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graphic interface, 563

horizonta! bus architecture. 195. 319-323

horizontal microcode machine, 494

host computer, 234

increment, 292-293

instruction prefetch, 228

interconnection of units (“patching”),
247, 273, 275-276, 494, 529-534

interrupt handling, 52, 246, 254,
271-273, 276, 285, 370, 481, 484-485,
524, 528, 541, 549, 590

I/O bandwidth. 198-199

keyboard-controlled synthesizer, 2,
193-194. 203

memory addressing, 206, 266-267,
275-276, 286

microprogrammed, 195, 225, 228-230,
233-238, 241-242, 281, 283, 321-322,
491-511. See also Microcode,
Microprogramming

mixed sample rates, 201-202, 209, 235,
253, 261, 277, 285, 508

modular, 195

multiplier, 231, 265-266, 303, 306-307,
314-315

multiprocessor networks, 196

non-real-time vs. real-time, 370-371

Orr ADC, 263

phase angle increment register length,
296-297

pipelined, 195-196, 230-231, 274, 277,
306, 312, 314-318, 493-494
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precision of, 242, 244, 250
program update, 228
real-time, 52, 250, 370-371, 524, 536
reliability, 193
sample and hold, 292
sample period jitter, 295
sample period subdivided, 228-229, 265,
273-275, 283, 321,493
sample rate, 200-201, 206, 209, 229, 283
scaling functions, 200, 212, 261, 269, 271,
. 469, 474-476, 642-643, 655
smoothing filter, 202, 292, 294-295, 312
software access to low-level hardware,
370
software simulation of, 372
stream processing, 507-509
time-multiplexed, 250, 304-306
track or ground, 292, 309
T. T. Electronics J77C smoothing filter,
312
T. T. Electronics J87C smoothing filter,
312
updating control parameters, 254, 370,
642
user input, ix, 199-200, 244, 246-247,
257-260, 386, 485-489, 540, 544, 547,
647
vertical microcode machine, 493
VOSIM, implementation of, 212-215,
318
vs. software, 200, 220
wavetable lookup, 209-212, 250-251,
266-268, 290-293, 300-303, 326-334
Hardware, hybrid synthesis, 199-200,
540-541. See also Synthesizers
Harmonic, 289
Heterodyne filter, 642
Heuristic, 500
Hybrid synthesis, 369. See also Hardware;
Synthesizers

ICMC, 540, 693. See also UNESCO

Icon, 405

ILC Data Device Corporation, 362

Improvisation, 247

Increment, 326

Indian music, 540

I Never Knew You Cared (Berg), 173-179

Information contnet, acoustical, 147-148

Information unit, acoustical, 146

Instantiation, 456

Institute of Sonology (Utrecht). See
Computer music studios

Integrated circuits (ICs), 230, 277, 281, 285,
302, 306, 307, 312, 314-317, 319, 338, 340,

707

342, 347-349, 351, 352, 354-357, 541, 549,
594

Interdyne, 343, 346, 361

International Computer Music Conference,
540, 568, 693

Internationale, 172

Interpreter, 517

INV, 367, 512-522

IRCAM. See Computer music studios

Jazz, 427, 435

Keyboard, piano-style, 387-388, 392,
484-485
mapping between keys and events, 199
touch-sensitive, 257-259
KEYS, 467
Klangfarbenmelodie, 603
Kleffman Electronics, 342, 345-346
Knowledge, representation of, 553
Kontakte (Stockhausen), 568
Koto, 582
KYST, 645, 648—649

Language, formal, 409. See also Grammar
as model for music, 404-405
phrase-structured, 413

Language, natural, 403, 409, 432

Language, programming, 366, 371. See also

BASIC; C; DEC PDP-11 assembler;
Forth; FORTRAN; Lisp; Macro-15; 6502
machine language

League of Automatic Music Composers,

600
Linear prediction, 4, 140, 143. See also
Analysis/synthesis
Linear response, 85
Line-segment approximation, 417, 426
Linguistics, and music, 404—40S. See also
Grammar; Language

Lisp, 418, 426

Location, sound spatial, 539, 660-662, 669.
See also Reverberation

Locks and Dams (Berg), 168, 172

Logic, emitter-coupled. See Emitter-

coupled logic

Logic, formal, 428

Loop, phase-locked, 540

Love Songs (Truax), 81, 82

Lucasfilm, 195, 202. See also Synthesizers

ludwig, 377, 379-384, 397-398, 400

McGill University, 694
Macro, 366
Macro-15, 161, 173
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Macrostructure, phantom, 412
Maentwrog, Music for Soleil (Cann), 116,
124,129
Markov chain, 413
Masking, 674-675
Melody, perception of, 664, 667-668,
677-678, 689, 691-692
Memory, human, 551-567
Menu. See Software
Message, 371
Mevent, 452-456
Miami Number Cruncher, 337-338, 355
Michigan State University, 644
Microcode, 233-234, 319, 367, 372,
491-511. See also Hardware
Microcomputers, 281-288, 369. See also
Hardware
composing with, 196, 597-600
in direct synthesis, 196, 202—-203
implementation of FM, 52-53
S-100 bus, 202
Microprogramming, 491-494, 497
branch and bound, 505-507
critical-path scheduling, 501-502
critical resource counting, 500-502
enumeration, 502-504
reduce and conquer, 502
stepwise refinement, 502
verticalizing, 493
MIT. See Computer music studios
Motorola, 354-356, 358, 360
Mozart, W. A., piano sonatas, 427
Mupac, 343, 345, 361
Musl0, 31-33, 376, 480-482
LINEN, 33-34, 36
MAG, 33
OUTA, 33
RANDI, 33-34
unit generator in, 32
ZOSCIL, 33-34, 36
Music 11, 154
Music 1000, 238-241, 370. See also DMX-
1000
Music 4BF, 114, 134
Music IV, 370
Music V, 17-21, 27-28, 37, 134, 149,
151-153, 194, 336, 369-370, 376, 404, 447,
457, 480. 482, 495. 496. 581
Musique concréte, 2
MUZACS, 199

National Advanced Systems, 336
National Semiconductor, 361
NEC America, 360

Necker cube, 661

Subject Index

Nekyia (Loy), 663
Networks
basic transition (BTN), 417-418
constraint, 435
semantic, 425
Network Piece (Bischoff, Gold, Horton),
588-600
Networks Orchestra, 547
New England Digital, 201, 206, 209, 212,
536-537, 641
NIHR, 97-98. See also Waveshaping
Noise, 1/f, 544. See also Composition,
stochastic
Nonlinear distortion. See Waveshaping
Nonlinear interharmonic relationship
(NIHR), 97-98. See also Waveshaping
Nonlinear processing. See Waveshaping
Non-real-time systems, 369
Nonstandard synthesis, 4, 160-187, 201,
369, 572-573
Nonterminals, 409
Note, musical (sound object), 542, 547, 604
NP-completeness, 504
nscor (Roads), 158
Nyquist theorem, 293-294

Object, 443, 448, 450, 457-462
Object-oriented language, 371
Objer (Roads), 158
Oboe, 649
Occlusion
auditory, 676
visual. 672-674
OK Machine and Tool Corporation, 336,
362
Operating system, 367
Orchestra, talking, 4. See also Cross
synthesis
Orchestration, 414, 443, 456-457
Organ, simulated with frequency
modulation, 23
Oscillator. See Hardware; Music V
Overtones, 289

Parse tree, 406-407, 409, 436, 495
Partial, 289
Patch, 540
Pattern recognition, 417, 426, 445
Pattern, sound, 445
Perception
auditors, 146—147, 296
musical, 658, 666, 689-691
Perceptual dissimilarity judgment, 644-645
Percussion instruments, 646-647. See also
names of instruments simulated, 24-27
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Performance, live, ix—x, 539, 547

Performer, musical, 658

Petri net, 510-511

Phase vocoder, 642

Philharmonic Hall (old), New York,
631-632

Phéné (Chowning), 3

Phonology, 404

Phrase, musical, 547

Piano, 59-61, 115, 571. See also Keyboard
simulated, 59-61

Piano Music (Cann), 115

Piano-roll notation, 379

PILE. 160187

Pipeline. See Hardware

PLACOMP 386-387, 390

PLAY, 368, 523-537

PLAY]1, 523-537

PLAY?2, 536-537

Plessey, 354, 356, 360

POD, 444

PODS, 70, 74

Poisson distribution, 584-585

Pole, 127, 134-135, 137. See also Filter

Polyphony, 691

Procedural model of music, 433, 552, 564

PROJECT 1, 569-572

PROJECT 2, 569-572

prototype (Roads), 157-158

Pseudo-Tape, 200

Quanta, acoustical, 145-149. See also
Granular synthesis
Quantization, frequency, 193

Racal-Milgo, 335, 337, 352
Random number generator. See Compo-
sition, stochastic
Real-time systems, 369
Register, 492
Residual, 127, 130-132, 140141, 143. See
also Analysis/synthesis
Resolution, frequency, 193
Reverberation, 613-614, 616-619,
622-632, 634, 636. See also Acoustics
digital, 603-639
Reverberators, digital. See also Filters;
Reverberation
all-all-pass, 607, 611-612
all-pass, 603
all-pass with filter, 610, 613-615, 620
comb-all-pass, 607, 611-612, 619-621,
630
comb with filter, 610, 613-616, 619
oscillatory all-pass, 608-609, 611-612
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oscillatory comb, 608-609, 611-612
series-all-pass, 607, 611-612
Rhetoric, 403
Rotron, 315
Rules. See also Grammar
morphophonetic, 414
production, 410
rewrite, 410
self-embedding, 413
transformation, 414

SAE. See Stanford Applied Engineering
Sal-Mar Construction, 194, 199, 523
Sampling theorem, 293-294
Samson box, 195, 641, 643
Saxophone, 431, 649
granulated, 158
Scaling multidimensional, 645-647
simultaneous linear equation, 654
sced, 377, 393-395, 399
Schmitt trigger, 349
scored, 377, 384-386
Score, hierarchical representation of,
444-445
SCORE program (CCRMA), 37, 386, 427
score program (SSSP), 443445, 452-457
scriva, 377, 395-397, 399
Segregation, auditory stream, 650, 665, 670,
691
Semantics, musical, 407, 415, 423, 434-435,
555, 558—561, 564-566
Semiotics, 403, 405-406
Semistochastic Music Language (SSML),
581
Semitone, equal-tempered, 297
Sentence, 409
Sequencer, 199-200, 540
Siemens, 361
Sign, 405
Signal processing, digital, 192. See also
Filter; Fourier transform; Reverberation;
Reverberator
Signetics, 358, 360
Sine waveform, 289-290, 301, 333-334
Sinusoid, 2, 289
Six Dark Questions (Morrill), 3
6502 machine language, 540
SKETCHPAD, 447
Snare drum, granulated 158
Software, computer music xii, 376-402,
443-466, 512-538. See also names of
programs and languages
complexity, 373
directory window, 380, 384
grammar-based, 368
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Software (cont.)
graphic input, 537
hierarchical data structure to represent
music, 368
menu-driven, 199, 380-383, 385-386,
389, 392-393
orchestration, 384
parallel processes model, 372
piano-roll notation, 379
process-model based, 368
scope, 393, 395, 397-398
score-editing, 376-402
score format, 480-485
use of high-level languages in, 371
user interface, 368-369, 372, 376-380,
384, 387, 390-391, 397
Software, sound synthesis, 467-511. See
also Hardware; Microcode;
Microprogramming
access to low-level hardware, 274
combined with real-time inputs, 484
expression evaluation, 370
incorporating real-time control
information, 370
instrument definition, 238, 483
interconnection, 486
I-time code, 238
note list, 30, 483
orchestra, 238
structured programming in note list, 485
unit generator, defined, 370
vs. hardware synthesis, 200
Sone, 644
S-100 bus, 202
Sonic Landscape No. 4 (Truax), 81
Sonology. 421
Sound synthesis. See also Hardware;
Software
analog, 577-578
circumventing multiplication in, 192
digital, 577-578
hardware vs. software, 200
hybrid, 194, 577
of natural sound, 1, 6, 27, 28, 30
off-line, 194
on mainframes, 191-192
real-time, 160
subtractive, 4
Spectra-Strip, 349
Spectrum evolution matching, 95-98. See
also Waveshaping
Spectrum, sound, 2. See also Timbre
analysis of, 2, 136. See also Fourier
transform
center of gravity, 650, 682

Subject Index

envelope of, 123-124, 126, 645-646, 649,
655, 676
related to tuning system, 193
time-varying, 6, 426, 642-643, 651
Speech, 116-124
formant, 123, 125-126
mixed voiced, 119
noise driving function, 121
pulse train driving function, 121-122
synthesis of, 3, 125-133, 571, 604
unvoiced, 119, 121
vocal tract; 116-124
voiced, 119, 121
vowels, 119-120
whispering, 118
whistling, 118
Sprechstimme, synthesis of, 114
SSML, 581
SSP, 573
SSSP. See Computer music studios
Stanford Applied Engineering (SAE), 361
Stochastic Music Language (SML), 581
Stria (Chowning), 193
Streaming, auditory, 659-664
coherence, 660, 665, 668—669, 691-692
continuity effect, 671-672, 674-675
frequency and tempo effects, 662,
667-669
loudness effects, 670676
pulsation threshold, 672, 675-676
roll effect. 671-672
timbre effects, 676-689
String, 409
String instruments, simulated 62-64. See
also names of instruments
String Quartet No. 4 (Bartdk), 446
Studie II (Stockhausen), 156
Studies for Trumpet & Computer (Morrill),
31
Summation formulas, 3, 318, 642
sview, 400
Symbol, 406
Symbol table, 495
Symphony Hall, Boston, 614, 631
Synclavier, 201, 206, 209, 212, 536-537,
641
SYN4B, 449, 467-490
Syntax, musical, 406-407, 423, 431,
558-561, 564-566, 650
Synthesis. See Sound synthesis
Synthesis by instruction, 4, 160-187, 201,
369, 572-573
Synthesis technique (digital), xii, 1, 161. See
also names of techniques
Synthesizers. See also Hardware; Keyboard
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Asp (Lucasfilm), 202, 372

Black Box, 539-550

Bell Laboratories, 244-249, 257-260,
641, 643

Buchla, 523

DMX-1000, 195, 201, 225-243, 367

EGG, 200

E-mu, 194

Fairlight CMI, 199, 201

FRMBox, 195, 319

GROOVE, 194, 200, 523

Hybrid IV, 199

IRCAM 4A, 197

IRCAM 4B, 200-201, 250256, 261, 370,
467-469, 471-480. See also SYN4B

IRCAM 4C, 195, 200-201, 261-280, 489
See also 4CED

IRCAM 4U, 195

IRCAM 4X, 195

Sal-Mar, 194, 199, 523

Samson box, 195, 641, 643

SSSP, 192, 195, 197, 199-200, 206-225

Synclavier, 201, 206, 209, 212, 536537,
641

SYTER, 281-288

System, formal, 414
System utility, 367

Terminal, 409

Terminus (Koenig), 568

Terrain Reader, 592-593

Thevenin network, 340

3M cable, 349, 362

Timbre, ix, 6, 31, 448, 555, 603-604,

640-658, 676—689. See also Spectrum

analogy, 651-654
electronic-sounding, 6, 43, 46
interpolation of, 143, 647, 651-655
subjective scale for, 644-645
use in composition, 443, 685
use in orchestration, 384, 397

Time domain, 136

Time, perception of. See also Perception
audio, 554, 566
conscious, 554, 556
interpretive, 554-556

Token, 406, 409. See also Grammar

Tom-tom, granulated, 158

Transfer function. See Filter

TREE, 426-427

Tri function, 47

Trombone, simulated, 100-102

Trumpet, 30-32, 649
formants in, 37
simulated with frequency modulation, 3
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time-varying frequency, 38
time-varying spectrum, 42-43
variations in spectrum, 37, 39, 42, 43
vibrato, 38

T. T. Electronics, 312

Tuba, simulated, 43

Tuning system
microtonal, 547
non-tempered, 193
related to spectrum, 193
tempered, 193

Turenas (Chowning), 3

Two-part Inventions (Bach), 379, 381-383,

394, 396, 398

Ubung fiir Klavier (Koenig), 568

UNESCO Workshop on Computer Music,
568

Unit generator, 17-18. See also Music V

Universals, in music, 423

UNIX, 377, 395, 513, 515

Venda music, 408
Vibrato, 193, 277. See also Frequency
modulation; Trumpet
Vocabulary, 409
VOSACS, 571
VOSIM, 460-461, 570-571
hardware implementation, 209, 212-215,
318

Waveshaping, 3, 83-94, 95-113, 461-462,
642
amplitude normalization, 92
analog implementation, 83
Chebychev polynomials, 90-91
controlling phase, 92
definition. 84-85, 95-96
formants, 93
hardware implementation, 219-221, 318
modulation product, 85
nonlinear interharmonic relationship
(NIHR), 97-98
shaping function, 85-91
simulating brass instruments, 3, 95-113
simulating clarinet, 83
spectrum produced by, 89, 91-93, 96
time-varying spectrum, 89, 91-92
transfer function, 85-91
with filter, 95-113. See also Spectrum
evolution matching
Wavetable lookup synthesis, 1-2, 191-192,
201, 206, 326-334, 464, 497, 516, 549-460
addressing schemes (truncate,
interpolate), 300-302
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Wavetable lookup synthesis (cont.)
increment, 326
interpolation, 319, 328, 330-333
noise, 192
phase angle width, 301-302
phase jitter, 327
quarter-wave symmetry of sine, 301,
333-334
rounding, 328, 330
table size, 328-333
truncation, 326, 329-330
Webern triad, 582
Well-Tempered Clavier (Bach), 427, 678
Westdeutscher Rundfunk, 568—569
Wild Horse Ride (Pousseur), 582
Woodwind instruments, 23. See also names
of instruments
simulated, 23-25
Word, 409
Worman’s Law, 102

XPL, 536

Zero, 127, 139. See also Filters, digital

Zero-hertz wraparound, 42. See also
Frequency modulation

Z transform, 136

Subject Index



