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Duri”@ the past decade a number of techniques for electronic synthesisg

of soynds have been developed to enable composers to directly create
sounds and succession of sounds without necessarily resorting to the

Use of tape editing techniques. These techniques may be divided into

Two general categories: |) real time control or performance, and 2)
Non-real time score processing or computation, although mixtures of

these two techniques are possible. | will review those systems with which
| am familiar either by personal observation and use or by review of
documentation (articles and tapes) and through conversations with those
who have used the equipment.

Real Time control: Commercial Synthesizers

Several electronic music synthesizers are being produced in the U.S. and
England, the most famous of which are a) Moog (Moog Music Inc.,Buffalo,
N.Y.), Arp (Newton, Mass.), Buchla (Buchla and Associates, Berkeley, Calif.),
and Putney (also Synthi and Digitan, EMS, Putney, London). All of these
machines work on basically the same principles for sound synthesis although

there are differcences in detailed configurationsand human engineering.
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nwsjgal/acgugTica| parameters and provide means for programming changes

in These parameters in order to provide for a continual change

pasic psychoacoustical parameters pitch, loudness, timbre, and duration.
one powerfyl| characteristic of the so-called "analog" synthesizer is +he
ability to connect the output of one "module" with the input of another.
Thus The synthesizer is really just a collection of analog processors

which take input data (in the form of control voltages) and produce output

data (again in the form of voltages which may be either used controls for
other modules or as final output signals (sounds). A module is generally
provided to control each specific sound attribute which is desired Ffo be
confrolled. Examples of typical modules are as follows: |) voltage-control | eq
frequency module, 2) voltage-controlled gain module (or 2-quadrant ana]og
multiplier), 3) voltage-control led filter, 4) envelope generator, 5) random
voltage generator, 6) voltage-control led reverberator, 7) sequenser (which

produces sequences of preset voltages at constant or variable tempos).
Other auxiliary modules which do not refer to any specific parameters but
which are used to combine signals are 8) adders (mixers), 9) multipliers

(ring modulators), 10) voltage shifters, ||) exponential and logarithmic

converters, |2) nonlinear processors (general type).

Although there is now a tendency toward inclusion of digital memories in
synthesizers, most synthesizers generate sounds on the basis of presef
values of potentiometers (a rudimentary form of memory) as well as rea|
time tactile input from a performer/composer. As long as real time per-

formance Is the goal, the quality of composition (or performance) depends
strictly on the flexibility and facility provided by the machine and the

skill of the p(,\r”f‘(;)r'n'ngr'_ For |isteners who can tolerate l"/J',jl,lI'|‘1<1l|'.y ( or

even thrive on it) a synthesizer can provide a ready-made self-compositiop




box Without even the requirement of human performance. On The other hand,
if a voltage-controlled synfthesizer is used to generate single sounds or
short successions of sounds and is used in combination with conventional
tape editing and montage techniques, music composition by tThis method
should surely be a great improvement over t+he method combining manual
generation of sounds and tape manipulation which characterized

first work in electronic music in the early 1950's. Unfortunately, most
composers have not Taken advantage of this Improvement in capability for
Timbre synthesis. This syndrome may be explained as follows: a) Many very
good composers have become bored with electronic tape music as a medium
and have turned to real fime electronic synthesis, to mixed media (1ight,
sculptyre, dance, drama, etc.), or to instrumental music. Most of these
composers lacked vision or inferest in the possibilities of Timbre synthe-

Sis, became completely disenchanted with the amount of Tedious work involved

b

In tape production, and simul taneously have decided that the performance

of tapes has a small Impact on the public (or more appropriately, the musi-
cally enlightened public) compared to personalized performances. b) On

+he other hand, many ofhers presuming to be composers have decided to fake
the easy way out and let synthesizers control their compositions to such

a degree that +he frequencies of clichés becomes overwhelming.

For the sysTemaTiCally inclined composer who prefers to work from a score

the synthesizer offers | ittle hope. The principle difficulty is that although
there are typically large numbers of parameters available for controlling
musical structures there are no systematic techniques for programming

successions of these structures from musical scores. The closest thing to

programmi”U capabil ity rests with the sequencer, a device which suffers

from |imited memory and inability to read from any convenient permanent




represenTaTIons of scores, such as paper, cards, or their magnetic

equivalOnTg.

| should mention In passing that many artists who have become disi||usioned
with The restrictions of commercial synthesizers have decided that the

pest solution fo The problem of producing electronic music lies in their
undertaking the design and construction of their own custom equipment.

There are many examples of this phenomena in the United States, one of the
most notable being Gordan Mumma. In a sense, the machine is the composition.
This of course, makes it almost Impossible to perform a composer's compos i =
tion without the presence of both the composer and his machine at the place
of performance. My own personal observation is that in the majority of caseg
the research involved in preparing the machine becomes the principal activi-

ty, and that the musical activity becomes secondary by comparison.

Composition by Instruction to Computer: Total Amnnptrrdi‘hqnglv';yn1+103}<,

The first use of a general-purpose computer for musical sound synthesis
was demonstrated by Max Mathews at the Bell Telephone Laboratories (Murray
Hill, N.J.) about [960. The basic technique has remained fundamentally
unchanged since this time although the computer program has been expanded
and refined over the years culminating in the Music 4 and Music 5 programs.
A feature of any computer system is the inherent capability for the utmost
precision in combining musical events from direct or algorithmically compy-
ted score. Unlike most analog apparatus, repeatibility is insured. One of
the most attractive features is the generality of The method: Conceptual |y
speaking, any sound which can be described mathematically can be generated

by a computer system. The method consists of the computation of large strings

of numbers which are fed continuously fto one or more digital —to-analog

converters at rates of typically 20,000 numbers per second. While it |
convertel >




POsﬂble to consider the generation of numbers in real time, any reason-
o

sbly complex sound synthesis example will exceed tThe capabilities of e

the fastest serial computers available today (e.g. the [BM 360/91). There-

fore one must recognize at the outset that non-real time operation is
pnecessary and intermediate storage of the number strings is necessary. At
20,000 numbers per second, |2 bits per number only about six minutes of
sound (monaural) can be stored on a typical full reel of digital tape.
Thus, the storage of sounds in digital form is quite expensive compared

to conventional audio storage. However, the most insurmountable prob|ems
aT present for becoming involved in computer music are |) access to a
general purpose computer, 2) cost of computation time, 3) computer +turn-
around time, and 4) availability of the digital-fo-analog conversion sys-
Tem, which usually requires an off-line digital-to-analog converter coupled
to a high speed magnetic tape unit. Because of these problems very few
musical compositions have been competed by total computer synthesis as

Compared to the use of manual tape and syntheslizer techniques.

ey

Probably the most efficient users of the computer music technique are
members of a group at Stanford University, Leland Smith and John Chowning
(composer/programmers) and David Poole (system programmer/musician), who

thanks to the good graces of Artificial Intelligence Project (directed by
Prof. John McCarthy) have been able to make extensive use of the A.l.P.'s
very powerful computer system. After six years or so of concentrated exper |-

mentation they have developed programs and techniques allowing them to create
by 197! several quite lengthy and very sonourously sophisticated compositions.
Having worked at the A.l. lab during 1968-69 (on speech recognition tech-
niques) | e| that | was able to observe the work of this group in some
detail. The A.l. computer system consisting of one PDP/I0 and one PDP/|6

"

computer which share a 200K core memory, a Lieberscope swapping disk, a

large IBMZ314 disk system (roughly 500x106 bits storage), 8 ||| keyboard/




diSWaVS’ 40 or so small keyboard/displays (one in each office), very

high rate A/D input for TV monitor as well as audio, multi-channel D/A out-

pﬂ»for sound and for control of artificial arms and TV servos, eTa.((heue

¢igures have been quoted from memory and should not be considered as
accuraTo.}ExTengive programming by several very good systems programmers
have been made for the development of a system which allows time-shared
editing of files, interactive computation using graphic/alphanumeric dis-
plays, and use of special compiler languages, while at fthe same time pro-
viding for high rate continuous analog input and output. [ 18 probably
the only system of this type in The world. Since David Poole is the prin-
cipal systems programmer and engineer of the A.l. Project and has from the
outset been involved with the computer music project, Smith and Chowning
have been in a particular good position to capitalize on all the capabili-

Ties of the A.|. computer system.

Two years ago | visited the A.l. lab, and Leland Smith demonstrated the
latest version of his SCORE program to me. With me was a composer friend
from San Mateo, Calif. who had brought one of his own conventional music
Sitting at the display console, Smith took us through the process
of realizing 4 bars of the composer's score. The score was franslated into
computer notation, typed in at the console and data were computed. For some
reason, it took about 30 minutes before we heard the first sounds. During
the next three hours we went through about 10 permutations and modifications
+o the basic score. Smith demonstrated some very immediate techniques for
Performing such operations as adding parallel thirds and octaves, Producing
+hrills, altering pitches, and adding ornamental |ines. The overall effec

was very pleasing. IT should be noted that we were operating on Saturday

morning, a time when there was very [|ittle competition for computer time.




we might compare this to my own experience with Music 5 at the University

of Il11inois, a much more typical computer music system (and probably better

than most). In fall 1969 we obtained the Music 5 program from Bell| Labora-

tories via Stanford University after a programmer at Stanford had spent

o

several months in adapting it to the IBM 360. Within 2 months we had the

our first output. However,

program running on our 360 and obtained

was something wrong with the qual ity of sound, and our programmer could

not defermine the cause of the problem. Also, there seemed to be a problem

in The use of the D/A system (which was then performed on an on-line |800

{3

computer attached direct|y to the 360

For one year we concentrated on programmatic aspects of Music 5, improving

various features of It. In 1971 the 1800 computer was removed and a hybrid

CDC 1700/EAl 680 was delivered which had the capability for D/A conversion.

borrowing a D/A conversion program from Purdue University (Gary Nelson)

were able to reinstate sound output by fall 1971. A student was hired

work on the project, and he managed to generate one music example by

spring 1972. Up to this time, | had not been personally involved in the

project except on an advisory basis, but in spring 1972 | decided to take

over the task of programming myself. During the period June, through Septem-

bugs in the program which had been nagging

ber, 1972, | uncovered several

us for some time and made several additions and Improvements. Beginning in

October, 1972 Music 5 was fully operational at the University of |llinois

and ready for use by composers and other interested persons. During the fall

of 1972 several students studied the use of Music 5 as part of our reqular

e in Musical Acoustics.

course




E@ﬁﬁiﬁ!ﬁﬂili~MU5ic 5 at the University of Illinois

anyone who has a valid computer problem specification number can use Music 5,

The program is stored on the 360 |ibrary disk and can be accessed by any
yser who has the proper "job control language cards". Input consists of
a) "score cards" or b) FORTRAN subroutines or c) a mixture of both. After
a score is determined, the necessary cards are punched and handed to a
computer operator who enters the job Info the "job stream" and immediately
returns the deck To the user. |f he wishes he can modify his deck and run
another job. Music 5 jobs are of two types: [) Calcomp plotter output which
gives a plot of the waveforms corresponding to the programmed sounds.
2) Digital tape output, which contains the numbers to be converted into
sounds using the hybrid computer system. Since the hybrid computer is in a
building two blocks away from the IBM 360, there is a considerable delay
—-

in obtaining sound output, and most users will use the plotter output unti]

he is certain that his program is working py"oper‘]y.

Advantages of Music 5:

Generation of virtually any sound. The testing of any acoustical mode|

is reduced to simple FORTRAN or SCORE programming.

Precision in combining several layers of sound and rhythmic precision.
Elegance as a demonstration of the relationship of algorithms, acoustics,
and music.

Disadvantages of Music 5:
B ——————mtd

There are many. Here are four:
The most severe |imitation is the lack of short turn-around time between
coded input and sound output. Several of the bottlenecks are: a) Punching

cards 1S @ cumbersome process. b) Sheer computation Time slows down the




m@cess. c) Output is in fThe form of a digital Tape which must be hand-

carried to another building; the D/A system must be scheduled for uyse.

Note That the Stanford people have el iminated problems a) and c) at the

cosT of using their computer at odd hours.

2) The input must be conceptualized in terms of a very rigid, unintelligent
language which tolerates no or few mistakes. |t therefore is necessary to
debug the input score and program to a) make the program work at all, and

to b) make it correspond to the composer's deslres. This is a severe road
block to the creation of music and is common to any computer system which
requires alphanumeric input.

3) Acoustic limitation: For the price of precision one pays in terms of the
necessity of quantization of the signals and parameters of sounds; quantiza-
tion of both amplitude and time results in an approximation To the desired
result in such a way as to often generate audibly significant error signals
in the output. For example, an attempt to generate an ordinary sawtooth tone
will produce unwanted inharmonic frequencies by virfue of the "foldover
effect". Amplitude quantization can cause clipping at high levels and a

sort of "modulation noise" at low levels unless a sufficient number of bits
are provided.

4) CosT of computer time. Some complex sounds may cost $100 per minute,

which is much more expensive than by use of a synthesizer.




combinations of Computers and Synthesizers: The Hybrid Computer
/"M

Even though computers are very fast, their speed is limited by their

serial nature. Computations must be done one at a Time by a single central
processing unit. The obvious solution to the problem of spe is To provide
for computation in parallel so that several parameters and signals may be
generated simultaneously. Many technologists and composers have been fasci-
nated by this problem during the past several years, many systems have been
proposed, and a few are actually in operation today. The number of possibili-
ties for soffware programs for non-hybrid computer music systems and the
number of possibilities for module design for synthesizers is essentially
limitless, but at least a certain amount of standardization has taken place.
However, with hybrid computers the number of possibilities for system desigt
increases again by a large factor. Probably the most obvious step is the

connection of a small computer(e.g. a PDP-8 or PDP-I1) to an existing analog

synthesizer.

A synthesizer may be connected to a computer by means of a suitable inter-
face which usually consists of a set of D/A-converters, one for each parameter
to be controlled, each of which may be individually addressed by the computer.,
The outputs of the D/A converters are analog signals which are used to con-
frole the input parameters of the synthesizer. In addition, logic pulses can
be used To time the onsets of envelope generators, sequencers, sample-ho]|d
circults, etc. Of course, there is a very definite problem because not al|
parameters used to determine the state of a typical analog synthesizer can
be set remotely. Most commercial synthesizers have many knobs which must pe

set to calibrated positions. Some parameters, such as range positions on VCO'q
and attack and decay times, are usually not voltage-controlled, but are set
manual ly. Therefore, it is much more logical to consider providing a specia|
5ynrhesizer for the hybrid system where all saliant parameters are voltage

control led, and calibration and accuracy present no prob | ems.




4+ synthesizers use patch cords or matrix switches, to provide inter-

Mos

conCTions between The various modules contained in them. For full auto-

mﬁﬂc control| by computer switch networks must be provided To allow the
computer have the possibility for set up the patch configuration. If every
output is to be connected to every input a large number of programable
gwitches must be provided. For example, If There are |00 outputs and 100
inputs, 10000 switches must be provided. Obviously, some compromise must

pe made to reduce the number of switches which would take into account these

patches which are most commonly needed.

Once the hardware interface and synthesizer configuration are established

the problem becomes one of providing software to translate input scores

'nto output data within the constraints imposed by the computer system to
deliver data to the interface. Whereas in total computer music real time
operation is not expected, the hybrid computer system utilizing a comparative-
ly smal | computer should hopefully be capable of delivering feedback in the
form of sounds in a comparatively short amount of time. Therefore, a great
dea| of attention is necessary to decide what input language is to be used,
how the language is To be translated into data, and how and what rate the
information is To be delivered to fthe interface. The output data rate is equal
to the number of parameters to be controlled times The average individual

data rates to approach those of total computer systems. Obviously, the more
sophisticated the synthesizer is in terms of Its own internal memory and in
its abllity to produce fransitions (frequency and amplitude curves, etc) the
less difficult is the problem of the computer producing high data rates for

the synthesizer.

A minimal low cost computer system typically includes a teletype unit and

a h]gh—speed paper fape unit, but one soon finds that all sorts of peripherals




such as disk, cartridge tape (or DEC tape), line printer, graphic displays,
and high speed tape units are needed for fast program development, computa-

+ion, and production of sophisticated control signals for the parameters.

There are five hybrid computer systems in the world utilizing voltage-
controlled synthesizers which | am aware of and have already been built.

The first was a connection of special voltage-controlled apparatus to an

[BM computer via a standard programmable potentiometer interface; this system
was developed by James Gabura of the University of Toronto, Ontario, Canada
during 1966-68. The synthesizer was essentially like the Moog except for a
large number of organ filters which were switched in and out to provide a
variety of tone colours. Not much music was produced with this system, although
| heard a very nic Bach Fugue example (synchronized four parts) rendered by
the system. The computer was disbanded about 1969, and since It was owned

by the Computer Science Department there was nothing that Gabura (at that
time a student) could do to keep it. In the meantime, two other hybrid
Computer systems were assembled starting about 1968: The GROOVE computer at
The Be|| Telephone Laboratories and a hybrid system built by Peter Zinovieff
in Putney, London. In the last year or so two other hybrid systems have mate-
rialized: One by Edward Kobrin at the University of California at San Diego
and the other by Donald Buchla of Buchla Associates in Berkely, California

(in cooperation with The California Institute of the Arts, Valencia, Calif.).

Since most of these hybrid systems are in a state of flux it is difficult to
give an accurate comparison between them. The GROOVE system has been docu-
mented as of 1970 ("GROOVE, A Program to Compose, Store and Edit Functions

of Time" by M.V. Mathews and F.R. Moore, Bell Laboratories Internal Report

(expaned version) and same title and authors in the Communications of the ACM,

Vo|. |3, No. 12, Dec 1970 (condensed version)). The computer used is a

Honeywel| DDP-224 which was purchased for speech research at Bell Labs




The Peripheral confliguration consists of |6k, 24 bit core (|.7 usec cycle

Time), CDC 9432 disk file with removable packs, a typewriter console, high

speed magnetic tape unit, 7 input A/D, and 12 8 bit and 2 12 bit D/A con-

yerters. Both input and output are utilized for the music program, which
inc]denfally, is normally operated only affer 6 PM and during weekends.

is scored in terms of control functions which are created in real
+ime by means of inputs from 4 potentiometers, a three dimensional wand, and
a special keyboard. They may also be defined algorithmically. Functions are
stored on disk and may be observed on a display screen. They also may be
edited and modified with the results immediately available on the display.
Functions may be combined using various simple algebriac operations. Short
sections of music can be Immediately synthesized, and the rate of sampling
the control functions can be specified at the console. The system is fast
enough that a certain amount of performance with real-time audio feedback

is possible, using knobs or the keyboard fo vary parameters.

While the interactive software of the GROOVE system seems very powerful

(| must hedge here as | have not used the system yet.), the system at present
is |imited in sound synthesis capability. The sound synthesis system consists
of several] "electronic voices" each of which consists of a cascade connection
of a voltage confrolled oscillator, a voltage controlled amplifier, and a
voltage controlled filter. Because they have had some trouble with the
stability of their voltage-controlled oscillators, the oscillators are calli-
brated before each run by sending out a series of voltages to the VCO's and
measuring their output frequencies by means of an A/D converter input. They
are now considering switching to the use of digital oscillators. As far as

| know, envelopes and frequency transitions are created in the computer

memor i€s. Several compositions have been generated by Vladimir Ussachevsky,

Richard Moore, and Immanuel Gant. The musical Textures that | have heard

have peen of an instrumental fype, ranging from brass-llke sounds to organ-




ke sounds to percussion sounds. | believe the limitation is basically with

I

the synthesizer, which is actually quite simple In sonourous capabilities

compared to a full-blown analog synthesizer. Another limitation is that

paTChing must be done manually, although | understand they now have plug-in

pafch panels.

another well-known hybrid system facility is directed by Peter Zinovieff in
London. Although | have been in contact with his group from time-to-time, |
have never heard any of fhe compositions generated by their computer and so
can make no judgement about its success from an aesthetic point of view.

An article by Zinovieff was publ ished in 1969 ("A Computerized Electronic

Music Studio", Electronic Music Reports, No |, Ufrecht, September 1969,

The Zinovieff studio is based on two small computers, a PDP8/S and a PDPS/L

which has the usual ly complement of tape units and disk. It has the capa-
bility for multichannel A/D input and multichannel D/A output. Editing of

existing music as well as synthesis of new music can be accomp|ished.

They also have a program for detecting the pitch of voice or instruments and
recreating the idential melody at a later tTime with a synthetic timbre. The
output interface consists of 32 |2 bit storage registers, some of which are
connected to switches and some of which are connected through D/A converters
To various voltage-controlled apparatus. The time of events is determined
by an external programmable clock which feeds back an interrupt pulse to
indicate when the event has terminated so that new information can be
generated to the interface. Programmable units are several voltage and digi-
tally controlled oscillators, voltage controlled amplifiers, and voltage

controlled filters, a large number of digitally controlled filters, and

some programmable attack/decay circuits.

Ear|y programs for the Zinovieff computer system were specialized for parti=-

cular compositions and were written in assembly lanquage (PAL) making exten-




Sive use of macros to provide a hierarchy of relationships to allow a
cow”STzcaTed control of musical textures and relations between sounds
2

(aTIeBST this was The inftention). Later, an attempt was made to provide

general purpose programs. However,it is my feeling from what | have heard

gbout the studio that few composers have been able to gain access to i,
and that program development has suffered from the lack of musical problems

to be solved.

The computer system of Edward Kobrin (U.C.S.D.) Is being designed with a

view Towards real Time interactive performance. He is working with a PDP8/L
in conjunction with a bank of interconnected VCO's, VCF's and VCA's, and

a matric system for controlling the outputs to |6 speakers. The analog system
he is using is not at al| well callibrated and stable, but he claims that for
the experiments he presently is involved In, such accuracy is not required.
The basic technique is to provide tables of values in tThe computer memory
which are assigned numbers or names. When the computer is placed in a per-
formance mode, the user types in a code at a keyboard/diapluy pertaining

to the table to be used and the device to which the table is to be directed.
Depressing another button initiates the transfer of data from the table to
The device. Timing information may also be entered into programmable counters
to control the time at which a new set of parameters will be entered. The
interactive-mode does not require any tape or disk units. The entire program
works with 12 k of core memory. However, the output is in the form of several
interacting loops which continue to perform under machine control until the
computer user intervenes to change the status of the output. The program was
developed at another computer installation (Argonne National Laboratories)
which had an extensive peripheral configuration. |t should be emphasized thaf

the purpose of this computer system is not for score processing, but for real

time performance.




(ria similar vein, Salvatore Martirano of the University of |llinois has

mﬁTrucfed a hybrid digital/analog machine, called the SAL MAR Construction

which 1s used for real time performance. However, this machine does not
Jfilize a digital computer to operate on data in an arithmetic sense.

pigital information is entered at a console by touching some of the more
than 200 light buttons available. This information Is used to interact with
RAM memor ies to set values into shift registers, and to load data into a
number of special 32 segment waveform synthesizers. Waveforms are constantly
changing by means of a special technique for blending old and new waveforms.
The analog portion of the machine consists of 8 voltage controlled oscilla-
tors cc > 20000 Hz range), 40 programmable percussion genera-
fors, and 8 programmable attack/duration/decay circuits. A technique called
exclusive OR feedback on shifft registers is used to provide finite sets of
values In an analogy to serial permutation technique. The machine appears

to compose by itself, providing a surprising variety of rhytmic and pitch
movement. The performer controls the "flow of information" (direction and
quantity) by entering new top-level information at the console. Another
prominant feature of the machine is its synthesis of spatial aspects. 24
speakers are used to control the sound location of four independent programs,
and reverberators may be controlled to provide distance cues. A special

matrix system was designed to control the distribution of sound.

Systems involving Digitally Programmable Synthesizers

Digital synthesis modules may be of at l|east three types. First, there are
analog modules which are programmed digitally by switched to control values
of jnternal components. For example, a digitally-controlled oscillator where
capacity or resistor values are switched. Second, there are modules which

utilize digital circuitry, but the output is in analog form. Third, there are




which utilize digital circuitry but The output is in digital form ( I.

modul€>
, string of binary numbers). The first electronic example of a type one syn-

hesizer was the wel | known RCA synthesizer. This was programmed by paper rol|

WWChed by typewriter in a binary code for the control of equal-tempered |2

one scale, selection of waveforms and filter frequencies and attack and

Jecay times, all as functions of time. While only four voices could be gene-
rated at once, it was possible to synchronize tape channels in such a way as

to build up complex textures. One very well known piece composed on this
machine In The early 1960's is "Composition for Synthesizer" by Milton Babbitt.
Al'l switching of parameters was accomp | ished by mechanical relays and so para-
meter changes were necessarily descrete. This had a definite influence on the
style of music created by this machine. Timing was very precise, but smooth

transitions and complex attacks were difficult to create.

The second machine of this type was created at the Siemen's studio in the late
1950's. This machine was run by coded paper tape as prepared by device which
incorporated .a conventional music keyboard. Apparently the system was nof
used extensively by composers as no well known pieces resulted from it (fhat

| know of) and the Siemen's studio was dismantled around [962.
The third studio to utilize digitally controlled analog synthesis apparatus
is the studio at Hiekfronmusikstudion N Steckhol) . 24 oscillators, 2 28-chan

nels filter sets, 3 ring modulators, 2 amplitude modulators, and 100 attenua-

tors are fully programmable by input digifal Information. This analog comple-
ment is under full control by a PDP 15 computer. No patching is required. The
entire music console, upon which touch switches display the value of each

is fully determined by the

parameter and the interpatching arrangements,
computer output within time resolution of | millisecond, althoug 20 milli-

second resolution is usually used.
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The valb/40 computer system is probably the most powerful system in the
he

MWld to be placed for the exclusive use of composers on a 24 hour basis.
The sofftware presently available is not interactive in real time although
shor T examples may be synthesized within a few minutes using programs such
g5 EMS-1. Longer examples take a longer period of time to compute, although

it is difficult to give any real time vs. computer-time ratio figures. There
is a certain sound limitation due to the nature of the synthesizer (this

true of all synthesizers, especially 1f they are used unimaginatively), but

by means of clever programming of parameter contours, a large range of timbral
variety can be achieved. [Fhe ' most Important consideration s that Fhe systen
ISINEePEREIBh, has the capacity for very sophisticated sound synthesis and
compositional algorithms, and is available to composers who desire to work
with computer synthesis techniques on a day-to-day basis. In this sense, it

must be considered an experiment on a grand scale.

EQMMAEI; A Discussion of Desireable Hybrid Computer Techniques

a. The Synthesizer Subsystem
One problem is That hybrid systems can be |imited by the finite complexity
of the synthesizer portion of the system. This Is not a conceptual problem
with a tape studio or with fotal computer music, since layers can be built
up by montage In the former case, and by Increased computation time in
the latter case. THEShYBEIASSVSEEm, S NENSS oo FReNjob i+ was designed
for, should generate a complete composition in one shot. Ihese moans that
a suitably complex orchesfra should be provided. The make up of the synthe-
sizer complex should be chosen on the basis of available psychoacousti
+heory and musical experience as that which will achieve the largest varie-

ty and complexity with tThe minimum number of components (or parameters).



joranrudi
Utheving

joranrudi
Utheving

joranrudi
Utheving

joranrudi
Utheving

joranrudi
Utheving

joranrudi
Utheving


| believe in the Music 5 philosophy that all synthesis units should have

inputs and outputs and that any intferconnection between the units should

possible. As long as the desired accuracy is obtained, it does nof

be
matter whether the circuits are analog or digital or some mixture of bofh.
However, | believe That the outputs and inputs should be compatible in or-
der that arbitrary interconnections can be made. Digital circuits run the
risk that descrete steps may be perceptible. (According to a psychoacousti=
cian | talked to recently, .| Hz (or .1%) resolution is required to prevent
the perception of frequency steps and .025 db resolution is required for
amplitude.) On the other hand, analog circuits run the risk of being
unstable, although there has been a large Improvement in this area during
the past few years. As long as the ear cannot tell|l the difference and

parameters are being programmed by a computer, the factor that should

govern which type of circuitry to use should be economic.
The Computer Subsystem

The computer subsystem, which is a mixture of software and hardware,
should be designed fto make music production as convenient as possible
within budget constraints. A input language for musicians free of system
gobledegook i1s essential. For experimenting with single sounds or short
musical passages, a real time interactive program Is exfremely desireable.
A method where previously determined sound objects can be named and scored
within a hierarchial framework for building up large compositions is very
useful for composers. The possibility for testing, editing, and modifying
sounds at various points in a composition is necessary to increase the
flexibility of tThe system and to provide an insurance against Time-consuming
fallures due to computational "bugs". In térms of hardware | think a

play input with Iight pen or wand control is a very powerful tool for

C /JITIPQ Ser.






