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Conclusio

Néo podemos situar o problema do ensino tradicional de musica apenas no conte).(tg do ensino musical,
nem mesmo no da Educagdo ou da Musica: este 4, isto sim, manifestagfo de toda uma viso de Ml.mdo, cie Co-
nhecimento, de Sociedade, de Ser humano. Assim, ao esbogar uma alternativa a este ensino musical, ndo po-
demos nos furtar de questionar também estes aspectos, de uma maneira transdisciplinar. ) ) _

Neste sentido foi desenvolvida a AbCMus, propondo a construgdo do conhecimento musical atrz?ves da vi-
véncia direta de cada um, procurando a integrago dindmica de mente, corpo e respiragdo — esta, S{mb<?11021~ e
metaforicamente, representando a emogdo, os estados de espirito, a transcendéncia, a criatividade e a inspiragao
artistica. ) o

Em termos computacionais, a AbCMus propde um ambiente interativo, acessivel ao naol-especlahgta nem
em Miisica nem em Computagdo, onde diversos sistemas notacionais estejam integrados através de uma mterfz'x-
ce de manipulagdo direta, que implemente um conjunto de operagdes musicais aqui apre§en@dos € que possi-
bilite a integragdo de novos mddulos, com linguagens, interfaces e abordagens musicais proprias. -

Alguns passos para o desenvolvimento deste ambiente foram aqui propostos, e_sperando por criticas e su-
gestbes. A efetivagdo deste ambiente, no entanto, depende do interesse de pesqunsadore,s em Computagao e
Miusica em relacionar suas pesquisas a abordagem aqui apresentada, uma abordagem também em construgdo.
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Abstract

Lexikon-Sonate is a work in progress which was started in 1992. Instead of being a composition in
which the structure is fixed by notation, it manifests itself as a com-puter program that composes
the piece — or, more precisely: an excerpt of a virtually endless piano piece — in real time. Lexikon-
Sonate lacks two characteristics of a tra-ditional piano piece: 1) there is no pre-composed text to be
interpreted, and 2) there is no need for an interpreter. Instead, the instructions for playing the piano
— the indication “which key should be pressed how quickly and held down for how long” - are
directly generated by a computer program and transmitted immediately to a player piano which
executes them. In this paper I will describe from where I started and how I arrived at the concept of
an infinite interactive realtime composition.

Origins

In the late sixties the Austrian/Slovakian poet Andreas Okopenko started to write the novel ,, Lexikon-Roman*
(Okopenko, 1970) — the first literary HyperText, several years before this term was introduced by Ted Nelson
(Nelson, 1970). This novel — ,,a sentimental journey to a meeting of exporters in Druden® (subtitle) — consists of
several hundred small chapters which were brought into alphabetical order. By reference arrows as in a lexicon
the reader could make her own investigations through the multiple nested web structure of the text. Instead of
presenting a sequential text with a predefined direction of reading, Okopenko provides a structure of
possibilities, which challenges the reader to become a creator of her own version of this novel.

Twenty-five years later an interdisciplinary group of artists and computer freaks called ,, Libraries of the
Mind* started to create an electronic version of this book using HyperCard as a programming environment. Now

- the navigation through the text was easily achieved by clicking onto the reference arrows, the ,,links*. The

electronic implementation (which is about to manifest itself as a CD-ROM) also provides new features that were
impossible with a printed book: an electronic logfile which keeps track of the ways and deviations of the reader,
search for keywords, the possibility of making annotations etc. -

Andreas Okopenko, who himself belongs to the ,Libraries®, suggested adding other media like pictures,
photos, spoken language, music and sound. And so other artists joined the group: a graphic artist, a photo-
grapher, and at last myself, a composer.

After reading the book three demands for the music became obvious:

(1) Music for the ,,Lexikon-Roman* cannot consist of ,jingles” which are played whenever a certain text
particle has been selected. With music the problem of time emerges: music — unlike a static pictorial object or
even a text — is always related to time: it takes place ,,in time“, whereas beholding a picture or reading a text
happens ,,out of time*. One can meditate over a poem for a long time, or just read over it. But music is always
linked to a certain time span, reflecting time. So it became clear that the music cannot consist of pre-recorded
pieces that are simply recalled. It should reflect the reading behaviour of the reader: if she spends a long time on
a chapter, the music should stay in the same ,,mood* or character, and if she starts zapping nervously between
the textural links, this should also be reflected by the music, resulting in quick changes of character.

(2) The complex structure of the novel challenged me to achieve something related in musical composition:
a complex network of musical meanings, an infinite maze of sounds.

(3) The lexical principle of references — starting at a certain point and arriving somewhere else by reference
arrows — gave me an idea of the formal aspect of the composition. If the music changes, this change should not
be abrupt, but taking some aspects of its former state and perpetuate it, while something new is added. Consider
you are making a transition from A to B to C — for instance, when you are reading an encyclopaedia starting
with the keyword ,,A“ which leads you to ,,B“ by a link, and from there to ,,C*. There is a semantical
relationship between A and B, but to a lesser extent between A and C. When you are in the B state, you will still
remember A which provided the reference; and when you approach C, A will still be present, but only to a lesser
extent, If you dare move towards D, you will probably forget about A. Indeed, this lexical concept of links is the
underlying formal principle of Lexikon-Sonate.

Piano Music
I confess that I have serious problems with the piano. As a composer and a double bass player I am mostly
interested in sound processes, whereas the piano does not offer much flexibity in sound production: once the key
is pressed, nothing can be done to shape the sound afterwards, as opposed to a bowed instrument, for example.
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compositional contexts. generic enough to be used by other composers in different

On the other hand, the piano has a big advantage: as a polyphonic instrument it allows different voices to be
played at the same time. Due to its equal timbral characteristic it is predestinated to represent the structure of
traditional music. In this respect it was utilized during the last 250 years. Before the development of radio and
records, piano transcriptions were used to obtain an acoustical impression of a symphony or opera.

The decision to write a piano piece can also be seen in another light: taking revenge for the piano lessons I
had to take since my early childhood. Using a piano also implies awareness of its incorporated history: its role in
the bourgeois salon, as an inspirational tool for a composer, and as a handy instrument (0 unload emotional
energies. At last: writing for the piano means to reflect on the whole history of this instrument, its repertory, its

highly developed virtuoso techniques and its typical compositional subjects. Writing a solo piece for this
beloved and hated instrument must result in a ,.hyper*-piano piece which increases its historical, social and
virtually never-ending, which exceeds the facilities of a Although the theoretical poi i ;
s point of view of the library is based o i i
n paradigms which have been extrac
ted from

compositional implications; a music beyond the scope,

human player. A composition, that can only be executed by a computer-controlled piano. B oming, citonment for Tomime, o drcho e e

. crialo T ay, oes not force a single aestheti i
‘ Ep‘e{iod m m%lsicallrt?,?:;(?g; i(;h::r.sttg)agn in?hdsvelgpg}g musical strategies. ,,Serialism* here Cr,efzrst ll())rgvégreliis

Lof n rthodox dodecaphoni i i
theo{%,hnsl?g of Siochmamein 1557w B e phonic techniques which has been abandoned by serial
e library is composed of two main cate ori  obj i
: T . gories of objects: basic pro i i i
chance and list operations) and specific musical functions (harmony rll)lytﬁ;imer::;ilgot[(;:sl)s (hsle(:e tFO‘OIbIOX functons
: , , - see Fig. 1.

Real Time Composition
me I have had a vision of an infinite music which is ,,composing itself"* without Jacking a personal
flavor. I had some theoretical ideas about how to achieve this goal, and I even developed a
Partikel-Bewegungen® (1991-94) for fiute, bass clarinet and
graphically notated part which was generated and

For a long ti
style and interesting
set of playing rules for the performance project ,,

saxophone. In this piece each musician plays an independent,
printed by a computer program written in my own xLOGO-based ,Computer Aided Composition Environment” EWENE -
which I have been developing since 1988. Each class of graphical signs can be interpreted according to a certain [ IEfaiEol Overview.help 2=
set of rules, which only gives a rough outline. The ,fine tuning®, however, is achieved by the musicians =
themselves during the performance — in real time — by listening to each other and coordinating or even ﬁ
juxtaposing their playing with the sounds of the others. basic Tow-level functions
random and chance operations
list operations
pitch-related functions
Rhy thm time-based functions
dynamics, ramps, etc.
Real Time Composition Library vs. 2
® 1993-94 by Karlheinz Essl (essi@ping.at)
] >
(D[

Partikel-Bewegungen (1991-93) for flute, bass clarinet & saxophone

page from one of the instrumental parts (duration: 20 ") .
Fig. 1: Content of RTC-lib 2.0

o s commision  RCAN i 1902 sz (7 11 Bk 1 Fy P S — |
environment for multimedia and music” (IRCAM/ Opcode). Immediately 1 realised that this was the very  was fOrmulated”b; lg‘l)):’i?ri:(:IEIBVOI{yh(StOCkhagsen, 1957) and takes into account the concept ‘:F cgl‘:;sgicc(i)lrd‘x‘nag t'(;
prograrr}ipg languagc.I was loolldng for since a lgllg time — a powerful ool which allows to experiment with . punctual® serialism and finalll; lzsllgciﬁe:libaﬁ?mg’ 1965). These concepts indicated the er;:-l of the or)t,hodsolx
compositional strategies and to listen to the result immediately. PrOg_rfam which was derived from a given bas?clrl(;)\z 012 ;grﬁgp?;gluéatlog tﬁchniques. Instead of a permutation
manifestates 1 s ot in hi . ’ oduced the method of : .

Real Time Composition Library 1970 and Eessslltslengggf;m in his Streichquartert 1959 and later in his composition progm‘;i“g‘r)g":cf??}c{(lﬁn as it

First I started to re-implement some objects Whigh already exi‘sted 'within my own xLOGO-based ,Computer As its ba;ic mat.erial this rhyth 4 oenig,
Aided Composition Environment", like specialized random functions and rhythm generators. The realtime . tow between a minim dS rhythm generator uses a supply of entry delays (ED) which form a geometrical
facilities of MAX offered me the fantastic possibility of rapid prototyping and refining after listening, whereas 10 ms, the max.ED is 10(;l(;nmasn S ltnax1m1;1m EIb) in 2 certain number of values. In our example the mir% ED ?snlc()a()

. — between these boundaries a geometrical row is const ’
ructed:

my xLOGO-environment a transcription into musical notation had to be done. i
1s for algorithmic row index: 0 1 2 3 4
5 6

The result was so compelling and encouraging that I began to implement some mode!
ater became the starting point for Lexikon-Sonate. As a side-effect a whole library of ;
entry delay: 100 464 215 316 464 681 1000

When I started to wor
piano, percussion and the T

composition, which 1




XV Congresso da Sociedade Brasileira de Computagdo

98

group-rhythm.help

=RELED)

Bl

group-rhythm

Generates a rhythm by choosing elements of a given supply (provided by a
geometrical row with its parameters: minimum entry delay, maximum entry
delay and number of entry delays) and repeating a choosen value according to
the periodicity parameter. This meodules incorporates the "Gruppen”-theory
of Karlheinz Stockhausen ("...wie die Zeit vergeht...", in: "die reihe”, Vol. 3,

Vienna 1957) and reflects some considerations of Gottfried Michael Koenig

about serialism and aleatory (" Aleatorische und serielle Verfahren in der

elektronischen Musik”, in: Die Sonde, Vol. 5/1, Bonn 1965).

start/stop min. ED max. ED number of  periodicity
(ms) (ms) ED-values (0-1)

{group-rhy thm ]

- rhythm E . h chosen
row index (681 | p (ms)

“bangs"

E

© 1993-94 by Karlheinz Ess] <essl@ping.at>
o
[l [l

Fig. 2: the ,group-rhythm® object

When ,,group-rhythm is switched on, it chooses an ED-value by chance. Now the ,periodicity factor”
determines how often this value will be repeated, before another one is chosen. When the factor is 1, the
resulting thythm will be completely periodic — an even pulsation. If the periodicity factor becomes 0, a
completely aperiodic rhythm with no repetitions of a chosen ED is generated. In between these boundaries of
pure ,,periodic® or ,.aperiodic” rhythms a proad field of interesting intermediate steps is situated. By gradually
changing the periodictiy parameter over the time, transitions between different grades of (a)periodicity can be

achieved easily.
These specialised generators of the RTC-lib are functional implementations of a certain algorithmic model
be changed by the model’s parameters. In this way an infinite variety of variants can be
ked to the central idea of the model, even when the results are very different.
t way to implement specific algorithmic

whose ,,behaviour” can
produced, which are always lin
Combining different RTC-generators in one paich, is a convenien
compositional models, as will be shown in the following chapter.

Modules
Up to now the Lexikon-Sonate consists of 24 music-generating modules which are related in a very complex
way. Each module generates & specific and perceptual characteristic musical output (a JJanguage”) due to a
certain compositional strategy applied. A module represents an abstract model of a certain musical behaviour. It
does not contain any pre-organised musical material, but a formal description of it and the methods how it is
being processed. The idea of autopoiésis — material organizing itself due to specific constraints — plays an

important rule.
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By using different randof erator i controiling e; otner (wnich — seriaily thought — form a
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. F .rm . C]“p]etely chaotic behaviou(r) new variants of the same model
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One of the simplest (b : i
asPran p (but nevertheless most compelling) modules of Lexikon-Sonate can be found in

= Rl E=———=— Fsprit NI
it
Esprit
© 1993 by Karlheinz Ess] <essl@ping.at>
m weight factor
[phraser 2000 18000 12 2000 24000 12 |
active / passive
p parameter
Ip rhythm
{p harmony } {p dynamic | [p duration |
pitch velocity duration (ms)
[Play |
|
il [l

Fig. 3: music-generating module ESPRIT

This module i
generates melodies with a pron i
L module | odi ¢ p ognced »espressivo” character. i igati
{h a{)a o eans and how it is achieved let us first look at the flow diagr: erf B§f0re b a bacie st ore
pr()) h in nesrly all modules of Lexikon-Sonate. gramm of this patch a basic sructure
m top t i i ” |
o é)ro_o:ﬁgn\:tei \ig;c;et:e f?llo»\}/lmg object boxes which are connected with lines:
s erates phrases (AD =, Akti “ .
phrasex - 2 : \D =, ionsdauer™) and pauses (PD = “
2 certai souﬁd) 52: g(;r\llceel:pt 05 ,,Aktlonsdquern (time filled with sound) gnd Pa(usle)ndz;iigs(e ndauer‘) o
oped by Karlheinz Stockhausen (Henck, 1980) innorder to contr(::lm[t)ty ttlmei
) structura

»density”. In Lexikon-S. isti
. -Sonate the statistical time proporti
called ,,weight factor”, an integer between 1 and 3.p portions between AD and PD are controlled by a so-

weight f:
ght factor AD PD perception level
1
shor_t long‘ background
medium medium middleground

3 long short foreground
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In other words: the weight factor determines the perceptual level of a module — whether it is dominantly
playing in the foreground, being modest in the middleground, or hiding jtself in the background.
before generating a new phrase, all parameters of the module are randomly changed within

play - combines pitch, velocit; i
piano. p ity and length into a MIDI note message which is sent to the MIDI-controlled

parameter —
pre-defined boundaries. With this new set of parameters rhythm, harmony, dynamic and duration are
calculated. e T e
EMENENE— [harmong]
=] 2 L ______————________________—-————-———'——""'—"—-———————— =]
S MECED [parameter] === v
it
_(—' change all parameters rhythm bangs brown factor
Ir Esp-bf-harm |
%0- |
[p harmony | [p dynamic | [brownian 21 108 0.1 |
B brown min. brown [
) min. ED ) 3 13 =
factor velocity factor |anh'°0tave&prime l
max. | I—
max. ED Eg_gj velooity anti-bis&osc
number of brown
EDs factor -
Cc-2 pitch
periodicty
factor
= &
@l [ . @l Bt
Fig: 5: harmony generator of ESPRIT

Fig. 4: parameter setting of ESPRIT

Although the musi ion i f

(he repeiioms of valucs crente Tslundh of periodieiy whbin o complex (chaotie) sitiation: wheress in

harmony, dynami i . _periodicity” within a complex (chaotic) situation; ;

melodicycefls " :‘3] :1[(1>d ;iusr;l;lon the {andomness is controlled by the ,,brown factor* leadi)ng t(l)] i:}t:;) Z;n:;h:leas II}

association lO’Viennep pes, articulated ph{ases etc. By this the desired ,,espressivo™ charact e

conses se music since Mozart until Schoenberg, Webern and Ber; ; o with its
quence of a particular compositional strategy. g — emerges; not at will, but as a

rhythm - generates a sequence of rhythm pulses (,bangs", in the terminology of MAX) during the

length of an AD. Each of these rhythmic bangs marks an entry point of a note whose parameters of pitch,
velocity and length are calculated by the harmony-, dynamic-, and duration-objects. In ESPRIT, the
group-rhythmn object, as discussed above, is used (see Fig. 3).

parmony — a rhythm ,bang® sent to the harmony object causes it to generate a pitch. In ESPRIT, the

harmony algorithm uses the random generator brownian which selects a number within defined

boundaries (min, max) according to a brown factor. With this factor (a real number between 0 and 1) the
— the , Freiheitsgrad”.

statistical distance between consecutive values is determined
The 24 Modules

The 24 different music i
-generating modules of the Lexikon-Sona i
0 e - t i i
structures. Superimpositions may occur. These structural types areef:an be assigned to 3 different types of musical

brown factor effect
+ melody
0 always repeats the same value * chord
1 each value between min. and max. can be chosen * texture
* repetition
* pauses

In order to filter out tone repetitions, octaves, and oscillating pitches, the resulting stream of pitches is
evaluated by two objects, anti-octave&prime and anti~bis&osc. If such an undesireable event
were about to take place the pitch is surpressed and brownian is asked to supply another one that fits into
the constraints. This method avoids disturbing musical effects of a not-so-smart harmonical algorithm.
dynamic - uses brownian to generate velocities between boundaries that are defined by the
parameter object (see above). Due to the fact that the velocity value depends on the value chosen before
(according to the brownian factor) envelope shapes like crescendo, decrescendo can occur.
duration — uses brownian to determine the length of the note. By this the articulation (,,phrasing*) of
the melody is controlled: whether a phrase is comprised of legato, portato, staccato, pedal effects etc. or any

combinations of them.

In the followi i
g S
wing all modules are i ted, togethel with a short descrlptmn, furthermore their Ielallonslnp to the 5
l»’pes of musical structures and references (,,C B ) to other modules with similiar properties are given

gll‘lpl;EG'GIO f chord / texture (cf. GLISSANDO)

ggios of 4 to 11 notes, ascending or d i i i i

?igthﬁﬂgRDs; o s PULsgC " 1e;sg;a)ndmg, which are built up of 2 - 4 different intervals.
art chords on a brownian rhythm. i i i i

CLOUDG, oxds on & s )'/[‘R ?]1 LTE};S harmonic structure is built of intervalic rows.
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,Clouds” of fast moving notes (,,rubato rhythm*) within a certain pitch range. Some notes are highlighted by

dynamic accents.
ESPRIT: melody
Espressivo-melody of some complexity, refering to the so-called ,,Viennese Espressivo®.

FERMATA: pause

Inserts global pauses into the whole musical stream and sustains the notes at these ,.cutting points* as resonances
with the sustain pedal.

FIGUREN: melody / texture

Grace-note figures with crescendo towards the main note.

GLISSANDI: texture; (cf. ARPEGGIO)

Glissandi, composed of minor and major seconds which are sustained with the pedal.

GENERALPAUSE: pause
Entirely stops the stream of music. By this the whole infinite process of music generation will be organized in
sections.

GRUPPEN: melody, repetition
Parameters organized in ,,Gruppen® according to serial theory (see above). Each of the structural parameters

rhythm, harmony, dynamic range and duration factor obtain their own, individual periodicity factor which
determines whether the respective parameter value is being kept for a longer period (,,periodicity”) or is
changing immediately (,aperiodicity®).

HACKER: pause; (cf. FERMATA)

Interrupts the global stream of music by inserting short breaks (statistically shorter than FERMATA).

HOQUETUS: melody / texture
Periodic rubato-rhythm with constantly changing registers and generally loud dynamics. The harmony is built up
from a supply of two intervals.

JOYCE: melody; (cf. MOTIV)
Music obtained from a radical choice approach: for each section values from predefined parameter supplies are

choosen (by the selection principles ALEA, SERIES or SEQUENCE) to build up a musical structure.
MELOCHORD: melody / chord
Structural transition between melody and chord. Depending on the duration of the entry delay (ED) the
repetition rate of the chosen ED and the chord size are determined, according to the following relation:
« shorter ED: high repetition rate, small chord size
+ longer ED: low repetition rate, large chord size

MOTIV: melody; (cf. JOYCE)
For each phrase different sequences of parameter values (for rhythm, harmony, dynamic and duration) are
calculated which are ,Jooped® for the duration of this very phrase. By this method the concept of ,,motives” (as
it traditionally appears in rhythmical-harmonical contexts) is extended to other structural parameters.
ORGELPUNKT: repetition; (cf. REPLAY)

A repeated note which is dynamically increasing and decreasing.

PAUSE: pause

Simply does nothing at all. Like GENERALPAUSE, HACKER and FERMATE it allows that only two different
modules are combined, instead of three.

POINTILIST: melody

Parameters changing each note (,Punktuelle Musik*). Parameter ranges and row sizes may change.
PULSCHORDS: chord (cf. BROWNCOCHORD)

Up to 6-part chords on a constant thythmical pulsation of different speed. The harmony is built of intervalic
rows of different sizes.

REPLAY: repetition / texture; (cf. ORGELPUNKT)

Layers of repeated notes of different speeds which are dynamically increasing and decreasing. The harmonic
structure is composed of two or three different intervals.

REVERIE: melody

Melodic line of complex rubati with moving harmonic constellations.

RICOCHET: repetition; (cf. ORGELPUNKT)

Repetitions of a single note with increasing or decreasing speed with crescendo or decrescendo.

SLEEP: melody / pause

Most of the time it does nothing (like PAUSE), but sometimes it plays a short melodic phrase.

SUSPCHORDS: chord / repetition

1 - 4 part legato-chords on a constant pulse w

intervallic rows where several note may occur in the next chord (harmonic ,,suspension‘).

TRILLER: texture; (cf. CLOUDS)

hich is structured by rests. The harmonic structure consists of
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Thrills of 2 — 6 notes, dynamically increasing and decreasing

. i i i m i -
NB: A six-note thrill consists of rapid permutations of six notes bin o Cgie amah acceleratdo o ritardando,

within a single octave register.

As stated before these 2 modules are formin, a sort of musica erText. At the
i : (+] C10: € 4 i fi mg t of ical Hyp
algon(hmlc model a module can obtain characteristics of another one ivi y

es: » §1vIing a reference
. A variant of ESPRIT which is only composed of fast rh

as a structure generated by CLOUDS.
. A phrase of BRO NCHORD which O i =
W onl i
. y contains chords of chord S1ze
. A thrill of six notes (a pcrmutation O i
A a set of six notes within an oct

,,bpundaries“ of its
(,,Jink*) to it. Some

ythmical values would give us the same impression
I could be similar to a melodic

ave) could be similar to a structure

This shows that those modules are not clo: iti i i

other in a very complex way by references. W;:S ri\lg:itllj:sv:lrl: t?: e
comple'tely mdgpendent of each other. They don’t ,,know* what tll?
perceptl(‘)‘n the listener will relate some structural as;ects of differen
,version® of the piece. This approach, as it is viewed b,
listener to become a ,,composer* — constructin )
polyvalent maze. A way,
structures.

¢ aviour — they are linked to each
g combined during the piece, they are acting
e others are doing. Hence, by the process of
' t modules to each other, composing her own
wed t ,,{?adlcal .Construftivjsmus“ (Essl, 1992), entitles the
e donstructi g the piece in her mmcll by finding an individual way through a
mined rather by personal criteria of the observer than by objecgtive

Combinations of Modul
‘ ] ) es
Dur?nﬁt‘fh;hyxece ug to three different modules are combined whereas
,weight*. This weight factor will determine the statisti i
i atistical proportions b i i

AL ) 1 D ns between ,,Aktionsdauern* i

) »Pausendauern (empty time) of a module, as it was shown ,before in th?ndigglﬂ:iggedfwtlhm

of the

sphraser“object of the module ESPRIT. I : i
e of & oot -In other words: the weight factor determines the perceptual

When combining modules in Lexikon-Sonate, there will always be one in the

one in the ,,middleground* (weight = 2), and i
) =2), one in the ,,background* (weight = 1 i
“;)I:‘L ]fhreglugij ‘V‘Vhenever a new one ls‘brought into the game: e.g. a (foregground)‘.‘ T?e o ot ek IT!Odlﬂe
W ground” or tl{e »middleground* into the ,,foreground* etc. ” strueture could turn into a
‘ The combination of modules takes place in a chain of three box
s;(;nv:/ rtlo]f ;o bot:lorr}. On the right side of each box the number refe;
elow, the first box always occupi i =
1 (background). Y occuples welght 3 (=
For example, imagine ESPRIT ha:
: X s been chosen. It is bei
associated. Hence, ESPRIT will be pl i
pauses (see above). played as  fore

each of them occupies a different

»foreground* (weight = 3),

; ets},l which his filled by the chosen modules
rs to the weight of the position. In the exam lé
foreground), the middle 2 (= middleground), and the lgst

g put into the first box to which the weight=3 i
. i =3 is
ground struture: long melodic phrases, interrupted %y short

chosenmodule ,weight"
[Esprit 3]
L 2]
L ]

After a certain ti i

position. Whiccf;r ﬁ:)rlldtslriltfetilvz jr;i,:tzmsvitlrz ;K;’«‘}](?[?}I{\IE;S se_llel:c;ed. Now ESPRIT will be transfered to the second

The i 1 s will be played as a fi i i
sinfluence* of ESPRIT becomes weaker, being displaced byxzheyrecently :;fegrl’e%ugfc;%glgglre i weight 3.

|Figuren 3]
Eort 7]
L L]




XV Congresso da Sociedade Brasileira de Computagéo

104

Finally, BROWNCHORDS enters the scene, taking over the foreground. ESPRIT is turned into the

background, and the weight of FIGUREN is decreased.

[BrownChord 3]
[Figuren I2]
[Esprit 1]

ESPRIT is abandoned. We have seen that this module —~ which
becoming weaker and weaker until it was dropped completely.
We also notice a formal transition: in the beginning ESPRIT alone, then in counterpoint with FIGUREN, and at
last a polyphony of three different modules. Since the occurence of ARPEGGIO, however, a situation is
established, where two modules are kept (BROWNCHORDS and FIGUREN) as a ,memory* of the previous

situation.
[Arpeggio 131
[BrownChord 2]
[Figuren 1]

FIGUREN is cancelled. Again we notice a formal shift, where two compounds
maintained, while a new aspect is brought into the game.

[Joyce 3]
[Arpeggio |2}
[BrownChord |1}

— an already picked module is being blocked until all others

are selected. Whenever GENERALPAUSE occurs, all active modules will be switched off, resulting in silence. By
this the infinite process of Lexikon-Sonate will be articulated in ,;movements®. Afterwards the sequence of
weights will be mixed again (now — instead of 3—2-1 perhaps 2-3-1 in) which will serve as a formal principle

for the next movement.

When ARPEGGIO is put into the chain,
started as foreground — gradually lost its power,

With the entrance of JOYCE,
of the recent musical situation are

The different modules are chosen by random

User Interface
Now, after knowing enough about the elements of Lexikon-Sonate, let us finaily have a view to its user interface
(see Fig. 6). On the top one can find 2 box named control with some buttons attached to it:
« auto: a toggle which switches on the automatic playing mode;
add module: whenever this button is clicked, a new module wi
chain;
. change weight: chooses another sequence of weight factors;
. stop: turns off the whole machine.

il be chosen by random and put into the

box serves as a sort of conductor which gives cues to the music modules, that are placed

The ,,control®
¢ mode: the built-in conductor will entirely

below. Clicking on the auto-toggle starts the simplest performanc
take control, selecting the modules in time and switching them
behaviour of the machine, one can click on the ,,add module® butto
be chosen by random and combined with the
button will change the weight factors as they are applied to the module, determining whether a chosen mo
serves as a foreground, middieground or background stru
the three boxes forming the ,.chain® that was discussed in the previous chapter.

However, there are also more advanced levels of interaction. Instead
place (by clicking on the ,,add module® button), one can decide at will, w
is achieved by choosing a module from the ,,

on and off. If one wants to influence the
1. Whenever this is done, a new module will

two others that are still active. Clicking on the ,change weight” .
dule

cture. This can be seen at the bottom of the display

of merely requesting a change to tak_e k
hich modules shall be combined. This
select a module® pop-up menu, which will be sent into the
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combl y Y
nation chain. Furthermore, the sequence of weight factors can e determined, by selectin om the [
g ) g1t fr the oth
ul an als Y-p h $ O three module: a‘ 13 0 DE piayed, an
But one can also b ass the combination chain which allow, 1)’ prayea,

s at a time to be pl d d
with different ,,Welgh[S . B}' opening a module itself (by double-cllckmg on Its h()X), one can dir ectly access Its
paran eters, che )0sINg various seitings and all the poss vilities of combinations

E[1fafMi==—————-= | exikon-Sonate

EE|

] <
Lexikon—Sonate |
© 1992-93 by Karlheinz Ess] <essl@ping.at>
Interactive i it i
Contm]]edll?iglo Time Composition Environment for Computer

auto . add "] change '
I;I module weig?\t stop
|control ]
|Esprit n |MeloChord ﬁ [Ricochet @ |Clouds E
1 Arpeggio @
B =W
Covee B ot B [Fontist [ [Chssando El
|Hacker @ |Fermata @ |Pause | |Generalpause |
Esprit
E NEl
[PulsChord — |[2] medle
- select a sequence
[Figuren 1] B2T 1 veigrs
&
@] B

Fig. 6: user interface

. Performance A ts
The fact tha - i lon
b uti]izestifse’ir;ﬁ::a(i?\’::tf ni\./e?r repeats 1lself creates a challenge to invent a particular performance situation
At o s Interactive | :51 meg. The premiere took place on February 2, 1994 in the concert hall of the
only (e fonumas ,Bﬁsendorfeiass]tg (L;rmgd th_e rac‘l‘lo program ,,Kunstradio — Radiokunst“. On stage there was the
D the morta spaée) o SE (;an Pnanp s _but no player at all. The radio listeners (who were not sitting
telephons pmi Wherente (sxsiu ad the E;)smbxhty to interact with the computer program by dialing a certain
Mg 5 mow i Fan e dcame t] (?ugh: Lextkorf~Sqnate would change its compositional behaviour by
Woule sovern e oo 0); sel Cte: .module into its combination chain. In this way the totality of radio listeners
g Zovern” the form of twmusw, even though nob_ody could know the exact effect of their contribution
they could ot cao pee K8 Bo persons f‘rom th.e audience to come on stage and sit there, back to back, so 'that
other. By giving signs with their hands, they indicated when they desired a ck;ange in
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music. Although these persons could not see each other, they could hear when the other had required a change —
this led to a situation where the both started to ,,play” with each other, resulting in a wonderful and energetic

performance.
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Appendix
The software described in-the paper runs on an Apple Macintosh computer and requires Max 2.5 (© by IRCAM
/Opcode) or later. It is in the public domain and available via ftp or WWW,
Real Time Composition Library for Max 2.5
Currently a version 2.0 of the, Real Time Composition Library“ for MAX 2.5 is available from the following
ftp-sites:
(a) ftp.ircam.fr, /pub/IRCAM/programs/max/patches/composition/RTClin.O.sea.hqx
(b) kahless.isca.uiowa.edu, /ftp/pub/max/RTC-lib_2.0.sea.hqx
(¢) ftp.mars.let.uva.nl, /pub/soflware/RTC-lib_2.0.sea.hqx
Lexikon-Sonate is available as:
(1) MAX program: A diminished version specially designed for the . Yamaha DisKlavier" can be obtained from
the ,,Disklavier Archive® which is maintained by Bob Willey (htlp://crca—www.ucsd.edu/bobw/disklavier.html).
1t can be retrieved via anonymous ftp from: wendy.ucsd.edy, /pub/midi/disklavier/essl/LexiconSonate.sil.qu
(2) MIDI file: 5 different MIDI-files generated by Lexikon-Sonate can be obtained via anonymous ftp from:
kahless.isca.uiowa.edu, /pub/max/lexicon/ ]
(3) Disklavier disk: A recording of Lexikon-Sonate as a Disklavier disk can be found at: http://crca-
www.ucsd.edu/bobw/disk3.html
(4) Audio on CD: An excerpt of the premiere of Lexikon-Sonate (featuring the ,,Bosendorfer SE Grand Piano®)
was released on the CD ,Karlheinz Essl: Rudiments® (1995). It can be ordered from my publisher: TONOS
Musikverlags GmbH, Ahastr. 9, D-64285 Darmstadt / Germany / Europe, Tel: +49-6151-31 23 47,Fax: +49-

6151-313278.
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Reconhecimento de timbres musicais através da rede neural
auto-organizavel de Kohonen
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DSIF/FEE/Unicamp, 13081-970, Campinas, SP, Brasil.
e-mail: Jara@dsif.fee.unicamp.br

Resumo

_ Foi realizada a simulagfo de uma rede neural para a discriminaco das diferengas
timbristicas de tons musicais. O método consiste em treinar uma rede neural auto-
organizdvel de Kohonen com uma sequéncia de 17 amostras de instrumentos
orquestrais. No final da fase de treinamento formam-se mapas anto-organizados onde
ocorrem agrupamentos das amostras por familia instrumental. Verificou-se a
capacidade de reconhecimento utilizando-se todas as amostras. O sucesso do
reconhecimento e a classificagio do timbre dos instrumentos estd diretamente
relacionada A geragio de mapas cuja qualidade ¢ fortemente dependente das
propriedades de convergéneia e da estabilidade do modelo. Esta rede neural €
adequada para o reconhecimento de padrGes timbristicos com pequena taxa de erro.

Introdugio

Diversos trabalhos nas 4reas de psico-linguistica, acdstica fisiolégica e psico-actistica tem abordado a

_ discriminagfo de timbres (Plomp,1976; Grey & Moorer, 1977; Singh,1987). A sua percepgdo pelo sistema auditivo
_humano é um fenémeno complexo, que envolve grande capacidade de processamento para ser analisado e

clas§iﬁcado no cérebro, de fxcordo com regras nio sempre bem compreendidas. O reconhecimento do timbre
musical depende de uma série de condigBes, tais como o contexto em que o sinal é percebido (Grey, 1978), sua

. complexidade, a amplitude e a forma como os harmdnicos estdo distribuidos no espectro de frequéncia. A forma
~ do ataque do sinal e a variagio do espectro de energia nos instantes iniciais sdo fundamentais na f)ercepgﬁo
; (Gorfion, 1?87), Neste trabalho avaliamos a capacidade da rede neural de Kohonen (1982) de reconhecer
. classificar timbres sonoros de instrumentos musicais, tocados isoladamente, O modelo de Kohonen foi utilizado

com sucesso no reconhecimento de fonemas na lfngua finlandesa i

’ € na geragdo automatica destes fon

computador, em tempo real (Kohonen, 1987). @ o B

o A 1\rllede ne?ural recorrente simples (SRNN) foi j4 utilizada para o reconhecimento de tons dos fonemas da
Ogua anda:rm (Wang & Qhen, .1994), reconhecendo variantes de tons de uma mesma estrutura fonética. Existem
poucas pesquisas disponiveis na literatura sobre o reconhecimento de caracterfsticas timbrais usando redes neurais

A caracterfsticas de auto-organizagio ¢ classificacBo de sinais sensoriais dos Mapas de Kohonen (1990)

g:;ergxelgn::\ir:x:\r a escolha deste mo{ielo, pois possibilitam o treinamento da rede sem supervisdo. A seqiiéncia de

- emamer:t(? € aleatoriamente aprexmada a rede. As respostas aos padrdes sdo automaticamente
peadas pe!os neurdnios. A fase de reconhecimento ¢ feita apds a elaboragfo auto-organizada dos mapas

Na préxima sec¢do descrevem-se suscintamente estudos sobre a discriminagdo e percepgdo do timbré. Na

secgdio 2 especifica-se a arquitetura da rede neural e a forma como foi empregada no reconbecimento das amostras

Na s i i
ecciio 3 descreve-se a metodologia empregada nas simulagdes, o pré-processamento dos sinais e a forma como




