Events per Unit of Time: Density as a Compositional Parameter in the Music and Synthesis
Techniques of Iannis Xenakis

Christopher Ariza

1. Overview
+ Density
+ Composing with densities at the event level

« Composing with densities at the granular level

2. Density
+ Events per unit of time
+ Normally follows from changes in tempo and texture: faster tempos are more dense

+ Not until recently has it been considered a compositional parameter

3. Density in Natural Sounds
+ Many natural sounds can be thought of as collections of short sonic events
+ Cicadas: individual insect sounds make a whole

+ Maracas: individual particles hitting a gourd

4. Density and Probabilities
+ Dense events can be modeled in terms of probabilities

+ Stochastics in music: use of probability to model random processes

5. Iannis Xenakis
+ Theorist, mathematician, architect, composer
+ 1958: Worked on Brussels Worlds Fair Philips Pavilion

+ Building designed by Le Corbusier (1887-1965) with Xenakis as assistant



+ Xenakis based his design on structures used in the composition of a musical work

© Le Corbusier; lannis Xenakis; Edgard Varése. All rights reserved. This content is excluded
from our Creative Commons license. For more information, see http://ocw.mit.edu/fairuse.
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Fig. I-2. String Glissandi, Bars 309—-14 of Metastasis

Courtesy of Pendragon Press. Used with permission.
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. Xenakis: Pithoprakta and Achorripsis

Pithoprakta (1955-56) and Achorripsis (1956-57): composed with systems based on probability and
statistics

Employed techniques of “stochastic music”: specify statistical trends, densities, and ranges rather
then all note parameters

A procedural approach to composition
A response to the “Crisis of Serialism” (Xenakis 1955)

“But other paths also led to the same stochastic crossroads -- first of all, natural events such as
the collision of hail or rain with hard surfaces, or the song of cicadas in a summer field. These
sonic events are made out of thousands of isolated sounds; this multitude of sounds, seen as a
totality, is a new sonic event. This mass event is articulated and forms a plastic mold of time,
which itself follows aleatory and stochastic laws.” (Xenakis 1992, p. 9)

. Listening: Pithoprakta and Achorripsis

Pithoprakta (1955-506) [0 to 4:42]


http://ocw.mit.edu/fairuse

« Achorripsis (1956-57) [4:50 to 6:41]

8. Xenakis: The Stochastic Music Program

+ 1961: Xenakis gains access to an IBM 7090 at IBM France

Courtesy of IBM Corporate Archives. Used with permission.

+ Programs the Stochastic Music Program (SMP) based on techniques used for Achorripsis

+ System produces “score tables” that are transcribed into Western notation
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« 1962: ST/10-1, 080262 (1956-1962) was premiered at IBM France
« Numerous related ST compositions were created

+ 1965: Complete program, in Fortran, published and distributed

9. Xenakis: The Stochastic Music Program and Density
« Employed density as a compositional parameter at many levels
« Method

1. Duration of each movement is determined

2. The mean density of notes during a movement is calculated (in events per unit of time)
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3. Percentage of events given to each timbre class is determined

ST/40-1, 080262
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4. For each event, the starting time point within the movement is calculated

5. From previously selected timbre classes, an instrument is chosen

6. A random chromatic pitch is chosen (as a shift of the instrument’s previous note)
7. The duration of the note is determined based on an instrument-specific mean

8. The events dynamic contour is selected form a list of 44 options

10. Listening: ST48

. ST481962 [0 to 2:51]
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11. Xenakis: The Pilot

+ “With the help of an electronic brain the composer turns into an astronaut pressing the buttons
of his musical space-ship to introduce co-ordinates and keep the course of his vessel on its
journey through constellations and galaxies of sound, controlling from his easy chair what the
imagination of yesteryear could have envisaged only in its remotest dreams” (Xenakis 1971, p.
131)

12. Density as a Compositional Parameter at the Event Level

« A compositional procedure that is nonlinear, out of time

+ Numerous general purpose software systems permit creating musical structures in terms of

density
« AC Toolbox (Berg 2003)
« athenaCL (Ariza 2005)
« Two approaches to density regions in athenaCL

« TimeFill: given a number of events, use a Generator to select start time of events within the
duration of the Texture

+ TimeSegment: divide the duration into segments (based on a Generator), select the number of

events per segment (based on a Generator), select start time of events within each segment
(based on a Generator)

13. athenaCL: TextureModule TimeFill
« Probabilistic generators can use shaped distribution to create dynamic densities

+ Gaussian or normal distribution with two parameters (mean, variance or precision) [Logic track 1,
2]

+ Beta distribution with two parameters (when less than 1, left and right attraction or tightness)
[Logic track 3, 4]

+ Exponential and reverse exponential with one parameter (exponent) [Logic track 5, 0]

14. Density as a Compositional Parameter at the Granular Level
« Xenakis first explored density as compositional parameter at the score level

« Xenakis theorized, but did not apply, density at the synthesis level



15. Granular Synthesis

+ 1947: Gabor proposes acoustical quanta: like photons for sound

o ——,— |
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ACOUSTICAL QUANTA AND THE
THEORY OF HEARING

By Dr. D. GABOR
British Thomson-Houston Co. Research Laboratory, Rugby

INl.lropulu expositions of wave mechanics, acoustical
illustrations have been used by several authors,
with particular success by Landé!. In a recent paper
on the “Theory of Communication”* I have taken
the opposite course. Acoustical phen are dis-
cussed by mathematical methods closely related to
those of quantum theory. While in physical acoustics
a new formal approach to old problems cannot be
expected to reveal much that is not already known,
the position in subjective acoustics israther different.
In fact, the new methods have already proved their
heuristic value, and can be expected to throw more
light on the theory of hearing. In my original paper
the point of view was mainly that of communica.
tion engineering; in the following survey I have
emphasized those features v:hich may be of intereat
to physicists and to physiologists.

\Shot do we hear rp The answer of the standard
text-books is one which few students, if any, can
ever have accepted without a grain of salt. According
to the theory chiefly connected with the names of

Ohwn and Halmhalts tha aaw analvass $ha snend inéa
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zontal line at the ‘epoch’¢. These are extreme cases.
In general, signals cannot be represented by lines ;
but it is possible to associate with them a certain
characteristic rectangle or ‘cell’ by the following
process, which at first sight might perhaps appear
somewhat complicated.

Consider a given signal described as s(t) in ‘time
language’ and by ita Fourier trapsform S(f) in
‘frequency . If #(f) is real, S(f) wil] be in
general complex, and the spectrum will extend over
both positive and negative frequencies. This creates
an unwelgome asymmetry between the two repre-
sentations, which can be eliminated by operating
with a complex signal §() = s(¢) + ia(t), where of(t)
is the Hilbert transform of s(t), instead of with the
real signal &(t). This choice makes the Fourier trans-
form o(f) of §(¢) zero for all negative frequencies.
Next we define the ‘energy density’ of the signal as
v$*, where the asterisk denotes the conjugate com-
plex value, and similarly po* as the spectral energy
density. In Fig. 1 the two energy distributions are
shown as shaded areas. The two are of equal size ;
that is, the total energy of the signal is the same by
both definitions. We can now define a ‘mean epoch’ {
of the signal, and similarly a ‘mean frequency’ 7, as
the co-ordinates of the centres of gravity of the two
distributions. This gives a point C in the information
diagram as the centre of the signal. Going a aten

Commons license. For more information, see http://ocw.mit.edu/fairuse.

+ 1960: Xenakis, in the chapter “Markovian Stochastic Music,” develops a theory of screens, clouds

of grains that change over time
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44— Screen

Cell fuli of grains

A book of screens equals
the life of a complex sound

Courtesy of Pendragon Press. Used with permission.

+ 1978: Curtis Roads introduces general purpose software for granular synthesis (Roads 1978, 1996,
p. 168, 2002)

10



16. Granular Synthesis: Concepts

+ Produce a stream of sounds with very short envelopes (10 to 200 ms)

+ Sounds may be derived from synthesized or sampled sources

« Parameters (grain size, frequency, amplitude, etc) are randomly adjusted
+ Multiple grain streams are layered

+ A technique idiomatic to computer-based synthesis and available in numerous implementations

17. Grains of Sines
+ Produce a very short sine tones [01.grain01]
« Control rate of grains and random grain muting (here called density) [02.grain02]

+ Control rate of grains, random grain muting, and frequency [03.grain03]

18. Piloting
« USB game controllers offer practical and affordable interfaces

« Example: Logitech Dual Action Gamepad

11



Image removed due to copyright restrictions.
Photo of Logitech Dual Action gamepad controller.
http://www.logitech.com/en-us/gaming/controllers/devices/288

19. Grains of Sines: Expanded

+ Randomly select different sine frequencies for each grain within dynamic boundaries
[04.0xGrainSine]

« Alter sine tone with frequency modulation

20. Grains of Samples

+ Read through portions of an audio file cyclically [05.0xGrainBufferUnit]

+ Each grain randomly varies start and end points around selected region

+ Each grain has a different playback rate based on upper and lower boundaries

« Control rate of grains and random grain muting (here called density)

21. Listening: Curtis Roads

« Curtis Roads: “Now””: Line Point Cloud

12
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22. The Pilot

+ The opportunity of piloting a space ship is not just to journey to new places, but to explore new
types of control: density
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