
































































































































































































































































































































































































































































































































































































































BASIC COMMODORE 64 BASIC

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 Noise 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.

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 forSectionl1ll-8...................cc0....

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.

8. 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 Envelope 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 itis 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.

. .Gating

In the previous 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/Release
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 1.
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
0 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 like 0/10/0/0. 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 tonothing. The
release value is also zero, ensuring that the sound ends as soon as the key isreleased,
even if this is before the decay period has finished.

Figure 11-1 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 11-2.

S
“—A "’I‘ D~<~—SUSTAIN R—
PERIOD

PEAK AMPLITUDE——

Figure 11-1. The ADSR cycle. ( Courtesy of Commodore Electronics Limited.)
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VALUE ATTACK RATE DECAY/RELEASE RATE

(Time/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 15s
11 800 ms 24 s
12 17 s 3s
13 3s 9s
14 5s 15 s
15 8s 24 s

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

...Playing a Song 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 I=0 TO 24 : POKE S+I,0 : 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=0 THEN 900
210 POKE S,(F-32768) AND 255
220 POKE S+1,F/256

300 POKE S+i,W+1

320 FOR I=1 TO D¥50 : NEXT I
360 POKE S+U,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,

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 and 20, 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 DATA 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 W and 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 DATA 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.

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.............. ..o,

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 doitby 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 0/0/15/0 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 Voicel to Voice3. For example, the
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control register for Voice 1 is S+4. Therefore, the control register for Voice 2 is
S+11, while for Voice 3 it is S+18.

...8SID Locations
Table 11-3 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.

BIT VALUHS
188 64 38 18 8 4 ] 1
REG #» REG NAME REG TYPE
D, D, D, D, D, D, D, D, Voice 1
0 Fs Fa Fs Fs F. F. F, Fy FREQ LO WRITE-ONLY
1 Fis Fis Fix Fi; Fn Fio Fy Fy FREQ HI WRITE-ONLY
2 PW, PW, PW, PW, PW, PW, PW, PW, PW LO WRITE-ONLY
3 — — - — PWy, PW,, PW, PW, PW HI WRITE-ONLY
RING
NOISE UL 41 AA  TEST MOD  SYNC GATE CONTROL REG WRITE-ONLY
ATK; ATK: ATK, ATKo DCY; DCY. DCY, DCY, ATTACK/DECAY WRITE-ONLY
6 STN; STN, STN, STNo RLS; RLS, RLS, RLS, SUSTAIN/RELEASE  WRITE-ONLY
Voice 8
7 F, Fe Fs F. F F. F, Fo FREQ LO WRITE-ONLY
8 Fis Fu Fis Fi2 Fu Fio *Fg Fy FREQ HI WRITE-ONLY
9 PW, PW, PW; PW, PW, PW, PW, PW, PW LO WRITE-ONLY
10 — — — — PW,, PW,, PW, PW, PW HI WRITE-ONLY
RING
11 NOISE AN A4 AA TEST MOD SYNC CGATE CONTROL REG WRITE-ONLY

12 ATK;  ATK, ATK, A']:Ko DCY; DCY: DCY, DCYo ATTACK/DECAY WRITE-ONLY
13 STN; STN:  STN, STN, RLS; RLS, RLS, RLS. SUSTAIN/RELEASE ~ WRITE-ONLY

Voice 3
14 F, Fe Fs F. Fs F. F, Fo FREQ LO WRITE-ONLY
15 Fis Fu Fis Fi Fy Fio Fy Fy FREQ HI WRITE-ONLY
16 PW, PW, PW; PW, PW, PW, PW, PW, PWLO WRITE-ONLY
17 — — — — PW,, PWy PW, PW;y PW HI WRITE-ONLY
RING
18 NOISE UL .4 AA  TEST MOD SYNC GATE CONTROL REG WRITE-ONLY

19 ATK, ATK:  ATK, ATK, DCY; DCY. DCY, DCY, ATTACK/DECAY WRITE-ONLY
20 STN, STN:  STN, STN, RLS; RLS, RLS, RLS, SUSTAIN/RELEASE ~ WRITE-ONLY

Filter
21 — — — — — FC, FC, FC, FC LO ' WRITE-ONLY
22 FCio FC, FCy FC, FC, FC;s FC, FC, FC HI WRITE-ONLY
23 RES, RES; RES, RES, FILTEX FILT3 FILT2 FILT1| RES/FILT WRITE-ONLY
24 3 OFF HP BP LP VOL, VOL, VOL, VOL, MODE/VOL WRITE-ONLY
Misc
25 PX; PX¢ PX; PX, PX, PX; PX, PXo POT X READ-ONLY
26 PY, PY, PY; PY, PY, PY, PY, PY, POT Y READ-ONLY
27 [o7) 0Os Os O, O, 0. 0, Oo 0OSC:/RANDOM READ-ONLY
28 E; E¢ Es Es E; 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-4924 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.

...Playing 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 on, 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 DATA 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 I,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 I+5,0%16+0

1040 POKE I+6,15%16+0

1090 NEXT I

1100 POKE S+24,15

1200 FOR I=1 TO CT

1220 POKE S, LF%(0,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%(2,1)

1270 POKE S+15,HF%(2,1)

1280 POKE S; 4,WC%(0,I)

1282 POKE S;11,WC%(1,I)

1284 POKE S;18,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=0 TO 2 : CT = 0

2040 PRINT "LOADING VOICE"; V+1
2100 READ D$ : IF D$ = "*" THEN 2900
2110 B = 7-VAL(LEFT$(D$,1))

2200 F = ASC(MID$(D$,2,1))

2400 Z$ = MID$(D$,3,3) : H=0

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=0 : 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) / 2"B
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=0 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, 6u481L
4140 DATA 68668

4190 RETURN

6000 REM #* DATA FOR VOICE 1
6010 DATA ORS,U4BY4,4EL :

6020 DATA OR2,4G+2,U4F+2,4E2

6022 DATA 4F+2,U4D+2,4E2, 4F +2
6030 DATA OR2,4F+2,4E2, 4D+2

6032 DATA 4E2,U4C+2,4D+2,4E2

6040 DATA OR2,4E2,U4D+6,U4D+2,U4C+6
6052 DATA OR2,3B6,4C+2,4D4

6060 DATA 4C+2,3B2,4C+2,4D2

6062 DATA 4E2,4D2,4C+2,3B2
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6070 DATA U4C+8,4C+8

6990 DATA *

7000 REM *¥ DATA FOR VOICE 2
7010 DATA ORS,4G+l,l4A2,U4B2
7020 DATA 5C+8,4B4,3B2,3B2
7030 DATA 4B8,u4Al,3A2,3A2
7040 DATA 4A6,4B2,U4G+6,4A2
7050 DATA 4F+2,4E2,4F+U

7052 DATA UF+2,4A2,4G+2,U4F+2
7060 DATA UE+2,4D+2,UE+2,U4F+2
7062 DATA U4G+2,U4F+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+2,3D4,2BY4
8060 DATA 3C+12,2G+U

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 isloaded from its own set of DATA statements. Then Voices2 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, 3C8. 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
OR8. Also, we may make any note sharp () or flat (p) by appending either + or —,
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 E# and Cp (really the
E-sharp and C-flat) can be processed. The lowest possible note is 0C— and the
highest is 7B. The DATA statements for Voice 1 end with a single asterisk®. Voices2
and 3 use the same format for their data at lines 7000 and 8000. 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 (it is 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 S8ection 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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8. 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. Voice 3 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

SID 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 locations S +21 through S +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 S +21. The location S +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 S+ 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 S +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 it is
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 bitin S +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 S+23 provides further control of the filter. The lowest three bits of
this register determine which voices are affected by the filter section. Setting 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 S+23 controls the resonance of the filter. This

- parameter may vary from0 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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... Using the Filter
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 110 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 sourceis 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 s 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 S=54272
20 FOR I=0 TO 24 : POKE S+I,0 : NEXT I
100 POKE S+1,25

110 POKE S+6,15%16

120 POKE S+4,32+1

130 POKE S+23,1

140 POKE S+21,16+15

200 FOR C = 0 TO 255

210 POKE S+22,C

220 FOR J=1 TO 10 : NEXT J
240 NEXT C

300 POKE S+21,0

Program 11-4. Filter demonstration.

The filter can be used to help produce sound effects, as Program 11-5 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 I=0 TO 24 : POKE S+I,0 : NEXT I
100 POKE S+1,100

110 POKE S+6,15%16 + 13

120 POKE S+4,128+1

130 POKE S+23,1

140 POKE S+2k,16+15

200 FOR C = 0 TO 255

210 POKE S+22,C
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220 FOR J=1 TO 10 : NEXT J
240 NEXT C
300 POKE S+4,128

Program 11-5. ] et aircraft departure.

Program 11-5 was derived from Program 11-4 above. Only four lines are
different—100, 110, 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.

...SUMMARY

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.

|

PROGRAMMER’'S CORNER 11
Synchronization and Ring 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 Voices2 or3, 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 I=0 TO 24 : POKE S+I,0 : 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+i,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 Voice 3. 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 Registers
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 thay 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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Appendix A
Special Print
Characters

(How They Appear in Quote Mode)

Upper-case Mode

- ——— I PROGRAN acTIon
144 BLACK

5 g WHITE

28 RED
159 ﬂ CYAN
156 cra | H PURPLE

30 cro 8 GREEN

31 BLUE
158 B EI YELLOW
129 ﬂ ORANGE
149 BROWN
150 LIGHT RED
151 Q) GRAY 1
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o
p el
m1

|

- N——— ™ PRoGRA acTIon
152 | £3 GRAY 2
153 8 | LIGHT GREEN
154 K1 LIGHT BLUE
155 GRAY 3
18 I._ﬂ REVERSE ON
147 o ' CLEAR THE
%%RI\ZJEN AND
19 = HOME
145 crsr CURSOR UP
17 CURSOR DOWN
157 Cro? I] CURSOR LEFT

29 CURSOR RIGHT

148 SHIFT INSERT

Lowercase Mode
186 @ v CHECK MARK
169 £ DIAGONAL
HASHING
127 - N DIAGONAL
HASHING
126 <3 = CHECKERBOARD
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Commodore 4
creen Codes

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
0 to 127.

Upper-case Screen Codes

VALUB VALUB VALUE VALUE

0 0 T0 0
CHARACTER POKE CHARACTER POKB CHARACTER POKE CHARACTER POKE
@ 0 D 4 H 8 L 12
A 1 E 5 I 9 M 13
B 2 F 6 J 10 N 14
Cc 3 G 7 K 11 0] 15
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IOAI.UE :‘oﬂu ::mm :on.um
CHARACTER POKR CHARACTER POKE . CHARACTER POKE CHARACTER POKE
P 16 & 38 < 60 g 82
Q 17 ’ 39 = 61 @ 83
R 18 ( 40 > 62 84
8 19 ) 41 ? 63 I 85
T 20 * 42 64 X 86
U 21 + 43 E 65 D 87
\ 22 , 44 66 @ 88
W 23 - 45 — 67 89
X 4 46 68 90
Y %5/ 47 S 69 [T 91
z 2 0 48 70 ; 92
[ 27 1 49 71 93
& 28 2 50 EI] 72 /A 94
] 29 3 51 73 ! 95
f 30 4 52 N 74 96
- 31 B 53 o 75 “ 97
32 8 54 o 76 ; 98
! 33 7 55 77 99

" 34 8 56 78 \._] 100

# 35 9 57 D 79 101

e
36 : 58 80 : 102

$
% 37 ; 59 81 103
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VALUB

CHARACTER POKB

E 104
! 105
D 106
107
] 108
E 109
vaLUE
CHARACTER :n
@ 0
a 1
b 2
c 3
d 4
e 5
f 6
g 7
h 8
i 9
J 10
k 11
1 12
m 13

VALUB
TO
CHARACTER POKE

m DI
D 111
LT 112
'_If 113
T 114

115

Lower-case Screen Codes

VALUB
caanacrEn  poxe
n 14
o 15
jo) 16
q 17
T 18
s 19
t 20
u 21
v 22
w 23
X 24
y 25
b4 26
[ 27

VALUB
TO
CHARACTER POKE

116

117

118

119

120

N I |l

121

VALUE
casnsoran 3oxz
& 28
] 29
t 30
- 31
e .
! 33
" 34
# 35
$ 36
% 37
& 38
! 39
( 40
) 41

VALUE
CHARACTER :n
— 122
[ 123
l 124
- 125
[ 126
E 127
VALOB
cmanacren  roxs
* 42
+ 43
, 44
- 45
46
/ 47
o 48
1 49
2 50
3 51
4 52
5 53
6 54
7 55
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VALUE

CHARACTER POKE

0 @

—

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

VALUE

CHARACTER POKE

 © o W

KM 8 4 d 13

N

74

75

76

77

78

79

80

81
82

83

85

86

87

88

89

90

91

VALUB

CHARACTER POKE

SPACE

EB'QE =

ra T e N

302

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

VALUR

CHARACTER POKE

110

111

1] Hi=d

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

o (NN el B EHH

127
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PRINT Codes
on the
ommodore ¢4

The character sets and certain control functions are produced by using PRINT
CHRS$(C), where C is a value from this appendix. Sometimes it is useful to
determine the code value from an entry from the keyboard. This is easily ac-
complished with GET A$ and PRINT ASC (A$). ASC will return the numeric value
associated with the character in A$. This is particularly useful for the function keys
(f1 to £8) 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 PRINT Codes
DISPLAY DISPLAY DISPLAY DISPLAY
OR OR OR OR
AGTION CHR$( ) ACTION CHR$( ) ACTION CHR$( ) ACTION CHRS( )
0 5 10 15
1 6 11 16
17

2 7 12

Switch to

4 Ensable EZBS9 Lower Case 14

3]
-
)

RVS
3 Disable EIB S8 13 ON 18

19
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DISPLAY
OR
ACTION CHRS$( )

DEL 20
21

22

24

26

27

Red
28

[2]
pe
(%]
)

29

Green 30

Blue

31

SPACE

32

$#* B —
...l

35

36

R

37

@

38

. 39

40

~

41

A

DISPLAY

OR
ACTION

DISPLAY
cHRS( ) ‘aorrow
42 @
43 A
44 B
45 C
46 D
47 E
48 F
49 G
50 H
51 I
52 J
53 K
54 L
55 M
56 N
57 0]
58 P
59 Q
60 R
61 S
62 T
63 U
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CHR$( )

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

85

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107
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e @

¥ OX A

<

43

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

129

DISPLAY
zgnou CHR$( )
130
131
132
f1 133
£3 134
5 135
7 136
£2 137
f4 138
8 139
8 ‘140
Rl 141
142
143

@ 144
145
146

147
ST 148
Brown 149
Light red 150
Gray 1 151

bisrrax
ACTION cHRS$( )
Gray2 152
Light green 153
Light blue 154
Gray 3 155
e 156
157
158
159
B3 .
l:l 161
g 162

163
(- 164

165
E 166

167
™
ﬂ 169
[I 170
[E 171
] 172
E 173

208

OR
ACTION

HrllH]

"ol {10 H] HIN 1 1]

cHRs( )

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191
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DISPLAY
OR
ACTION CHRS$( )

0
1
2
3
4
5
6
7
Disable EXBES
Enable EBGE9
10
11
12
13
14
15
16
chsn 17
HOVNS 18
o 19
20

Lower-case PRINT Codes

DISPLAY
OR
ACTION CHRS$( )

21

22

N

26
27
28
29
30
31

SPACE

32

35

36

37

38

39

40

~ . IS —
- ® * ® * 'aalga
[}
3 el

41

DISPLAY

OR
ACTION

*

+

(o] @a D

© oo =N O

U

206

CHR$( )

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

DISPLAY
OR
ACTION CHR$( )

? 63
@ 64
a 65
b 66
c 67
d 68
e 69
f 70
g 71
h 72
i 73
J 74
k 75
1 76
m 77
n 78
o 79
bo) 80
q 81
by 82
8 83
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DISPLAY

:znon CHRS$( )
t 84
u 85
v 86
w 87
x 88
y 89
z 90
[ 91
S 92
] 93
t 94
- 95
— 96
A 97
B 98
c 99
D 100
E 101
F 102
G 103
H 104
I 105

DIBPLAY

ACTION OHR$( )
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

122

+N.<Ng<qem;uo~uozghne.

123

124

125

126

5 -

127

DISPLAY
::non oHRS( )
128
Orange 129
130
131
132
1 133
3 134
8 135
7 136
02 137
f4 138
8 139
B 140
[ soer [ e BN
P
143
144
145
146
cun 147
INST 148
Brown 149
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::non oHRS$( )
Light red 150
Gray 1 151
Gray R 152
Light green 153
Light blue 154
Gray 3 155
iy 156
157
156
159
160
[ 161
g 162
163
164
165
E 166
167
E 168
E 169
:I 170
u 171
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DISPLAY
OR

ACTION cHR$( )
G 172
E 173
E' 174
D 175
E 176

DISPLAY
OR
ACTION

L

]
I

CODES 192-223 ARE THE SAME AS 96-127

DIBPLAY
oR
CHR$( ) ACTION

o L
178 D
179 D
180 E
181 :I

cHRs$( )

182

183

184

185

186

CODES 224-254 ARE THE SAME AS 160-190

CODE 255 IS THE SAME AS 126

308

CcHRS$( )

187

188

189

190

191



Appendix D
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 "g",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 called 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 number 8 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.

Next, 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

es

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.

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 howeuver), 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, 00,00

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.

.. .Formatting a New Disk (NEW)
Before we can save programs on a disk it must be formatted. That s, a pattern must
be written on the disk so that thé computer can organize data stored on it.

We can write a program to format a disk. See Program D-1.

100 OPEN 3,8,15
110 PRINT# 3, "NEW:FIRST DISK, 00"
130 CLOSE 3

Program D-1. Formatting a disk.

The formatting command appears in quotes in line 110. The NEW command may
be abbreviated to “N.” 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, 00"
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 typmg the lines of either Program D-1 or D-2 in
immediate mode as well.
Onmitting 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 tolook 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 the 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$,T,S
120 PRINT E;E$;T;S
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:0LD FILE"
110 CLOSE 1

The same two lines may be used in immediate mode. If we choose to do this witha
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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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

... INITIALIZE

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,"I"
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,"y"
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-64 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.

...NBW
We can format a disk easily with

8N :NAME, 00

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

We can erase an unwanted program with

@S:FILENAME
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..RENAMBE
@R:NEWNAME=OLDNAME
renames a program for us on disk.
... INITIALIZE
The drive can be restored to its initial state at power-up with
eI
..VALIDATE

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

ev

...LOAD
Even LOAD can be shortened.

/PROGRAM NAME
is equivalent to

LOAD "PROGRAM NAME", 8

...LOAD and RUN
We can load and run a BASIC program with

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

We have a shortened command for SAVE.

- G 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 mstallmg C-64 WEDGE routinely
every time you turn the disk drive on.



Program
1-1.
1-2.
1-3.
14.
1-5.

1-6.
1-6a.

1-7.
1-8.
19.
1-10.
1-11.

2-1.
2-2.
2-3.
2-4.
2-5.
2-6.
2-7.
2-8.

=

‘Appendix E
Index of

PrOSramms

Description

" Our first Commodore 64 BASIC program.

Using question mark as PRINT.
Demonstration of lower-case mode.
Calculations.

Demonstration of using comma and semicolon for
spacing.

Demonstration of scientific notation.
Demonstrate program listings without line
breaks.

Calculating a simple average.

Calculating gasoline mileage.

Program 1-8 with READ...DATA.

An editing example.

Demonstration of CLR and CRSR keys in a
PRINT statement.

First counting program.

Counting with display.

Counting from 1 to 7.

Birthday dollars.

Package weight monitor.

Generating 10 random numbers.

Flip a coin 39 times.

Rolling a die ten times.
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14
18

20
23

26
27
31
31
32



APPENDIX E—INDEX OF PROGRAMS

Program
2-9.

2-10.
3-1.
3-2.
3-3a.
3-3b.
34.
3-5.
3-6.
3-7.
3-8.
39.
4-1.
4-2.
4-3.
44,
4-5.
46.
4-7.
4-8.
49.
4-10.
5-1.
5-2.
5-3.

54.
5-5.
5-6.
5-7.
5-8.
5-9.
5-10.
6-1.

6-2.

6-3.
6-4.
6-5.
6-6.

Description

Program 2-7 showing shortened IF... THEN
statement.

Program 2-3 using FOR. . .NEXT.

Draw the one face of a die.

Draw the three face of a die.

The control segment of a die-drawing program.
Subroutine to display a one face of a die.
Center a message on the screen.

Novelty backwards message.

Setting a character color in color memory.
Display a character set.

Some twinkling stars.

Calisthenics.

Finding the largest factor.

Finding the largest factor using SQR(N).
Rounding to the nearest hundredth.

Compound interest by formula.

Compound interest with money added each month.
Using DEF FN to round to the nearest hundredth.
Comparing time for I*I and 12

Comparing time for I + K and I + 342.
Demonstrate keyboard buffer.

Curing the stray character problem for keyboard input.

READ. ..DATA with strings.

Program 5-1 with reformatted DATA statements.
Using dummy data to terminate program
execution.

String comparison.

Displaying the printing characters.

Displaying the days of the week.

Formatting subroutine.

Control routine to test Program 5-7.

Using GET A$ to determine PRINT code.
Store color codes in a string variable.

Finding the average, highest, and lowest
temperatures.

Drawing five numbers at random from among
ten.

Drawing without replacement efficiently.
Finding daily average temperature.

Displaying the days of the week.

Displaying average daily temperature with day
names. ‘
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Program
6-7.
6-8a.
6-8b.
6-8c.
6-8d.
6-8e.
6-8f.
6-8g.
6-8h.
7-1.
7-2.
7-3.

7-4.
7-5.
8-1.
8-2.
8-3.

8-4a.
8-4b.
8-4c.

8-5.
8-6.
8-7.
8-8.
89.
9-1a.
9-1b.
9-lc.
9-1d.
9-le.
9-1f.

9-2.

9-3a.
9-3b.
9-3c.
9-3d.
94,

9-5a.
9-5b.
9-6.

9-7a.

Description
Total price in record store.
Control routine to play Geography.

Reading names into an array for Geography game.

Geography game instructions.

Initializing the available names array.
Beginning the Geography game.

Person response subroutine in Geography.
Computer response subroutine for Geography.
Playing a Geography game.

Accessing digits by successive division.

Using STR$ to separate numeric digits.
Converting decimal to binary by using successive
division.

Hex input/output.

Processing a menu.

Error reading subroutine for files.
Demonstration of how to read file errors.
Writing initial names to a file for Geography
game.

File reading subroutine for Geography game.
Writing names to the file in the Geography game.
Changes in the control routine to convert array
Geography to file Geography.

File-oriented Geography game.

Demonstration of commas in a PRINT# statement.

Demonstration of multiple INPUT# from a file.
Demonstration of comma in PRINT# A$, BS.
Reading file data written by Program 8-8.
Bit-map graphics plotting routine.

Setting up the Hi-Res screen.

Setting bit-map color in character screen area.
Bit-map screen setup subroutine.

Restoring the normal character screen.

Routine for displaying a border at the edge of the
screen.

Plotting a black border on a white screen.
Plotting a line from (X1,Y1) to (X2,Y2).

Plotting a line from two points for (X2 — X1) =0.
Reading plotting data and controlling plotting.
Control routine for graphing from data.

Drawing a figure by using line data.

Data for drawing a lighthouse.

Blinking light for the lighthouse.

Plotting a function in bit map.

Control routine for polar graphing.
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Program -

9-7b.
9-7c.
9-8.
10-1.
10-2.
10-3a.
10-3b.
10-3c.
10-4.
10-5.
10-6.
11-1.
11-2.
11-3.
114.
11-5.
11-6.
D-1.
D-2.
D-3.

Description
Drawing a polar axis.
Polar graph plotting subroutine.
Complete polar graphing program.
Our first Sprite program.
Adding a second Sprite to Program 10-1.
Displaying a Sprite grid on the screen.

Calculating Sprite data from a Sprite drawing.

POKEing Sprite data from a Sprite drawing.
Drawing Sprites and POKEing Sprite data.
Moving four Sprites across the screen.
Person climbing stairs.

Frequency test.

Playing a melody.

Three-part harmony.

Filter demonstration.

Jet aircraft departure.

Gong sound.

Formatting a disk.

Formatting with the OPEN statement.
Reading the error channel.

219

Page
156
156
157
162
163
166
166
167
168
171
174
180
186
191
194
195
196
212
212
213



LOT SIHL Ld3ADDOY
6LT ¢S IM
@g8T ¥ LM
18T € IM
28T ¢T 1M
6LT ST IM

and

gec OLOD

LNI¥d

LNI¥d

666 OLOD NIHL ¢ = IM JdI

NO¥

666
5113
Lé6c
S6¢
[4%4

$SENIT SNIMOTIOL HHIL YHINT xx WI¥ 2T

g 'ON wa)qoig
1 UonOag

8 xeydeyd
-a8ed [enpiAIpul 9uo st wopoq 03 doj wioly peal 8q pnoys peaids oafed-omy yoeq

SUIOIQOI] PoJoqUUINN-USAH
JO] SUTBJISOI] UOTINOS

Jd XTpusddy

NNy
X + X + X ‘Xx€ ‘X INI¥4 Q11
€/1T = X 991
P "ON wa]qoig
* AAVYdY
. Trege
60T 'TZ'T° 2’86 '€ (SYHAHWNAN IATI YIINI
N3

SY+PVY+EY+CY+TVY LNI¥d 9CT

. GY ‘PY ‘EY ‘TV ‘TV INANI Q1T
!, SYHEWAN FAIJ ¥ILNF, LINI¥d 00T

g 'ON wa)qoid
1 xe3deyo

220



T =

@€ ¥OJd AVA HOVE SIODVM FTdNnod

Ya

2SsT

SXYd

xx» W 00T

9 "ON wajqoLd

WAOS 99C8LT
SYIEWNN TTT

WS, ‘WS INIdd
#SYFEWNN,, *TD INIVd

@TZ OLOD NIHL €1ZC => 1L
IT + IC

I + WS

T+ 1ID

[}

10071

g =

JdI
ir
WS
10
WS
ir
10

NNY

gce
gie
g6t
28¢
gce
o1C
aLT
291
PST

NIATTE A€ TTHISIAIA €12Z OL 19QT

WO¥d SYIDIINI WNS ANV LNNOD

»x WY 00T

9 ‘ON wa1q01d
GZ°L8 :UDIIAVY

6 TL

98 @@T :SHIO0DS

NNy

26 ‘TL ‘98 ‘P@T VYIVA 2096

v/ (d+ D+ € + ¥) ¢, 3DVHFIAVY, INI¥d 921
a !D ‘g ‘Y ¢!,:SHI0DS , INI¥d @TT

a‘s’a‘v avay get

P 'ON wajqotq

* AQvIy

2T LM

* AQvIy

¢T / 11
€' ¢A’'N NOILOWYA ANODIS ¥AILNA
¥’'T ¢d’N NOILOVYA ISYIJd ¥IINI

NNy

TAxTA ‘u/u ‘TA+ZN + TAxIN INI¥A @91
¢d ‘TN INANI @%1

‘wd’N NOILOVVA ANODIS YWALINI, ININA @E€T
1d ‘TN ILNANI @TT

fwd’N NOILOV¥A ISYIJ YHINZ , INI¥d 90T
01 'ON wa1qoiq

* XAVay

2088C9¢
NNJ

POTx6x8BxLlx9xSxPxExTxT INI¥A P01

8 'ON wajqotqg

* XAVad
21
NNy
a/N INT¥d 921
v/1 - €/1 = d @11
€/1T + 2/T = N 901
9 'ON wajqoLq
P licts

EEEEEEEEE”

221



10

’
-

«= T6TT OL § WOJYA SYADIALNI dAO, LNI¥dd

20¢€

NI IXIN 962
T+ 1D = 1D @1¢
Z d3ls T6TT OL G = NI ¥0d @2
9@ = 10 @61
1611
OL S WO¥d SYIOIAINI AdO INNOD sy WIM @OT

3 ON EQN&Q.«&

€ Uo1Odg

€ 1

¥ 4

9 T

4 9

44 S

1 S

S °

1 S

€ S

4 9
NO¥
g@Z NIHL @T => 10 JdI g6T
I+ 10 = 1D @se
Zd ‘1d INI¥d @22
(T + 9 ¥ (T)ANI)INI = 2Zd QT2
(T'+ 9 « (T)AN¥)INI = 1Id @@C
I =10 @ST
SAIWIL NAL FIDIA OMIL SNITIOU xx WA @OT

P "ON wajqosg

STIVL

91

HLHHHHHHHHHLLLHLIHLHHHLEHHLLLHHLHELLILH

Ny

T =434 @91

g =D @sT1

AYA SIHL SLAID ¥04d TID xx WIH $0T1
YIEWNN AVA ¥0d d xx WHI 2OT

SIJAID ¥0d D xx WY Q9T

GI 'ON wa)qotq

79988 P11 $§ INNOWY

- NNy

I ¢,$ INNOWY, ININd 9@

(2g° - 1) » IL = 1L @0@€

d¥ + 0¥ + M9 = 11 062

G6°6S = d¥ @ve

(ST° - 1) = 86°L » € = D¥ @2C

(S2° - 1) » S6°01 » ¥ = M4 00T

- ¥yIa¥o

NY A0 INNOWY HHIL FLVYINDTYD xx WIN 00T

TL
™

H
"

0I ‘0N w2]qord

T°8IVLELDT $
Z1°6@L89€S §

WS = SIAOYM TVIOL o INI¥d
= SEOVYM AVA HIGE, INI¥d
9Pz OLOD NAHL @€ => ¥a JI
1+ ¥d = VYa

T x ¥M = UM

M = IM

¥M + TL = 116

WId

g =11

19° = UM

SHOYM TYLIOL
SADVM AVYAd HIGE

NNY

g1¢€
20¢€
g6c
o€ec
gce
gic
202
861
oLT
291

(panuyuoo) g “oN wa)qoLg T uonddg



¥9€ :SI SLJIID 0 ¥YILHWNN TYLOL

D {,:SI SILAID A0 WILWAN

a
(A
AYdOdl S&LJID

JIGWNAN AYA
SIJ4ID

T BIVLELDT $
T1°6@L89€ES $

NNY

TVYLIOL, INI¥d @8%
a IXUN @g€

0 + 9 =9 o¥C

€L IXIN @€T

I + T9 = 19 @cc
OL T = 41 904 @@<¢
g = 19 @61

OL T = 904 @91
g =9 @s1

ST 19 xx WIY P01
VOd A xx WIT 22T
YOd D x» WY 00T

9 'ON wajqotq

SEOVYM TVIOL
SHOVM AVA HLGE

NnA
1L ¢{,$ = SIOYM TVIOL o LNIdd @1€
M ¢, = SUOYM AVA HI@E, INIId @0¢€

¥Ya IXUN @gec
¥YM + TL = TL @¢€C
C x UM YM @gcc

g€ OL T = YA ¥0d 907

19° = TL @61
19° = ¥M @81

SAVYAd @€ ¥Od AVA HOVA
ONITHENOd YO SHAOVM HLVINOTIVO xx WIH OOT

P ‘ON wajqotq

$6S = T6TT OL S WOMd SYIDIINI 4O

NNY

«STIVL, ‘¥YL INT¥d @@€
LNI¥d S6T

T+ VL = VL 6SC

g = YL @91

$SANIT ONIMOTIOH HHL

YHILNI ANV 6-C WWIO0dd NI HJAL «»» WY QT

)

g 'ON wa)qosq
g uonoag

$92€ :SI SLAID 40 YILAWNN TYIOL

14°4% [As
28¢ 1T
gece o1
S91
gct
¥8
9s
g€
14
21

14

1

%HNMQ‘U\\DI\@O\

~

w:SI SIJ4ID 40 YIAWAN TVIOL, INIdd @@%

LNI¥d @6¢€

@9C OLOD NJIHL CT => d JdI @TE
T+ d=a e@¢

D ‘19 INI¥dA @@¢€

g1C OLOD @¥%c

gge OLOD NIHL d = 1D dI Q€T
10 + © = D g¢¢

T+ 19 19 @12

(7] 10 g@c

o



" ﬂ "
" E--
" ® o,
" ﬂon
" E "

INTdd @¥11
INI¥d @ETT
INTdd @CT1
INI¥d @TTT
INTdd 90T

uwlu AVIASIA sx» WIS 8601
fu0w INI¥d 60T
ATYHL ¥ ANV 3NO V AVTdSIA x» WIH 86

g "ON wa]qoid

1 uonRoag

g xeydey)

S d0 INO LOUTYYO0D € 10D NOX

LHOTY

LY é= €€ + ¥1

6S d¥d dINOM IVHL ‘ON
6€ é= 6C + @€

LHOTY

gy é= ¢ + 8T

LHOIY

6C é= 6T + OT

6€ d9 Q'INOM IVHL ‘ON
8€ ¢é= TT + 8¢

TP '9T SQIAVISIA SYIIWNN JO0 HONVE YHLNI

S SINVYM NOX Od SWATHOdd ANVW MOH

TTI¥d NOILIAAVY HWOS Od S, LdT

NNY

T+ YL = YL 66C

WI¥ @S¢

@LZ NIHL ¢° > (T)ANd JII @€

2091 OL T = 1Td ¥0d @@

SAWIL @@@T NIOD V dITd x» WIY 86T
g = ¥Y&L @ST

LXEAN " * “90d SNISN »» WIY 20T

0I 'ON w2]q04q
LLLIHLLLHELLIHEIHLIHHLLIHLLLLLHLLALLHLHLLH
ILHLHHIHHLILLLIHHLIHHLLLLLLHLLLHBLLLHLLL
LIHLLLIHLLHLHLHHHLLLLLLLIHIHLHLLHLLLLLE
LHHHHHHHLLIHIHLIHLLHLIHLLLHHHLHHHHLLHEHEH

LHIHILHBHLHHHHLIHLLHIHHHHLHHHHLLLHLLLLLL
NOY

aNIT 666

od IXJIAN @@E€

INI¥d 96¢

LNI¥d S6¢

Td IXUN @8¢

‘{wH, INI¥d 9.7

@g8¢ OLOD @9¢

{uba LNI¥G 95T

PLT NAHL G° > (T)AN¥ JI @€T
6€ OL T = T4 ¥0d @@C

SHIWIL G SAdITd 6€ x» WIY 861
S OL T =00 904 @51
IXAN* * *90d ONISN xx WY 00T

§ "ON wa)qosg
(panuyuoo) ¢ :o.:.oom

224



SIIVIH 40 HTJIHL

INI¥d
LNTdd
LNTdd
LNITdd
INIdd
ILNI¥d
LNI¥dd
LNI3d
LNI¥d
LNIdd
LNI¥d
LNT3d
INTYd
LNT¥d

gec
Y44
g1c
208
26T
28T
aLT
291
2ST
oY1
ge1
I AN
P11
201

xx WII 86

9 'ON wa)qosq

B , INT3d @o%11
a8 , INI¥d Q9€TT
L] B . INI¥dd P11
B, INI¥d @111
B, LNI¥dd @011

AVTIdSIA xx WIS 8601
wOuw LNI¥d 201

¥ ON wajqo.rq

B, INIdd @VET

. @ B, INI¥d @€€T

® B, INIYd gC€1
» B, INIYd @TET
B, INIYd @@€1
AYTdSIA x» WI¥ 86CT

{,d0 INO ILDIYIOD, +IL¥ ¢,lO0D NOX, INIVd
LNT¥d

¥d IXdAN

T+ 19 =19

wLHOIY, INI¥d

98% OLOD

WS ¢,d9 dTINOM LVHL ‘ON, INIdd

PSY NIHL WS = NV JI

NY LNdNI

u..".. uNZ u:+= IIN INI¥d

INI¥d

ZN + IN = WS

(0T + (1T + OT - IH) s (T)ANY)INI = ZN
(0T + (T + O1T - IH) 5 (T)ANY)INI = IN

PN OL T = ¥d ¥0d

JYFH TII¥Ad NIDJIL x» WIY,

g = L4
IH'OT INdNI

:,AIYISIA SYAIWAN A0 HONVY VIINA, LNIdd
LNT¥d

gN LNdNI

{wINVYM NOX Od SWIIEO¥d ANVW MOH, INIdd
LNT3d

«T1I¥d NOILIAAVY IWOS Od S, LdT, INIdd

21s
2es
28v
9%
osy
gcy
o1y
)7
2ot
gse
ove
gce
gce
g1¢
o0¢€
86¢

962

aLT
g9c
@sc
ace
g1c
1X4
20c

I "ON wa]qoLd

STIVL

aNd

wSTIVL, VI ILNI¥d
LNTdd

Td LX3IN

W

98¢ OLOD

14%°]
NN

666
(7]}
S62T
28¢
aLe
99¢



@991 €NSOD NIHL 9 =
@OST €NS0D NIHL G = ¥ JdI
@gg¥1T €NSOD NIHL ¥ = ¥ JI

uwSu AVIdSIA xx WIH
NINLIY

B, {(X)gY¥L INI¥d
@[, {(X)9VL INIId
B, {(X)gY¥L INI¥d
88, {(X)g9VYl INId4
B, {(X)IVl INI¥Yd
:¢.. NA&.H&WHQ * ¥ zmm
NINLAS
X)gY¥l INI¥d
X)dvl INI¥d

E-. A
(
Mxvm<a INT¥d
(

® 8,
B.-

N on en en on

M, X)dvYl INI¥d
[, X)EgYL INIdd
w€n AVTIISIA yxx WA
NINLII

B, (X)g¥l INI¥d
e B, {(X)g¥Yl INIdd
B, {(X)g¥l INIdd
B, {(X)dYI INIAdd
B, ‘(X)8YL INIVd
wCu AVTASIA xx WAI
NInLTI
X)dgYl INI¥d
X)dvl INIYd

E-- A
(
Mxvm¢a INT¥d
(

a,
A,
a, X)EYL INI¥d
B, {(X)gYl INI¥d
..H.. AYIdSIA xx WIY
NINLEIg
6I IXAN
INI¥d
TOL T =6I ¥O4
2601 NIHL @ = T JI
JosaNd IOVId xx WIY

L A S D T

86%1
gevT
vy
geEVT
gevi
21V 1
20V 1
86€T1
g6€ET
OYET
geEET
geeT
PTET
20€T
86¢CT
gect
oveT
gect
peeT
g1cT
] I A
86T1
g6T1
y1T
PETT
TN
P11t
0011
860T
2601
PEBT
2eoTt
2101
2001
866
266
296
256
ove

2091
PeST
20v1
PPET
20821
2911

€nsoo
gnsod
€0Nso0D
gnsoo
ansoo
ansoo

® B, INIdd Q€vI
B, INI¥d 0T%1
® B, INI¥d @1¥1
B, INI¥d @9o%v1

wPu AVIASIA x» WIH 86€T

NINLIY @6ET

B, INI¥d oVET1

® 8, LNI¥d 9€€T
& B, INITdd 9Z€1
B, LNI¥d 9T€1

" B, LNI¥d 9@G€T1
wEu AYTdSIA xx WIF 86CT

NNLIY 96TT

B, LNI¥d o%21
® B, LNI4d @€CT
B, LNI¥d @2C1
B, LNI¥dd @121
" 8, INI¥d 9021
-.N-. AXTIdSIA * ¥ Wada mm.ﬂ.ﬂ

NINLIE g6TT

B, INIdd @¥11
B, INIdd @€T1T
] B, INI¥d @211
B, INId4d @TTT
" B, INI4dd @911
wla AXYTIdSIA xx WIY 8601

NIHL
NIHL
NIHL
NIHL
NIHL
NIHL

aNd ge6
dI 996
dI 996
ov6
dI @€6
dI @26
dI @16

wwaunn

NN O

]

-
s
-

{0, INI¥d @12
T + (94(T)AN¥)INI = ¥ 90T

G ON ENN&Q&N
3 uopodg



WAVAX ¥ ¥90d @9@ReTS NO, INIdd 91T
ZISHYIINI ANNOJWOD HTIVAWOD, INIdd @01

g ‘ON wa1q0:d

$SENIT SNIMOTIOL HHIL ANY 3A0SY ¥

— o~~~

+ 4+ +

1

1 Uondg

p xo3dey)

(6Tx(T)ANY)INI = T Q€T
(Z€x (T)ANE) INI = X 022
(6T (T)ANI)INI = T @€T
(ZEx(T)ANY)INI = X @T1

6L IXIN @8

@16 €0S0D @L

ggeT 9nS0D @9

T + (6Tx(T)ANY)INI = T @S
T + (2€x(T)ANI)INI = X O¥
{,H, INI¥Yd @€

+ (9x(T)ANI)INI = ¥ @C

GZ OL T = 6L ¥Od @T

9D0Id JHL TIOY »x WY 8

*ON

WFTg0dd OL NOILNTOS HHL NI JdAL xx W T
9 ON wajqo.iq
NINLId 9691

m, {(X)EVl INI¥d 9491
880, {(X)gYl INTYd @€9T
@, {(X)E¥l INIdd 9291
@ e 88, {(X) gVl INI4d 9191
g, ¢(X)E¥L INIdd 0091

® 8,

«. 8,

w9u AVIASIA x» WIE 86ST

NINLIE g6ST

E-.

E-

{(X)€VL INI¥d @%ST
{(X)dVL INIdd P€ST
B, {(X)gVl INI¥d 9ZST
{(X)gYl INT¥d @1ST
{(X)g¥l INTdd @9ST

PPET dNS0O NIHL € = ¥ dI
@eCT dNSOO NAHL ¢ = ¥ JdI
@@T1T dNSOD NAHL T = ¥ dI

AVIdSId OL FId LOIATAS xx WA
andg

{8, INIdd

916 €nS09

9P91 9NS0o

6T = 1

6 =X

{8, INIdd

T + (94 (T)QNM)INI = ¥
FId ANODAS xx WX

916 €9NS0D

9991 €nSoo

61 = 1

1=2X

.0, INI¥d

T + (9«(T)AN)INI = ¥

2%
2C6
216
868
g6t
g9t
st
ove
geT
@ce
g1c
/] /KA
861
ST
g1
oET
kA
g1t
201

dId LSYId xx WI¥ 86

P 'ON wajqoiq

NNLTI 9691

" 8, INIYd 9¥91

. 8 @88, INITdd @€91

" M, INI¥d @291

. 8 @ 88, INTYd @191

" B, INI¥d @991
w9n AVIdSIA xx WIHY 86GT
NINLIT P6ST

" B, INI¥d @¥ST
.8 @B, INITdd 9€GT

" & B, INI¥d @ZS1

w 8 &8, INIdd 16T

" M, INI¥Yd 96ST
wGn AVTIASIA xx WIS 86%1
NINITE P6¥ T

" B, INIdd ovvT

237



aam

" AVAI¥d AVASYNHILAYASIN
A¥dsanl AVANOW  AVYANAS, = $M 00T

g 'ON wa]qorg

g uonoag
NINLIY G601
g19T OLOD @80T

«3SVda1d ‘,N, 90 ,X,, LNIdd @LOT
26Q9T NIHL G- < NV JTI @901

g = NVY NJIHL uNy = W¢ dI @S@T
g = NV NUHL wON, = SV JdI @¥8T
T = NV NJIHL wkae = 8Y JI g€0T
1 = N¥Y NIHL ,S3IX,, = $Y JI 9Z0T

SV INANI @101
G- = NV @@01
JOSSTO0Ud ON-SHX xx WIJ 866

P ‘ON wa]qoiq
LAGVHATY ST LSHITIVE FHL

LIGVHITVY
NCISIAYTIL
IIWYD
JaLSY
IDJodd
:SQMOM FHL
NNY

dNd JHL VIVd 666

LIGVHATY ‘NOISIAITIL VYIVA 916
YIAWYD ‘¥ILSY ‘dAD¥0ID YIVA 906
dNd @68

$d ¢, 3SI ISAITIVI HHL, INI¥d @TIC
" INI¥d 99T

@CT OLOD @91

d - 6¥ = IV @LZ
gp6 9NS0D @Ot

G9€ = ¥a @sz

d - 6¥ = Y @¥¢

gg6 €NS0D PET

@9 = Yd @

GG =¥ @912

P0090T = d 80T

GOE {(LZ)9VYL ‘@9€‘ INI¥d @ET
INI¥d @21

LAVIX ¥ ¥0d 9099gT$ NO, INIdd 91T
JILSTIAINI ANNOJWOD HYVAWOD, INI¥d 901

P ON waqord
$G°CT LV SINID ¥ HSOT AINOM IM

LyeEY "TTEET TT6€°CTIEET 36°CT
G8CY9°€59¢ ¥0€9 €696 3G° S
g9t 29¢

dVIX ¥ J0Jd @OgegT1S NO
LSAIFTINI ANNOAWOD HIYAWOD
NNy

w3G°CT I¥ SINID § dSOT 4TINOM IM, INIdd Q1€

INIYd @@€
TV {(62)9v¥l ‘Y ‘,%G°CTT, INI¥d Q9T
d - G9€_(S9€/GZT +1)xd = TV @52

d - 99€.(099€/GCT +1)xd = ¥ @¥T

IV (GZ)Ev¥l ‘V ‘,%6°G . INI¥d Q€T
d - 69€.(69€/65@ +1)xd = TY QT

d - P9€.(P9€/SSP +T)xd = ¥ Q1C
9000e¢T = d 962

GO9f {(LZ)EVL *@9€’ INI¥d @E€T
INI¥d @CT

(panuiu02) g "ON WajqoLd T UoROdg



dNT NAHL ,dOILS, = $W JdI @22

ININd @T¢
SW ¢,ONI¥LS ISIL YIAINI, INANI 00Z

ILNI¥d @21

w9S *VECT- SAWODIL <9S°¥ETTS>, INI¥A QTT
wINTYA DTYIWAN OL ONIYLS LYIANOD, LNIVNd 90T

9 ‘ON wajqoLq

00°0 = @
g INTVYA LSIL
NO¥

w00°0, = $d NIHL @ = TW JI @¥0T
SINIT ONIMOTIOH UHL JYISNI xx WA 8

9 ‘ON wajqosq
6666~ ZIANTVA ISHL

P0°61$ = 61
6T (ANTVA ISEL
NNY

$a + u$u = $Q @SOT

(z’3q)

$AIW = $d NEHL » » = (1°$Q)$1J9T AT gVOT
!SINIT ONIMOTIOL HHL LYASNI xx WY 8

p 'ON waqoid

T IX3AN 092

INI¥d @52

d IXIN gve

wow (T'd’'$M)$SAIN ¢, , INI¥4 Q€2
T+ T + 65 = d 922

9 OL @ = d ¥04 @1¢

8 OL @ = 1 ¥0d @09

]
.

$V = $3 NAHI $3 > $V JI

$Y INTY¥d

g@z NIHL ,ANT HHL, = $V 4T
$Y avay

w2222, = Wﬂ

w $SQYOM dHL, LNIdd

2ST
oV
2ET
2cT
21T
281

g "'ON wajqosg

T uornoeg
g xeydeyd
Pl A AR AR LO9BE"CTTEET %6°CT
Ze%T9 €699 9¥LT9° €696 %6°6G
G9¢ 29¢€

dVIX ¥ 904 99peeTs NO
ISTIIINI ANNOJWOD TAVAWOD

NInLIg

X IXJAN

6Y = 6d

(Va/001/9)x6d + 6d = 6Y

¥Ya OL T = X ¥0d

d = 6d

LSTYALNI FLVINDTIVO xx WIYH

IV {(gz)avd ‘Y ‘,%S5°CT, INI¥d

d - 6Y = TV
@96 d9NS0D
G99t = Yda

d - 6Y =Y
@06 €NSsS0D
G9¢ = Yd
g1 = ¥
PoeeeT = d

IV {(G2)E¥d VY ’,%S°S . INI¥d

NnY

266
ove
2€6
2c6
@16
006
686
g6t
oLE
2ot
2s€e
ove
gee
gce
21¢
[7]1%
géec



SYT

Ta4a

LSNI

dWOH

q€Id

LHOTY ¥osund

LJdT JOosund

NMOa ¥0sund

df ¥osind
Ny

ANOA VIVA @601

TId ‘ISNI ‘EWOH ‘¥ID VIVd @9z@T
LHOIY ¥OSdND ‘IJdT ¥YOSIND VYiIVd PIgT
NMOQ ¥0S¥ND ‘dn ¥0S¥Nd VYiIvVd @e9T

P0T OLOD @ST

($Y)DOSY INI¥A @b1

gET NAHL 9 = ($SY)NIT 4I

2 8V 199 @€

8T ((S$T)NAT-ZT)EVL ININA @21
dNd NIHL ,3dNOd, = $T1 JdI 91T

$T avay @g1

g 'ON wajqosg
€ Uono9ag

INOd YIVA 966

YIVd 686

"
w "SILNIWIIVIS VIV JHL ONIONVHD X€, VIVA 906
w JOVSSIW FHL IONVHO XTISVH NVD 3M, YIVA $@6
w “HOVSSIW ONITIO¥DS dATdWYS ¥ SI SIHL, YIVA ZTP6

o YILVAd 9096
@1C 010D ge6c
61 IXAN @92

6X IXIAN : @98 OL T = 6X ¥Od @ST

isd

{uDw INI¥A @¥2

dOLS ¢ONIYLS ISHL VAINA
86 ° 96— SAWODAL <86 °96$>

<86 °9G8> ¢ONIVLS ISEL VAINI
YALOWVIVHD TYOIATII

ONIY¥LS LSHL ¢ONIYLS LSHL YALNI

9SG *¥E€CT- SHWODIY <9G°"HETTS>
dNTYA DIVHWAN OL OSNIVLS IIFTANOD
NNY

NINLAS @6T1

($6R)TIYA = 6 QLZT

S6W + ,-, = $6W NIHL , <, = (T'$W)SIHOIY 4TI 921
61 IXAN @921

(T'6I'SH)SAIN + $6W = $6W SSCT

P6ZT OLOD @SzT

T =49 ¢ HALOVIVHD TVYDITII, INI¥d SHZT

6L IXAN P¥CT

GSZT NAHL (T'6L'STS)SAINW = (T'6I'SH)SAINW AT S€TT
(STS)NET OL T = 6L ¥Od PETT

60 ILXAN SZT1

@9CT NIHL (T‘6L'S$SS)SAIW = (T‘6I ‘SW)SAIW AT @ZZT
($S) NIT OL T = 6L ¥0d SITT

(SW) NIT OL T = 6I ¥0d Q1CT

g =49 : wn = WOE SPC1

..-mmhmm¢MN.—”&: = W.Hmw : ..AVW.. = Ww 2oCT
SYILOVIVHD TVIDAdS ANIJ xx WIY 86TT

99T OlLOS @9t

INI¥d @S¢

6W ¢, SFWODIL , ‘SW INI¥d g¥e

@0C NEHL T = 3 JdI G€T

@PZT 9NS0D gee

(panuyuoo) @ "ON wa)qo.Lg g uonodag

230



g1c

:C-9 WYdDodd

1a
HA

121€9 SI INIVA LSIHODIH
NN¥

dOlS VYIVd 666
‘1Z1€9 YIvYA @26
PPT ‘68 ‘6°¥S— VYIVA Q16

1€ ‘26T- ‘@1 ‘6 ‘€ YIVd @06

AH ¢,SI dnNIVA ILSIHOIH, INI¥d 00T

P11 0OLOD @%T

X = AH NIHL AH < X JdI @€1

(SY)IVA = X 921

g@7 NHHL ,dOXS, = SY JI : $VY avdyd @11
8€HT- = AH 90T

9 'ON wa)qotq

% ‘0O

«SMYYA QISOANN, ‘NN INI¥d S6C

OLOD : T + NN = NN NIHL ¢ = (¥)V JI @ST

Ol

T OL T = £ ¥0d 99T

g = NN @81
SHONVHD ONIMOTIOA UHL HMVW xx WIY @T

¥ 'ON Wwajqotq

‘{WA¥d NO,, T ¢, 3dWAL ISIMOT ., INI¥d @E€E
{4Avd NO,, ‘H ¢,:dW3L ILSIHOIH, INIdd @C€
£="1a : (£L)M =T NIHL T > (LM II 99T
L =HQ : (L)M =H NZIHL H < (£)M dI @€

T="10 2 T = HA @LT
:SHEONVHD ONIMOTIOA HFHL IIVW x» WIY OT

G 'ON wa]1qo+q
1 uond9g

9 Je3deyn

(161 'SY)SAIN + (6€°$H)SIHOIY = $€ Q€T
($¥) NIT OL T = 6I ¥0d @2C

aNd NIHL ,3NOC, = $VY dI : SV AVdd g1¢
$9 avdd 99T

8I "ON wa1q04d
@ (ANTVA ISIAL

0600 = 60°

60° dINIVA LSIEL

919°CPT = 18°CT01

19°20T 2ANTVYA ISAL

NNy

NINIId P60 T

(1d ‘$X) $IHOTIY + ,°w + (60°$X)$LIAT = $a @8IT
1d - ($X)NIT = 64 GLOT

$X 4+ (($X)NAT - T + Td’S$L)SIHDIY = $X @901
«00000000000000, = SI PSOT

gLOT NAHL Td < ($X)NIT 4T @91

@ZPT OXOD : (T'$X)SAIW = $X @EBT

gyeT NIHL , o <> (T’'$X)$1J4aT dI @21

A (6W)$¥IS = $X PIPT

(6 + Td_ BT » TW)INI = 6W 9P0T

SAOVId JO YIGWAN ANV OL IVWIOJ: xx WIY 866
: 966

99T OLOD PST
INIdd o%1

{TW INI¥d @E€T
ggeT 9NSOS @Z1
NI NAHL @ = TW JI @11

W ¢,I0TVA ISEL, LNANI 90T

SHAOVTId JO YIGWNN FHL SI Td s WII L6
€ = 11d S6

0I 'ON wa]1qo4q

%Q fh =a

231



NINLIEd
Ya IXUN
dd ILXUN

(MW'VA)3L = (¥’'VA)IL NIHL (F°'VA)dL < (I 'VA)AL 4T

€ OL T = 34 ¥0d

L OL T = ¥Yd ¥0d

Va4 IXUN

(1'¥a)dL = (¥‘va)ar

L OL T = ¥Yd ¥od

TYHH SHINLVIIdWIL WANIXYW ONIJ xx WIT

9L'L9'G9 VYIYA
‘@L'LL'@8 YINYA
‘18'6L ‘¥L YIvYA
‘GL’'6L 9L YINA

ang

INI¥d

Ya IXIN

(v’'va)as ¢, . ‘¥4 INI¥d4
L OL T = ¥ad ¥od

WdWIL XV¥d, INIdd
JHOWIXYW ,, INI¥d

$9/59 ‘89
€8'@P8°SL
oL'LL'TL

29@Z d9nsoo

Y4 IXHIN

qd IXEN

(3§ 'va) 3L avay
€ OL T = 39 ¥04d

S60¢C
260¢C
280¢C
2L0T
999
2s0¢
gecec
210¢
200T
8661
9661
29901
2ve1
2201
2001
286
206
gec
gce
g1¢e
20T
28T
oLT
a9t
2sT
vt
geT
/I A
211

INOL T = £ J0od 911
TN AV 90T
(GE)EV'(ST)CZV'(ST)IVY WIA Se

SAVYYVY OML 40 HLISOdWOD AVTIASIA x» WAH @6

(44

(44

{(LYT)SYHD INTH¥d 91
0I ‘'ON wajqosgq
2T ¥ 9 8 @1 CI %I 91 81 @2
¥Z 92 8T @€ TE ¥E 9¢ 8f @Y
YIAQYO FASYFAATS NI AVIdSId

oy 8t 9¢ ¥vE <CE @€ 8T 9T I

gec 8T 9T %1 CI @1 8 9 ¥ T
ddq¥0 NI XVIdSId
NY
aNd 266
L IX3IN g€e

{(L)Y INI¥d @2Z€

I- d34S T OL @ = £ ¥Od PT€
wd3080 ISYIAEI NI AVIdSId, INI¥d @@€
: 96¢C

INI¥d : INI¥d @%¢

L IX3IN gec

{(r)Y ININd @2C

gZ OL T = L ¥Od @1¢

w330J0 NI ANVIdSIdA, LINI¥d @92
: 9T

L ILX3IN g%1

"LxT = (L)Y PET

g OL 1T = L 904 @T1

(92T)Y WIA @11

$(LPT)SYHD INI¥d 00T

8 'ON wa]qosg
(panuiuoo) 1 uonoag



4 IX3N O IXEN

(0o‘d)zd + (D'A)TY (0o‘'¥)s
GOLTI=DD¥Y0od : # OL T = ¥ ¥0d
FYAH SWNS YHAINT xx WIT
LNTdd

¥ ILXIN

LNIdd

O IXJIN

{(D’¥)TY¥ INI¥d

S OL 1 O ¥od

¥ oL T d ¥0d

WAV dANODES o« LNI¥d

o

INIdd
¥ IXAN

INIdd

O IXIN

£(D'¥)T¥ INI¥A

G oL I =20 ¥od

¥ oL T =¥ ¥0od

JAVENY IS¥Id » INI¥d

. ¥ IXIN : O IXAN

(18T + 86€ » (T)ANM)INI = (D’¥)TN
GOLT=D24dY0od : ¥ OL T =¥ ¥0d
9 IXIN : O IXIN

(18T + 86€ » (T)ANJ)INI = (D’¥)T¥
GOoL T=0o¥90d : ¥ OL 1T = ¥ ¥od

265
gES
@cs
20S
86%
267
oLY
29v
osvy
ovy
oEY
XA
o1y
20V
96¢€
oLE
g9¢
2s€
ove
gee
pgce
g1e
20¢€
26¢
/A X4
@gce
2ec
/A |
gC1
201

(s‘¥)S’(s'%)2a’(S’'¥)Td WIA S6
SUAGWNN WOANVY HIIM SAVY¥V ONITIII xx WIE 06

P ‘ON wajqoirq

9L
89
28

L
9
S

L OL T = YA ¥0d 90T
(¥'L)3L WIA S6
AVd HOVE ¥0d dWAL WAWIXVW ONIJ xx WIA €6

G ‘ON wajqosq

7 UONO9g

¢ 8 T 6 € 9
SAVYYY FLISOdWOD FHL

NNy

s ‘o ‘g8 ‘Tz 'V YIVA Q16
6 ‘€ ‘9 '€ YIVA @06
aNd o@s8

£ IX3IN PEV

{(L)EV INI¥A QTH

€L OL T = L ¥0d @1%

«CAVYYY TIISOAWOD HHI, INI¥d @0%
£ IXAN S9€

M IXIN @9o€

G9E OLOD SGE

(r)eY = (EL)EY @SE

T + €0 = €L G¥%E

M IXIN o€

Go¢ NIHI (rL)T¥ = (M)EVY JII SEE
€0 OL T = M ¥0d PEE

ZN oL T = L ¥0d GC€

£ IXEN STE
(£)TIY = (L)EY QOTE

L = €L SOF

IN OL T = [ ¥0d @€
£ IXIN @€T

(r)gY avad @zT

ZN OL T = L dod §1C
ZN avEy 90T

£ IXAN @€T

(£)TVY avay @zl



N

@ CYHEDULNI NV ¥
TTEVS9LB6 68L9SY
68L9SVECT CUEDELNI NV A
NaINLIY
I IX3IN

(T-1I).01+Q + T¥ = AY
((T'I'$X)SAIN)TVA = @

($X)NFT OL T = I ¥od
g = @4
(Z2’(NN)$JLS)SAIN = $X

JYFH HSYUATY xx WIY

29T OLOD

ILNITdd

T ‘ON INI¥Nd

@geT dnsod

N = ON

g@T NIHL N <> (N)INI JI
aNd N3IHL T > N JdI
{GIEDALNI NV ¥dINA, LNANI

JLNJE

€CT
dLNI
NNY

2601
gso1
2v0e1
geEDT
2Co1
2101
0001
866
266
gLT
291
gsT
v T
2T
get
21T
20T

YIEWAN ¥ J0 SIIDIAd HHL ISYHIATY x» WIA @6

P ‘ON wa)qo:g

(S° + IsI - N)INI = ¥
$ONIMOTTIOE HHI H

BLT
LIM

T-L WYED0dd d0 @LT HEOVIdHY xx WIS GT

G 'ON wajqorq

1 uo

noag

4 xeydeyn

$SIENIT ONIMOTIOA HHL YAINI NIHL xx WY O

STPS ANV ‘@T@gS ’‘@0@S SINIT FNOWHY ILSUIJd xx WIH ¥

¢

NOILOJETIS WOONVY HJYOW dOd
ANILAOYENS ISNOASTI YALNAWOD NI SHONVHD xx WII T

G 'ON wa)qoiq

¢ uonoag
969 €6S S¥vy €1€ @99
YL €8V GSES TEL T99
v@9 88L e6¥C ¥99 ¥19
8TL 809 €@¥y L¥S B8EE

SHOS
9Tvy ¥€€ Tec BIT 1LC
69t 6%€ @61 6Tt €9¢
C6E gov TeT 16T 8IY
Lev @vZ @€T1T LO9T ¢ccT
AVI¥Y aNODIS
YLT 6ST PST €@C e6LE
LLE VET S¥E ¢COv 86¢€
¢Iz 86T 8IT ¢€LE 96T
TZZ 89t ELT @8 9TC
AVIEV LS¥Id

Nn¥

¥ IXIN @99

LNI¥d @S9

O ILXEN @¥%9

$(0‘¥)s INTI¥d @£9

S OL T =D ¥0d @29

¥ OL T =¥ 904 9719

«SWAS o LNI¥d 08099

(panwuo9) p "ON wa)qoLd g uorddg

234



(2! (N)$YIS)$AIN = $X 9001

SYAH ISYEATY sy WAN 866

_ : 966

aNg 966

61 IXIN @T¥

‘(6I)¥S INI¥d BTV

SS OL T = 6I ¥0od @OV

SITNSTY FHL AVIASIA - ANOA xx WIA 86€
: 96¢€

X IXIN @8€

X IXAN @LE

N = (SS)VS p€€

1 + SS = SS @Z¢€

61 IXAN POE

gLE NIHL (6I)VS = T JI @6T

SS OL T = 6I ¥Od @8T

gze NEHL ¢ = SS dI @LT

7 IXAN QET

gL NIHL Z/39 = (2Z/39)INI dI @2¢
gLz NIHL T8 < Z4Z JdI @12

Z dAls H¥ OL € = Z ¥Od @@T
$CIWTEd ISYIATY ST xs WAM 86T
: 961

PoeT €NSO0D GLT

Z IXIN @91

gLE NIHL Z/N = (Z/N)INI dT1 @GT
gLT NEHL N < ZxZ dI o%T

Z dilS N OL € = % ¥0d @ET

X+ X=N @21

Z d3lS 66 OL T = X ¥0d @TT

goz dELS 9P6 OL PPT = X ¥od P@T
g = SS L6

(E¥)¥S WIA S6
SHALYDITANA FAIYNIWITE - JITWAN yx WIE 16
HWI¥d ¥ J0 SIIDIA FHI ASYIAATE xx WII 06

9 'ON Wa)qoLd

61

9 :YIHIWNN NOILISOd NI

AVAI¥d = ISYId ATIVOILIEVHATIV

NOY

AVQINLYS YIVAd @201

AVAI¥d ‘AVASINHL ‘AVASINGIM VIVA 9101
A¥dsdANL ‘AVANOW ‘AVANNS VYIVA 9991

¢ 966

NNLIY gee

61 IXIN @96

(61I)sEM AVIY Q16

L OL T = 61 ¥0d @06

MAIIM FHL A0 SAVA - SIWUN AVIY xx» WA 868
¢ 968

aNd 998

0od ¢, *9ILIKNN NOILISOd NI o LNI¥3d @S¢
SWS ¢, = LSYIJ ATIVOILILEVHATY, LNI¥d @¥%C
61 IXIN @€¢

od : (6I)$IM = $WS NIHI $WS > (6I)S$IAM AT ©TT
L OL T = 61 ¥0d @1¢C

T =04 ¢ (TI)$IM = $SWS 00T

: 961

9g6 9NS0d @ga1

(L)$3IM WIA S6
TWYN ISYId ATIVOILIGVHATV HHL ANIJ x» WIS 06

P ON Wajqoiq

61 IXJIN
PSPS NIAHL T = (6I)AY

(T'(61)3$ad)SIHOTIY = (T'(6I)$YN)SLITT AI

Dd OL T = 6I ¥O4
61 IXHIN
PGPS NIHL T = (6I)AVY

(1°(6I)$Ad)SIHOIY = (T'(6I)SVUN)SILIAT JI
PN OL 99 = 6I ¥O04

(T + ON » (T)AN¥)INI = 99

v16S
aNv

2108
g1as
900S
aNy

1471
(4711
200S



o~

aNdg

wxxy LI LOD NOX, INI¥d
@9Z OLOD

«TIVWS OOL, JINI¥d

g@Z OLOD

wLIWIT ¥NOX NVHI 339919 S, IVHL, INI¥d
P9 OLOD

wddHOTIH, INI¥d

@@c OLOD

wddMOT,, LNI¥d

Pgge NIHL IN > D J1I

P@PS NIHL IN = 9 JI

@Y NIHL N < 9 JI

@Sy NIHL T > 9 JdI

5 !,SSINO JNOX, INANI
LNT3d

(T + N » (I)AN¥)INI = IN

:WTIVWS OOL, INI¥d ¢ NIHL T > N 4T
N INdNI

{,39 OL N, INI¥d

«INIT NOX ATINOM IOYVI MOH, INI¥d
‘N ANV T NIIMIZE YIEGWAN V J0 MNIHL TIIM I , JININd

1T OLOD

21s
20s
29%
oSy
1%
20v
g1¢
20¢€
99¢
9sc
ove
/A X4
gece
g1c
s@ec
20¢
PST
ovT
2eT
T AN
PTT
201

{(LYT)SYHD INTYd g6

g 'ON wa)qosg
1S9I9)U] [BIOUSS) JO SWIB[qOIJ

§ uonoag

@ CYIADIALNI IAILVOIN YV VAINA

T1000Q0BTTTITITITITI

LTt~

CUHEDHILNI FATILVODIN ¥V JIAINI

00000000 1100900 T

9@C OLOD : INI¥d : ,IONVY 40 INO, INI¥d @€Z
@6C NIHL 69LC2¢€- < I ANV g > I JI @2C

666 NIHL @ =< I JdI @1¢

I ¢, ,9IDIINI FAILVOAN V ¥IINE, INANI @@¢
(91)¥Y WIQ @01

ILNIWITAWOD S,OMIL xx WIS Q@1

¥ ON wajqosg

{(Z'((L)Y)$UIS) $AIW ININd eT¥

9tV NIFHL ¢ = TL dI ¢ (0O)VY + TI = Td 90%
9T OL T = P ¥0d Z@¥%

g =Tl 00V

$SENIT ONIMOTIOA HHL W 1T

YIILNT ANV €-L WYYD0Ud VHAINT xx WII QT
G ‘ON wa]qotq

g Uonoag

626

616 LeL L8L 69L
LSL 6€EL Lzl 60L
68¢€ €8¢ €LE 6S€
€S€ LvE LEE £€1¢€
661 T6T 18T 6LT
L9T1 LST. 1sT 6v1
€1 €11 LOT 91

NNy

NINLIE g6gT

I IXIN 9501

(T-I).0T+0 + T8 = T9 PYOT

((T'I’'$X)$AIN)TVA = d @EQT

($X)NIT OL T = I ¥0d 9291

g = 34 9101

(panunuoo) g ‘o N wajqosJ 1 uondAg



ALVY LSEIEINI 1D x» WIY 860T PPPCE- SYIDILNI FAILVDIAN V JYIALNI

: 9601
aNd gg6 TTTTTITTITITITITLL
$a !,¢$ = ISTIAINI TVIOL , INI¥A @9C T- ¢YIDIINI FAILVOAN ¥V WAINI
g@EST dNs09 @< NNY
d - ($d)TVA = ¥d o¥T
4d !,4 = SINEWAYA TVIOL , INI¥d Q€T aNd 666
P@ST €NS0D @PTT gt OLOD 298
N x Aw&vg<> = ¥Yd @1¢ INT3d @ LNIdd mmm
$d !,4 = INAWAVA ATHINOW, INI¥d * INI¥d 00T o £ IXdN @gz8
@@ST 9nsod @sT (' ((L)Y)SULS)SAINW INI¥A @18
geYT €nsoO @1 @78 NAHL ¢ = TL JdI : (L)Y + 1L = Td 9¢8
PPET €NSOD EET 9T OL T = [ 404 v08
@oT1 €0S0D GTT 0 = 1L 008
ggIT €nSOO @11 SILTINSTI AVIdSIAd xx WIdI 86L
f(LYT)$¥HD INI¥NA @1 PoeL
@15 INIT IV SLIXI
¥ ON wajqosq NOIINDEXd NIHM INOQ SI AAV HTHI xx WA BES
r IXEN @€S
sxx LI 10D NOX g = (L)Y @2Ss
ZS ¢SSEND WNOX g8 OLOD * T = (L)Y NIHL ¢ = (L)Y II @16
T- d91S T OL 9T = L ¥0d @9PS
¥AHOTH INO daV¥ MON xx WId 86%
@S £SSIEND YNOX : 96
£ IX3IN @€Y
TAMOT g = (L)Y NIHL T = (L)V I 9TV
GG ¢SSHEND WNOX PEY OLOD ¢ 1 = (L)Y NIFHL ¢ = (L)Y JI gT¥
9T OL T = [ ¥04 @@V
¥IMOT SIIDIA FHIL FASYIATY x5 WIS 86€
99 ¢SSEAND WNOX : 96¢
~ £ IXIN @o€
HAHOIH (z / N)INI = N @¥¢€
Gy &SSAND VNOX T = (£)Y NFHL (2 / N)INI <> T / N JI @2€
@ = (£)Y NAHL (2 / N)ANI = ¢ / N dI @1¢
1699 OL N T- d31S T OL 91 = [ ¥0d @P¢€
aMIT NOX ATINOM TOAUVI MOH °N AVIYY FHI AVOT xx WA 862
ANV T NIIMIZg ¥FEWON Y J0 MNIHL TIIM I : 962

NNY (I)sd¥Y = N ge6c

237



LT

v9 ¥sc

TE 89S 91 9IPT 8 2E€WZ V¥ ¥v99% T 1
LOIJAYId SI 8TI8
1€ 9T T9 8 %21 ¥ 8%Z T 1
LOoIAYAd SI 96%
L v ¥T T 1
IL0IAdad SI 8¢
€ T 1
L10dJ¥dad SI 9
NNY
and gee
NN IXAN @z
N3 NIHI ¥ = 1D JdI @1+
T+ 10 = 1D @V
INI¥d : INI¥d @6€
61 IXAN @8€
{(6I)Vd INI¥A @L€
T4 OL T = 6I ¥OJd @9¢€
WLOTIIAd SI, ‘NN INI¥d @S€E
@cy NIHL AN <> NS JI @€
NI IXIN @€€
@Zv NEHIL NN < NS 4T @Z¢€
X + NI + 0S = S Q@I¢
2+ 1d = 1d 9@¢
X = (2 + Td)Vd g6t
NI = (T + 1d)V¥d @82
@€E NAHL (X)INI <> X dI @12
NI / ON = X @9t
(ON)¥0S OL Z = NI ¥0d @S¢
T = (1d)Vd g€2
T = 1d gzt
T = NS @g1¢
¢ d3LS L9LZE OL T = NN ¥0d @@

LT ¢(%) FLVY ISTUAINI TTVNNNVY

NINLIa

w'u + Awnmmvw.ﬁmmd = %&
Z - ($4d)NIT = X
(X)$91s = &4

(¢’'s$d)saHOIY +

(S° + @BT x ¥d)INI = X

INZWAYd IVWIOd 4y WII

NnLTd

(T -X)/ (X% II x d) = ¥4

IN . (TI + 1) = X

INZWAYd ATHINOW FLNAWOD xx WIH

, NIy

TN NI SINIWAVd J0 ¥AGWNAN HIIM LIXT xx WIH
ZT x N = IN

N ILNdNI

{,SYVEA J0 VITWAN » INI¥d
SYVAX JO YAGWAN IAD xy WAH
NINLTE

d INaNI

{u($) TTYAIDONI¥A YHINF w INI¥d

TYAIONI¥d 13D xx WIY

NEALTY

TI NI JIV¥ ATHINOW HIIM IIXH sy WHY
2T / 11 = 11

PeT / I = 11

POTT OLOD : INI¥d

+ASVATd FOVINIO¥EA, INIId

PYIT NIHL T < I dI

I INdNI

1, (%) FIVY ISTWEINI TYNNNY, INTId

Nn¥

06S1
PEST
gest
21ST
20ST
86¥T
%96VvT
o6v1
21v1
20%1
86€T1
96¢€T
g6€T
88€T
geeT
P1ET
20ET
86¢CT
96CT
g6c¢1
ARA
20T
861T
96T1T
2611
88TT
PS1T
V1T
gETT
FTAN!
/rAN)
11T
2011

(panunuos) p -oN wajqotg  uonodg



Id ¢, tANIVA ALYWIXO¥dd¥, LNI¥d @ST
61 IX3N %1

((¥ + 6I) » (2 + 61I) x (6I)) / 9T + 1Id = 1d

/YAl

¥ dd1S @PST OL T = 6I ¥Od PTT

¢ = 1Id

201

FONANOES ¥ WOdd Id ANId xx WY @S
L(LYT)SYHD INI¥A @1

8 'ON wajqosq

6¢ 1c
(713 ve
s¢ gc
)4 9T
9¢ Ve
ST (A
LI ST
x4 ve
21 8
€1 [
S 14

17T ILXIN

271 IXIN

XH IXIN

XH ‘2T ‘1T INI¥d

@LT NIHL X > IX dI
28T NIHIL X < TIX d4I
XH ¥ AH = IX

@S OL T + 21 = XH ¥0d
TT » T1 + 1T » TT =X
GZ OL T + TIT =TT ¥04
GZ OL T = 1T ¥0d

geT
28T
oLT
S9T1
291
SST
os1
vt
PET
gt
201

SATAIIL NVIJOOVHIAd ANIJ xx WIA @S
{(LPT)SYHD INI¥A 0T

9 0N wajqoig

9 = 10 @11
(9S)¥d WIA 991

SYFEWAN LOTIYAd ANII x5 WII 0S
L(LPT)SUHD INI¥A 9T

¥ 'ON wa)qoig
@ CUILEWNN LS¥T4d

€1 :YOLOVA NOWWOD LSILVIUD
PEET JUIGWNAN ANODIS
1991 2¥dgWNN ISdId

@oT 0109
INT¥d

ZN ¢, :¥01OVd NOWWOD ISILVA¥DO, INI¥d
@ST OLOD

q =N

IN = IN

gz NIHL ¢ = ¥ dI

Ox ¢N- IN=1¥

(zN / IN)INI = O

ZN ¢, ¥FEWAN aNODES, INANI
aNg NEHL ¢ = IN dI

IN ¢,¥FEWOAN ISYId ., LNANI

NNd

gce
g1c
] 14
261
281
SLT
gLT
291
oST
211
ST
201

WHLI¥OOTIV S,dITONd xx WIA BS

G 'ON waqoid
SWI9[qOIJ PoIUdLIQ YIB N

oY 22990C $
oY *2299SC S
¥8°CIL $

@€ ¢SUVIX JO YILWNN

LSEYHLINI TVYLOL
SINIWAVYd TVYIOL
INIWAVd ATHLNOW

goPesS &($) TYdIONI¥d JAINA



gL'29 ‘@T1'@9 VIVA @1g6

gL'PY ‘O1'@Yv VYIvVd

S@06

0€ ‘P8 ‘@€ ‘@T YIVA @¢EY6
d¥v0od FOL-OVI-DIL xx WI¥ 8668

.

9668

VIVA FATIWUXT sx WIT T

P ON wajqosq

68T ‘QOT ‘68T1°‘6Q€ VIVA Z@E

9T ‘é6Q€ ‘OT'QT1 YIVd gg¢c

NINLIT P6¢

X IX3IN 98T

P@CT dNSOD : ¢X = X * @PTT 9NS0O : IX = X @L¢C
€X OL 1X = X ¥0d 992

X IXIN @Sc

P9ZT dNS0D : €X = X * @PCT €9NS0O : TX = X @%T
ZX OL IX = X ¥0d @¢€¢

dOLS : $W INI¥d NIHI TIX <> ¥X JI ST

dOLS : $W INI¥d NIAHL ¥X <> €X JI £2¢

dOoLS : $W INI¥d NAHL €X <> X JdI STZ

dOLS : $W INI¥d NAHL ZX <> T1X JI 912

#¥I¥ad avd, = $W s@2

PAPXEX'EXZACZXTA'TIX AVAY 00T

$SEANIT SNIMOTIOH HHI ¥AINT ANY  WAY 9

P6C-9@C SIANIT SSIT T-6 WVID0Id VAINT sy WIAY G

g 'ON wajqosg
T uonoag

6 xe3deyp

61 IXUIN ¥10S
9G9S NIHL T = (6I)AY ANV

(1'(6I1)$ad)$IHOIY = (T'(6I)$V¥YN)SIITT AT

¢109s

99 OL T = 6I ¥Od Q19S
6I LXIN 9¢@S

9

NINITT @

Z d9S0ID @

61 IXAN @

(6I)SYN ‘Z #INANI @
PN OL T = 6I 904 @
ON ‘T #INdANI @

g@8 9dnNsoO : M‘S’, + 34 ‘2’‘8'Z NIAO @
HIId SAWYN AVIE xx WIY 8
t 9

NINLIT

dols

$¥ INI¥d4

968 NAHL @ > d JI

S'L’$A‘A ‘ST #INANI

TIANNVHD JOWYET AVAY xx WAY

and

ST dSOID

IIId SIWYN FHI FITIMAY x5 WHS * @@S8 €NS0D

SHWUN FDVId LIAH s WAN : @OETT €NS0D
f(LPT)SYHD INI¥A

AVHUVY SAWYN AVIY xx WAS : @@@8 9NSoO
(2@S)AY ‘' (@@S)S$YN WId

G1‘8'GT NAdO

W SADVId, = $4d

6¥8
608
908
S@8
Vo8
€08
128
0e8
66L
66L
268
2¢e8
gec8
218
208
86L
96L
g6l
2S1
eyt
201

g6

g€

x4

ST

21

g 'ON wa)qosg
€ UoTO9g
8 xeideyn

OLT6STPT € :EANTVA ILVWIXOH

aNd

ddv
NOY

oee

(panuyuoo) 8 “oN wajqoig § uonodeg

240



xx W : L + OVOT OL @Y0T = I ¥OJ QT
I IXIN gcc

GGz ‘I MIod 91T

YIVd HLIYdS FIO0LS

79 + TGT9T OL Z6T9T = I VWO @@C

$(LYT)S$¥HD INI¥NA 00T
G 'ON wajqosg

T uonoag

o1 xe3deyp

*»x WIY 3

SNOILVNOHE dALSIT JHL J40 ANV HLIM W ¢
G-6 WVYD0Ud NI @TC ANIT HOVIdHY ATdWIS x» WIS T

g "ON wajqosg
€ uonoag

2'0'Q’T- YIVA 6666

ZS'oV ‘96 ‘¥Y YIVA @GEQ6

oS ‘bP¥ ‘96787 VYIVA SZO6

9687 ‘ZS ‘97 YIVA @ZP6

TS ‘ov ‘TS ‘9T YIVd S106

gS‘pY ‘@S ‘9 YIVA @106

2S5 ‘g ‘ob‘gE YIVA S@06

9S‘ov ‘Ov‘9f YIVA 0006
IVOITIIVS FTIWIS V x» WIS 8668
: 9668

$YILVA ONIMOTIO W ¢
FHL ANV Z-6 WVYD0dd YIINT xx WII T

g 'ON wa]qosg
g Uonoag

9'0'B ‘1~ VIVA 6666
gs ‘g8 ‘@S ‘@gT YIVA S106

@S@S NIHL T = (6I)AV ANV
(T’(6I)$UN)SLIATT AI VOPOS
PN OL 99 = 6I ¥0Od TEOS

(T + 9N » (T)AN¥)INI = D99 90GS

$SANIT ONIMOTIOH HHL YIINI NIHL xx WIH O

GI9S ANY ‘@T1@S ‘@095 SINIT JFAOWIH LSYId xx WHH ¥
= t 7

NOILODATIS WOANWY TIOW JOod

ANIILNOYENS HSNOASHzY YHILNdWOD NI SHODNVHO sxx WIE T

¥ 'ON wajqoiq

NINLTY P60TT
S@PEZT OlLOD GLETT

JITINGTY - FWYN H1Y¥0ITdNnd, INIdd @LeTT
S@PZT OLOD S99T1

$X = (6I)S$VN @ogeT

60 IXIN GGOTT

@LOTT NIHL (6L)SUN = $X JI @6OCT

PN OL T = 6L ¥0d S¥@TT

- $x ¢{,d0VId MAN, INANI @¥0CT

cgpzI 0109 : ,ANNOJd ION, INI¥d SE€QTT
61 IXAN QPEOTT

ob@TT NIHL $X = (6I)SUYN JI GTOCT

GN OL T = 61 ¥0d @T@CT

(1°(6I)3$Ad)$IHOIY =

g6¢CT NIHL ,3dANOC, = $X I S1@CT
$X ¢, EWUN XId, INdANI @TOTT

INI¥d S@OTT

+SAWYN FOVId ONILIAH, INI¥d 998C1
: 96611

NINIFY P6S8
Z ISOID 98S8

6I IXAN @¥S8

(6I)$UN ‘T #INI¥d GESS

@GN OL T = 6I ¥0d @ES8

PN ‘T #INT¥d 0CSS8

WM'SY, + $4 + 4.39,.'C’'8°C NIJO 00S8
FIId SIWYN JIVAdN »» WIY 86%8

g@8 d9Nnsoo 3

241



aNE @906

@ ‘$T+S AIOA @OV

PPE OLOD P6€

96Z/d ‘€+S ®MIOd @SE

GGZ ANY d ‘T+S ®Iod @gvE

@0y NAHL S60% < d ¥0 @ > d JII @ZE
d ¢{,HILAIM IsInd, ININI @@¢

96Z/d ‘1+S MIod @S¢

66T ANV (89LZ€-d) ‘S @0od @vT
9002 = 4 99T

T+9T ‘#+S @Iod @¥1

9TxST ‘9+S MI0Od @T1

ST ‘¥2+S MIod @OT

I IXEN * @‘'I MIOd ¢ #2+S OL S = I ¥0od @2
LTS = s 91

g 'ON wa)qosg
g uonoag

P@S—- dELS @ OL S€SS9 = J ¥OJd 99T
: XYL OSTY xx WIS 6666
@ ‘vz+S @IOd @oY
d LXIN @6T
96Z/d '1+S MIOA @S¢
GST ANV (89LT€-d) ‘S MIOd @veT
90T dULS S€SS9 OL @ = J ¥Od PPT
T+9T ‘$+S MIOd @gbT
9TxST ‘9+S IMOd @TT
ST ‘y2+s MIod 991
I IXAN : @g‘I MIOd : ¥2+S OL S = I WOJd Q¢
ZLevS = s 91

g 'ON wa)qoig
T uonoag
1T xe3deyd

PEE OLOD

I IXAN : @@E OL T = I ¥od

X ‘T+€9 @od

X ‘g mIod

D ‘e6tc+d MmIod

(96Zx(T)AN¥)INI = X
(9GZx(T)ANY)INI = X

(9T« (T)ANY)INI = D

9.2 YO (Tz+9)MIAI ‘Te+9 AMoOd
8¥%2¢cs = d

@ HLI¥AS OL INIOd xy WM : €SZ ‘@gb@z DIOd
I IX3N

66z ‘I @Iod

oLE
g9€
gs€e
ove
g€e
ace
g1¢€
o0¢€
@goc
@sc
Qg€
gce
g1c

VIVA dLIY4S TJOLS

¥x WII * 29 + T6T9T OL Z6TI9T = I ¥od
S(LYT)S¥HD INTIHd

20c
20T

¥ 'ON wajqorq

wEYD 9T NODT TUD T¥D QIT NJd SNJ, INI¥d
INI¥d : INTYd

I IX3AN

GG ‘T + I + 9 MIod
Ix9T + 92 ‘I + 9 @04,
¢ di¥IS ¥T OL ¢ = I ¥od
I IX3AN

2 IE -1 ‘I + 9 MmIod

L + 6€ OL 6€ = I ¥0Od

NO SHLI¥dS TIV xx WHI : GGZ ‘TIC + 9 MIod
8¥ces = d

. I IX3AN

€6Z ‘I mMmIod

NOILISOd X xx WHI
NOILISOd X xx WII

JOT0O HLI¥dS x» WHI

21v
oo
91¢€
1 4%
(A
g1€e
1413
(4713
20¢€
29¢
gsc
vee
[4%4

SYHLNIOd JIOLS
(panuyuod) g “oN wajqoLg T uonddg

2423



(I<>@ ANV 0=I aNVY T1)-€€=(1D‘A) DM @T8T

L IXEN 32 GT OL T = L ¥0d @@%1

$€-TT WWIDO¥d O& SENIT

ONIMOTIOS HHL J40 HIOE ¥O UNO ¥YIHIIH AAVY x» WIH T

g 'ON wajqosg
§ uonoag

€ = M 92T
UNIT SIHL SNIAAVY XdL 4
‘PTT ANV @@T SENIT X¥L NOX YALAV x» WA 6TT
P+9T+ST ‘9+S IMIOd @11

P+9Tx@ ‘G+S MIOd @01

aNNOS NYDYO dOo4d

¢-TT WWYYD0dd OJ SINIT SNIMOTIOL FHL AAV xx WA g

g 0N wajqoig
€ uonoag

anNd
a IXIN

INIdd

da IX3IN

T+ YW = VKW

{,'w INI¥A NIHL 6 > dd dI
$(2T'(X)$¥LS) $AIW INIVd

(¥W)MFad = X

6 OL I = dd ¥od

{, YIVd, ‘d + NS0T + 0901 ININ¥d
9 OL ¢ = d ¥od

(NS + @gv@Z)MIAd » 9 = VKW

90T NIHL L < NS ¥0 ¢ > NS dI

NS ¢, ¥ddWNN ALI¥dS, INdNI

g6t
291
SST
2ST
SvT
vt
SET
PET
YA
2TT
STT
211
ST
201

g "ON wajqoig
g uonoag

243






Index

ABS function, 58, 59 disadvantages, 110-111
Addition, 110 conversion from decimal system,
ADSR cycle, 183-185, 186, 187, 191, 111-113
194-196 conversion to hexadecimal system, 113
AND, 70, 123-124, 140, 141 multiplication in, 110
Animation, 55, 160, 172-175 Bit
Argument, 32 defined, 111
defined, 30 gate, 181, 183, 184, 187, 195, 196
of function, 58 release, 192
Array, 66-70 Blank PRINT, 13
defined, 88 Byte, 66, 67
multidimensional numeric, 93-95 defined, 111
one-dimensional numeric, 88-92 high, 123, 124
string, 95-105 low, 123, 124
uses, 89-91

ASCII (American Standard Code for
Information Interchange)
code, 78, 80, 87, 199

function, 75, 78 Calculations, 7-9

system, 53 accuracy of, 8, 13
Assignment statement Carriage return, 128, 129

defined, 11 Character

equal sign in, 23 graphics, 39-56

variable values, 14, 15, 26 screen, 40-41, 52, 56, 160, 161, 170
At symbol (@), 128, 133, 213 set, 54
ATN function, 66 special print, 197-198

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

Colon
BASIC annotating program lines, 50
graph plotting, 154 separating statements, 50
keywords, 1, 66, 126 in strings, 74
abbreviations, 6 Colors
use as variable names, 10, 15 border and screen, 51, 52
packages, 57 character, 39-40, 52-53
used as calculator, 37 from CHRS, 86-87
Binary digit, 111 experiment, 42
Binary format, 80 Hi-Res, 143-144
Binary number system, 110 memory, 52, 53, 56
addition in, 110 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, 111
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
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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
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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
CHRS$, 78-79, 82, 86-87
COS, 65
DEFined, 64-65, 153
EXP, 66
FRE, 66-67
GET, 68
INT, 57, 59-64, 82
LEFTS$, 79, 96, 108
LEN, 80, 109
LOG, 66
MIDS$, 80, 81, 85, 108
POKE, 71, 123, 124, 139, 140, 144,
164-168, 171, 177-183, 186
POS, 67-68
programmer defined, 64-65
RIGHTS$, 79, 108
RND, 41, 57, 59
SGN, 58, 59
SIN, 65
SPC, 67
SQR, 59, 60-61
STR$, 80, 108-109
TAB, 67, 97
TAB(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

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

CLOSE, 129

DELete, 20-21

END, 1

GET#, 129

GOSUB, 44-45, 47, 49-50

INITIALIZE, 214, 215

INPUTH, 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#, 128

RENAME, 214, 215

RND(X), 30-31, 33

RUN, 3-5, 19, 26

SAVE, 211, 215

SCRATCH, 213, 214

VALIDATE, 214, 215

WEDGEC-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
LEFTS$ 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
MIDS$ 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
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ON ...
GOSUB, 49-50
GOTO, 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 sound 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

O

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
RIGHTS$ 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
SGN 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

TAB(X) function, 46-48

TAN function, 65 '

TIME, 68-70

TIMES$ 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

Upper-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
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