errors cease to occur. 

Some of the silly things that cause errors are not putting a disk in the drive, not 
closing the door, putting the disk in upside down, and not turning the disk drive on. 
It takes a little experience to interpret the meaning of the error messages. 

DRIVE NOT READY can mean several things. An unformatted disk will 
produce this message. Inserting a disk part way will, too. So will putting a disk in 

. upside down. They all amount to the same thing: the drive is not ready. 
The best way to deal with errors is to acknowledge that there is an error and 

search for the cause. It is a great temptation to be certain that we couldn't possibly 
have made a mistake. Well, we can and we do . 

.. . SCRATCH 
Any program that we have no further use for should be erased from the disk with 
the SCRATCH command. This can be done right in an OPEN statement or with 
PRINT#, as with NEW. Here is a two-line program to do it: 

100 OPEN 1,8,15,"S:OLD FILE" 
110 CLOSE 1 . 

The same two lines may be used in immediate mode. If we choose to do this with a 
PRINT# statement, we must remember to open a file for this purpose and then 
close it. 

Be sure to check the little red light or the error channel. 
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· .. UITAlVIE 
Occasionally we want to rename a program. This can be done without LOAD and 
SAVE, by using RENAME. 

100 OPEN 3,8,15,"R:NEW:OLD" 
110 CLOSE 3 

· . . IITITIALIZE 
It may happen that an error condition will keep us from proceeding further with 
some disk operation. We can initialize the disk drive to the condition it has when 
turned on with 

100 OPEN 3,8,15,"1" 
110 CLOSE 3 

This should be a rarely used command . 

... VALIDATE 
After SAVE and SCRATCH have been used on a disk many times it is possible for 
small areas to become inaccessible to DOS. 

100 OPEN 3,8,15,"V" 
110 CLOSE 3 

will reorganize things on the disk to maximize the space that can be used. 
If you are using the advanced technique of random files, this command must 

not be issued. It will destroy data in random files. 

· .. C-84 WEDGE Commands 
We have discussed the benefits of using @$ to examine the disk directory of files. 
We have also mentioned the use of @ by itself to read errors on the command 
channel. Many of the commands discussed above are available in abbreviated form 
with C-64 WEDGE. OPEN and CLOSE are not required for any of these 
commands . 

... lOIW 
We can format a disk easily with 

@N:NAME,OO 

To reformat an old disk, just omit the two-character ID . 

.. . SCBATCH 
We can erase an unwanted program with 

@S:FILENAME 
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· .• 1U!I1IAlIDJ 

@R:NEWNAME=OLDNAME 

renames a program for us on disk. 

· .. Imr.nA.LIZB 
The drive can be restored to its initial state at power-up with 

@I 

... VALIDAD 
If a disk has accumulated little unusable blocks of space because of repeated use of 
the SAVE and SCRATCH commands, we can recover by validating the disk with 

@V 

... LOAD 
Even LOAD can be shortened. 

/PROGRAM NAME 

is equivalent to 

LOAD "PROGRAM NAME", 8 

· .. LOAD and. B.'U1I 
We can load and run a BASIC program with 

DPROGRAM NAME 

That is an up arrow, found next to the RESTORE key . 

... SAVE 
We have a shortened command for SAVE . 

. =PROGRAM NAME 

That is the left arrow key, found to the left of the digit 1 on the keyboard. 
If you use the Commodore 64 day in and day out, then it is definitely worth 

learning these shortened forms. It isn't too much of a chore to learn the @ 
commands. And certainly it is well worthwhile to use @ to read errors and @$ to see 
the directory. These two commands alone justify installing C-64 WEDGE routinely 
every time you turn the disk drive on. 
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Index 

ABS function, 58, 59 
Addition, 110 
ADSR cycle, 183-185, 186, 187, 191, 

194-196 
AND, 70, 123-124, 140, 141 
Animation, 55, 160, 172-175 
Argument, 32 

defined,30 
of function, 58 

Array, 66-70 
defined, 88 
multidimensional numeric, 93-95 
one-dimensional numeric, 88-92 
string, 95-105 
uses, 89-91 

ASCII (American Standard Code for 
Information Interchange) 

code, 78,80, 87, 199 
function, 75, 78 
system, 53 

Assignment statement 
defined,l1 
equal sign in, 23 
variable values, 14, 15, 26 

At symbol (@), 128, 133,213 
ATN function, 66 

BASIC 
graph plotting, 154 
keyvvords, 1, 66, 126 

abbreviations, 6 
use as variable names, 10, 15 

packages, 57 
used as calculator, 37 

Binary digit, 111 
Binary format, 80 
Binary number system, 110 

addition in, 110 

disadvantages, 110-111 
conversion from decimal system, 

111-113 
conversion to hexadecimal system, 113 
multiplication in, 110 

Bit 
defined, 111 
gate, 181, 183, 184, 187, 195, 196 

release, 192 
Blank PRINT, 13 
Byte, 66, 67 

defined, 111 
high, 123, 124 
lovv, 123, 124 

Calculations, 7-9 
accuracy of, 8, 13 

Carriage return, 128, 129 
Character 

graphics, 39-56 
screen, 40-41,52,56, 160, 161, 170 
set, 54 
special print, 197-198 

CHR$ function, 86-87 
CLOSE instruction, 129 
CLR/HOME key, 19, 20 
Colon 

annotating program lines, 50 
separating statements, ~O 
in strings, 74 

Colors 
border and screen, 51, 52 
character, 39-40, 52-53 
from CHR$, 86-87 
experiment, 42 
Hi-Res, 143-144 
memory, 52, 53, 56 
setting, 139-140 
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Colors (continued) 
in Sprite graphics, 160, 162 
variety, 139 

Comma 
as delimiter, 8, 9, 15, 74 
as separator, 59, 136-138 
for spacing, 96, 97, 128, 129 

Commands, 4, 38. See also Instructions 
Commodore 

datassette, 126, 170, 210 
graphics keys, 39-40 
integer value range, III 

Concatenation, 77, 82 
CONTROL key 

to control color, 39, 40 
to slow display, 67 

Control routine, 82-83, 99-100, 147, 155 
COS function, 65 
Counting programs, 23-30, 34-36 
CRSR key 

left and right, 17-18, 19 
up and down, 18-19, 20 

Cursor 
blinking, 42 
controls, 20 
defined, 2 
in editing, 17-19 
functions, 74 
in quote mode, 20-21 

DATA 
dummy, 28, 29, 75 
source of variable values, 14 
statement, 19 

Decimal point, 12 
Decimal system, 110 

conversion to binary, 111-113 
Decimal value, 66 
DEFined function, 64-65, 153 
DEL key, 16-17, 19-21 
Delete instruction, 20-21 
Delimiters 

comma, 8, 9, 15, 74 
semicolon, 8, 9, 12, 15 

DIMension statement, 91-94, 104 
Directory, disk, 210 
Disk, 209-215 

data file on, 126, 127 
drive, 126, 127,212 
Commodore 1541, 127, 128 
erasing, 212, 213 
errors, 128, 130-131 

errors in use, 130-131 
formatting, 211, 212, 214 

Division, decimal, 60 
Dollar sign ($),73 
DOS (Disk Operating System), 126, 127, 

138,211 
commands, 212 
SUPPORT, 210 

Drawing, 41-43,142-152. See also Graphics 

. Editing function, 19-20 
in graphics, 43 
in string variable, 74 

Editor, screen. See also Screen editing 
creating subroutine code, 47 
in drawing dice, 42-43 

E-format,8 
Element, 88, 95 

BASIC, 58 
END 

instruction, 1 
statement, 15, 37 

End-of-data condition, 14 
Equal sign (=), 23 
ERROR channel, 213 
Errors 

disk, 128, 130-131, 211, 213 
checking, 133, 134, 136 
DRIVE NOT READY, 213 
FILE EXISTS, 211 
messages, 14, 28 
SYNTAX, 5, 7, 10, 19,27 
typing, 4, 5 

Execution 
deferred, 36 
defined,4 
immediate, 36-38 

EXP function, 66 

Factors, finding, 60, 61 
File 

data, 126, 127 
sequential, 126, 136-138 

closing, 129 
defined, 127 
errors in, 130-131 
GET#,129 
input, 129 
losing data, 131 



opening, 127-128 
playing games, 131-136 
print, 128 
updating, 138 

FOR ... NEXT loop, 44-47, 63 
in counting loops, 34-35 
in graphics, 155, 156 
reverse order strings, 81 
in sound programming, 186 
time requirements, 68, 69 

FRE function, 66-67 
Functions 

ABS, 58, 59 
ASC, 78, 85 
ATN,66 
BASIC, 57 
Built-in, 59, 66 
CHR$, 78-79, 82, 86-87 
COS, 65 
DEFined, 64-65, 153 
EXP, 66 
FRE,66-67 
GET,68 
INT, 57, 59-64, 82 
LEFT$, 79, 96, 108 
LEN, 80,109 
LOG,66 
MID$, 80, 81, 85, 108 
POKE, 71, 123, 124, 139, 140, 144, 

164-168,171,177-183,186 
POS, 67-68 
programmer defined, 64-65 
RIGHT$, 79, 108 
RND, 41, 57, 59 
SGN, 58, 59 
SIN,65 
SPC, 67 
SQR, 59, 60-61 
STR$, 80, 108-109 
TAB, 67, 97 
T AB(X), 46-48 
TAN,65 
VAL,80-83 

Games 
with files, 131-136 
with string arrays, 99-104 

GET A$, 85-86 
GET 

function, 68 
statement, 71 

GET# instruction, 129 

INDEX 

GOSUB and RETURN, 44-45, 47 
GOTO statement, 13,24,31,37 
Graphics 

bit-map, 139-159 
character, 20 
colors, 139-140, 143-144 
compressing programs, 159 
determining position, 141 
drawing figures, 144-152 
enabling, 142-143 
from formulas, 152-158 
memory, 139, 140, 142, 158-159 
plotting routine, 142 
screen, 139, 140-142, 158, 159 
screen grid, 139 

Sprite, 1, 126, 142, 160-176 
color, 160, 162 
disk storage, 126, 176 
illusion of motion, 168-171 

animation, 160, 172-175 
memory, 161, 162, 164-165, 176 
pointers, 161, 170 
position, 162-164 
screen editing, 166-171 
making, 164-171 
screen, 175 

Graphs, 152-158 

Hexadecimal system 
advantages, 113, 115 
conversion from binary system, 113 
conversion to decimal system, 114-115 

Hi-Res screen, 160, 161, 170, 176. See also 
Graphics, bit-map 

HOME,40 

IF ... THEN statement, 24, 31 
abbreviated form, 33 
to determine next step, 28 
and logical operators, 70 
and multiple statements, 51 
options, 25 
with subroutines, 48-49 

Information storage. See Arrays; Files; 
Memory 

INITIALIZE, 214, 215 
INPUT 

data request, 71 
prompted, 58-59, 76 

\ 
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INPUT, (continued) 
statement, 11-13, 14, 15 

INPUT# instruction, 129 
INST key, 18, 20, 21 
INST/DEL key, 16, 18 
Instructions, 100, 101 

CLOSE,129 
DELete, 20-21 
END,l 
GEn, 129 
GOSUB, 44-45, 47, 49-50 
INITIALIZE, 214, 215 
INPUT#,129 
INT(N), 32, 33 
LIST, 4, 5, 15, 24 
LOAD, 210-211,215 

and RUN, 215 
NEW, 2, 3, '5,15,212,214 
OPEN, 127-128, 130 
PRINT#,l28 
RENAME, 214, 215 
RND(X), 30-31, 33 
RUN,3-5, 19,26 
SAVE, 211, 215 
SCRATCH, 213, 214 
VALIDATE, 214, 215 
WEDGKC-64,214-215 

Integers 
accessing, 108-109 
in memory, 66, 67 
successive division of, 107-108, 112 

INT function, 57, 59 
compounding interest, 62-64 
finding factors, 59-60 
rounding, 61-62, 82 

INT(N), instruction, 32, 33 

Jiffies, 68, 69 

Keyboard 
buffer, 68, 71, 85 
control of, 71-72 

Keywords. See BASIC keywords 

Left arrow key, 39, 215 
LEFT$ function, 79, 96, 108 

LEN function, 80, 109 
LET statement, 14 

optional use, 11, 15 
Line numbers, 2-4, 38, 50, 97 
LIST instruction, 4, 5, 15, 24 
LOAD command, 210-211, 215 
LOG function, 66 
Logical operators 

AND, 70, 123-124, 140, 141 
with IF ... THEN, 70 
NOT, 70,125 . 
OR, 70,125 

Loop 
BASIC, 34-35 
counting, 23,24,34 

Lower-case mode, 7, 79, 198,201-202, 
206-208 

Memory 
additional, 74 
free, 66-67 
for graphics, 139 
invisible, 17 
processing instructions in, 3 
visible, 17 

Menu, 116-118 
Message,novelty, 46, 47 
MID$ function, 80, 81, 85, 108 
Multiplication, in binary system, 110 
Music programming, 177-196 

NEW instruction, 2, 3, 5, 15, 212, 214 
NEXT statement, 34, 35 
Nibbles, 123, 139, 140 
NOT, 70, 125 
Number bases, 110-116 

binary ,110 
binary to hexadecimal, 113 
decimal, 110 
decimal to binary, 111-113 
hexadecimal to decimal, 

114-115 
Numbers, 58. See also Integers 

negative, 113 
real,105 

Numeric functions, 59-66 
programmer defined, 64-65 



INDEX 

ON ... 
COS U B, 49-50 
COTO,50 

OPEN instruction, 127-128, 130 
Operators, relational, 25 
OR, 70,125 

PEEK statement, 53-54 
Pixels, 139 
POKE 

function 
in graphics, 139, 140, 144, 164, 165, 

167-168,171 
with integers, 123, 124 
in sou nd programming, 177-183, 186 

in keyboard control, 71· 
statement 

and colors, 51-54, 56 
displaying characters, 53, 54 

POS function, 67-68 
PRINT 

code, 85, 86, 203-208 
statement, 3, 5 

BASIC, 15 
in counting loop, 23, 24 
editing functions in, 19-20 

use of question mark for, 6, 37 
PRINT# instruction, 128 
Program 

components, 25-26 
defined, 1 
editing, 16-21 
planning, 22-30 
readability, 6, 24, 74, 75 
running, 3 

Programming language, 1 

Question mark (?) 
for errors, 11, 12 
for PRINT, 6, 37 
in prompted INPUT, ·76 

Quote mode, 19-21, 74 
setting character colors, 86 
special print characters, 197-198 

Quotes, 3, 19, 20 
to display characters, 39 
to PRINT messages, 58-59, 73, 74 

Random events, 30-33 
Random number generator, 59 
Random numbers, 30-33, 57, 90, 91 
READ-DATA, 13-15 
READ statement, 14 
READY message, 2, 3, 5 
Registers, 162, 164, 171, 176 

in collision detection, 175-176 
defined, 161 

REMark statements, 24-29, 70 
RENAME, 214, 215 
RESTORE 

key, 3, 15 
statement, 14 

RETURN 
key, 2,3, 11,39 

in editing, 16-19 
in immediate execution, 36 

REVERSE ON, 39, 40, 42 
RICHT$ function, 79, 108 
RND function, 41, 57, 59 
RND(X) instruction, 30-31, 33 
Rounding, 61-62, 64, 82 
RUN instruction, 3:"5, 19, 26 
RUN/STOP key, 24 

SAVE instruction, 211, 215 
Scientific notation, 8-9, 80 
SCRATCH, 213, 214 
Screen codes, 53, 54, 56, 78, 199-202 
Screen editing, 2, 16 

CRSR key, 17-19 
DEL key, 16-17 
INST key, 18 
Quote mode, 19-21 
with Sprite graphics, 164, 166-171 

Screen grid, 40 
Screen width, 5-6, 9 
Semicolon, 8, 9, 12, 15, 59 
SCN function, 58, 59 
SHIFT key, 6, 7,17,18,20,39 

CLEAR, 40 
INST key, 19 
LOCK, 7 

SID (Sound Interface Device), 177-196 
initialization, 191 
instructions, 189 
locations, 188-189 
registers, 196 

SIN function, 65 
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Sound programming 
envelope generator, 183-187, 191 
filtering, 193-195 
frequency, 178-180, 187, 191 
harmonics, 181, 182, 189-191, 193, 195 
note encoding, 192 
playing melody, 185-187 
ring modulation, 195-196 
sound effects, 177, 195, 196 
synchronization, 195-196 
volume, 178-180 
waveforms, 191 

noise, 182, 195, 196 
pulse, 181-182 
sawtooth, 181 
triangle, 181, 186, 195-196 

SPC function, 67 
Sprites. See also Graphics, Sprite 

colors, 160 
expansion, 160, 175 

SQR function, 59, 60-61 
Statements 

assignment, 11, 14, 15,23,26 
BASIC, 58 
DATA, 19 
DIMension, 91-94, 104 
END, 15,37 
GET, 71 
GOTO, 13, 24, 31, 37 
IF ... THEN, 24, 25, 28, 31, 33, 48-51, 

70 
INPUT, 11-13 
LET, 11, 14, 15 
Multiple, 50-51 
NEXT, 34, 35 
PEEK, 53-56 
POKE, 51-56 
PRINT, 3, 5, 6, 15, 19-24,_37 
READ, 14 
REM, 24-29, 70 
RESTORE, 14 
STOP, 37-38 

STOP 
key, 37 
statement, 37-38 

STOP-RESTORE, 13, 15, 28, 37 
STR$ function, 80, 108-109 
String, 67 

arrays, 95-105 
comparisons, 75-77 
data, 73 
functions, 78-84 
manipulation, 77 
variables, 73,74,80,87,95 

Subroutines, 44-49, 65-67, 99, 100, 132, 
133, 136 

adding elements, 150 
Subscript, 88, 91-92, 93, 94 

zero, 94, 104 
saving space, 106 

TAB function, 67, 97 
T AB(X) function, 46-48 
T AN function, 65 . 
TIME, 68-70 
TIME$ variable, 84-85 
TO, 34 
Tone sources, 179, 182-184, 186, 192, 195 

control register, 181, 186-188 
modification, 194 
three voices, 187-192 
waveforms, 193 

Transfer, conditional, 24 
Truncation, 111 
Two's complement form, 113, 125 

I:rpper-case mode, 7, 79,197-201,203-205 

VALIDATE, 214, 215 
Variables 

array, 88-106 
assigning values, 13-14, 15 
defined, 10 
dummy, 1,64 
integer, 105 
more than one value, 23 
naming, 10, 15, 27 
numeric, 10 
simple, 88 
string, 73, 74, 80, 95 
value set at zero, 26, 27 

WEDGE, C-64, 210, 211, 213 
commands, 214-215 

Words, reserved, 10, 27. See also BASIC 
keywords 








