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MUSICOL MNEMONICS

Table 1: Alphabetical COrder

(Asterisks denote mnemonics not available in Version 1.}

OPERATION CODE

OCTAL REPRESENTATION

DECIMAL BQUIVALENT

Y
OOV~ UL AWM

TN EREHDQW e

SFZ

* SIN
* TRI
* AMOD
ARCO
* FMOD
HALF

* %

0001
0003
0004
0006
0010
0011
0013
0x23 "
0037
0040
0041
0042
0043
0044
0045
0046
0047
0002
0014
0002
0005
0007
C005
0007
0127
0033
0126
0012
0014
0012
0125
0124
0122
0311
0130
0121
0204
0034
0202
0203
0207
0024
0210
011l



OPERATION CODE

55

OCTAL REPRESENTATION

DECIMAL EQUIVAIENT

HARP
OBOE
PIZZ
PLAY
REST
SFFZ
SLUR
TIME
TUBA
16TH
32ND
8VEl
8VE2
8VE3
8VE4
8VES
8VEbH
8VE7
ACCEL
CELLO
CRESC
DIMIN
FLUTE
GLISS
HALF+
MUTED
* NOISE
PERC
PERC2
PERC3
PERC4Y
PIANO
STACC
START
* TAPEL
* TAPE2
TRILL

0067
0056
0025
0156
0157
0035
0027
0176
0064
0117
0120
0133
0134
0135
0136
0137
0140
0141
0160
0052
0131
0132
0055
0147
0110
0145
0206
00735
0076
0077
0100
0073
0032
0310
0212
0213
0036
0051
0107
0214
0215
0216
0217
0220
0221
0222
0223
0224
0116
0066
0026
0065

55
46
21
110
111
29
23
120
52
79
80
91
92
93
94
95
96
97

142
143
144
145
146
147
148
78
54
22
53
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DECIMAL EQUIVALENT

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

129

130
131
132
133
134
135
136
137
138
139
140
141
142
143

OPERATION CODE

BIGHTH
* PILTER
*TICHING

INSTR1
INSTR2
INSTR3
INSTR4
INSTR 5
LEGATO

* LENGTH
NORMAL

~ RANDOM
* RETROG
RITARD
ROWGEN

* SQUARE
* THEMPR
TIMSIG
VIOLIN
WHOLE +
XTRAL0
BASSOON
EIGHTH+
* INVERTP

* INVERIR *

MARIMBA
NORMALT
NTRANGE
PICCOLO
QUARTER
SHUFFLE
SULPONT
TREMOLO
TRUMPET
TYMPANT

* VARIPIT
* VARIRYT
CLARINET
DYNRANGE
FRQRANGE
QUARTER+
TROMBONE
XYLOPHONE

CONTRABASS

FLUTTERTGE

FRENCHHORN

VIBRAPHONE

QCTAL REPRESENTATION

0115
0211
0176
0101
ci02
0103
0104
0105
0030
0171
0031
0226
0164
6161
0177
0205
0165
0175
0050
0106
0225
0060
0114
0162
0163
0071
0151
0172
0054
0113
0200
0144
0146
0061
0074
0166
0167
0057
0173
0174
0112
0063
0070
0053
0150
0062
0072

77
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Table 2: Numerical Order (Groups)

(Asterisks denote mnemonics mot available in Version I.)

OPERATION CODE

OCTAL REPRESENTATION

DECIMAL EQUIVALENT

OOI0 L)

A
A+
B~

B

c
C+
D
D+
E-

E

B
B+
G

R N

4
»

VIOLIN
VIOLA
CELILQ

CONTRABASS
PICCOLO
FLUTE

OBOE

ey et
A

RIS

0001
0002
0002
0003
0004
0005
0005
0006
0007
0007
0010
0011
0012
0012
0013
0014
0014

0024
0025
0026
0027
0030
0031
0032
0033
0634
0035
0036

0037
0040
0041
0042
0043
0044
0045
0046
0047

0050
0051
0052
0053
0054
0055
0056

QOO AIIoununHLUPRNME



OPERATION CODE

~58=

OCTAL REPRESENTATION

DECIMAL EQUIVALENT

CLARINET
BASSOON
TRUMPET

FRENCHHORN
TROMBONE
TUBA
CYMBAL
CHIMES
HARP
XYLOPHONE
MARIMBA
VIBRAPHONE
PIANO
TYMPANI
PERC1
PERC2
PERC3
PERC4
INSTR1
INSTR2
INSTR3
INSTR4
INSTRS

0057
0060
0061
0062
0063
0064
0065
0066
0067
0070
0071
0072
0073
0074
0075
0076
0077
0100
0101
0102
0103
0104
0105

0106
0107
0110
0111
0112
0113
0114
0115
0116
0117
0120

0121
0122
0123
0124
0125
0126
0127
0130
0131
0132

0133
0134
0135
0136
0137

47
48
49
50
51
52
53
54
55
56
57
58
39
60
61
62
63
64
65
66
67
68
69

70
71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87
88
89
90

91
92
93
94
95
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OPERATION CODE OCTAL REPRESENTATION  DECIMAL EQUIVALENT

94 8VE6 0140 96

95 8VE7 0141 97

96 SULPONT 0144 100

97 MUTED 0145 101

o8 TREMOLO 0146 102

99 GLISS 0147 103
100 FLUTTERTGE 0156 104
101 NORMALT 0151 105
102 PLAY 0156 110
103 REST 0157 111
104 ACCEL 0160 112
105 RITARD 0161 113
106 * INVERTP * 0162 114
107 * INVERTR * 0163 115
108 * RETROG * 0164 116
109 * THEMPR * 0165 117
110 * VARIPIT * 0166 118
111 * VARIRYT * 0167 119
112 TIME 0170 120
113 * LENGTH * 0171 121
114 NTRANGE 0172 122
115 DYNRANGE 0173 123
116 FRQRANGE 0174 124
117 TIMSIG 0175 125
118 * ICHING . * 0§76 126
119 ROWGEN 0177 127
120 SHURPLE 0200 128
121 * SIN * 0202 130
122 * TRI * 0203 131
123 * SAW * 0204 132
124 * SQUARE * 0205 133
125 * NOISE * 0206 134
126 * AMOD * 0207 135
127 * FMOD * 02100 136
128 * RILTER * 0211 137
129 * TAPE1 * 0212 138
130 * TAPE2 * 0213 139
131 XTRA1 0214 140
132 XTRA2 0215 141
133 XTRA3 0216 142
134 XTRA4 0217 143
135 XTRAS 0220 144
136 XTRAG 0221 145
137 XTRA7 0222 146

138 XTRA8 0223 147



OPERATION CODE

Z60=

OCTAL REPRESENTATION

139
140

141
142
143

XTRA9
XTRALO

RANDOM
START
END

0224
0225

0226
0310
0311

DECIMAL EQUIVALENT

148
149

150
200
201



-fr]—

APPENDIX B

MUSICOT. SAMPLE PROGRAMS

1) Teagt Program......u..n.......-.u.u-.

2) Homage to (¢, K, Zipf, completerprogram
with partial output listingescscesaes
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MUSICOL COMPILATION DIAGNOSTICS

All compilation error indicators are defined in the following
reference list:

*%***BATAL ERROR, NO OBJECT CODE DETECTER**dikikihikikkikskik

No object code submitted, or system control cards are
incorrect, preventing object code detection.

*****BATAL ERROR, ILIEGAL HEADER CARD seccse00
*%¥**OBJECT CODE PRINT ABORTRIk ki kk ks skkkk

Pirst statement other than control instructions is not
a START operation,

***FAERROR NO, 1 ****¥UNENOWNIOBERATION CODE~ (code) kixix

The code is not found in the MUSICOL mnemonics table
(Appendix A) as spelled.

*k*RAERROR NO, 2 **+**EXPRESSION (code) USED ILLEGALLY,
LOCATION=- (octal location) *******;wwzm******************

‘The MUSICOL expression used is not allowable with the
preceding mnemonic type.

*%X*¥ERROR NO, 3 *****ILIEGAL OPERAND- (code) #i¥kkxiiikakiik

The operand used is not compatible with the previous
members of the instruction.

*%%*¥ERROR NO, 4 *****INEXECUTABLE INSTRUCTION, LOCATION-
(octal location) *ikdkkirsckdcdkkirkkhdkid wkid ki

The code in the third field is not compatible with
both of the first two fields.

**%x*¥ERROR NO, 5 *****ATTEMPT TO REPLACE (code) WITH AN
EXISTING OP, CODE (code)**#iokkikkdkkrihhkFF (10
OR (code) NOT PREVIOCUSLY ASSIGNED #*¥iidkidhkddkikikihiiiihkik

Assigned mnemonics cannot be replaced with existing
MUSICOL mnemonics, mor can they be used before they
are assigned a replacement code,

Fk***ERROR NO, 6 *****ILLEGAL PARAMETER FOR RANK ORDERS «
(Code ) *xddhkdkdkkiokihkidkhdk

Only codes pertaining to the pitch, attack, duration,
dynamics, range, and timbre parameters can be used as
rank order elements.



*%%*%kERROR NO, 7 *****JLTEGAL USE OF RANGE OPERAND WITH
EXPRESSION (code) Fkkikdkkdkkhkihidhkkiks

The given expression is not allowed to be used with pitch
range specifiers, as it is not am equal sign or a dash,

*k**XERROR NO, 8 *****JLIEGAL OPERAND -~ (code) FOR A
RANDOM~CLEAR INSTRUCTION, LOCATION- (octal location) *¥kkiikki

The operand is not within thecacceptablezrange of 1 to
16, for a random-clear instruction,
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MUSICOL SIMULATION DIAGNOSTICS

All simulation-execution indicators are defined in the
following reference list:

**xk*x (code) IS NOT THE SAME RANK CLASSIFICATION AS OTHERS,
LOCATIONS (octal locations)

The specified code does not belong to the same parameter
class as the others in the string.

*%*%x% INSTRUMENT NOT PREVIOUSLY DEFINED, LOCATION (octal loco)

Attempt to use an instrument before declaring its voice
nmmber.,

*kkxk ATTEMPT TO EXCEED MAXIMUM ALLOWED NUMBER OF VOICES,
LOCATION (octal location)

The instrument's voice declaration number exceeds & .. .
*%k%k%x TLIEGAL VALUE IN A VOICE-ORDER FIELD, LOCATION (octal
location)

The voice rank-order number is either greater than the

amount of declared voices, or less than O,

*kdk*k VOICE PARAMETER BEXCEEDS INITIALLY SPECIFIED AMOUNT,
IOCATION (octal location)

The voice number to be the first order is greater than
the declared amount of voices,

x*%+% (code) RANK ORDERS IMPLIED, BUT NOT DECLARED, LOCATION
(octal Tocation)

Overall rank orders specified by the cited instruction,
but rank orders for the given parameter are notzdeclated
by an ORDERS, ROWGEN, or SHUFFLE operation,

*%%kk ATTEMPT TO SPECIFY UNDECLARED (type) RANK ORDERS FOR
(instrument) TIME= (_ ) ¢ (_)

m——

A declared list for the parameter specified by the given
instrument does not exist.
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*%%%%k NO PITCH RANGE SPECIFIED RFOR (instrument)

The mandatory pitch range declaration was not
implemented for the specified instrument,

*xkk* (instrument) PITCH RANGE CONTRADICTS THE GENERALL
PITCH RANGE, TIME= (_) « (_) TOTIME (_) . ()

The general range and the insirumental range are such
that thevlimitsiéxpressédeby their values combine to

eliminate a feasible range, inclusive &f all : -z zo%isn
restrictions.

Fkdk% TLLEGAL VALUE (integer) FOR A SHUFFLE OR ROWGEN
OPERATION,_LOCATIONVV octa location)

The specified number of elements exceeds the maximimie
amount for the desired parameter (see individual lists
in table 2 of Appendix A) in a ROWGEN operation, Or,
the number exceeds the number of elements in %he
declared 1ist for which the SHUFFIE operation has
been called,

*kx%%x (type) RANK ORDERS UNPECLARED, SHURFFLE ABORTED,
IOCATION (octal location)

Attempt to SHUFFLE a string of parametric elements
which were not previously declared.

#kxk* BEXCLUSIVE USE OF XTRAS, RANK CLASSIFICATION IMPOSSIBLE,
LOCATIONS (octal locations)

Assigned XIRA mnemonics are used exclusively in a
parametric string. The simulator cannot ascertain
whether intended class is attack or timbre.

*%%k%k UNDECLARED RANK ORDER PARAMETER (code), LOCATION
(octal location)

The element designated in the instruction as the first
order cannot be found in the declared list.

#%+%* UNDECLARED RANK ORDER PARAMETER (code) FOR (instrument),
TIME = () « €_)

The element designated in the instruction for the
instrument cited as the first order cannot be found in
the declared list.
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*%k** TMPLEMENTATION OF (instrument) EXCEEDS THE MAXIMUM Mifif%y
NUMBER OF ALLOWED INSTRUMENTS, LOCATION (octal location)

An attempt is made to use more than 16 instruments
simultaneously.

*%k%x% ATTEMPT TO SET TIME SIGNATURE BEFORE THE COMPLETION
OF A FULL MEASURE

A new time signature is declared in a time block that
intersects a measure, which is governed by a previously
declared time signature.

*xkkx TLLOGICAL TIME SEQUENCE, TIMB = (_)) . ()

The time values for this new block represent a
measure position which is less than the values
represented in the previous block. Or, both time
declarations are identical.

*%k#% MEMORY OVERFLOW IN LITERALS LIST FOR (instrument),
PROBABLE REDUNDANCY, LOCATION (octal location)

Addition of this literals declaration for the instrument
indicated is not possible because itswould exceed the
number of allowed simultaneous literals (6) for a single
ingtrument, Since there are only 6 parameters,:za
redundancy is evident in the programming.

x%kk%% ATTEMPT TO IMPLEMENT (assigned mnemonic) IN (type)
RANK ORDERS, LOCATIONS (octal focations

Assigned mnemonics (XTRA) can only be included:inithe
attack, or timbre parameter types.

%%k TMPLEMENTATION OF (code) BEGINS RANK STORAGE OVERFLOW,
1OCATION <(octal location

The number of elements in the declared paramefric string
exceeds 24,ccommenéing-with the indicated code.



APPENDIX D

MUSICOL DEBUGGING

1) MUSICOL Semple Program with Compilation Errors.. 98

2) WUSICOL Sample Program with Simulation Errors
and M’emorwaump.n.-...-..........n...... 102



aTlis3l

9111831

¥l 453

¢ti1531

LITPCENS

UIL4S3L
6001534
gatAsa

4011534
QuLls3L
SGLis3ad
Relisal

Edlas3L

SulisSdl
Faiisdd

2% TYHLX=NITOIA MHOONYE=3iNId ©2-39=31073 e -02=39NValad  6*9

02T=u3LUVND L% IR EON

Tx31VH

Tx008¥=v101IA ﬂ»ccmqquJcH> -yG=02Z=NOO0SSYE 0L =~ O% = 3104 +96-0E=

99 TvalX=NIT0IA 04SVLTINS= Ty lx

kA Rk GRRE ok Rk kAR ndkauxk TEO000 -NOILVOODT *ATWS3ITU

hkEkE kAR kA AR AN NAA AR r wkhaxki ok dd
ARk kR kkkE AR AR ANA N Kk ke ndense 220000 ~NOIiVIOT *ATWOATIL

hk ok kk kAR AR ARk ke hkakx TEDU00 -NOLLVOI0T *ATIV93TT

W ke dohk ko hk kk Rk kA akakwkaw LNOGTINS
kAR AT RAR R AR kA AN kAR N kk d® 0E0000 =-NOILVOI0T *ANTIVI3TNI

AN ARk kW N kA ARk khanhakax 220000 -NOILVI0OT *ANIWS3T1

C akARs kkkk RN KRN AR A RN kkkeawwx dTTH
Ak kkkaeRr k kk Ak whahnbawnnnxx 920000 -NOILVIOT *A7V33T1

Ak kdkhhhkkkkhh knkkhknhnkkearknx 920000 ~NUILYVIUT *ATWOIMNI
:ulta:&}***t»t»w*&n#&t:y»lw»&:.¢Nnoao =NOILYJ0T *ATTVEINI

Ahkk Ak kAR AR K AR AR TR A Ak andknasn UL
»**w»»:*&*r»11&&**%»*&»»:&1&*& 220008 -NOILV20T fAva3Tl
Ak kkkkhkk Ak R KA RN KRN Rk ku kh ¥ kkk JE
ak kRN RAR AN NN AN kA whkewewr ooDd00 ~NOTLYIUT ->Jddwu44H
hkkkhdkhEhdrk kR krhskukennhanwn co0000 ~NOILVOOT e LR

»n*tti*»#tw*wtw»inntn»t::aa&tt 120000 =NOILVI0T ->J4c ER NI
MRk RRN A kE kAL RER RNk kkkh ok aannwxe NOTOIA

(TINOOSSYE (21VI0IA 3L - SE=

(+HESY +Ih1wHw +y¥3LYVYND +373gH +3T0HM  ONZE HLI9T HLIHSI3 ¥315vNu
A7YH 3V0HH) $394¥31i073 SSI19 ) |

(4304 93A8 G6HAE W3AE E£3A8  23Av  TIAE) (2T ~0INIBMLA

244S d07S 93717100 £Z1d 00dY FVKEEGND

AS¥I4 1dS 9NIZE 2uv SUALIWVUYD 43080 MHNVL IHL

S3aNSVIM 9T *NOILISCdWOY J1S8nNm * T H3BKNN AU30 LS3L 100ISAw

SE xAVd

~3000 NUILVYY3G0 NMONANNxwwwx T
2xdd= T#iNOGINS=%x3TWH= 2w T° JL-9E=4L2INOT0OLA
(7331072 06°¥=3wll
TvalX 0310w LNOdTINRS L TVHHEON)

4d3d 44 14 dW d dH ddd ad) Sd3E040

=3WIL L 2501000

00G0UDO0000LTURRETED
DO0000OD000LO000RT D0
UC00GOCOOBS2TdLNaTa
449 Qb
QuC000GUUDTOCATNITT Y
GO00LTIBLELILORNCLTD
Ghuon2inied2ionhe LTy
GUl0YSUOLeT 00N LTl

HLOT-3IOHM=3 9NV 2UN gW~dd=3ONTANAD #3%=-VE=IINVHUYS g9 030l

QUOOTUuUDHRZO0NYNEalD

Upo0T0OudnteBunh Gl

6000200480 Canhi Ll

BOOONYTI0LESO LIMNG Sl

Bub0hLiulekhEulnbiaud

YIGIA 9eaall
Q0GUAETCLinHTzUnnl a0l
GGO0UOUGODTO00lMYNTCO

. 423000
GuD00000s0200dddeldd

UASN = NOISS3acdXIxkwxse & "UN ucmwuw‘ﬁs*
BLLLOLLO00LidLddisdde

-UNVa2al WO3T MW rwwnx £ "UN cDaddwwwax

U3SN = NOISSIHdXTwwars & *UN 0OSHIxannw
U0Gu00GO0alFI00Led sl

Gasn » NOISS3odX3wwwks & °*UN dUSd3n kawx
VO00000GL0Ledsddelis

=0NUE3d0 WITT M annnwe £ “UK dUdadx ewws

03sN = NOISSd¥aXIwwwnw & LN HOdH T2 awnw
GLuuDu000NIudleiisd

03SN « NOLSS3dciXIwwwkw 2 "UN ucaymwnﬁn»
DDCO0COauUbLLLLedsdls

~ONVEId0 TVOSUW I awhnn £

03SN = NOLISS38cXIwkwnn ©  *ON HUPHTxawwx
QOudlu0000cuDlLentie

U3sn & HNULISSAadXTawaxwx £ "UN sUdddwkanx
GOOGO000L0TIu00Lesddd

NUOISSdudXd wkwnw & ‘UN &Doww»t*mﬁ
COCOD0O0000LLL2 44t ld

~0NY33d0 W93 T lxxxsxn = “UN uom&u&::#:

0350 = NOISSZHdXA3xkwxsx € *ON 03Uk akkw

UGCLOD000ULL 24284444

~0NYa3d0 19930 W wwwan € ‘UN a0oadkasnx

Q3Sh = NOISSSudXJawawx & *UN oloddxaanx

G3S0 { HOISSIudX3sawnsx & ‘ON HUUIwwwux
Q0CLudwDG02300LLeddd

NOLSSHudX3 xaawn & *UN GUIHI* akaw

*UN. a0d¥3xuwnx

T¢dlul

w1000

TTolul

) : o L9°00an

(245 £0JL00

C o 03 Tudo

aisn *

uasn

x
e
L

lyvis 0J40C00

e aarmm - . - N b e bt Y NG ) W

CUN d0du3x xaxw

ey



TRll531
wrli83L
62LiS3L

¥ell54d1

4801531

92l isiy

SZL133L
%2L1331
£201541

é¢hl33l

Tel1s53a

el L83y
6FLLS3L
8304531

2104831

9T{1531

FaZZ21d=N1T0IA ddd-dad=39NVENLD  D0*9F=3Wil

SyVE 61 w3ILdv SGN3 30314

Fx03LNK=NITOIA 98 dd=NIWIG Tx3I0HM

. +07-02= (1)01130=ND0SSYE OK3 = YI01A

Nnmw>QnJ&oU&uNﬂiamuatbzcngpmm+ua =02=c¥VI0IA=4T) FaLISN]

09=83LHVND  S%aLS38 JWH « FI0HM=IONVELN +u:LcmuuwZewanu B EF=aKIL

. SIHSINIAIG AINOLNG *£T VO LV SandI0 Xuwilia

HI8T = JIVH=39NVELN 22T 09=0advlly 22T "dW=NINIU WOONVH=NOOSSYE G6°HLOT=

310713 9°2Z1d=Y10IA ¥ *SSIT9=3LN74 04-02=39NVuDE3 0°6 = 3IWIL
_ (2 093V 31440HS

0°6=3WIL AIANA *IS3I¥D GINGHS NICIA

88 %34 = NITOIA T#23A8=NOOSSVE T # 39U¥3LANTI=3INT3 TwHIHO13=NOOSSVE

8 *931700=Y101A HIHIIA-HFLAVNO=AINVULN Jd-dw=ZONYINAD E+ZZIca=NITOULA

*
"

"
L

G000F0000%52009%0500
CUCGOTSTOLET200KELT0
GAO00000LwUSRUhELTD

000010000 TGN LSUd
GOB09ci0LH2240002E 10
UOLLlbu0000Tw0uwuheO Tl

B0007T4900420c0dMh2aLd
JULLLDDD0DTA00LEhZ250D
CuLoulBUERCY wuhuslu
vOOBLOBODOBTTEUNN TS0

GudG20000%5E T0nhiDTG
GUGOMG00uhnZuanh10ED
CULUTOU0GH224 005010
GUuOTOGGOHm LONY G D
0000YSU0LED U0 Tuli
GO0OUOODDDEILANNIGED
GL0GO0GCOBTuLdgN w00

BOLOO0G oGO0 v D TTU
GODBOOD0UDSSUDONLGTE
OLOTRT02240000helTh
Qulblo9a00iEu2(Ovhn LR
wOCCODUOLMGTOUNNL LD

QUOGOLTIULETT IO RCL I
Uub022T104hu50ah%1910
0UGDELVaLNheLOnNEL 0
U0uGpoOOoLDS2E0nnGY0D
D0L0UHTOLYLTTURYSEG GO

Oul0n0004%95£ 00991560
0G000Twien2n10Mn8S .0
GUCOYETOLED2CIhhn L1D

. oD0CO0GGLNTLOO0 L LT0

EnG2luvin2Dizhulil2s

GUBLOETHLNLZH0mhuG LD
GOOOT0OGBORNE LAY NL90L
GQ0OTODUUNDLTuRYE DU

‘0000I0000%5TTORYL9u0

GLUOGOTOOIM320090 1400
GUODSTTROLEETT O Vi
DOGRLETOLERZ HONNELTY
G0GOE0QUBNEEUDNHLSGD

mce:Wonama:mmmaaomca
GLCOCOL0RA9ZCaNnaGn
DO00LTTULENSBONNGSOd

LI ECTRFIN PR L L VA
UOCOITIG04%94000 Y LT0

®21000

123000

QT 1000

aaTa00

137400

424000

0zaL00

490302

£90080

453300



«100-

LE01531 YN3D *d NOILISOdWOD DISNW ON3 . : : £H 1000
_ : 00GDO000LRN2Z0DYY0LTE
it 9g£{ 1531 : : _ N 1 R L T U _ _ o : 2% 3000
C e _ : QUGO0ODOO0DY0OTUOHHTLTD

—— , : _ G0GOBO00UYHELORYTOTE
e el l33dl _ B#3=0#Z3S=TUiSNI . T o

o . QOLODDOOORATOONHLS LD
e ) _ : GuLODUduLYwE Q04N LGS0
- : : : : GGOODOOOOMRELBYRES D
: . . N UG0LODO0UNHEUDYNEL GO .
- _ _ _ _ ER0L0002%E02¢hD40ued
" _ , : _ _ : "END2uB02UT0LEN0LLTL
- REDLS3L _ Dwi=0xZ4S=NIT0IA 0x3=8aZ4S=31NTd (§ ZISIIVIINHS (0 FIN3IOMOY

09 Tull

: 2« 000
GO000000L9T2000NLLTY
e ££01834 : : _ o _ 00°2¥=3Wl4 : 127000
. GO0BYITUON2G404he 600 :
G0GOT0UO0LNTE 30N H0G

e 2801831 . 00T «iS3y= 0113 T+ WHEON = 31014 ‘ o 227060




~
g
1

- -

!IIllll.l.'I'l|‘-|I|||1.‘ll||l‘l||l||l||||..o|.||l P ——— Y abala ik e sdesinnd - D TR S8 W A SR -

SONDI3S 682°1
Wil NOILYTIIJHOD V10l

. ‘ : . gggods . 6£0000  MEOOLG  OUSVAIAS - TValX - 00000
: : o In1000: UWEBLG -
w1000 £TT00D 217000 © VETO0OQ - GTTGOD - 207000 2VIOIA S TaASNI 907000

S3IONIuIIEn  OVL IUUWAS OINOW3NW 430 307
: SIINOWINW OINDLSSV

wxnxk 03ILE0BY 430V07 whwwn
6%
SHO383 NOILYIILHWUD 40 ¥3BHWAN

63
SINIWILYLS d0 a3LHhn

L%
SOUVD J0 HIBWON

EnT Q00 oL’ wth 'y
HLGNI Wyadoddreesr*=**° rwxm-.--..umcm44<u..1o.a.......m.wmhmw ¢T NOLISu3A ¥311dW00 03ISNN



-102-

SIMULATOR DUMP, STRUCTURATL WORD-BREAKDOWN

The Simulator Dump is interpreted withithe aid of
Appendix A. The following is a description of the word
configuration.

1) Specific Declarations (A1l numbers are represented in

4-digit groups).

k) INSTRUMENT: Only the rightmost 4 digits are filled

with the octal number representing the mnemonic.

B) VOICES: The declared voice-number is found im the
gecond 4-digit group, from the right. When rank
orders for multiple-voiced instruments are
present, the three #ightmost groups are filled
with the voice number, firsf order number, and

the possible orders number, regpectively.

¢) PITCH, ATTACK, DURATION, DYNANMIES, OCT RANGE, and

TIMERE: The rightmost two groups contain the

mnemonic code, and the posaible orders number.
D) SP ACTION: Not implemented in Version 1.

E) INS PI RNG: The two pitch limits are represented

nunerically, that is, the octave number -1,iis
multiplied by 12, and added to the octal
equivalent of the pitch mnemoniec., They are

located in two 4-digit groups.
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) PIAY REST: The mmnemonic and percentage number are

located octally in the $two rightmost groups.

G) TIT ACTw..: Each instrument has 3 words regerved
for literal actions. Each word holds two
complete instruetions (8 digits each). An

ingtruetion uses two 4-digit groups.

2) General Declarationsg

A)Y PITCH REGE, DYN RANGE, NUTE RANGE, TIME STIG: The

word issplit into two 8-digit groups.

B) PIAY/REST: Represented exactly as the specific
play/rest (see 1P, above).

C) SP LIT ACT: Represented exactly as LIT ACT, above
(see 1G),

D) METRONOMIC: The note-value and number are located

octally in the two rightmost 4-digit groups.

3} Pitch Orders Strings

Parametric elements are located in the rightmost
# digits of each word, If rank orders are in effect at
the moment of the occurrence of the error, the numbers
are located in the rightmost 4 digite of each word,
Tte element is then shifted 4 digites inward.
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APPENDIX E

COMPASS PROGRAMS: DESCRIPTIONS, LISTINGS, AND.FIOW CHARTS

SHIFT"..O.‘.....0.0.....0...‘O.l‘..b....".‘
ZIPF, IZIPF--O..'.....0..'I.O‘ﬂl‘..‘..‘."'..l.‘
RFG.GC...'0..l‘..0..000.0.0..".."..‘......0
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RIG....0.0.00'.“’..IQ.O...CI...ICOIOIOOl.l'.
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FUNCTION SHIFT

CALLING SEQUENCE: I=LSHIFT(I,N)

PUNCTION: A logical shift, LSHIFT shifts
the contents of a word (I) right
or left by the number of bits N,
If N is positive, the shift ist
left. If N is negative, the - il1%
shift is right., Vacated bits are
gzero-filled, An attempt to shift
60 places or more either to the
left or to the right will give a
zero result as expected.

PARAMETERS: TWO .«

RETURN: Normal.

INPUT: I is the word.
N is the number of bits to be
shifted,

OUTPUT: The word I shifted by the number
of bits N.

REGISTERS USED: BO, B1, B2, B3, X1, X2, X6, X7.

EXAMPLE ¢ T6 shift the word I 12 bits to

the left: I=LSHIPT(I1,12), or to
the right: I=LSHIFT(I,-12).
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IDENT  SHIFT

ENTRY  LSHIFT
LOGICAL SHIFT
ENTRY AND EXIT PROCEDURES FOR GDC 6400 RUN COMPILER
RUNCTION CALL CONVENTIONS.

PARAMS::

LSHIFT BSS

PL1

SA1
SA2
MX7
BX6
ZR

PL

SB2
LX2
SB2
LX6
BX6
EQ

SB2
SB3
SX6
GE

AX6
BX6
SB2
LX6
EQ

END

1ST. & OPERAND

oND. - NO, OF SHIFTS,

POSITIVE IS LEPFT SHIFT

NEGATIVE IS RIGHT SHIPT

AN ATTEMPT TO SHIFT 60 PLACES OR MORE EITHER TO THE
IEFT OR TO THE RIGHT WILL GIVE ZBRO RESULT AS EXPECTED.

1

B1

B2

1

X1
X2,LSHIFT
X2,PL1
X2
B2,X1
B2+1
B2,X7
~X6%X2
LSHIFT
X2=1
59

BO
B2,B3,LSHIFT
BZ,X'?

~X6%X1

B2+1

B2,X6

LSHIFT

OPERAND
SHIPTS
MASK

ZERO=NOP

RIGHT SHIFT COUNT
RIGHT SHIFT

UPPER DELETION MASK
DELETE UPFER
RETURN

RETURN ZERO AS RESULT,
IR SHIFT COUNT 2=60

DELETION MASK

DELETE (LOWER)

SHIET
RETURN



CALLING SEQUENCE:

FUNCTION:

PARAMETERS:
INPUT:

OUTPUT:
REGISTER USAGE:

RETURN: .

- EXAMPLE:

SUBROUT INE

116~

ZIPF (COMPASS)

SX6 N (integer range)
RJ ZIPF

Chooses #n integer out of the set
(1, 2, 3, . . ., n) according to
Zipf's law, which states that the
probability of choosing the ith
integer is Py/i where Pl is the
probability of choosing the first
integer of the set.

None.
Integer N should be in X6.

Resultant integer in the range 1
to n is in X6.

X6, X7, and X0 (in RFG). All
others are saved to restored.

The instruction following RJ ZIPF.

To choose an integer in the range
1 to 25 according to Zipf's law,
we may write:

SX6 25
RJ ZIPF



UTINE

ENTRY with
parameter N
in X6
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ZIPF

Save L.ocal Registers

y

Calculate

s- 5+
e 1
in X1

Y

Random Fraction
in X6

!

X6 = X6_» X1

y

X5+ 1.0
X7+0

h:

X747 +X5

Y

X0 = X5 /X7

!

X6 = X6 - X0

. is .
X6 positive?

Yes

Restore local
registers

Subroutine :
RFG
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IDENT ZIPF
ENTRY ZIPF
EXT REG
ONE DATA 1.0
¥ THIS FUNCTION RETURNS AN INTEGER VALUE IN THE SPECIFIED
* RANGE ACCORDING TO ZIPF'S LAW.
ZIPF BSS 1
SA1 Bl
BX6 X1
SX7 X1-2
NG X7,ZIPF
SA5 ONE
SB1 X6
SX6 BO SUM OF 1/1
AGAIN SX7 Bl
PX7 BO,X7 CONVERT I TO
NX7 X7 NORMALIZED PFLOATING POINT
BEX7 X5/X7 DIVIDE 1 BY I
FX6 X6+X7 ADD TO SUM
NX6 X6
SB1 Bi~1
GT B1,AGAIN CHECK FOR END
BX1 X6 SAVE SUM IN X1
RJ REG GET A RANDOM FRACTION IN X6
FX6 X1*X6 MTPLY RANDOM FRACTION BY SUM
SX7 BO
BACK FX7 X7+X5 NUMBER I IN FLOATING POINT
FX0 X5/X7
FX6 X6-X0 SUBTRACT 1/1I FROM THE
NX6 X6 PRODUCT
PL X6 ,BACK TP POSITIVE, GO BACK,
Ux6 Bl,X7 CONVERT I TO FIXED POINT
LX6 B1,X6 RESULT IN X6
EQ ZIPF RETURN



"CALLING SEQUENCE:
| “RETURN:

 FUNCTION:
PARAMETERS:
INPUT:

OUTPUT:

REGISTERS USED:

COMMENT :

EXAMPLE:
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SUBROUTINE IZIPF

J=IZIPF (1)

Normal, |

Zeroth-order Zipf's law distribution.
One.

I is the range parameter.

An integer in the range 1 to 1
according to Zipf's law as the function

value (with 1 as the most probable
value).

Al, B5, Bl, X0, X1, X5, X7 and X6
(Result)
Also A2, A6 and B5 (used in RFG)

‘Uses subroutine RFG.

To get an integer in the range 1 to 12
with zeroth-order Zipf's distribution
we write the calling instruction,
I=IZIPF(12)
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' SUBROUTINE Nzipe!

ENTRY

GET THE VALUE OF
THE ARGUMENT |

et
SUM <O

L
SUMKSUMH1/K bty

1
KeK-1

SUBROUTINE

GET A RANDOM
RFG

FRACTION F

i

MULTIPLY FWIiTH
SUM. CALLIT?

K+O

KeK+1 o

PP-1/K

ISP
POSITIVE?

YES

NO
RETURN T?(-lE RESULT |
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SUBROUTINE RFG (COMPASS)

CALLING SEQUENCE: RJ RFG (in COMPASS)
or RFG(N) (in FORTRAN, where N is
any number. The fraction then is
returned in RFG which is used as
2 primary in an expression).

- FUNCTION: ' : : . Generates snd returns a random frac-
tion £ between @ and 1 (exclusive}.

PARAMETERS: | None.

INPUT: : None.
OUTPUT : Fraction f in Regisfer X6.
B REGISTER'USAGE: X0, X6, and X7. All others are saved
and restored
RETURN: | ' The instruction following RJ RFG.
:EXAMPLE: A section of a code making a random

binary choice between calling sub-
routine A or B is: o

HALF DATA 0.5

8Al HALF

RJ]  RFG

FX1 X1-X6

NG X1,CALL.A

RJ B

EQ JOIN
CALL.A RJ A
JOIN  NO

The same can be written in FORTRAN
as:

IF (0.5-RFG(4)+11-0-0)GO0 TO 5
" CALL B

GO TO 6

CALL A

CONTINUE

o n
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SUBROUTINE "RFG"

ENTRY

GET A FLOATING POINT
CONSTANT'CONS'AND
THE STORED FRACTION A

i

SET REGISTER XO TO 1

T

MULTIPLY THE FRACTION
WITH THE CONSTANT AND

ADD THE FRACTION TOIT

!

SEPARATE THE INTEGER
PART OF THE ABOVE SUM

i

SUBTRACT THE TWO TO
GET A NEW FRACTION
IN REGISTER X6

SET XO TO X0 -1

STORE THE NEW
FRACTION IN A




CONS
SAV
RPG

RIG

IDENT
ENTRY
DATA
DATA
BSS
BSS
SX7
SA7
BX7
SA7

BX6
SAS

RFG
REG
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0.21500368942357854678532102

55.73
2

1

BS
SAV
X5
SAV+1
CONS
X5

A
X5*%X6
X5+X6
B5,X5
B5,X6
BC,X6
X6
X5=-X6
X7
X0=1
X0 ,RIG
X5

A

SAV
X5
SAV+1
RRG

SAVE B5 REGISTIER

SAVE X5 REGISTER
ENTER RIG WITH A CONSTANT
TO GET A RANDOM INTEGER
GET THE REAL NUMBER IN X5
MULTIPLY THE TWO NUMBERS
WITH ONE ADDED TO THE SECOND
CONVERT THE PRODUCT -INTEGER
ADJ. VALUE TO CORRECT MAG,
FLOAT THE RESULT FROM X6
NORMALIZE IT
sUs, THE 2 NOS, TO GET NEW A

CHECKX FOR 1ST OR 2ND ENTRY

STORE IT IN A
RESTORE REGISTERS B5 & X5



CALLING SEQUENCE:

FUNCTION:

PARAMETERS :

EXAMPLE:

COMMENT :

(for
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SUBROUTINE IRIG

FORTRAN programs only)

IRIG (1)

Same as RIC except that it is
designed for use in FORTRAN
programs, It gives, with
equiprobability, one of the set
of random integers in the
specified range of 1 to N.

T is the range parameter, Used
as a TORTRAN primary in a FORTRAN
expression, it returns the random
integer in the range 1 to I in
IRIG (I).

To generate rapndom pgwers of 2
in the range 2l to 2 2, the
following expression can be used.

IN = 2 ** IRIG (32)

An entry SETIRIG(X) is provided in
order to set the seed in IRIG. A

call to SETIRIG will replace the current
seed by X. X of course should be a
fraction, :



IDENT
ENTRY

IRIG

IRIG, SETIRIG
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THIS FUNCTION SUBPROGRAM RETURNS A RANDOM INTEGER IN THE
RANGE 1 TO N WHERE N IS AN INTEGER ARGUMENT IN THE

0,6924036894235785467
17177777777777776453B

*
*
*  FUNCTION CALL.
A

IRIG

DATA
DATA
BSS
SAL
BX6
SA6
E£Q
BSS
SA4
BX6
ZR
PX6
NX6
SAS
FX5
UX6
LX6
PX7
NX7
FX7
NX7
SAS
RX7
SA7
SX7
IX6
EQ
END

1

B1

X1

A
SETIRIG
1

B1

X4

X4, IRIG
BO, X4
X6

A
X5*XS
BS,X5
B5,X6
BO,X6
X7
X5=-X7
X7
COMMA
X5*X7
A

1
X6+X7
IRIG

RETURN IF THE RANGE IS ZERO
CONVERT THE RANGE TO FL, PT
NORMALIZE IT

GET THE REAL NUMBER IN X5
MULTIPLY THE TWO NUMBERS
CONVERT PRODUCT TO INTEGER
ADJ. VALUE TO CORRECT MAG.
FLOAT THE RESULT FROM X6
NORMALIZE IT

SUB, THE 2 NOS, GET NEW A

MULTIPLY BY APPROX. 1 TO
KEEP IRIG IN SHAPE
STORE IT IN A

RETURN WITH RANDOM INTEGER
IN X6
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. SUBROUTINE RIG
(for COMPASS programs only) -

CALLING SEQUENCE: SX6 N

o ' RJ RIG
RETURN : N The instruction following RJ  RIG
FUNCTION: | |  RIG generates and returns a random

integer in the range 1 to N with
all integers having equal proba-~
bilities of being chosen.

PARAMETERS : N
INPUT: _ | The value of N should be in
' register X6,
OUTPUT : The value of the random integer
on return is in X6.
" REGISTER USAGE: . X6 and X7
COMMENT : RIG has to be declared EXTernal

to the calling COMPASS program.

EXAMPLE: ‘ To: choose a random integer in the
' range 1 to 32, the following
instructions are used.
SX6 32
RJ . RIG
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SUBROUTINE “RIG”

Float integer
and subtract
—=  from the
product.
Multiply by
COMMA
Save B5, Xb and store in A.
?az';;‘:ee::) Add 1 to X6.
normalized R65t3r§535
floating point an

{

Multiply it
by A.

¥

Extract integer
part from the Lzl
product.

Explanations:

1. Register X6 contains the fixed-point range on entry.

2. Register X6 contains the random integer on return.

3. Location A contains the floating-point pseudo-random number between 0 and 1.

4. COMMA is a number very close to 1 which is multiplied by A to prevent recurring digits in A,

6. Registers BS and X5 are used for internal calculations.
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IDENT
ENTRY
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RIG
RIG

THIS IS A SUBROUTINE TO GENERATE A RANDOM INTEGER IN THE
RANGE 1 TO N, THE VALUE OF N 1S ENTERED IN REGISTER X6
AND THE RESULTING RANDOM INTEGER IS ALSC RETURNED IN

REGISTER X6,
DATA

COMMA DATA

SAV
RI1G

BSS
BSS
PL
EQ
SX7
SAY
BX7
SA7
PX6
NX6
SAS
BX5
UX6
LX6
PX7
- NX7
FX7
SAS5
BX7
NX7
SA7
SAS
SBS
SAS
SX7
IX6

EQ
END

0.21500368942357854678532102
171777 TTTTT777657453B

2

1

X6 ,%+1 IF NOT POSITIVE, RETURN

RI1G

BS

)Ség? SAVE B5 REGISTER

SAV+1 SAVE X5 REGISTIER

BO,X6 CONVERT THE RANGE TO FIL, PT.

X6 NORMALIZE IT

A GET THE REAL NUMBER IN X5

X5%X6 MULTIPLY THE 2 NUMBERS

B5,X5 CONV, PRODUCT TO INTEGER

B5,X6 ADJ, VALUE TO CORRECT MAG,

BO,Xé FLOAT THE RESULT FROM X6

X7 NORMALIZE IT

X5«X7 SUB, THE 2 NOS, TO GET NEW A

COMMA

X5%X7 MULTIPLY BY APPROX. 1 TO

X7 KEEP IRIG IN SHAPE

A STORE IT IN A

SAV RESTORE REGISTERS B5S & X5

X5

SAV+1

1

X6+X7

RIG RESTORE WITH RANDOM INTEGER
IN X6
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CALLING SEQUENCE:

RETURN:

FUNCTION:

~ INPUT PARAMETERS:

OUTPUT PARAMETERS:
REGISTER USAGE:

COMMENT :

EXAMPLE:
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SUBROUTINE SHUFFLE

(in COMPASS).

SB1 L
sB2 =N
RJ SHUFFLE or REIHE

(in FORTRAN)
CALL SHUFFLE (L,=N) or REIHE (L,=N)
The instruction following RJ SHUFFLE

Random shuffling of the elements of
an array (Entry SHUFFLE) or the pro-
duction of a set of unique numbers
in a2 random array from 1 to N, where
N is the length of the array (Entry
REIHE).

The address of the first element of
the array should be in register Bl
and the length of the array should
be in register B2. (This is done
automatically in FORTRAN as shown
in the example below).

Bl contains the address of the zeroth
element of the array. '

All local registers except X6 are
saved and restored.

SHUFFLE hag to be declsared external
to the calling COMPASS sub~program.
It also uses RIG,

To generate a l2-tone row in an array
L of size 12, where numbers 1 to 12
correspond to the 12 tones of the
chromatic scale, we may use in FORTRAN:

CALL REIHE (1, 12)
or in COMPASS:
SB1 L

sp2 =12
RJ  REILHE
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SUBROUTINE ""SHUFFLE™

ENTRY REIHE .

Save X1

i

Copy Return
T B2 and K1 registors Address In the

exit point
T+ X6 register P

|

Hardware Equivalance

Load Count
in X1 and B2{I}

ENTRY SHUFFLE ' ier:aT;-leder

1

Stove Lin the
th element of
the array

Load count *
in X1 {0}

Set I=I-1

Yes | .
Yes
g No ’
Set B1~ | No

- Array Hoader

oo Save X2
and X3

IR

| }Generate a random
Subroutine integer J in the
RIG range 1tol

{nterchange Ith
R and Jth elements
. of the array

i

' SetI<I-1
|

Yes .
kNo

Restore X1,
X2 and X3

EXIT



IDENT
ENTRY
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SHUFFLE

SHUFFLE ,RETHE

* THIS ROUTINE SHUFPLES (ENTRY SHUFFLE) AN ARRAY OF
* SPECIRIED IENGTH OR RETURNS RANDOM INTEGERS IN THE
%*: RANGE 1 TO N IN THE ARRAY OF LENGTH N (ENTRY REIHE)

SAV
REIHE

AGAIN

SHUFFLE

SHUFPL

LOOP

EXT
BSS
BSS
BX6
SA6
SAl
BX6
SA6
SAl
SB2
LT
SB1
5X6
SA6
SB2
GT
EQ
BSS
BX6
SA6
SAl
NG
$B1
BX6
SA6
BX6
SA6
BX6
RJ
SA2
SA3
BX6
SA6
BX6
SA6
sx1
§X6
PL
S
8A2
SA3

EQ
END

RIG

3

1

x1

SAY
REIHE
X1
SHUFFLE
B2 '
X1
B2,RETHE
Bl-l

B2
B1+B2
B2=1
B2,AGAIN
SHUFFL
1

X1

SAV

B2
X1,SHUFFLE
Bi-1

X2
SAV+1
X3
SAV+2
X1

RIG
X1+B1
B1+X6
X2

A3

X3

A2

Xl-1
X1l=2

X6 ,LO0OP
SAV
SAV+1
SAV+2
SHUFFLE

COPY THE EXIT POINT TO
ENSURE CORRECT RETURN, TIHE
NORMAL RETURN POINT SHUFFLE
GET THE LENGTH OF LIST IN X1
RETURN IF THE LENGTH 1S NEG.

CREATE A SEQUENCE OF NOS.
AND STORE THEM IN THE ARRAY

AFTER FINISHING THIS TASK,
SHUFFLE THIS ARRAY

SAVE REGISTERS OF LOCAL USE

GET THE IENGTH OF LIST IN X1
RETURN IF LENGTH IS NEG.

GENERATE A RANDOM INTEGER J
IN THE RANGE 1 TO I

INTERCHANGE THE I<TH AND THE
J-TH BLEMENTS IN THE LIST

DECREASE I BY 1

TEST IF I>1. IF YES GO TO
LOOP RESTORE LOC, USED REGS.
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