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1. General Information and the creation of musical works, so as to assure
production, the transmission and utilization of

such knowledge.

Activity in the field of computer music at the Uni-
versity of Padua began in 1972, using the experien-
ce aquired in the field of voice synthesis and ana~
lysis. The Centro di Sonologia Computazionale (C.S.
C.) was formally instituted in 1979 with three fun-
damental purposes: scientific research, teaching

In figure 1, the main achievements of the C.S.C.
from the beginning of its activity up to today are
shown regarding its financial relationships and
cooperation with other institutions, teaching ac-

Historical Survey

Beginning Cooperation Didactis Research Composers
Year of Support Systems
1971 Musical Institute Seminar on Speech
Vicenza {(up to 76) Music Language Synthesis
1922 Electronic Inst. MUSICA
Padua University Language
1974 Computer Center Table Look-up
Padua University Synthesis
1923 Padua Conservatory Electronic MUSIC (4BF, 340, Dashow
Music Course S) Synthesis
1976 Venice Electronic I1CMS Rampazzi
Conservatory Music Course
1977 C.N.R. EMUS Language Dalla Vecchia
1978 1978 UNESCO MUSICA Graziani,
Worshop System Patella
1979 C.8.C. (formal) Undergraduate Synthesis Baggiani~Nottoli
establishment Course of CM Technigues Torresan
1980 Biennale of Venice LPC Analysis/ Doati, Howe Jr.,
LIMB Synthesis Razzi
1981 M.P.I. 1981 LIMB EV Digital Ambrosini, Melby
AIMI Seminar Synthesizer Clementi, Pasguotti
1982 IRCAM Paris ICMC 82 41 System Motz, Stroppa
1983 Sum. CM Course MV4l Language Behrman, Chadabe
83 LIMB Seminar Teitelbaum
19849 SGS-ATES 41 Real Time Donatoni, Ncno
Gesture Control
fig. 1
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tivity, research and systems development. As for
the production of original musical works, the prin-
ciple composers who have worked with the C.S.C. are
indicated.

We have aimed at creating an interdisciplinary en-
vironment in which abilities of both a scientific
and musical nature could mix. For this reason, we
have opened the C.S.C. to cooperation with the mu-
sic Conservatories in Padua and Venice (in addition
to University researchers and students), making
available its resources for teaching electronic mu-
sic courses; it is also open for work with the Mu-
sic Sector of the Venice Biennale, which in 1980
instituted the Computer Music Laboratory (LIMB) and
has commissiocned various works of computer music
carried out at the C.S.C.

In this context, profitable work began with the
IRCAM in Paris towards the development of a real-
time system. based on the 4i processor of G. Di Giu-
gno.

At present, we are collaborating on a project with
the musical instrument industry in order to create
specialized digital circuits for sound synthesis.

We have also tried to offer the greatest possible

space to individual composers and researchers who

do not fit into the above-mentioned institutions'

categories of activities. These people can utilize
the resources of the C.S.C. to carry out personal

projects, which quite often become extremely rele-
vant to the development of the C.S.C., too.

The principle teaching activities and the working

relationships which have been created during these
years of life at the C.S.C. are shown in figure 2.

2. Teaching and Production of Musical Works

Teaching has been given special importance so as
to assure the diffusion of capabilities which have
matured through production and research activity.

Such activity moves in two directions: one for mu-
sicians who want to familiarize themselves with
new techniques of composition and performances,
another for students from scientific disciplines
who want to specialize in the computer music field.

For this purpose, wide-ranging meetings and semi-
nars are organized, together with the Italian Com~
puter Music Association (AIMI), in which both com-
posers and researchers present their most recent
work, work in progress and other activity. Intro -
ductory meetings and broad overviews of topics of
general interest are organized for a less specia-
lized user-audience.

Music students can familiarize themselves with com-
puter music by attending courses at the Conservato-
ries in Venice and Padua in which the C.8.C.'s la~-
boratory is used for practice, thus introducing
them to a research and production environment rich
in stimuli.

The C.8.C. organizes summer computer music courses
on its own, structured in independent, intensive

teaching modules which allow the study program to
be formed according to one's needs and skills. For
example, a first module on general topics could be

cooperation with C.S.C.
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followed by one on real-time synthesis systems, or
voice and song synthesis, or the analysis of compu-
ter music works, or psychoacoustic investigations,
not to mention extensive laboratories on various
technigues of numerical sound synthesis and manipu-
lation.

Whoever is interested in a technological/scientific
approach can attend the computer music course at
the Faculty of Electronic Engineering in which com-
puter students specialize in the hardware and soft-
ware of computer music. Many of these students con-
tinue their specialization in this sector through
degree theses which range from experimental to theo
retical fields, giving a valuable contribution to
systems development and research activities.

As for the production of musical works, from 1975
to date, more than fifty musical works have been
completed; these utilize the computers in various
ways (sound synthesis, assisted composition, natu-
ral sounds processing, mixed compositions for tape
and acoustic instruments, live computer music,etc.)
and have received ample recognition and numerous
performances. Various works have been put in record
series.

A list of the principle compositions created at the
C.S8.C. and a complete recording list are included

in a following Section.

3. Research Activity

Research activity is divided in four main areas:
sound synthesis and analysis, computer assisted
composition, music theory, and computer music sys~
tems research and development. These research acti-
vities cover various aspects of computer music, con
stitute the necessary premise for teaching, and be-
come a source of stimuli for the production of mu-
sical works. The most important results are constan
tly integrated throughout the entire systemof equip
ment and programs available to users.

The C.S.C. computer music laboratory makes use of
both the computers of the University's Centro di
Calcolo (an IBM 370/158, that soon will be repla -
ced, and a VAX 11/780) as well as mini-computers
dedicated exclusively to musical applications (Di-~
gital PDP 11/34 and IBM S/7). The hardware equip =~
ment with interconnections between the various com-
puting systems, the two numerical sound processors
(4i and EV), and the D/A-A/D conversion systems
are outlined in fig. 3.

Three working methodologies are possible, and can
be applied separately or together during the various
phases of project realization: batch, interactive
mode and real~-time work. These correspond to three
systems, which are autonomous, yet connected to
each other: the MUSICA System, the Interactive Com-
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puter Music System (ICMS) and the 4i System.

3.1 The Musica System

The Musica System consists of a coordinated system
of batch programs implemented on an IBM 370/158
computer and which allows the elaboration of musi-
cal structures (EMUS), the coding of traditional
music scores (MUSICA), and the synthesis (MUSIC 5,
MUSIC 360, MUSIC 4BF), analysis (SPECTRE, LPCAN)
and sound processing.

EMUS

EMUS processes musical structures by means of a
structural score. This program has three functions,
non necessarily sequential:

- definition or generation of symbolically based
material with numeric, graphic or pseudo-aleato-
ric methods;

- organization of such materials into hierarchical
structures, which are then temporally distributed
according to the composer’s requirements;

- translation of the symbols contained in the tem-
poral structure into the operational score.

The composer can control each function at any point
in order to define precisely the final results with
out working at operational levels.

MUSICA and NOTE

The language MUSICA permits the transcription of
any musical text in traditional staff notation into
an alpha-numeric code isomorphic to the original.
This program generates an operational score for
synthesis programs by means of a translating proce-
dure, and codes any other alpha-numeric information
in order to modify the translating phase and to im-
plement the operational score. The language NOTE
interprets a symbolic score coded with the language
MUSICA, and provides the operationél score for
MUSICS.

MUSIC

For batch synthesis the well-known programs MUSICS,
MUSIC360 and MUSIC4BF offer the advantage of a pos-
sible integration of uses. The two procedures MU45
and MU54 permit the sharing of data. These programs
permit the composer to create instruments by means
of modules, obtaining very complex sounds and a
large number of simultaneous voices.

Analysis programs

Besides the more specifically music programs there
is a series of programs about acoustical analysis.
SPECTRE allows the spectral sound analysis through
Fourier transform, the harmonic contents being gi-
ven also in temperate scale. It allows also the
harmonic grouping of each fundamental and shows the
time behaviour of each partial amplitude. So it can
be utilized for complex, in particular multiphonic,
sound analysis.

The VAI7 system (VIDE, ASEQ, INTR) for interactive
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analysis and sound segmentation, analysis and syn-
thesis program by means of linear prediction code
techniques (LPCAN) , other programs for digital si -
gnal processing are the result of research in speech
synthesis.

Sounds may be heard through a 16-bit gquadriphonic
convertion system by utilizing an IBM S/7 computer
which is connected via channel to the S/370. In the
same way an A/D convertion system is provided for
analysis and processing of acoustic sounds. The am-
ple space of the direct-access disk memory and the
rapid link of the two computers allow immediate li-
stening of sound files. Thus, the batch mode is not
penalized at all.

3.2 The ICMS System

The ICMS System operates on the same computers in a
multi-programming environment and performs the fol-
lowing functions:

- double modulating FM sound synthesis, able to mo-
dify some timbric parameters in real time;

~ editing of sound files to be mixed, reverberation
and spacial distribution on four channels;

- sound analysis and synthesis with the LPC, using
any sound source as stimulus;

~ availability of a diphone repertory for text syn-
thesis and for parameter articulation and modifi-
cation either explicitly or using a phonological
processor.

Particular care has been given to man-machine inte-
raction through easy commands and graphic visuali-
zation.

3.3 The 4i System

The 4i System consists of a 4i sound processor con-
trolled by a PDP 11/34 with an input console for
manual operations. This system synthesizes sounds
using data coming from both coded scores and ge-
stural commands. The latter can also be memorized
so as to create a new score. Through listening,
therefore, the editing and performance of scores in
real time becomes extremely easy. The interactive
composition program, POD, developed by B. Truax, is
available on the same computer.

3.4 Computer Music Representation Levels

The various software elements that make up the abo-
ve-listed systems and their connections are illu -
strated in fig. 4. Input/output data on the various
programs are shown in the figure at various levels,
furnishing a graphic representation of what has
been said above. For example, the analysis data ob-
tained wusing LPC or FFT programs on stored sound
samples constitute the symbolic information which
can then be utilized by the ICMS system, together
with the specific operational data and the symbolic
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data coded using the MUSIC program.

In conclusion, the three Systems can compatibly
interchange information on scores and sound files,
and in addition, are linked to a local network that
goes from the Apple II personal computer to the
VAX 11/780. Thus, there is greater ease of access
for a larger number of users that can even operate
in different locations, choosing the means that is
best suited to any particular application.

3.5 Hardware Research

Hardware research has led to the creation of a
"Elaboratore Veloce" (E.V.) for real-time sound
synthesis. Such a computer is designed to function
as a slave computer to any other master computer,
which must supply the E.V. with data and instruc-
tions which constitute a sound generation program.
There are two separate memories in the E.V., so
that while one is sending a previously-memorized
program to be carried out, the other can be refreshed
by the "master” with new data and instructions. A
two~level pipelining technique allows up to 6 ac-
tions to be carried out simultaneocusly in a single
machine-cycle lasting 140 ns. Furthermore, a spe- -
cial feature of the phase register permits faster
linear-interpolation operations of tabulated wave-
forms. E.g. a simple amplitude and frequency con-
trolled oscillator can be realized using only 4
instructions (2 sums and 2 multiplications). The
synthesizer can be programed using all of the known
sound-synthesis techniques and tan generate up to
40 interpolated simple oscillators.

A manual command system has also been studied and
planned for remote control of the 4i Processor.
Such a system allows the transmission of any "on-
off" type or continual-variation type commands
(potentiometers, joysticks, etc.) through serial
transmission of numerical data following C.C.I.T.T.
norms, at any distance, using a normal telephonic
support. Although originally conceived to satisfy
the demands of the 4i Processor, system features
were later developed so as to meet most musical
instrument and synthesizer applications.

The project for a digital sound-synthesis proces -
sor, which is to be integrated by the SGS-ATES se~
mi~conductor company, is in its final stages of

development; its characteristics are listed below:

8 poliphonic-politimbric voices;

- stereo digital output to external DAC;

- 20kHz internally generated sampling frequency:

- synthesis methods: table look up, waveform filte-
ring, AM, ring modulation, FM, waveshaping; pseu
do~random noise generator;

~ B8 bit input bus control;

- effects of poliphonic tremolo, vibrato, and por-

tamento; dynamic keyboard (velocity and after
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touch pressure) control;

- multiple cascading of processors;

- use as preset sound generator or as programmable
synthesizer.

Finally, 16-bit DAC and ADC converting system have

been planned and developed.

3.6 Dlgltal signal processxng

Particular interest has been given to the digital
processing of signals and to the analysis and syn-
thesis of musical sounds, with the goal both of
supplying composers with new operational techni -
ques and of developing efficient algorhythms for
low-cost computer music systems.

For this purpose, various synthesis techniques ha-

ve been investigated, in particular those utilizing
VOSIM-type oscillators or non-linear techniques.
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The problem of finding parameters for a generali-

‘zed VOSIM oscillator and for waveshaping has been

studied. For this, equivalence relations were de-
termined for polynomials which produce the same
spectrum, but had different dynamic behavior.

The technique of non-linear distortion was applied
for input consisting of the sum of two sinusocidal
signals. The use of a distorting function speci -
fied by the ratio between two polynomials was then
proposed. Finally, a particular waveshaping was
examined in which the spectrum produced also depen
ded on the input frequency.

Frequency modulation was also an object of investi
gation. The use of phase or frequency series modu-
lators was studied, as well as special discrete
modulation with phase distortion.



Besides non-linear synthesis techniques, much atten-
tention has been given to the analysis/synthesis of
the voice and speech. Analysis parameters can be re
presented in various forms: as All-pole filter coef
ficients, as reflection coefficients of the acou -
stic tube corresponding to the vocal apparatus, as
parameters for a cascade/parallel synthesizer, or
as frequency modulation parameters in which every
formant is associated with an FM group.

4. Conclusions

The C.S.C. constitutes a rather rare example, in
Italian reality, of a scientific-technological re-
search center in the musical field since no musical
production or studies (if one excludes musicology)
are provided for in its universities. In this si -
tuation, the bond achieved between two disciplines
as distant from each other as computer science and
music is particularly noteworthy. The teaching and
research activity done over the years have produced
important results, not only from a scientific point
of view, but also from an artistic one-so much so
that the music produced at the C.S8.C. circulates
not only in the exclusive environments of the com~-
puter music community, but are also put in wide-
ranging productions in prestigious sights.
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