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This article describes an analytic study of the pro-
cess used by John Chowning for the composition of
Stria. This article is intended to complete the de-
scription of the compositional process given in a
previous work (Meneghini 2003), largely restated
by Bossis in a subsequent paper (Bossis 2005). Stria
was composed in 1977 and was fully generated by
means of computer algorithms (Chowning 1977¢)
and the corresponding input files (Chowning 1977a,
b): all the parameters of the sounds generated in
Stria are determined and calculated by these algo-
rithms on the basis of specific mathematical rules
and of numerical parameters chosen by Mr. Chown-
ing as input for the programs. For this reason, an ac-
curate analysis of these algorithms is fundamental
for a complete comprehension of the compositional
process.

This analysis has three degrees of interest: at first,
it enables a study of the composer’s intentions re-
garding the piece’s characteristics. Secondly, it
complements the comprehension of Stria obtain-
able from listening with analytic data on the proper-
ties of the sounds. Finally, it provides information
on the characteristics of the piece that can be used
for the re-writing of the algorithms and for the anal-
ysis and re-synthesis of the piece (Baudouin 2007;
Dahan 2007).

The work described in this article began in 2002,
and it started with the study of the programming lan-
guage (SAIL) used for the generation of the algorithms
(Smith 1976; see also www.xidak.com/mainsail/
documentation_set_1630_html/docset.html), which
was necessary for the understanding of the programs.
The algorithms (Chowning 1977c¢) have been then
carefully analyzed, line by line, to achieve a com-
plete understanding on how the parameters of each
sound generated in Stria are determined. Personal
communication with the composer was indispensi-
ble for the interpretation of some of the procedures
used, and for the understanding of Mr. Chowning’s
intentions related to programming choices.
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An Analysis of the
Compositional Techniques
in John Chowning’s Stria

General Properties

This section explains the general properties that
characterize Stria. The piece was fully composed by
means of a computer program: The properties of
each sound were generated by specific subroutines,
starting from the input data chosen by the com-
poser, and taking into account a set of mathemati-
cal relationships which will be explained shortly.
Most of the information described here was ex-
tracted from the source code of the programs used
by Mr. Chowning himself.

Starting from some basic definitions about the
Golden Mean, this section gives a description of the
pitch space and spectrum division, of the character-
istics of the sounds, and of the temporal structure of
the piece.

The Golden Mean

Stria is based on the mathematical properties of the
Golden Mean: The basic properties of this impor-
tant ratio are summarized in this section. Consider
a segment of length one, and look for a subset of
length x such as the ratio between the segment’s
overall length and x is equal to the ratio between x
and the remaining part of the segment itself. To do
this, we consider the equality

x 1-x

1 x (1)

Solving this equation for x, we find that
x = %(—1 + v‘S) = 0.618 2)

We can then extend this result to the continuous
proportion

1-x X 1

= — = — = ... 3
X 1 1/x 13)

which numerically corresponds to
0382 0618 _ 1 ()

0618~ 1 1618
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In ancient and current times, the important ratio
we have obtained this way (and its reciprocal @,
usually referred to as “Golden Mean” or “Golden
Section”) has been considered a rule of physical per-
fection. Many authors have indicated that it is eas-
ily recognizable in many human works (e.g., in
architecture) and in nature as well (e.g., Runion
1990; Markowsky 1992).

In music, the Golden Section represents (to a good
approximation) the interval of a minor sixth in
Western notation. Traditionally, the minor sixth
was expressed as the ratio 8/5 = 1.6, which is close
to the Golden Mean. In twelve-tone equal tempera-
ment, the minor sixth is eight semitones or

22 =159

Another important property of the Golden Mean
is related to the Fibonacci series: Each of the terms
of this series, starting with {0, 1, 2}, is the sum of
the two immediately preceding terms. It can be
proved that the ratio between two consecutive
terms of this succession quickly approaches to the
Golden Section. From this, we can easily derive that
the powers of @ = 1.618 are ordered in accordance
with the Fibonacci series:

@7 = Pl 4 o2 (5)

These properties are very important in reading Stria
and must be taken into account in the following
analysis.

Pitch Space and Spectrum

After a long series of experiments on frequency
modulation (FM) synthesis, Mr. Chowning tried to
discover an inharmonic ratio to re-define the con-
cept of the octave. After many tests (executed before
programming) and after becoming fascinated by the
sound of FM carrier-to-modulator ratios c:m = ®*; @™
(where n and m are integer powers; Chowning 2003),
he re-defined the concept of octave (usually based
on the ratio 1:2), using the ratio 1: ® = 1:1.618. The
use of such FM ratios allowed him to obtain over-
tones, some of which were exact powers of that ra-
tio. Each pseudo-octave generated was then equally
divided into nine tones by the factor

Figure 1. Pitch space used
in Stria. The fundamentals
of the pseudo-octaves are
listed in the diagram. The
basic properties of the
Golden Mean are also

summarized.
STRIA

Pitch Space and Spectrum
D = % } GoldenSection
@ - 168
0" =" v "

T .
n 7 6 5 4 -3 2 1 0 1 2 3

1.618" 0.034 0.056 0.090 0.146 0.236 0.382 0.618 1.000 1.618 2.618 4.236

Hz 34 55 89 144 233 377 618 1000 1618 2618 4236

Table 1. Basic Powers of ® and Their Relation with
Linear Combinations of ®

Power of ® Linear combination a + b®
0.056 = ®° 13 -8
0.090 = @5 50-8
0.146 = @ 5-3®
0.236 = @3 20-3
0.382 = @2 2-d
0.618 = @! -1
1=° 1
1.618 = @! (0}
2.618 = @2 1+@
4.236 = @3 1+20
k
®°, k=0...9 (6)

An eighteen-tone division was also available, gen-
erating a series of “semitones.” The pseudo-octaves
used in Stria are generated around the central fre-
quency f = 1,000 Hz, and the fundamentals of each
octave are expressed by ...@3f,02f,0-f,f, ®f, D ....

A representation of the pitch space used in Stria
is given in Figure 1. As seen in this figure, the fun-
damentals of each octave are related to powers of ®.
However, the advantage of using the Golden Mean
for the pseudo-octave definition is that the frequen-
cies are related not only by exponents but also by a
linear combination. In fact, because @ is the limit of
the ratio between two successive terms of a Fi-
bonacci series, the sum of two following powers of
® is a power of ®. This is summarized in Table 1.

The spectral components obtained as sums of
powers of @ can be expressed by linear combina-
tions a + b®. Mr. Chowning decided to use this
property defining a carrier-to-modulator ratio for
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the FM synthesis equal to powers of ®. In this way,
the FM components generated were sums or differ-
ences of powers of ®, which were also in a linear re-
lationship a + b® with ®. With this efficient
mechanism, the whole pitch space was ordered in a
way that there was no component in discordance
with the Golden Ratio. The composer used eight
pseudo-octaves (see Figure 1): three above and five
below the central frequency (f = 1,000 Hz); all these
pseudo-octaves were used in the composition.

The Sounds

The properties of each of the sounds played in Stria
were calculated by the source algorithms, starting
from a set of global input data. In particular, each
sound was defined by 30 parameters (begin time,
attack duration, carrier frequency, etc.). The basic
FM scheme was a single carrier with two parallel
modulators: All the oscillators were sine functions.
Furthermore, each sound was shaped in time: Mr.
Chowning applied independent envelope generators
to all the oscillators to have an accurate control of
the spectral content of the sounds. A light deviation
(skew) was superimposed to the frequencies of both
the carrier and the modulators in a proportional
way to obtain a “liveliness.” The two modulators
allowed the composer to increase the spectral den-
sity without using large indices. Large modulation
indexes would have reduced the contribution of the
carrier in the modulated sound by reducing the
zero-order Bessel function, which Mr. Chowning
did not want. The instrument (i.e., synthesis patch)
generating the sounds is represented in Figure 2.
The envelopes used for the oscillators have the
shape shown in Figure 3.

There were two possibilities for the amplitude en-
velopes: a “normal” and an alternate. In the normal
case, the sound started as modulated by the first and
the second modulator (F3 and F4 in Figure 3), then
the second modulating index (F4) decreased and the
sound became modulated only by the first modula-
tor and finished as only the carrier. (The F2 carrier
amplitude envelope was used in this case.) The al-
ternative case was used to produce a sort of “sssh-
Boom” effect (as Mr. Chowning called it) during the
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Figure 2. Instrument used
in Stria.
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climax of the piece: this effect was obtained by a
step variation of the carrier amplitude (envelope F7
in Figure 3). The description of the envelopes given
in Figure 3 is slightly different with respect to what
described in Meneghini (2003): The figure reported
in the previous paper was based on a preliminary
drawing prepared by John Chowning in 2002. The
envelopes presented in this article were re-drawn by
the composer on 30 November 2006 on the basis of
the original drawings dated 8 September 1977; these
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Figure 3. Amplitude en-
velopes used in Stria.
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are the same that have been used for the rewriting
of the piece (Baudouin 2007).

The skew function was defined by a small devia-
tion at the attack of the sound that became even
smaller in a short time. It is difficult to hear this
variation on a single sound, but it is easily recogniz-
able in the superposition of many musical elements
as a kind of beating between components. The max-
imum amplitude of the skew function was deter-
mined starting from the frequency of the tone to
play, by means of a low-pass function, to obtain a
sharp deviation at low frequencies and a small devi-
ation at high frequencies.

The human ear is more sensitive to frequency
variations at low frequencies than high frequencies.
This justifies the shape of the function defining the
skew percent as a function of frequency. There is an
additional justification for this low-pass function
that is related to the overall structure of the piece,
explained in the following section.

For each sound, a set of three spatialization pa-
rameters was defined: the reverb to be applied to
the sound, the apparent angle of the source, and the
apparent distance of the source. The last parameter
was defined in accordance with the theory ex-
plained by Mr. Chowning (1971 and 1999). In both
these papers, the composer explained that the per-
ception of distance can be given by the ratio be-

tween the direct sound intensity (varying with the
distance) and the reverberated sound one (fixed with
the distance).

Spatial control used in Stria was not intended to
be precise: The sounds resulting using these param-
eters were similar to the ones that would be ob-
tained in a reverberant cathedral: amorphous, big,
and undefined (Chowning 2003). Furthermore, no
Doppler effect was used.

The Temporal Structure

The scores of Stria were generated by the algorithms
starting from several sets of data, which the com-
poser chose as input to the programs. The piece can
be considered composed in terms of both a micro-
structure and a macrostructure. The whole compo-
sition is divided in 6 blocks (or sections): Each block
corresponds to a different input session during
which Mr. Chowning inserted a sequence of data as
program parameters. The output generated by the
algorithms starting from each of these input ses-
sions was saved into three different score files.

Each block is composed of few events: Each event
is defined by a set of input data and is composed of a
great number of elements (or single sounds) gener-
ated by the algorithms starting from the input val-
ues. Figure 4 illustrates the temporal structure of
the piece.

The arrow represents the temporal evolution of
Stria, the large rectangles are the blocks, and events
are shown between brackets. The first event also
shows the elements composing it (small rectangles).
We can consider the elements as the elementary
unit of which Stria is constituted. Each element is
heard as a single sound or as a multiplicity of re-
lated partials depending upon the pitch height and
the succession and the superposition of these sounds
is the whole piece. This is the macrostructure of
Stria: each element is defined by some micro-
structural parameters, defining its characteristics,
as will be clear in a following section. Some of these
parameters are generated according to the Golden
Mean.

During the composition of the piece, Mr. Chown-
ing used recursive algorithms to generate further
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Figure 4. Temporal struc-
ture of Stria.
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sounds (“child elements”) superimposed onto the
original ones (“parent elements”); this will be dis-
cussed in a succeeding section. The whole piece
lasts 15'46". In the first part of Stria, the intensity
increases, and after 9' (a number that approximately
stands in the Golden Ratio with respect to the total
length), there is a climax, followed by a quasi-
silence moment, after which the intensity grows
again. The organization of the sound events in the
time-frequency space is opposite that of tradition:
In most music, low-pitched events are longer in du-
ration than the high-pitched events. Here, instead,
the longer events have higher pitch, and vice versa
(Dodge and Jerse 1985). Furthermore, the attack and
decay time of each sound is determined by its fre-
quency (e.g., a high-pitch sound has a slow attack).
The pitch of the sounds here decreases towards the
climax and increases after this moment. These
points, in addition to the low-pass function applied
to the frequency skew noted previously, have an
importance related to the overall structure of the
piece. Mr. Chowning explains:

In the beginning, each individual partial or line

(stria) of the high, extended sounds is clearly
heard. The piece slowly unfolds with the pro-

30

gression toward lower pitches and an increase
in the bandwidth of the pitch space. As the tex-
ture becomes increasingly dense, the individual
partials within an element at the lower pitches
tend to fuse or cohere because of the shorter at-
tack times and increase in frequency skew, a
perceptual phenomenon related to the Gestalt
principle of “common fate.” Thus, where the
line at the beginning of the piece is the partial
of the element, the line at the climax becomes
the element of the block. The process reverses
from the climax to the end (Chowning 2007).

The Program

The program that generated the scores starting from
the input data was written in SAIL (Stanford Artifi-
cial Intelligence Language; Smith 1976), a language
similar to ALGOL and PASCAL. It consists of a few
procedures (see Figure 5) called by a main program;
sounds composing the events were generated by the
procedure EVENT2, receiving data from input, and
calling other service routines to generate the fre-
quencies (INHARM), the times (PROPORTION), and
the spatialization parameters (Az1M) of the sounds
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Figure 5. Schematic of
structure of the SAIL pro-
gram used for the composi-
tion of Stria.
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and to write the output files (WRITE). Each call of
the program defines one block composed of a few
events; each of these events is defined by a set of in-
put parameters. The output of the program consists
of three files, one of which, the score file (. SCR),
contains 30 parameters for each sound played. The
other files (.MEM and . REP) represent a memory of
the input data used by Mr. Chowning for the com-
position of the piece.

Frequency Generation

Frequency generation is managed by the INHARM
procedure, called by EVENT2, when generating
each sound. Each sound created in one event has a
different frequency value in accordance with the
variation of a variable (num) at every call of INHARM.
It is the variation of this parameter that creates the
pitch line of the event. In EVENT2, the frequency

of each sound (i.e., element) is generated by the
expression

f = fff-freq -k 17

where freq is the base or reference frequency of the
event,that is, the frequency of the fundamental note
of the pseudo-octave on which the whole event is
constructed (constant for each sound in the event);
fff is the coefficient (scale frequency) that deter-
mines the note played by the current sound in the
event by means of the product fff*freq, varying
from element to element in the event (at each call
of INHARM); k is a coefficient used to calculate the
frequency to be played on each oscillator by the
product fff*freq*k. For example, the carrier fre-
quency is calculated from the note fff*freq by the
expression

c = fff-freq- |, (8)

Here, fff and k are multiples of ®, and freq is given
by an expression like ®*1000. The variable fff varies
from sound to sound at every call of the INHARM
procedure.

For each event, a frequency space variable is de-
fined by the expression

space = ratio’ve (9)

where ratio is equal to ® = 1.618, and power is a
positive or negative integer. This variable represents
the frequency space to be occupied by the event,
namely, the dimension of the spectral space occu-
pied by the whole event. The variable power is the
number of pseudo-octaves (above or below freq, in
accordance with its sign) used in the event. Each ele-
ment (sound) will play a note in one of these pseudo-
octaves that will be divided into 9 or 18 tones.

This division is done by means of variable f,
which defines the note to be played, and is calcu-
lated by the expression

fff = (ratioro

power - num

= ratio divx

)mzm/ divx

(10)

Here, num is different for each element generated,
and it is calculated by the service routine INHARY,
called by EVENT2; divx is a variable that is equal to
the number of divisions chosen for the frequency
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tff*freq products are repre-
sented for four different
values of num. Here, freq is
the fundamental note of
the indicated pseudo-
octave. (See Equation 10.)

Figure 6. Parameters used
for the definition of each
element (an example case
in which freq = 90 Hz,
power = 4). The spectral
components related to the

Frequency space

Pseudo-octaves
constructed)

(spectrum region in
“" which the notes are

fff*freq products
(distributed in the
frequency space)

space (9 or 18 notes for pseudo-octaves). It is impoz-
tant to note that for [powerl = 1, Mr. Chowning did
not use the 18-tone division to avoid noisy spectra.

Figure 6 shows the relationships between the
parameters used to define the frequencies of each ele-
ment in Stria. The input data used by Mr. Chowning
for the composition of the piece (Chowning 197743,
1977b) determine the variation of the parameters
freq and power during the piece. Therefore, using
these data it is possible to analyze the frequency oc-
cupation of the events in Stria. The results of this
analysis are summarized in Figure 7. As can be seen,
the pitch of the events decreases towards the cli-
max, and then it increases. This confirms the previ-
ous assertion that high-pitched events have longer
durations whereas, on the other hand, lower-pitched
events are shorter.

As stated above, the parameter num determines
the frequency of each of the sounds generated in
Stria. It is worth mentioning how num is deter-
mined by the algorithms: Because Stria is the suc-
cession of sounds with different values of num, it is
num itself that defines the pitch line of the piece.
The value of num is constructed from a table of 10
values: The elements of this table are read following
specific rules so that a succession of values of num
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is generated. This succession, in the case of a 9-tone
division of each pseudo-octave, is periodic with rep-
etition period 40 (if not re-initialized), meaning that
the melodic line would be repeated only every 40 el-
ements. In Stria, there is no event with more than
40 (parent) elements; this means that the melodic
line is not repetitive during an event. (For the ele-
ments generated by recursion, see herein; the base
frequency is different from that of the parent, and
no repetitive melodic line is possible, even though
continuing the reading of the 40-period succession.)
The generation of the values of num in the subse-
quent events can continue to follow the succession
(creating the periodicity) or be re-initialized from
the initial values. This choice (made by input pa-
rameters) could be used by Mr. Chowning to in-
crease the pitch-line complexity of the piece. In the
case of an 18-tone division of the frequency space
occupied by the event, the table is read in a different
way, generating a succession with period 20 of val-
ues of num in the range 0-18; divx is equal to 18, in
this case. In this way, Mr. Chowning allowed some
events to generate elements that play an interval
analogous to a pseudo-octave semitone. It is impor-
tant to note that the recursive sounds (child ele-
ments) can be constructed only on a 9-division
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Figure 7. Representation of
the temporal variation of
the frequency occupation
of the events in Stria.
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Figure 8. Pitch line (values
of num) generated, start-
ing from the default condi-
tions by procedure TNHARM.
The values of num for 40
consecutive events are
represented.
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space, whereas the parent sounds can have divx
equal to either 9 or 18. (Actually, the 9-note division
of the pseudo-octave yields an interval close in size
to the traditional semitone, so a Stria “semitone” is
about the size of a traditional quarter-tone.)

Figure 8 represents a particular case of a melodic
line (of values of num) generated starting by the de-
fault parameters of TNHARM for 40 consecutive ele-
ments in an event for a 9-tone division of the
frequency space.

From the values of fff (calculated from num) and
freq for each element, the procedure EVENT2 calcu-
lates the carrier frequency and the second modula-
tor by the following:

¢ = fff-freq-f
m, = fff - freq-f,, (11b)

where f, and f,_, are the frequency coefficients al-
ready explained. The determination of the first
modulator frequency is quite different. For this os-
cillator, the program could use an equation just like
Equation 11b (which would create different compo-
nents for all the elements in the event), but it also

(11a)

Time

10

Value of num
|
|
|

LI

0 10 20 30 40
Element number

had the option of maintaining the same first lower
(or upper) side spectral line constant for all the ele-
ments in the event. In the latter case, the formula
used (for a constant lower side) is

(9 - num) . (powez - 1)

fu = fff freq-|-ratio > -(f - f,) + £ (12]
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and remembering Equation 10, the first lower side
spectral line is

fu = (f = fu)- freq- ratio (13)

which is constant with num, that is, for each ele-
ment in the event. An accurate reading of the param-
eter files used for the generation of Stria indicates
that this option was never used by Mr. Chowning
for the final version of the piece, even if it was in-
cluded in the original program. However, the fact
that the program contained such a possibility is an
indication of the intensive research work carried
out by the composer on the spectral properties of
the sounds.

Time Generation

Another important topic in the composition is time
generation: Each instrument has time parameters,
including start time, duration, and attack and decay
times. For the determination of the first two param-
eters, the procedure EVENT2 (generating the events)
calls the service routine PROPORTION to calculate
the temporal weight (prop) of each sound (i.e., ele-
ment) with respect to the total attack duration of
the event. Using this last parameter (at_dur—i.e.,
the part of the event in which the elements can be-
gin to play), the start time of the next element is
calculated by the begin time of the current one by
the formula

nextbeg' = nextbeg + prop-at_dur (14)

The total attack duration of the event is therefore
partitioned between all the (parent) elements in the
event.

In each event, the elements are numbered by a
counter variable cnt: The first sound that is played
is taken as number one (i.e., cnt = 1), and so on. The
duration (el_dur) of each element (i.e., sound) is de-
termined by weighting the time remaining from the
beginning of the sound to the end of the event, with
a factor directly related to the number (cnt) of the el-
ement generated, in accordance with the expression

2-ext
cnt ) (15)
elements

el _dur = (beg + dur - el_beg)-(

34

where beg and dur are, respectively, the start time
and the duration of the event, elements is the num-
ber of parent elements in the event, and el_beg is
the start time of the current element. Here, ext rep-
resents a weighting factor for an exponential inter-
polation and lies in the range 0.8 < ext < 1.5.

An important case occurs when there is no over-
lapping between two consecutive sounds. In this
case, Mr. Chowning imposed an “overlapping con-
dition” on the sounds, making the element with no
overlap longer by means of the formula

el _dur = (nextbeg - e]_beg)-1.25 (16)

where nextbeg represents the begin time of the next
sound and el_beg the current one.

The duration of the attack of each element in the
event is determined by an exponential interpolation
between two values: the attack duration of the first
element, and the attack duration of the last element
in the event. To make this interpolation, a parame-
ter interp is used to calculate the position of the ele-
ment in the event. This parameter is obtained by

el_beg — beg

1
at_dur 17

interp =
which is the distance between the beginning of the
element and the beginning of the event, normalized
to at_dur (where 0 < at_dur < 1). Using this parame-
ter, the attack time of the current element is calcu-
lated by exponential interpolation between the
initial and final values (INITATT and ENDATT)
according to

interp
attack _time = el_dur - INITATT - [ENDATTJ (18)
INITATT

The same procedure is used for the decay time. By
contrast, these parameters can also be determined
as a function of frequency as a way to obtain short
attacks for low pitches and long attacks for high
pitches; the inverse applies for the decay time.

Spatialization

In Stria, spatialization is given by three factors: the
reverb percentage of all the sounds in the event, the
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apparent angle of the sound source, and the appar-
ent distance of the sound source.

The reverberation is constant for every parent ele-
ment in the event, and the apparent angle of the
source is given by the quadraphonic diffusion of the
sound, by calculating the four amplitude factors for
the four playback loudspeakers. For the speaker po-
sitioned at the angle d (equal to 45°, 135°, 225°, or
315°) that is to emit a sound apparently diffusing
from the angle deg, the amplitude coefficient is cal-
culated by the formulas

/deg -d+ 90 for

amp _fact = y %0 d — 90 < deg < d (19)
amp_ fact = \/d+9(9)0—deg for d < deg < d + 90 (20)

Figure 9 shows the amplitude diagram for the speaker
located at d = 225°, playing a sound apparently dif-
fusing from angle deg.

Each event has many elements, numbered by the
variable cnt: The reference angle el_deg of each par-
ent element in one event is calculated by the formula

0.2
cnt ]

el_deg = ev_deg + 360[”“"@mH (21)

where ev_deg is the reference angle of the current
event. This means that the elements in the event
rotate around the listener more than 360° per event.
Another rotation is introduced from event to event:
At the end of the generation of an event (a parent or
a recursive one), in fact, there is a rotation of -90°: A
slow rotation on the events is superimposed on the
one owing to the elements, but in the opposite di-
rection. As we will see in the following section, the
child events, generated during recursion, generally
spin around the listener faster than the parent
events, generating dynamism.

The apparent distance of a sound from the source
is given by varying the ratio between the intensity
of the direct and reverberated sound components.
The latter is kept fixed in the whole generation of
parent elements, whereas the former can vary from
element to element in an exponential way accord-
ing to

Figure 9. Amplitude dia-
gram for the loudspeaker
located at deg = 225°.
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dis = (cnt- DIS_SCALE) " (22)

where DIS SCALE is the reference distance scale of
the event, and dis is the distance parameter of the
current element, numbered by cnt, obtaining an ap-
parent movement of the source (and thus position
changes exponentially). When DIS_SCALE is nega-
tive, then dis is constant at the magnitude of
-DIS_SCALE.

Recursion

The EVENT2 procedure may use recursion for the
generation of the sounds. After the creation of
each element, EVENT2 checks if two conditions are
verified:

1. The number of recursive calls already done
in the event is less than the maximum im-
posed by input (usually one recursion per
event, and never more than one).

2. The value weighting factor prop (see the
preceding section) for the current element
should have a particular value. (This condi-
tion is verified on average one time every
five elements.)

If both of these conditions are verified, the current
element is the parent of a child event, and EVENT2
calls itself with new modified parameters to con-
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struct the new event, which has different character-
istics from the parent one (i.e., a recursive call).

The child event has duration and attack duration
shorter than that of the parent. (These parameters
are scaled by prop < 1 in the recursive calls.) This
means that the events generated by recursion are
shorter than the originals; in addition, because the
attack duration of the child event is shorter, its ele-
ments are closer than the originals, increasing the
dynamism (i.e., shorter events with closer elements).

The number of child elements played in an event
is kept less than or equal to 9 (although the number
of parent elements can be greater), in order not to
exceed the number of available instruments. The
base frequency for the new event is given by the ex-
pression fff*freq, that is, it is equal to the frequency
of the note played by the parent element which gen-
erated the recursive call. The space variable is cho-
sen by imposing Ipowerl| = 1, and this means that the
recursive event occupies only one pseudo-octave
above or below its base frequency (above if the origi-
nal value of power was less than unity, and vice
versa). In the case in which the new base frequency
is greater than 1618 Hz, power is kept equal to -1 to
avoid frequency divergence owing to recursion.

The frequency space occupied by the child event
is divided into 9 tones (i.e., no 18-tone division) to
avoid creating spectra that are too “rich.” The child
event begins the moment in which the parent be-
gins, and has attack and decay times calculated by
the input values due to recursion. The reverb per-
centage for the children is 1.2 times the parent’s, re-
sulting in a greater reverberation percentage in a
shorter duration. The rotation around the listener is
generally faster than the parent’s, depending on a
smaller number of elements in a shorter event. The
generation of parent elements continue after the
creation of the child elements, starting, in the score,
from the moment in which it was interrupted.

The meaning of recursion in Stria can be under-
stood from the preceeding considerations. During
the generation of an event, one element can create a
recursion, which generates another shorter event,
starting from the moment in which the parent ele-
ment begins. This new event is shorter and has
closer elements, spins around the listener faster
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than the originals, occupies a frequency space one
pseudo-octave wide and a base frequency equal to
the note played by the parent element. The rever-
beration percentage is greater than the parent’s, for a
shorter time, to increment the acoustic weight of
this event. This, in other words, means that the re-
cursion generates an explosion of the sounds at the
time of the recursive call, with many close and
short sounds rotating fast around the listener, creat-
ing a dynamic sound environment.

Conclusions

A detailed study of the process used by John Chown-
ing for the composition of Stria has been presented.
The analysis has been carried out starting from the
study of the programming language used for the
composition of the piece. Fundamental characteris-
tics of the piece have been studied and described.
The analysis of the compositional process has been
conducted by means of the reading (line by line) of
the algorithms used for the generation of the piece.
The mathematical relationships and the parameters
used as input for the programs have been described
in detail; this analysis highlights the accurate for-
malism that stands at the basis of the piece, both in
terms of micro-structural and global parameters,
and complement the knowledge derived by the lis-
tening of the piece. The important use of recursion
for the generation of superposition of sounds has
also been addressed.
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