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The study of musical style is probably as old as
music itself. Composer and author David Cope
argues that one way of defining style is through
pattern recognition and that musical style can be
imitated if one can find what constitutes musical
patterns. An ideal tool for pattern recognition is
the computer.

In this book, Professor Cope provides a step-by-
step description of his determined efforts to ana-
lyse and replicate musical style by computer. He
demonstrates his results with new compositions
in the style of composers such as Bach, Mozart,
and Prokofiev. These compositions sound entire-
ly new, and yet somehow frighteningly familiar.
Musicologists, theorists, and composers will find
this work to be both ground breaking in its qual-
ity and thoroughness and very applicable to their
own research and course offerings. Composers
may also find a method herein to assist them
with their own compositional processes.
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FOREWORD

In this volume David Cope presents a composer’s tool—a
computer program that can accurately represent and freely manipulate
musical styles. The composer enters musical data into the computer; the
program creates new musical material. To be sure, a program such as this
can aid a composer in creating new compositions. But the value of Cope’s
research goes beyond this practical application.

Historically, analyzing printed scores and generating compositions au-
tomatically by computer were among the first areas of research when
computer programmers tackled music. These research projects arose at
about the same time when computers were first used for directly gener-
ating sound, which has drawn more public and commercial attention.

There are actually two problems to be solved. First, how can stylistic
elements of historical and contemporary composers be accurately cap-
tured? More important, how can differences between distinctive styles be
handled easily by one system? In the early days, the rules programmed
into computers for generating works in a given genre or style were cum-
bersome. The resulting musical works were rarely compelling. Changing
from one style to another often required reprogramming from scratch.
David Cope has solved many of these problems.

A further contribution is that Cope’s system provides a lens through
which we can examine musical style in a new light (the “signatures”
discussed in this book) and thereby learn more about style itself. By strict
musicological criteria, the musical examples that his system produces do
not accurately match the originals. But the musical results are convincing
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enough that this work now deserves to reach a broader audience, through
means such as this volume.

How can one measure the effectiveness of work in this area? One
measure of a successful synthesis technique is its ability to replicate sounds
of traditional instruments. Yet another is its ability to create sounds from
more than one instrument family. The flexibility with which the composer
can manipulate sound is also important. By way of analogy, Cope’s work is
successful in simulating many aspects of compositions in various styles.
The EMI Brabms is as distinct from EMI Bach as the real Brahms is distinct
from the real Bach. Cope’s system even captures styles outside the Euro-
pean tradition, and it allows for exploration of changes in style. Ultimately,
the most convincing argument for the effectiveness of Cope’s work is to
listen to the music itself. We have freely reproduced score segments and
even entire movements. I encourage the reader to play these through.

This book uses ideas and terminology from music and computer sci-
ence. The cross-fertilization that results from applying technology to the
arts is sometimes confusing. To give one example: The word function has
a distinctive definition in each field and is used with both meanings even
within one chapter here.

Finding a single audience for an interdisciplinary work such as this is
difficult. Throughout, we assume the ability to read and understand music;
Cope’s argument will be hard to follow for those without some musical
training. But not everyone who can read music knows computer program-
ming. Therefore, the LISP code essential to understanding the core of
Cope’s work is introduced very gradually.

The interdisciplinary challenges to the reader underline the advantage
of the cross-fertilization between technology and the arts. Each learns from
the other; both are thereby enriched. 1 hope that David Cope’s book will
be a springboard for deep and fruitful discussions in both areas.

This book is volume 6 in the Computer Music and Digital Audio Series.
Other books in the series are: volume 1, Digital Audio Signal Processing,
ISBN 0-86576-082-9 ($34.95); volume 2, Composers and the Computer,
ISBN 0-86576-085-3 ($27.95); volume 3, Digital Audio Engineering, ISBN
0-86576-087-X ($29.95); volume 4, Computer Applications in Music: A Bib-
liography, ISBN 0-89579-225-7 ($49.95); and volume 5, The Compact Disc:
A Handbook of Theory and Use ISBN 0-19-816187-5 (£32.50). Volume 5 is
available from Oxford University Press; volumes 1-4 are available from
A-R Editions, Inc., 801 Deming Way, Madison, Wisconsin 53717, USA.

John Strawn
Series Editor
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In 1981, during a moment of recklessness, I wrote the
following in a daily journal:

I envision a time in which new works will be convincingly composed in the
stvles of composers long dead. These will be commonplace and, while never
as good as the originals, they will be exciting, entertaining and interesting.
Musicians and non-musicians alike will interplay with programs which allow
them to endlessly tinker with the styles of the composing programs. I see
this as a parallel to the synthesis of, say, piano sounds, where synthesis and
sampling devices can convincingly recreate the timbre of an instrument. In
the former case, however, it will be the order of the sounds and the algo-
rithmic processing of that order that will be paramount. I see none of this as
problematic. Machines, after all, only add and subtract. Programs that benefit
from those operations are only as good as their creators.

This book describes many aspects of a program [ have since devised for
the replication of musical styles. These aspects include a non-linear (not
composed beginning-to-end) and top-down compositional approach and
an intricate rules-based expert system defined according to experience
gained in my twenty-three years of teaching music theory. While all of the
aspects considered in this book are critical to the success of the overall
program, the crux of style imitation lies in the development of a musical
pattern matcher and the inclusion of an ATN (augmented transition net-
work) compositional approach.

I have felt for years that I recognize composers’ styles by subconsciously
matching motives of various types from work to work (I make no conten-
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motives may be orchestration techniques, use of certain meters, or, more
likely, sequences of pitches and rhythms. While these motives are never
exactly the same, enough is there for me to hear what I call “signatures.”

If there is a discovery here, it is that one way of defining style is through
pattern recognition and that musical style can be imitated if one can find
what constitutes musical patterns. Further, comparisons of these patterns
from work to work will reveal those patterns that are generic to a com-
poser’s style and those that are found in a single work only.

While I developed this approach on my own, the concept itself is hardly
new. Superimposing representations of two or more things to discover
how they are similar or different is a straightforward principle. Yet, some-
times the application of rudimentary ideas in just the right manner and to
just the right degree can produce novel results.

I am also not the first to recognize the potential for ATNs to be pro-
ductive in the re-creative process of musical composition. While the actual
system presented here may be the first realization of musical ATN, the
concept is not mine. Relating nouns and verbs to tonics and dominants,
though not a common form of analysis, has been something theoreticians
have discussed previously. While none to my knowledge have built actual
systems using these principles, this situation is not due to any lack of
suggestions in the literature.

I mention these two points in order to ask the reader to be aware that
looking for special secrets within the covers of this book will be disap-
pointing. There is no magic in my work, only long hard hours of
programming, a lot of musical experience, and some lucky guesswork at
certain junctures. This may be a function of the programming language I
use. William Kornfeld wrote (1980, p. 6): “It is impossible to list the
features of LISP. LISP has very few of them.”

Reviewers often find the musical results of the programs I've developed
interesting, even ground breaking. Yet they are often critical of my writing
about it because, I believe, they expect the formula, the great insight that
will show them the light. If there is such a potion, and I gravely suspect
there is none, it is the unglamorous musical combination of the pattern
matcher and the ATN generator.

OVERVIEW

Chapter 1 of this book presents a brief history of auto-
mated music and especially emphasizes musical style. The first part includes
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brief descriptions of various computer music projects. It shows how early
attempts to codify and replicate musical style demonstrated potential; but
only recently, with advanced hardware, more memory, faster speeds, and
MIDI (for listening quickly to output), have results proved successful. The
second part looks at a few programs in detail. The final section of Chapter
1 introduces the author’s own project, Experiments in Musical Intelligence
(EMI), one major focus of this book.

Chapter 2 deals with defining the basic concepts and parameters of
musical style. This is followed by the basic concepts of functional har-
monic tonality (expectation-fulfillment-deception) as they relate to the
programs presented later in the text. This section also touches on the
hierarchical model derived by Heinrich Schenker. Germination of form
and non-linear composition are discussed in the next section. Top-down
approaches take precedence: Sections are derived from movements, phrases
from sections, motives from phrases, and notes from motives.

Texture and timbre are then discussed. Harmonic grammars, as a result
of straightforward contrapuntal simultaneity, are also explored. This is
followed by a discussion of the basic concepts of linguistic representa-
tions. These generally take the forms of rules and values. Parsing provides
understanding of written languages, and Chapter 2 demonstrates its po-
tential for parallels in music. Transformational concepts are also discussed
in this section, and examples are included. This is followed by a descrip-
tion of augmented transition network (ATN) parsing, which occupies the
central focus of the last section of Chapter 2. Of the many grammar types,
only ATN allows the recursive possibilities inherent in LISP and is thus the
approach of choice.

Chapter 3 covers LISP (short for list processing) and its application to
the analysis of musical style. The basic concept of defining an idea and
then working toward actual manipulation of data is covered in this section.
LISP functions are defined according to standard lambda binding to argu-
ments along with variables, conditionals, and standard programming
techniques. Function definition is presented along with the advantages of
data abstraction. Straightforward and readable examples of LISP functions
in terms of music are also provided. LISP has existed in many different
dialects for decades. An attempt to standardize a single form has resulted
in the creation of COMMON LISP. This is the form of LISP used in this
book. All of the functions described herein should run in any COMMON
LISP implementation without revision.

Chapter 4 presents the specifics of a small invention-composing pro-
gram based on the concepts presented in previous chapters. The route
from inception to surface incarnation (a top-down approach) is shown.
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Prototypical (completely machine-composed) musical fragments demon-
strate how the program has a computational logic based on linguistics and
includes dictionaries and rules for ensuring nonarbitrary gestures.

Chapter 5 begins by describing the complexities of programming the
keyboard style of J. S. Bach and closely follows two examples by EMI. The
next section discusses the differences between the creation of an invention
and composition by EMI in more complex forms. This is followed by a
description of the machine composition of a Mozart sonata in three move-
ments. Then follow examples of a machine-composed Joplin rag and a
slow movement of a sonata in the style of Prokofiev. Non-Western musical
styles are the focus of the next section in this chapter. The music of Bali is
the subject of replication. Counterpoint and further examples complete
this chapter.

Chapter 6 demonstrates computer-assisted composition. EMI offers a
variety of interrupts and insertion nodes that allow users to have as much
access to the process of composition as they desire. Choices range from
automaton— in which the computer composes the entire piece —to com-
plete composer control, with many gradations between. Once defined and
characterized in a dictionary, a style may be injected into a work in any
proportion. Hence, new styles can be created by interlocking two or more
dictionaries. Two recent hybrid works from EMI are discussed in detail
from the compositional point of view and in the context of the linguistic—
musical style model. Also presented are algorithms that reflect the process
of original composition.

CONCLUSION

Strategies are compositional choices made within the possibilities estab-
lished by the rules of style. For any specific style there is a finite number of
rules, but there is an indefinite number of possible strategies for realizing or
instantiating such rules. And for any set of rules there are probably innu-
merable strategies that have never been instantiated. For this reason it seems
doubtful that styles are ever literally exhausted, as they are sometimes said
to be. (Meyer 1989, p. 20)

[ am a composer seduced into programming. I've heard all of the real
Mozart sonatas many times. What a treat to hear one I'd never heard
before! I hope the readers of this book will find the same kind of interest
in this project as 1 do: intrigue, joy, and a bit of fright. After all, no matter
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what your take on musical style imitation, remember that the machines
have had great teachers—the works of the great masters themselves.
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A BRIEF
BACKGROUND OF
AUTOMATED MUSIC
COMPOSITION

INTRODUCTION

Before describing my own work, it would be useful to
review some of the other events and discoveries that have preceded it.
This will place my own research in context and allow readers the oppor-
tunity to measure its relative significance.

A brief history of automated music composition could extend back to
the carillons of the medieval era or before. Barrel organs, player pianos,
and music boxes could also be included. However, such developments
should be considered related to performance; that is, the outcome of their
mechanical output is for the most part predictable. For the purposes of this
book, only those instruments, machines, or programs that create new
works qualify for inclusion. These are “automata” capable of creating orig-
inal music.
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HARDWARE

Among the most ancient “hardware” of composing instru-
ments, aeolian harps and wind chimes tenuously fall into the category of
“composers” since the outcome of their performance, in both cases, de-
pends on the direction and amount of wind that nature provides
unpredictably. Wind or aeolian bells have for centuries been a part of
many world cultures. Gunte is the Hindu term for bells, and they are found
adorning the temple roofs of many villages in India and Tibet. This is also
true for China (Edgerly 1942), where they are called ferng-ling. In Japan
they are the furin, and in Burma the khew hang from temple and cave
roofs alike.

Despite the fact that today aeolian harps are observed as musical nov-
elties, there have been periods when their production and use have been
prolific. King David’s kinnor, a wind-played lyre, supposedly sang at night
from the force of the north wind (Marcuse 1975). Saint Dunstan (d. 988)
was suspected of sorcery for having experimented with a “harp” that played
of its own accord when hung in the breeze (Buchner 1959). Giovanni
Battista Porta’s Magiae naturalis discussed the aeolian harp as a serious
musical instrument capable of wonderful sonorities and unexpected sounds
(Porta 1558). Athanasius Kircher (around 1650) designed elaborate wind-
performed instruments (Kircher 1646; Buchner 1959).

The eighteenth-century English poet James Thompson discussed the
aeolian harp, and the “ghostly sound of chords™ became a part of the lore.
Samuel Johnson (1700-1748) wrote in Castle of Indolence: “The God of
Winds drew Sounds of deep Delight: Whence, with just Cause, The Harp of
Aeolus it hight. Ah me! what Hand can touch the Strings so fine?” G. C.
Gattoni of Como, ltaly, created his armonica meteorologica in 1785. This
huge instrument, also called the arnpa gigantesca, had fifteen metal strings,
which Gattoni strung between his house and a nearby tower. The strings,
vibrated by the wind, supposedly forecast the weather as well as created
interesting sounds. In the eighteenth and nineteenth centuries the French
celebrated the harpe d’eole, their version of the aeolian harp. These and
other references are discussed in detail in Marcuse (1975).

The aeolian harp enjoyed special popularity in Europe during the Ro-
mantic period, particularly with builders like Longman and Broderip, William
Jones, and Clementi and Company in England and Heinrich Christoph
Koch and Friedrich Kaufmann in Germany (Buchner 1959). Kaufmann, of
Dresden, was one of the most famous builders of musical automata. An
entire book (Kastner 1856) was devoted to the construction and care of
aeolian harps.
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Variations of aeolian harps have been numerous through the ages. The
aeolian bow is such a case. Aeolian bows are typically constructed with
horsehair or rattan attached to bamboo, much as in traditional string
instrument bows. These then hum at different pitches. The instrument is
suspended from trees in Indonesia, swung from a performer’s hand in
Indonesia, Malaysia, and West Africa, and attached to kites in China, Korea,
Japan, Thailand, and certain parts of Indonesia. Some historians also claim
that musical arrows were at one time popular in China (Edgerly 1942).
These were tubular arrows that sang while flying through the air.

In Bali, there is the pinchakan, a bamboo rattle operated by the wind,
and the bulu parinda, large aeolian pipes hung from the tops of trees.
There is also the tradition of placing bamboo tubes along irrigation chan-
nels of terraced rice paddies so they would, when full, tip over and knock
against a rock. The sound of each tube would be tuned to a different pitch
of a scale so the farmer could immediately locate a blocked irrigation
channel by noticing an absent pitch in the scale. In Japan, the “deer scarer”
is 2 bamboo hydraulic, tipping when full and, according to tradition, scar-
ing the deer away. The use of bells on domestic herds of sheep and cattle
is ubiquitous.

The pealing of bells, known throughout Europe during the Gothic and
post-Gothic eras, also represents an example of automatic composition.
Special bells, rung by campanologists pulling ropes, create unpredictable
melodies based on gravity's effects on the bells’ swinging motions. Titles
of songs such as “Eight-Splice Surprise Major” (Schafer 1973) indicate the
nature of the results of the “calling of changes” during performance.

Other unusual automatic instruments include the gilded brass ball, a
sealed ball that when rolled created ever different music (described by
Bonanni 1722), and the sundari of Bali, an impressive aeolian flute that
works in the rice fields (see McPhee 1966). More recently, modern foun-
tain chimes, large hydraulic instruments created by many instrument
builders including Bernard and Frangois Baschet as well as Ward Harten-
stein, create new and varied music.

One of the first hints of machine composition came from mathemati-
cian Ada Lovelace around 1840. Her colleague Charles Babbage had invented
a “calculating engine,” now considered to be the precursor of the modern-
day computer, and she wrote: “Supposing, for instance, that the fundamental
relations of pitched sound in the signs of harmony and of musical com-
position were susceptible of such expression and adaptations, the engine
might compose elaborate and scientific pieces of music of any degree of
complexity or extent” (Bowles 1970, p. 4).

Communications expert Elisha Gray invented the “musical telegraph” in
1874. This single-octave keyboard device produced arbitrary music during
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telegraph communications as a by-product of Morse code letter represen-
tations. Each key was attached to a single-tone “transmitter,” which used
spring-loaded metal reeds to transform electricity into sound. Interest-
ingly, the device was polyphonic and anticipated telegraph multiplexers
(which transmit more than one signal simultaneously over a single wire).

One player piano composer does deserve mention in the category of
mechanical performance of formalized music: Conlon Nancarrow. Since
the late 1940s, he has “composed” a series of Studies for Player Piano,
many of which are the result of strict applications of mathematical formu-
lae (Cope 1989b). Many of those numbered in the thirties and forties take
the form of strict canonic realizations of mathematic proportions. These
are performed on one of his two player pianos in his Mexico City home.
Hence, there is a mechanical performance of a mechanically composed
work: an integrated musical automaton.

Mathematician Joseph Schillinger, whose major books (1948; 1978)
brought forth great controversy, developed schemata for composition of
new works by machines. His Rhythmicon (which was built by Leon Ther-
emin and composed and performed rhythmic patterns) and Musamaton
(his name for automatic instruments that varied extant music) were ex-
amples of his often complex mathematical theories, which were nonetheless
intended for the musically uninitiated.

Chance music, championed by John Cage and others since the early
1950s, especially when paired with the use of machines, is worthy of
mention here. Cage’s Reunion (completed in 1968), for example, is a work
performed (most notably) by Cage and Marcel Duchamp by playing chess.
The sounds were triggered for release to loudspeakers by special photo-
electric switches located in the chessboard. Cage's Cartridge Music
(completed in 1960) is another example of the rigorous application of a
formalism, in this case a score consisting of random overlays of various
sheets with abstract lines, circles, and dots (Cope 1989b). The translations
of these “scores” by performers using phonograph cartridges attached to
amplifiers represents a kind of automata. So does Charles Dodge’s Earth’s
Magnetic Field (completed in 1970), in which the computer musically
translates indices of change in the magnetic field of earth.

Steve Reich’s Pendulum Music (completed in 1968) is another example
of automatic music hardware. The work requires that microphones be
attached to the ends of long cables, which are in turn plugged into amplifier—
loudspeaker systems. The microphones are then hung from the ceiling of
the performance area, all at the same distance from the floor, and directly
above their associated speaker. They are set into motion when performers
pull back the cables and release them in unison. As the microphones pass
by their respective speakers, feedback is generated. This begins as short
bursts and then lengthens as the microphone pendulums lose energy.
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During the performance, the performers join the audience in watching
and listening to the work. Their only remaining duty is to unplug the
amplifiers in unison when the feedback becomes continuous.

Pauline Oliveros’s 7 of IV (completed in 1966) uses two tape recorders
and a single tape loop to create double feedback. The complex arrange-
ment creates reverberation in thick layers that continuously fold over one
another. Even though one can control the entering sound, the looping
system is so complex as to be completely unpredictable in its manipula-
tion of that sound. Many of Oliveros’s works, particularly from the 1960s
and 1970s, exist only in the form of diagrams of machines or machine
arrangements. Many other composers, such as Allen Strange (7he Music of
Dod, completed in 1977), Gordon Mumma (Hornpipe, completed in 1967)
and David Behrman (On the Other Ocean, completed in 1977), among
others, have created original machines that play seriously active roles in
the compositional process with their inventors (Cope 1989b).

Brian Eno has created many different devices that play and create au-
tomatically. He says: “Since I have always preferred making plans to
executing them, I have gravitated towards situations and systems that, once
set into operation, could create music with little or no intervention on my
part. That is to say, I tend towards the roles of planner and programmer,
and then become an audience to the results” (Holmes 1985, p. 143). Many
of his works are machines or machine setups themselves. Often, situations
are created where a kind of ambient music will continue indefinitely, all
created by the circumstance set in motion by Eno but then out of his
control.

Obviously, automatic music composition is best suited to the modern-
day computer and the synthesizers they can control. For the most part,
however, composers and programmers have tended toward the study of
pitch (tuning systems), timbre, and space rather than toward the actual
computer ordering of sounds as in composition. Certainly the creation of
new machines specifically designed as composers of music has not been
at the forefront of new designs of, say, computer-controlled synthesizers.
Most work has instead resulted in software.

SOFTWARE

The “software” of early automatic music may have origi-
nated with Pythagoras (circa 500 B.c.), who believed that music and
mathematics were not separate studies; an understanding of one was thought
to lead directly to the understanding of the other. He was the first known
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philosopher to propose a theory of a “music of the cosmos.” He believed
that the same mathematical laws governed the motions of heavenly bodies
of astronomy and the system of musical intervals he had discovered. Plato
agreed with Pythagoras’s views and, in the Republic (X, 617), gave birth to
the myth of the “music of the spheres,” in which, as Hippolytos has it,
“Pythagoras maintained that the universe sings and is constructed in ac-
cordance with harmony; and he was the first to reduce the motions of the
seven heavenly bodies to rhythm and song” (Murchie 1961, p. 67). Both
Plato and Pythagoras, however, took great liberty with their theories, and
they remain today more poetic than concrete.

Johannes Kepler’s “music of the spheres” (Kepler 1619) represents a
good example of music formally derived from non-human sources. Basing
his results on various transpositions of the (then) known planetary orbits,
Kepler calculated six new melodies, one of which was Earth: endless
repetitions of “mi, fa, mi.” Saturn (see Figure 1.1) was a short and low
pattern. While Kepler’s results fall far short of aesthetically pleasing music,
his belief in a universal harmony has continued to make an impact through
the centuries. It is his approach—the “automatic” production of music—
that is still of interest.

Gareth Loy (1989) points out the history of “formalisms,” such as Guido
d’Arezzo’s (eleventh century) production of musical lines from texts, and
identifies these formalisms as precursors of automatic music composition.
He also notes that fifteenth-century composers employed isorhythms and
isomelos, rhythmic and pitch structures of different lengths, in creating
their motets. Likewise, the acrostic use of the letters in names for notes (as
in BACH, the German notation for Bb—A-C-Bf) is a way of composing
automatically. While these are all relevant to some degree, the rigor of
automata is not seriously approached.

One of the first composing machines to produce actual results, built by
H. F. Olson and H. Belar in 1951, consisted of two random-number gen-
erators and a sound-generating system. Pitch and rhythm were controlled
by weighted probabilities during the composition process. Sawtooth wave
outputs completed the device, which predated standard synthesizers by
many years. Some of Olson and Belar’s first attempts involved biasing the
machine toward the style of Stephen Foster melodies through first-, second-,
and third-order frequency counts.

Most of the early work in automated music composition, however, was
accomplished by Lejaren Hiller in collaboration with Leonard Isaacson
(Hiller and Isaacson 1959). Hiller’s work led to programs written on the
[lliac computer and the composition of the Illiac Suite for String Quartet
in 1956. His program applied rules to lists of random numbers, with the
results printed in standard notation. The music ranged from monophonic
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FIGURE 1.1 Music for Saturn from Kepler's Harmonices mundi libri
V, 1619,

and four-part first-species counterpoint to highly random chromatic struc-
tures. Figure 1.2 describes Experiments Two and Three of the four produced.
Figure 1.3 gives the last four bars of the “random chromatic music” of
Experiment Three.

In the mid-1950s, Iannis Xenakis (1985) began working on mathemat-
ical techniques and developed computer programs based on these
processes. Works such as Metastasis (completed in 1954), Pithoprakta
(completed in 1956), and Achoripsis (completed in 1957) were based on
numeric calculations. Since his works centered on mathematical models,
they were often composed by machines. His writings (particularly Formal-
ized Music, 1971) are standard references for work relating to the early
developments of computer composition. He has used probability laws,
stochastics (a mathematical theory that develops predictability from laws
of probability), game theory, and Markov chains (left-to-right chains of
events in which new events are determined by the outcome of the choice
of its immediate predecessor) as formalized processes for composition.
Xenakis's music typically contains thick textures with many diverse ele-
ments sounding at once. Sometimes, as in Metastasis, where the textures
result from glissandi, techniques are limited to one or two effects. More
often, however, his computer programs will produce variations with ex-
treme contrasts.

Other experiments during this time included computer generation of
hymn tunes based on the statistical analyses of thirty-seven hymns. These
analyses were carried out by F. Brooks, A. Hopkins, P. Neumann, and W.
Wright (Hiller 1970). Their work required that some similarity be imposed
on each of the computer-generated tunes, such as that they all be in C
major, share a common meter, and end on a dotted half note. The process
included the generation of random integers, screening these integers ac-
cording to predetermined probabilities, and then running recursive
procedures for those integers requiring rewriting.

Robert Baker’s CSX-1 Study (completed in 1958) employed the MUSI-
COMP (short for music simulator interpreter for compositional proce-
dures) program at the University of Illinois. Baker and Hiller then collab-
orated in the creation of Computer Cantata. Completed in 1963, this
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Experiment Two: Four-part first-species counterpoint

Counterpoint rules were added successively to random white-note music as
follows:

a) Random white-note music

b) Skip-stepwise rule; no more than one successive repeat

¢) Opening C chord; cantus firmus begins and ends on C; cadence on C;
B—F tritone only in VII chord;
tritone resolves to C-E

d) Octave-range rule

e) Consonant harmonies only except for 6/4 chord

f) Dissonant melodic intervals (seconds, sevenths, tritones) forbidden

g) No parallel unisons, octaves, fifths

h) No parallel fourths, no 6/4 chords, no repeat of climax in highest voice

Experiment Three: Experimental music
Rhythm, dynamics, playing instructions, and simple chromatic writing

a) Basic rhythm, dynamics, and playing-instructions code

b) Random chromatic music

¢) Random chromatic music combined with modified rhythm, dynamics, and
playving-instructions code

d) Chromatic music controlled by an octave-range rule, a tritone-resolution
rule, and a skip-stepwise rule

e) Controlled chromatic music combined with modified rhythm, dynamics,
and playing-instructions code

f) Interval rows, tone rows, and restricted tone rows

FIGURE 1.2 Experiments Two and Three of the machine-
composed llliac Suite for String Quartet.

highly serialized composition employs various tempered tuning systems
(from nine to fifteen notes per octave) and is one of the more important
pioneering works of automated composition. The development of MUSI-
COMP and the subsequent DARMS (digital-alternate representation of
musical scores) at the University of Illinois made it one of the centers for
research in computer-generated music during the art’s formative years.

In 1963 Herbert Briin completed Sonoriferous Loops (for instrumental
ensemble and tape) using MUSICOMP. This work and his Non-Sequitur VI
(completed in 1966 for tape and ensemble) are based on various proba-
bility distributions entered as data into the computer. James Tenney's work
at Bell Laboratories produced a number of important works involving
computer composition, including Four Stochastic Studies (completed in
1962), Stochastic String Quartet (completed in 1963), and Dialogue (com-
pleted in 1963 ).

Around 1960, Pierre Barbaud (in collaboration with Roger Blanchard —
see Ames 1987) developed concepts of algorithmic composition working
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FIGURE 1.3 The final four bars of the “random chromatic music” of
Experiment Three of the llliac Suite for String Quartet

primarily with permutations of traditional tonal harmonies and twelve-
tone processes of random selection. During the next ten years Barbaud
worked to develop aesthetics that championed automated music compo-
sition (Barbaud 1966). Barbaud and Blanchard’s experiments produced an
orchestral work called Imprévisibles nouveautés-Algorithme 1.

John Myhill's Scherzo a Tre Voce (completed in 1965) utilized machine-
chosen and drawn-melodic contours to create an electronically produced
score. Myhill’s background in mathematics and philosophy led him to
create some of the earliest writings on the relationship of machines and
music cognition (Myhill 1979).

The use of computers to analyze musical style, aside from those already
mentioned, began to gather momentum in the mid- to late 1960s (Brook
1969). These include Arthur Mendel and Lewis Lockwood’s Princeton Project
(Lockwood 1970). Their work covered the musica ficta of (particularly)
Josquin des Prez (1440-1521). Jan LaRue used computer techniques at
New York University to describe stylistic characteristics of eighteenth-
century symphonies (LaRue 1967). He was able, for example, to discover
low pattern redundancy rates in the music of Joseph Haydn. Allen Forte
(1967) of Yale University has also used computers for style research, par-
ticularly in areas related to music theory (notably set theory). Edmund
Bowles writes prophetically:

One obvious result of such work is a more systematic and objective ap-
proach to the analysis of musical style, or content. The computer forces
more rigor on the workways of the scholar, at the same time providing the
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means for larger and thus more reliable data sampling. One has the feeling
that computerized content analysis will lead slowly to a more satisfactory
answer as to what style really is, at least in its quantitative sense. (Bowles
1970, p. 19)

Most style analysis during this period depended on statistical distributions
of various musical parameters. W. Fucks (1962) reported observing first-
order skip distributions (frequency versus pitch interval between successive
notes) that correlated exactly with the common practice period (1600 to
1900) and not in music before or after the time. Not too surprisingly, his
graphs for Bach and Beethoven correlated almost exactly with the norm,
while those for Webern did not. C. Bean (1961 ) made first-order frequency
counts of sonatas by Mozart, Beethoven, Paul Hindemith, and Alban Berg,
with the first three composers showing the most commonality. Bean treated
each note, regardless of duration, as a single entry in his count to produce
rates of information transformation.

The work of Nicholas Ruwet (see Roads 1985a) is particularly interest-
ing in its relation of music and language. His more recent analysis (Ruwet
1975) follows top-down processes and uses the approach that in order to
establish the correctness of a theory one should attempt to falsify it. Using
this technique, broad ideas are first proposed and then tested for their
validity rather than accumulating narrow ideas to create broad ones. Ru-
wet, a linguist, has gone so far as to propose generative grammars for the
creation of new music. He also promulgates the concept that actual sound
must be studied as well as the representation of sound in a score.

J.-J. Nattiez’s (1975) work is based on semiotics in music. He believes
that signs may be used in generative processes. He argues against, how-
ever, the use of transformational theory, as espoused by Noam Chomsky,
and disagrees with many notions paralleling Schenker’s (1933) theories
and those of Chomsky (1965).

James Gabura used computer analysis to make style comparisons, par-
ticularly with the music of Haydn, Mozart, and Beethoven. He found, for
example, that Haydn’s harmonies move faster than those of Mozart or
Beethoven. Gabura’s study and that of Robert Baker proved amazingly
close, even in large samples (Gabura 1965; Lidov and Gabura 1973, see
also Lefkoff 1967 and Broeckx and Landrieu 1972). Styles of non-Western
music were researched at the University of California at Los Angeles under
the leadership of Mantle Hood. Fredric Lieberman’s (1970) computer
study of Javanese gamelan music mentions the need for future study of
pattern recognition in the study of musical styles.

Composition using stochastic procedures continued during this period
without regard for studies of musical style. Gottfried Michael Koenig’s
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Project 2 (completed in 1969; see Roads 1985b), composed with the use of
non-stylistically based statistical procedures at the Institute of Sonology in
Utrecht in the Netherlands, is a significant example of automated music
composition of the late 1960s. His Ubung fiir Klavier (completed in 1970)
also uses these procedures effectively.

GROOVE (general real-time operations on voltage-controlled equip-
ment; see Mathews and Moore 1970) was created by Max Mathews and
Richard Moore in 1968. It provided Laurie Spiegel, among others, with
opportunities for exploration of partially automated composition. Her Patch-
work (completed in 1974) displays intriguing real-time aspects of computer-
assisted composition. “The program 1 wrote had all Bach's favorite
manipulations —retrograde, inversion, augmentation, diminution,
transposition—available on switches, knobs, pushbuttons and keys so that
I could manipulate the 4 simple melodic and 4 rhythmic patterns with
them in the same way that a player of an instrument manipulates individual
tones” (Spiegel, Laurie. Liner notes to The Expanding Universe. Philo
Records, No. 9003, 1980).

John Cage and Lejaren Hiller’s dynamic HPSCHD (completed in 1969)
was composed by a MUSICOMP subroutine called ICHING, which gener-
ates numbers from 1 to 64. The work, whose title is an abbreviation for
“harpsichord,” consists of algorithms that choose left- and right-hand pas-
sages from works by Mozart and other composers (Cage 1968). Computer-
produced lists of random numbers also define loudness and treble/bass
control for playback.

POD is an interactive or computer-assisted composition program de-
veloped by Barry Truax during 1972-73 at the Institute of Sonology, Utrecht,
and later at the Department of Communication Studies at Simon Fraser
University in Burnaby, Canada. It consists of a number of sub-programs
that are used for interactive composition and that utilize real-time synthe-
sis. The compositional model employed includes “sound object selection,”
“syntactic field specification,” “distribution algorithms,” and “performance
variables,” with the user attempting to establish a relationship between the
first two levels so that the “semantic level of operation is that of users
evaluating interim results and modifying the strategy for obtaining a sat-
isfactory goal structure” (Truax 1977). Variations of POD (including POD4,
PODS, POD6, and PODX) have introduced solutions to problems of real-
time operation and full-scale interactivity. POD is most successful in its
ability to be used by composers having diverse styles. It accomplishes this
goal by implementing levels of control applying to structural characteris-
tics of statistical distributions of sound. It allows one to define the role and
significance that initial strategies will have on resulting compositions. Heavy
doses of constraints produce fairly predictable results, while simple pro-
tocols result in surprises.
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Among others using composing grammars is Curtis Roads, whose TREE
and COTREE programs were developed from formal language theory
(1985a). TREE is a grammar-specification language for music, and COTREE
is an actual composing language. Roads has explained the programs this
way.

Compositional expressions coded in COTREE are compiled into a score
using the grammar specified with TREE. Both languages use a context-free
grammar augmented by control procedures. As an extension of the sequen-
tial languages used in formal language theory, the notion of parallel rewrite
rules is introduced in order to specify musically concurrent events. (Roads
1985a, pp. 426-7) '

Mapping from abstract syntactic forms generated by COTREE into lexicons
of sound objects is also possible,

David Levitt (1984) developed a jazz improviser program that included
harmonic, melodic, and thematic constraints and produced solos from
chord progressions. His program relied heavily on the normalization of
musical lines to harmonic consonance.

Charles Ames developed Cybernetic Composer for stylistic imitation of
various popular music types such as jazz, Latin jazz, and rock. Using a MIDI
interface, his program performs new compositions faithful to the conven-
tions of these styles. Ames also uses machines for composition in other
ways, both statistical and algorithmic, and his programs have created works
like Concurrence (for solo violin; completed in 1986) and Protocol (for
solo piano). Ames’s more recent Compose program (completed in 1989)
allows users to work with a variety of mathematical and linguistic tech-
niques including what he terms “Chomsky Sequences,” “Mandelbrot Chaos,”
“Markov Chains,” and “Poisson Distributions” (among others).

MORE RECENT PROGRAMS

With Cybernetic Composer and EMI (the subject of later
chapters), automated music composition has begun to develop analogs to
musical style. As can be seen by the numerous references to stochastic and
random in the foregoing description of the formative years of automated

music composition, its foundations often rested in music bereft of recog-
nizable style.
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In contrast to this, consider the work of Otto Laske, who has been one
of the major proponents of musical intelligence as related to computers
and cybernetics over the past few years (Laske 1973). He sums up his
current views when he states:

The question is: How can we transfer human musical expertise to a com-
puter and represent it within the machine? How can we construct musical
knowledge bases incrementally? How can we get the machine to explain its
musical reasoning to a human being? There is nothing peculiar about mu-
sical expertise that would force us to use different methods from those used
in artificial intelligence applications today to solve these very legitimate
problems. (Roads 1986)

Laske describes KEITH as a rule system that makes music-analytical dis-
coveries. He takes the view that a music analysis processor should develop
at least three representations of music: “what is heard” (sonological rep-
resentation), “what is understood” (music-analytical representation), and
“what is said” (linguistic or music-theoretical representation). He consid-
ers each of these stages as a computational component of the analytical
system, with each in turn the product of a sequential subset of those stages.
The first component, for example, consists of five separate levels. The
second computational component is a recursive control structure deter-
mining the sequence of tasks pursued by the processor. It consists of an
agenda, an interpreter, and a set of heuristic rules. The third computa-
tional component is less defined than the first two but includes
representations of instantiated concepts, an utterance builder, a sentence
and paragraph builder, an analysis editor, and the ultimate theory of the
analyzed work(s). This results in the form of a printed verbal accounting
of the program’s understanding of the work under analysis. To date, KEITH
stands as a concept rather than a fulfilled program; the author states that it
“would require several man-years” to complete it. However, the approach
is thorough and realizable, and its ultimate implementation could prove
quite valuable for the front end of a musical style generator.

There is a composing “program,” currently commercially available (see
Mozart listing in the Bibliography), based on a sixty-four bar “musical dice
game” (Musikalisches Wiirfelspiel), which is generally attributed to Mozart
(K. Anh. 294d, 1787), although some question his authorship. Johann P.
Kirnberger and Joseph Haydn, among others, also constructed such mu-
sical parlor games. This eighteenth-century practice is called ars
combinatoria (combinatorial art—see Ratner 1970 and 1980). Interest-
ingly, D. A. Caplin first experimented with the Musikalisches Wiirfelspiel in
the mid-1950s in a program written for the Ferranti Mark computer.
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Hiller (1970) notes that this ranks it as among the earlier attempts at
computer composition. Mozart is the name of the latest version of the
program (Meier 1984). The music in Mozart is organized in independent
two-bar sub-phrases marked A, B, C, D, E, or F as in Figure 1.4a (Mozart’s
original had accompaniment as well). The monophonic two-bar sub-
phrases can be arranged in any manner. This is accomplished by throwing
a die. Each number on the die is assigned to one of the two-bar sub-
phrases; throwing a number selects the associated sub-phrase. Another
throw of the die chooses one of the remaining sub-phrases, and the pro-
cess continues until all six sub-phrases have been arranged. Any selection
of the given measures will produce a viable combination.

Figure 1.4b is a newly composed version (form: A C D B F E) that 1
created using a die. The range of the new organization works effectively
(no connective leaps larger than a fifth) and follows typical tonal con-
straints. Figure 1.4c is less satisfactory (form: E A D C F B). Here the
opening seems more of an ending and is quite contrary to tradition.
Interestingly, the sequence of bars 3—4 and bars 5—6 is very musical. In
Figure 1.4d, the rearrangement is more effective (form: B D F A C E) but
still unbalanced according to interval connections (i.e., the abnormally
wide leap between the end of bar 6 and bar 7).

This rather simple program, while performed mostly for amusement,
presents some interesting principles that, if more elegantly addressed,
could serve as the basis for a moderately effective composing program
such as that used by John Cage and Lejaren Hiller in the creation of their
composition HPSCHD. One foregone conclusion of any program built
along these lines is the knowledge that arrangement of a composer’s work
will surely result in an alteration of some of the elements of that compos-
er’s style.

Another commercially available program combines elements of differ-
ent works in order to achieve new possibilities. Conceived by Yaakov
Kirschen (1989) and called Music Creator, this software stores the chords,
melodies (pitch), and rhythms of familiar works. Three works, X, Y, and Z,
are chosen. “Composing” in essence involves applying Z’s rhythm, for
example, to Y’s melody, and this combination is then draped over X's
chords. Other permutations of these variables are possible. The program
transposes the raelody if necessary to fit with the new harmonies. If one
chooses the same work for all three variables, the work is unaffected by
the process and the output is the same as the input. Because the compo-
sition is explicit (i.e., nothing random in the process), the same choices
always create exactly the same results. Different permutations of the same
variables, however, produce significantly different music. Style occasion-
ally survives the process, though more typically it is lost amid the sudden
changes that occur.
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FIGURE 1.4 The melody of Mozart's Musikalisches Wiirfelspiel (a)
and three correct new versions of it (b-d).
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The Music Creator software seems most interesting when mixing mu-
sical styles. Choosing, for example, works by Chopin, Bach, and a
contemporary rock group may produce surprisingly musical results. When
successful, the program blends the music into new styles. At its worst,
Music Creator “composes” nonsensical pastiches. Of the first commercially
available programs, Music Creator is one of the first to deal explicitly with
problems of musical style.

Though the principal aim of this book is to cover EMI, a rules-based
system, the potential of neural networks (see Dolson 1989; Gjerdingen
1989; and Scarborough, Miller, and Jones 1989) must at least be addressed.
Neural networks, often called parallel distributed processing or connec-
tionist modeling, may be defined as non-linear hardware or programs that
reinforce and diminish connections among internal nodes by how suc-
cessfully they contribute to matches of recursively fed data. By sweeping
(often hundreds of times) through a neural net, a set of data (which could
be musical representations) is “learned.” While this is a simple explanation
of a very complex phenomenon, it does make the important point that
neural nets operate somewhat differently than (or as extensions of)
constraint-method programming. Current research suggests that with
enough melodies a net might, for example, replicate new works in the
style of learned music.

Jamshed Bharucha has proposed a connectionist model of harmony
where “each event in a musical sequence activates tone units and activa-
tion spreads via connecting links to parent chord units and then to parent
key units” (Bharucha 1987, p. 1). Peter Todd has developed networks that
create new melodies out of what he terms “composition by plan manip-
ulation” (Todd 1988 and 1989). This involves the network producing new
tone sequences based on perceived regularities in previously learned
sequences. Performance considerations of neural nets are the focus of
Barry Vercoe and Marvin Minsky’s work at MIT’s Media Laboratory. Here,
learned accompaniments follow every nuance of tempo indicated by hu-
man performers connected to the net via contact microphones.

The future of musical neural nets appears bright as of this writing. While
little actual music has been produced, and that which has is simplistic and
generally uninteresting, the connectionist concept is elegant and espe-
cially suited to music as concrete musical data can so easily be represented
by linear number sequences.

Employing more linear aspects of computer technology, Kemal Ebcio-
glu (1987) used predicate calculus to develop some 350 rules governing
the voice-leading requirements of Bach chorales. The harmonizations have
great similarity to those of Bach but (obviously) without the convincing
exceptions to the rule. Ebcioglu’s program employs “backtracking,” a
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process that allows for voices facing deadends to retrace their steps and
make alternate choices for more correct alignments with their counter-
parts (see also Schottstaedt 1989).

Tommaso Bolognesi works principally with automatic composition in-
volving self-similar music. His algorithms generate a variety of spectra
from regulated fractals (based on Benoit Mandelbrot's studies—see Dodge
and Bahn 1986) to noise and polyphonic Lévy-Flight music (multidimen-
sional random motions in acoustic space). His work also incorporates a
variety of somewhat elegant stochastics designed purposefully to avoid
embedding any kind of formalized musical grammar in the compositional
process. While obviously very different from my research that follows in
this chapter, Bolognesi’'s work, with its attendant factor of noise, holds
interest for those interested in forced computational accidents (Bolognesi
1983).

S. R Holtzman uses a Generative Grammar Definition Language (GGDL)
to describe unambiguous and formal rules for music composition. His
program uses Chomsky rewrite rules (0-3) and a hierarchical set of rules
that operate at macro-, micro- and note levels. A composer using the GGDL
approach becomes a selector of material rather than its generator: “De-
signs may also be checked for logical (i.e., functional) consistency. In
music, efficiency is not a primary criterion for design or composition. Nor
can the correctness of the logic of a musical language be objectively eval-
uated. In music there is no right or wrong. Some music just sounds better”
(Holtzman 1981, p. 63).

Marc Leman’s approach to the cognitive study of music relies heavily on
symbolic/subsymbolic processing and DHN systems (Dynamic Hierarchi-
cal Networks). This latter approach can be identified as a listener’s
experience of non-verbal units (of some kind) correlated with this listen-
er’s state of musical knowledge prior to the experience. DHN systems are
also self-adaptive and thus provide an attractive way to develop fully in-
dependent replicative programs. Leman’s is an adaptive rather than separatist
approach. Rules and intuitive deduction networks need not act indepen-
dently but in concert. The rules network models itself on the actual
processing of the human brain, and the intuitive deduction network con-
centrates on how the human brain processes. Leman does not consider the
differences between them to be trivial (Leman 1989).

Fred Lerdahl and Ray Jackendoff (1983) make a strong case for a deep
parallel between music and language. In particular, they postulate the
importance of “time-span reduction” (pitch hierarchy) and “prosodic struc-
ture” (temporal importance of pitch and harmony). Their theories are not
wholly innovative, borrowing from Schenker (“prolongation”) in music
and Chomsky (“transformational grammar”) in linguistics. However, the
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manner in which they credibly relate their research to the musical expe-
rience on the one hand and cognitive science on the other provides a
formidable framework for understanding the analyses they present and for
further research.

Stephen Smoliar’s (1980) work with computer analysis of music using
the hierarchical techniques of Heinrich Schenker is particularly relevant to
the use of transformational grammars in music. His work develops tech-
niques for computer-assisted analysis, particularly of tonal music. His
statistical approach to style analysis, though only briefly explored in print,
appears useful and pertinent to both traditional and contemporary music
theory.

The history of automated music composition deserves far more than the
space allotted here. The reader is encouraged to pursue further research
through readings provided in the bibliography (see especially Lincoln
1970; Ames 1987; and Loy 1989 for overviews).

AN INTRODUCTION TO EXPERIMENTS [N
MUSICAL ITINTELLIGENRTCE (EMI)

EMI was conceived in 1981 as the direct result of a com-
poser’s block. Feeling I needed a composing partner, I turned to computers
for assistance, believing that computational procedures would cure my
block. Since random processes did not fit my aesthetic, I also began study-
ing musical style.

In order to accomplish this task, I first built a generator that would
follow certain very specific protocol routines in ordering context-free
symbols. 1 used the artificial intelligence language LISP and followed a
strictly Classical tonal model. The actual generation initiated hierarchical
processes whereby each phrase began as a single symbol (the most im-
portant) and then incrementally grew by a fleshing out (“top-down” in
computer terminology) of phrase structures. This process, a separate but
related issue and hence not discussed here in depth, was termed non-
linear composition. In 1985, the work Out from This Breathing Earth was
completed. The music from this work in Figure 1.5 is chromatic, obviously
based on motivic generation of ideas, but lacks coherence and serious
evidence of my style.

I next built a dictionary consisting of representations for harmonic
chords and melodic notes of Bach. These representations were then re-
ordered into correct but different arrangements. In simple terms, explicit
meanings (semantics) were provided to each of the symbols, which were
previously limited only by order (syntax). This created an expression or
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FIGURE 1.5 First and seventh movements of Out from This
Breathing Earth by Experiments in Musical Intelligence (EMI).

interpretation of the correctly generated symbols and ultimately rough
surface detail (grammar). Enough of the early Baroque qualities of motor-
rhythm, part-writing, and so forth, were factored into the process in order
to flavor the musical examples. Within a few weeks, the computers at EMI
were producing generic compositions of the period. Often convincingly
Bach-like, they indicated that the process had worked but that simplistic
dictionaries would have to be extended and honed before improved rep-
lication could take place.

I then took the identical rules base that had produced believable Ba-
roque music, created a Bartok dictionary, applied it to the rules base, and
“generated” a composition. The music that emerged through the sampler
at EMI unmistakably displayed the stamp of the Hungarian composer’s
style. The simple Bartdk dictionary, even with the-Bach rules base, pro-
vided enough information for the parsi?,de{ice to create convincing
replications of Bartok’s stylistic genre, if ot of his music itself.
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FIGURE 1.6 Initial machine-composed examples of |.S. Bach (a),
Ludwig van Beethoven (b), Johannes Brahms (c), and Béla Bartok (d).

In 1986, the development of MIDI (Musical Instrument Digital Inter-
face) provided opportunity to code complete works into my computer’s
memory in a compact and logical manner. By August 1987 [ was able to
derive short replications of Mozart and other composers. I presented the
first works at the International Computer Music Conference at the Univer-
sity of Illinois (Cope 1987a). Figure 1.6 shows the short beginnings of
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these works, which exemplify machine-composed imitations of Bach,
Beethoven, Brahms, and Bartok.

Around this time I also began overlaying pattern-matched images of
works, and EMI completed its first full work in a definable style—a Bach
invention. In 1988, the first published magazine articles appeared in Com-
puter Music Journal (Cope 1987b) and Al Expert (Cope 1988a). EMI then
completed a Kyrie in the style of Palestrina and a complete EMI Mozart
sonata for solo piano. I have presented this work at various conferences
(Cope 1988b; 1989a; and 1990).

The EMI system on which the examples for this book were composed
follows the layout as shown in Figure 1.7 (Cope 1991a and 1991b). Two
Macintosh computers are required for the operation of the studio. To the
right, a Mac II composes works. They are then printed out in numeric code
or “mailed” through a local area network (LAN) to a Mac Plus,
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where works are performed. 1 have found that dedicating separate com-
puters to composition or performance has the advantage that input-—
output (I/0O) remains stable. That is, in such a system it is never necessary
to switch connections or rearrange ports. The sampler (my choice over
synthesizers since they produce “real” sounds) then outputs to a stereo
system or a digital recorder.
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MUSICAL STY
REPRESENTATIONS

MUSICAL STYLE

Empirical definitions of style seem not to exist. Dickinson

(1965) is a massive attempt to refine the basic definition of musical style.
Unfortunately, his definition is so vague as to be useless: “Style is the
reflection of the individual essence of a work of art which gives it its
identity. This identity is the result of a distinctive conjunction of compo-
nents, coupled with distinctive emphasis among the components” (p. 3).
Another recent definition provides narrower guidelines but still does not
help us much: “Style is a replication or patterning, whether in human
behavior or in the artifacts produced by human behavior, that results from
a series of choices made within some set of constraints” (Meyer 1989, p. 3).
Composer Arnold Schoenberg is dubious about the possibilities of de-
fining style. “Since changes of style in the arts do not always mean
development, it might be extremely difficult to establish criteria which
remain valid in every period of art. But the futility of evaluation deriving
from external criteria remains evident throughout the centuries” (Schoen-
berg 1975, p. 183). Barry Brook comments that “style analysis is in its
infancy in the field of musicology. We have much to learn from the tech-
niques and procedures developed in other disciplines and perhaps,

27
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especially because of music’s abstract nature, something unique to offer in
return” (Brook 1969, p. 296).

Apparently, the diversity of styles and definitions of style across the
whole of music history make the concept too broad to codify. However,
the problem a programmer faces is that a concise and lucid definition is
required to program a computer to replicate musical styles. It must tran-
scend the multiple views provided by various historical contexts,
perspectives, and resources (Pelinski 1986). Style must be quantifiable or
it cannot be transcribed to code.

Classical music analysis provides a static model of structure, but func-
tional representations of chords and melodic indications of motive reticu-
lation (commonplace approaches to analysis in many universities) give
little insight into musical style. Schenkerian layer techniques, while demon-
strating hierarchical structure, obliterate many of the stylistically mean-
ingful attributes of music by stripping away surface material, much of
which is critical to evaluation of style (Schenker 1933; Pancharoen 1985).

Of the few rigorous attempts dedicated to delving into the question of
style, the work of Guido Adler (1911), Jan LaRue (1967; 1970; 1981), and
Leonard Meyer (1989) stands out. LaRue’s Guidelines for Style Analysis
outlines the SHMRG approach, which is based on sound, harmony, mel-
ody, and rhythm (as contributing elements) and growth (as a combining
element). LaRue also outlines a parallel between language and music based
on the model of “syntax-grammar-words” as logical metaphors for “tonality-
progressions-chords” (LaRue 1981).

LaRue also considers style analysis as a process originating from the
macro-perspective: “The approach to a piece may be likened to the ap-
proach of a figure from a distance. Inside a distant blur we first distinguish
a head and other parts of the body; then we see eyes in the head; and only
at close quarters can we observe the color of the eyes. Similarly for style
analysis, the general shape of the piece comes first: we must recognize
articulations that define the parts, large and small, before we can trace the
progress of ideas and the sources of movement” (LaRue 1970, p. 224). In
the work presented later in this volume, I will argue that the converse is
the case: The large and small parts must be identified and assembled
before the progress of the work can be identified.

Many analysts seek alternative methods. Linguistic parallels, such as
studies in context-free grammar, have provoked serious attempts to relate
music to language. If these prove viable, they could profoundly alter the
theoretical framework of the last century’s analytical practices (see Laske
1975; Lidov and Gabura 1973; Winograd 1968). Composers, including my-
self, have also sought to develop artificially intelligent processes that could
not function without high-speed computational power. The combination
(unavailable until recently) of digital technologies with linguistic theory
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holds significant potential for understanding musical style and creat-
ing music.

Interestingly, one of the most eloquent proponents of linguistic analysis
of music and musical style was Leonard Bernstein (1976). In a series of six
lectures given at Harvard (Norton Lectures of 1973), he pointed out that

in fact, it has been authoritatively suggested that the main reason a serious
theory of musical syntax has been so slow to develop is the refusal of music
theorists to recognize repetition as the key factor. 1 think it was Nicholas
Ruwet [see discussion in Chapter 1], a distinguished musicologist as well as
linguist, who proposed this suggestion. And his argument grows out of a
proposition by Roman Jakobson, the great linguistic thinker and one of
Chomsky's most influential teachers. Jakobson, speaking of poetry, said (and
I reduce this quote): “It is only ... by the regular reiteration of equivalent
units that poetry provides an experience of time ... comparable to that of
musical time.” Now that would seem a gross oversimplification, especially if
he is referring to the regular reiteration of metrical units. Da-d4, da-da,
da-da, da-dd hardly produces poetry; it's more like doggerel. But the mo-
ment we apply to that mechanical regularity the processes of transformation
and variation, we immediately see what he's getting at. (Bernstein 1976,

p. 147)

Bernstein's lectures, while deficient in documentation, are amazingly
insightful (and influential, as they were widely heard on records and seen
on television and on video tape).

Following linguistic procedures as one alternative to traditional models
leads one to concepts of musical “verbs,” “nouns,” and other lexical com-
ponents. Resolution of a dominant seventh to tonic, for example, may be
analogized as a simple “verb-object” motion, the object coming as a con-
sequence of the verb’s action, like the tonic coming as a consequence of
the dominant motion. This linguistic analogy represents information intu-
itively available to audiences and metaphorically documents their
experience. It is not that musical notes have exact definitions as do words
but that they have grammatical counterparts. Rhythm, timbre, articulation,
dynamics, envelope, and other musical components also have linguistic
parallels.

Knopoff and Hutchinson (1983; 1987) have worked extensively on sta-
tistically dissecting the various parameters of musical style, particularly
pitch frequencies. They then break the pitch counts into probability curves
for the works of certain tonal composers. Their definition, in contrast to
that of Dickinson given earlier, emphasizes the statistical analysis of broader
characteristics rather than the relative weights of individual elements.
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The perspective of the interpreter can sometimes obscure the study
of style.

It is no exaggeration to say that many of the current methods of studying
musical style reveal as much about their authors as about the music being
examined. ... We know a good deal about Riemann’s attitudes, or Gombo-
si’'s, or Schenker’s, but really very little about those of Beethoven, Obrecht,
or Tchaikowsky. To one degree or another, each of these scholars—and
their names are only representative —has allowed a personal belief to color
his interpretations, often to the point of obscuring the innate intentions of
the composers. (Salop 1971, pp. 17-18)

The work presented later in this volume attempts to avoid the problem
of personal bias of the interpreter by building up the analysis of style
directly from the works. For any work that can be represented as pitches
and durations, the style of the work, to the extent that it is codified in
pitches and durations, can be replicated.

Book-length treatises and broad definitions of musical style do not,
however, help much in creating computer programs for the replication of
musical styles. Having reviewed all of this conjecture, it is clear that some
form of definition must be rendered before progressing to a codification
of it in the form of computer code. For the purposes of this book, then,
“musical style” will mean: the identifiable characteristics of a composer’s
music which are recognizably similar from one work to another. These
include, but are not limited to, pitch and duration (the principal elements .
discussed in this book), timbre, dynamics, and nuance. As well, these
elements together constitute grammars perceived on many levels, for in-
stance, as melody, harmony, and counterpoint, which themselves join into
introductions, motives, transitions, modulations, and cadences. Combina-
tions of these elements constitute style when they appear repeatedly in
two or more works,

TONALITY AND HARMONIC FUNCTION

Vincent D’Indy (Apel 1962, p. 752) described tonality as
“the ensemble of musical phenomena which human understanding is able
to appreciate by direct comparison with a constant element—the tonic.”
This focuses on two important elements of tonality. First, it refers to the
“ensemble” of musical pitches and chords that typically relate in terms of
major and minor keys. Second, it alludes to the functions that these “phe-
nomena” have in relation to the key name pitch and chord (called “tonic”
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NP VP

Ar N Ad V

FIGURE 2.1 A diagrammatic representation of the parsing of a
sentence into its constituent language parts.

by theorists). Hence, in C major we have an ensemble of notes (C-D-E-
F-G—-A-B-[C]), which is major, and we have the tonic base—the tonic
note C and the tonic chord (triad) C-E-G—to which all the notes relate.

Parsing

Parsing, a technique used in language study, is quite help-
ful in demonstrating function in music. In language study parsing provides
diagrammatic description of the relationship between sentence parts. Fig-
ure 2.1 gives a straightforward example of this with a sentence (S) broken
into two basic parts—a noun phrase (NP) and a verb phrase (VP). The
noun phrase is further broken into an article (Ar) plus a noun (N), and the
verb phrase is broken into an adverb (Ad) plus a verb (V).

Compared with the ensemble of notes listed above, parsing a scale
provides a more intricate suggestion of the interplay between various
components. Figure 2.2 gives one possible way to analyze the notes of a
C-major scale. In this diagram, the direction and order of branching has
symbolic meaning. Vertical lines show principal functions. Therefore, the
C—F-G in the middle row of the chart are the more important pitches of
the scale. As well, the location at which an angled line joins a vertical line
indicates whether the pitch has ancillary function (higher) or prolongs the
main function (lower). Hence, in this analysis, A (which often substitutes
for “tonic” C in deceptive cadences) is an ancillary function to C, while E
extends the tonic function. Finally the direction of the principal line (the



32 COMPUTERS AND MUSICAL STYLE

FIGURE 22 A parse of the C-major scale.

longest) points at the phrase designation (here, C, the name of the scale).
Thus, what appears as a simple parsing is actually a complex differentiation
of subtle relationships and subrelationships.

Tonal Functions

In order to lay the groundwork for later chapters, it is
necessary to examine a musical example in some detail at this juncture.
Those readers who are familiar with music theory may find this material
easy going.

Ultimately the tonic (C in the key of C major), dominant (G in the key
of C major), and subdominant (F in the key of C major) are the principal
actors in tonal music. Other notes either in the key (diatonic) or out
(chromatic) all tend to belong to one of those major centers (see Figure
2.2) and can be described as either resolving toward or extending them.
Hence the phrase C-D-C-B-G-C in the key of C major could be de-
scribed as simply tonic to dominant twice with a resolution to tonic at the
end. Knowing that notes of a key represent phenomena beyond iteration
and gravitate naturally to other notes is critically important to the under-
standing of tonality.

The top line in Figure 2.3 aptly demonstrates these attributes. All of the
notes of a D-major scale (D-E-F§—G-A-B-C#—[D]) are presented at one
time or another, with D taking a lead role as the first principal downbeat
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FIGURE 2.3 Bars 13-17 of Mozart's Piano Sonata No. 6,
K. 284, final movement.

and the last note of the phrase. Singing or playing the phrase proves the
strength and solidarity of D as the tonic of the phrase, a role to which all
other notes relate in various ways. Some of the notes, such as scale pas-
sages, seem to extend ideas, while others (e.g., the upbeat As and the E
before the final tonic) appear to anticipate or prepare pitches that then
arrive.

Some refer to this process as “expectation and fulfillment.” Tonality
allows composers to utilize these known structures for desired results.
Mozart embraces tonal resources here, providing the tonic when expected
and using other functions (to be described in more detail later) as prep-
arations and extensions of the principal tonic. These tonal techniques are
not Mozart's alone but belong to the immense reservoir available to most
tonal composers throughout history.

When we consider the full texture in Figure 2.3, the added harmonic
component fleshes out the chordal implications of the theme. The rolling
Alberti bass outlines chords in typical early Classical style. The D—F#-A of
both the first and last chords solidifies the D-major context already implied
by the key signature and the melodic line alone. Blocking the chords, as in
the bottom half of Figure 2.4, helps to clarify their identity. The resulting
abstracted harmonic progression could have been used by virtually thou-
sands of composers. It is common for keys and key functions to have
standard progressions.

One of the most important aspects of tonal music is that chords and
pitches have different weights and relationships. As mentioned, these are
typically defined as functions. Knowing only how to read music and hear
individual notes and chords without their inherent function is a bit like
knowing about the earth and sun but not their critical orbital relationships.
Missing is the knowledge of how eclipses occur and the consequent ap-
preciation and predictability thereof. In music, function incorporates the
same kind of pivotal notion of gravity and positioning so important to
evaluating structure.
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FIGURE 2.4 A harmonic parsing of the theme in Figure 2.3.

The SPEAC System

The SPEAC system, which I developed in 1985 (Cope
1987), is based on ideas, derived from Schenker, that will be discussed in
more detail below. It provides another level of abstraction for describing
the logical motions of musical notes, harmonies, and motives (groups of
notes and harmonies). SPEAC is an acronym with each element described
as follows.

The first and most obvious structural role that a chord or melodic idea
can represent is statement. Notes simply exist “as is” with nothing ex-
pected beyond iteration. For the purposes of this book, statements will be
identified by the symbol S. Statements don't exist as a result of other
activity. They also typically occur near the beginning of musical passages
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rather than the middle or end. The first chord in Figure 2.4 represents a
good example of S.

Statements can be prefaced or lengthened, here called preparation
(P) and extension (E), respectively, or both. Preparations modify the mean-
ings of statements or other identifiers by standing ahead of them without
being independent. Extensions may follow any identifier other than an-
other extension or a preparation. In Figure 2.4, measure 3 is a good
example of preparation, and the second half of measure 2 is typical of
extension. In both cases, the chord sets in each measure have two notes in
common. In measure 3, the initial chord prepares the second since the
latter is built on the fifth scale degree (A; the relationship between the first
and fifth degrees of the scale is more important than other relationships).
In measure 2, the second chord extends the more important initial tonic
function.

Antecedents (R) cause a significant implication and require resolution.
They typically demand a consequent (C). Consequents are often the same
chords or melodic fragments as found in S. However, they have different
implications, the result of a demand for consequence from an antecedent
motion. Consider the last two chords of Figure 2.4. This “dominant to
tonic” relationship is the strongest in tonal music. So strong is the domi-
nant seventh chord that many find it difficult to hear it performed alone
without the subsequent resolution to the tonic function.

Each of these five identifiers (SPEAC) relates to one another in pre-
scribed ways. A work cannot begin with a C, for example, since a consequent
requires a defined antecedent prior to its occurrence. Likewise, P, by
definition, can’t end a work. There are many such restrictions. Herein lies
an important concept that will play an important role later in this book.
Constraints are better presented as lists of desired results rather than as lists
of rules of what should not take place. In most situations, the number of
undesirable procedures far outnumbers the desired. Expressing the latter
almost always guarantees more elegant results.

All of this parsing has language equivalents. “I am going to the store!”
for example, could easily be represented as S A P C. “I” is a statement.
The phrase “am going” sets up a query about where and represents an
antecedent requiring (or at least permitting) the consequent “store.” The
preparatory “to the” simply connects the parts of the sentence with the
appropriate grammatical niceties. “I go store” or § A C would commu-
nicate the information almost as accurately but less elegantly. The word
store alone is almost sufficient for saying “I am going to the store,” proving
the C value of this English-language equivalent of musical patterns. As will
be seen later on, the method based on ATN (augmented transition net-
works) to create the surface translation of language from these repre-
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sentations (e.g., “I” instead of “he,” “she,” “it,” “Bill,” etc.) can also ofter
extraordinary benefits to music composition.

For now, a short analysis of a Mozart phrase will suffice. S E P A C
P A C, the parsing shown in Figure 2.4, describes the Mozart phrase
shown in Figure 2.3. The preparations (P) and antecedents (A) are in the
proper ordering with the consequents (C) a result of the antecedents (B).
The extension (E) of the initial statement extends it appropriately. One can
also see a hierarchy evolving from this ordering. Since preparations and
extensions embellish, they can be defined as less critical to the real struc-
ture of the phrase. Hence, as will be discussed later in the chapter, parsing
can be a useful tool for the further abstraction of the structural role of the
phrase itself. |

The function of a C-E—G chord changes depending on key. In C major
this chord is tonic, while in F major it is dominant. This is similar to
language, in which words can have more than one definition. Also, a
C-E-G chord has different functions even in the same key. For example,
as the initiator of a phrase it can be a statement, S, while in a cadence it
becomes a consequent, C. This too has language parallels—nouns can be
subjects in one location and objects in another. Thus, while functions
provide insight into surface detail, the SPEAC system in music analysis
shows the deeper meaning of the functions.

In Figure 2.4, the Mozart theme has been analyzed (a la the language
model) above the staff, and traditional chord symbols (for music theorists)
appear below the staff. At the surface level (the lowest level of the parsing
diagram), a statement is initially extended. Then two antecedent—
consequent actions are elaborated by preparations. The first of these actions,
chords 3 through 5, also represents an antecedent of the final, more
cadential progression. That is, the second action is stronger in that it ends
the phrase and the cadence chord lasts longer. Hence, on a higher hier-
archical level, the theme may be analyzed as S B C, represented by the
three main branches of the tree in the middle of the parsing diagram.

Analysis using chis kind of process strips away stylistic surface detail
while at the same time it demonstrates the basic structure of that detail.
Since this phrase exists out of context (i.e., not shown preceding or fol-
lowing another), it could be designated hierarchically as an S phrase.
Common terminology for this process delineates foreground, middle-
ground, and background, with the first describing the notes themselves,
the second the initial processes of abstraction and separation of more
important implications, and the latter referring only to the final level of
entire phrases and works.

For those not wishing to depend on generic descriptions of protocol
and succession rules of SPEAC, Figure 2.5 describes what can follow what.
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CURRENT CAN BE FOLLOWED BY
S PIE. A
P 5. A, €
E AT
A B
C 58, B A

FIGURE 2.5 Succession rules of the SPEAC abstractions.

Identifiers that follow themselves simply combine to avoid repetition.
Substructures shown in preceding paragraphs follow this protocol exactly.

Hierarchical Analysis

Schenkerian analysis, hierarchical and functional by na-
ture, follows roughly these same principles. Heinrich Schenker (1868-
1935) demonstrated that music could be understood on three principal
levels: foreground, middleground, and background. His analytical ap-
proach involved the revealing of each level as one approached a work’s
Ursatz (kernel or fundamental structure). This included a stripping away
of elaborations, modifications, or transformations of the foreground through
a unique notation that could demonstrate that non-consecutive elements
can resolve or extend foreground elements.

Schenker’s theories about tonal music have remained controversial since
they became more universally known in the 1950s and 1960s. Theorists
argue that the very act of removing surface detail to show middle- and
background levels strips away the fabric of the music. This very act, some
believe, implies that some parts of the music are more important than
others and that, while this may be true, such decisions are aesthetic and
personal and not subject to deterministic analysis.

While Schenker’s theories (and the relevant controversies) are far too
elaborate to present in full here, it is important to articulate their relevance
to discussions of computers and musical style. Top-down and bottom-
up concepts have a very significant impact in programming. Schenker’s
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theories present a detailed bottom-up approach to musical analysis that
parallels significantly, when seen in reverse, top-down programming. In
other words, the order in which analysis strips away during its attempt to
reveal a work’s Ursatz can be seen as a retrograde of the order of the
COmposing process.

For the purposes of what I feel is critical to the understanding of Schen-
ker’'s work in the replication of musical styles, the issue of “importance”
must be put to rest. For EMI, the hierarchical approach to analysis and
composition in no way reflects on a parameter’s importance to a given
piece of music. First of all, implying relative importance of various aspects
of foreground (actual music) of a work would belie the fact that compos-
ers vary in the valuation they themselves give these parameters. More
important, however, importance varies completely on one’s point of view.
If the purpose of analysis is to discover generic voice leading, then trills
and arpeggiation are relatively unimportant. If, however, your reason for
analysis is to discover variations in articulation in performance practice,
then these areas are crucial.

The step-by-step reduction of a Bach chorale from foreground to back-
ground is shown in Figure 2.6 and demonstrates the property of
prolongation. This reduction is based on one done by Felix Salzer (Salzer
1962). Here, embellishing chords and harmonies that tend simply to ex-
tend the basic function of a primary chord (I IV V) are systematically
removed during the analytical process in order to reveal the basic struc-
ture of a progression. In the notational system, a notehead with a stem is
more important than one without. Each successive level, surface (top) to
background (bottom), strips away material on the basis of (1) its embel-
lishing nature as in the first three beats of measure 1 (a passing dominant),
(2) its weak functionality as in the G-major triad in the key of A minor, or
(3) its prolonging nature as in the material separating the downbeat of the
first and third measures. The concept of destination is extremely important
as evidenced by the intact cadence and absence of much of the expository
part of the double phrase at the deepest level of analysis.

Computers respond quite effectively using these types of representa-
tions, progressions, and hierarchies. Rules about identifier ordering can
be efficiently described in code. Using these representations, especially
the hierarchical model, can be very useful in composing as well.

Form

One way to describe tonal form parallels that of realism
in the visual arts. It would be hard to imagine a painter beginning in the
upper left-hand corner of a canvas and working slowly across the painting
to the lower right. On the contrary, an artist usually sketches a rough
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FIGURE 2.6 A Schenkerian analysis of |. S. Bach's Chorale No. 23
based on that of Felix Salzer (1962).
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58 G C

FIGURE 2.7 A parse of a large-scale form. The letters indicate
major keys.

charcoal image that describes generally the object to be painted. This is
analogous to the assignment of a tonal form before one begins a musical
work. At no time does the painter or tonal composer lose sight of the
overall thrust or object of the work at hand. Every stroke of the brush,
every note from the pen, must fit appropriately into that hierarchically
highest conception.

Musical form is then best defined as the highest levels of hierarchy in
which a work (or movement) can be described. In tonal music, in which
as we have seen function plays a principal role, hierarchy follows the
general structure of keys, which are defined by the final cadences of a
work’s main sections. Parsing according to these concepts reveals a great
deal about the larger-scale implications of surface detail. Figure 2.7 dem-
onstrates a three-part structure via previously described means. The note
names refer to keys: G major acts as a large-scale extension of or prepa-
ration for C major, and the entire structure is said to be in C major. If this
structure were used in a standard composition, the material in the first and
third sections would likely be much the same, and the G-major section
would contrast in some way, though how much and in what ways vary with
the composer and the length of the piece. Generally speaking, the shorter
the work the more the inner section resembles the initial material. The
final cadence of the third section would also likely be more final than that
of the first section in order to complete the work rather than just the
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section. The final cadence of the middle section serves as both the tonic of
that section and as the dominant leading to the returning material.

Figure 2.8 follows this structure exactly. The opening theme (first eight
bars) holds completely to C major. The second section (beginning bar 9)
is in G major (note the Fis) and contrasts with the opening section by
transferring the previous left-hand motion to the right and placing the
theme itself in the lower voice. The implied G-major triad at the end of bar
16 serves as a concluding chord to the middle section but moves as well
as a dominant back to C major. The final section is exactly like the opening
one except for two small but important changes. The A at the end of bar
22 in the right hand and the G on the second beat of the last bar in the left
hand are also significant. The A provides just that much more incentive for
the last downward movement of the theme toward tonic. The G gives the
full dominant-to-tonic cadence that was not found in the use of B on the
second beat of bar 8 and thus gives a kind of finality necessary for the end
of the work.

Tonal music is fraught with such subtle but critical details. Even though
they appear as simple foreground or surface material, they are dictated by
the formal structure of the work and only make sense in the discovery of
tonal hierarchy present in the form of the work. Figure 2.9 shows the
layered complexity of such a structure, beginning with the top level (the
statement of the work) down to the surface detail of the first bar of the
work.

After the antecedent—consequent qualities of the three major sections
are listed, only the structure of the first limb of each tree is explored,
simply because of spatial constraints. Nonetheless, the tonal nature of each
section and sub-section is apparent. The antecedent—consequent quality of
the first two bars (level 2) is topped by the antecedent—consequent quality
of the first four bars (level 3), leading in turn to the antecedent-
consequent quality of the first eight bars (level 4), and so forth. And, most
important, all of this detail can be heard and richly understood by the
knowledgeable and experienced tonal listener. Upon analysis, a seemingly
simple piano piece can be rendered into a quite complex and deep mu-
sical statement. Those aware of the implications of surface details are
treated to a special encounter.

Melody

Once one is aware of the hierarchy of embedded struc-
ture, the foreground of melody and rhythm can be approached with clarity.
These “phenomena,” as D’Indy would call them, follow basic tonal prin-
ciples that generally apply to the combined output of numerous composers
over many centuries. They embody: (1) stepwise motion for the most part;
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FIGURE 2.8 Schumann's Trdllerliedchen from his Album for the
Young (Opus 68), which follows the schematic of Figure 2.7.



MUSICAL STYLE REPRESENTATIONS

Level 6 S
- S A
4 A, c A
3 A C
2 A 3
| S A
CEG GBD ACG GBD
0
] . = F -
9 |
n i 1
{GEs e o=

43

FIGURE 2.9 Layered complexities from a top-down perspective.
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(2) compensation of skips by smaller motions in the opposite direction;
(3) one or more of the notes per beat agreeing with harmony explicit or
implied (typically chords I, IV, or V of the key, due to their harmonic
strength). The two melodies examined thus far in the book exemplify
these generic rules. Fifty-eight percent of Figure 2.3 and 78 percent of
Figure 2.8 are stepwise (or repeated notes), with all but five of the leaps
compensated for. Chord tones abound in both figures: Figure 2.3 allows
for more non-chord tones due to the fact that it contains more notes per
beat in the harmonic rhythm. That is, in Figure 2.3 there are four eighth
notes per harmonic rhythmic beat, whereas in Figure 2.8 there are two
eighth notes per harmonic rhythmic beat. Figure 2.8 is built almost en-
tirely from chord tones, and the basic harmonic rhythm is assumed to be
one chord per quarter note.

Furthermore, tonal melodies usually begin and end on tonic or dom-
inant chord members to ensure proper preparation and cadence. The
Mozart melody begins on its lowest note (dominant) and climaxes on its
highest (tonic), revolving all the while around the tonic at the beginning
of the first measure. The Schumann melody falls within the principal
interval of a fifth (C-G), with the opening E as pivot for the passage.

Tonal melodies are often generated, either consciously or subcon-
sciously, from one or more motives (gestures less than a phrase long).
These typically fall so naturally into the logic of the line as not to be
distinguishable. Motives are varied by transposition (different levels of the
scale), by inversion (intervals in the opposite direction), and by extension
Or truncation.

The motives of the Mozart melody (Figure 2.3) tend to fall into two
categories —step (scale) or leap. However, realizing that such a diagnosis
could be attributed to any piece in music history suggests care in not
abusing the motivic approach to analysis. The scales in the second half of
measures 2 and 3, however, are distinctive and rate as variations of one
another. The two gestures beginning on beats 1 and 2 in measure 4
likewise deserve mention.

The Schumann melody (Figure 2.8) is so scalar that only direction and
rhythm allow the motives to be recognized. Here the first two bars con-
vincingly present an antecedent motive, to which the ensuing two bars, of
a skip-step nature, act as consequent. The melodic change in the final bar
provides the aforementioned cadential quality necessary to tonally close
the passage.

Within all of this discussion of the generic quality of tonal melodies lies
the first real insight into the personal and stylistic quality of certain mo-
tives. Composers of tonal music often found certain melodic motives of
more interest than others and used these extensively in more than one
work. Consider the five examples in Figure 2.10. All come at cadence
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FIGURE 2.10 Five cadential patterns taken from Mozart piano
sonatas. a) No. 6, K. 284 (1775), second movement, m. 91.

b) No

. 10, K. 330 (1778), second movement, mm. 27-28.

c) No. 10, K. 330 (1778), third movement, mm. |5-16,

d) No
e) No

. 16, K. 545 (1788), second movement, mm. |5-16.
. 17, K. 547a (1788), first movement, mm. |81-82.

points in major keys. All are by Mozart, though at various times in his
career (1775 to 1788). The first two are most similar by virtue of their
intervallically identical sixteenth-note introductory patterns, The latter three
are variants of one another, each beginning with a minor second and then
skipping down a minor triad. Each is in different keys, employs slightly
different rhythms, and has varying lengths and textures. And yet the con-
tour, interval content, and placement all contribute to recognition on the

listener’s part.

Looking back at the first melody example in Figure 2.3 and examining
the cadential figure leads one to the realization that in the final notes of a
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very simple tonal melody lies a characteristic signal of the melody’s com-
poser. His signature (see definition below) is neatly hidden in the fabric of
routine tonal garb—the last six notes of the melody. The rhythm is varied
and the key different (though major), but the recognizable contour none-
theless betrays the unmistakable identity of Mozart.

A signature is a set of contiguous intervals (i.e., exempt from key dif-
ferences) found in more than one work by the same composer. Signatures
typically contain two to nine notes melodically and more if combined with
harmonies. They are generally divorced from rhythm, though rhythmic
ratios often remain intact. Signatures are work-independent. They do not
sound as if they come from a certain work of a composer but rather from
the style of a composer (or a group of composers). One good example of
this would be the Landini cadence, a particularly obvious example from
the fourteenth century. This cadence incorporates the melodic movement
of the sixth scale degree out to the octave and has such a distinguishing
sound as to be unmistakable.

Another example of a signature would be Mozart’s (and other compos-
ers of his time) use of a lower chromatic pitch resolving upward by a
half-step. Figure 2.11 gives four examples of its use. In each case the
appoggiatura is chromatic and provides varying degree of dissonance to
the harmonic accompaniment. In Figure 2.11a, the F§ in the final bar,
along with its resolution (G), is the non-harmonic tone signature. In Fig-
ure 2.11b, the notes C§, D#, G# and F} in successive bars of the example
are all versions of the same signature. The downbeats in Figure 2.11c
demonstrate a use of the signature as they do in bars 16 and 18 of Figure
2.11d. Mozart’s music abounds with rhythmically different versions of this
signature, and while other composers may use it, it helps listeners (espe-
cially when heard with other signatures) to identify Mozart as the composer
of the work.

Leonard Meyer (1989) calls the use of patterns (ubiquitous in a period
of musical history or particular to a given style) as strategic play. His
mention of the terms stock and formula tend to indicate that for him, at
least, what has been called signatures herein is a relatively minor compo-
nent in the larger definition of musical style itself. He remarks: “Both from
the rule-governed melodic, harmonic, and metric relationships and from
repeated encourters with this specific figure, the competent listener knows
(though perhaps tacitly) this is a pattern that customarily closes a phrase,
section, or movement” (p. 26). While the attention Meyer pays this concept
is small, the insight is significant, given the lack of attention other sources
pay it.

“The organic development of art requires masters who hold the bridle
taut in their hands. A truly individual style is found among those pillar
figures across music history whose individual personality is strong enough
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From Mozart's a) Piano Concerto No. 2|, K. 467
(1785), second movement, mm. 2—4. b) Sonata No. |, K. 279

(1774), first movement, mm. 5-8. c) Symphony No. 40, K. 550
(1788), second movement, mm. 71-79. d) Sonata No. 8, K. 31|
(1777), first movement, mm. |5~18.
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FIGURE 2.11 continued.

to express itself inside the very stylistic limits of an artistic genre that they
themselves have respected.” Thus wrote Guido Alder in 1911 in his much
heralded book on musical style. More simply put—personal style, if it is
strong enough, rises from a larger set of constraints imposed by the music
of the time. Strength is interpreted here to mean “signature.”

Texture and Counterpoint

As one begins to move away from the generic indicators
of tonal music toward those that afford composer choice and hence tend
to contribute to style, depth of texture and degree of counterpoint become
significant. Even a quick glance through a book of Mozart sonatas, for
example, will verify that his textures rarely exceed three simultaneously
sounding voices with often only one or two notes sounding at a time.
Textures vary from phrase to phrase but rarely within a phrase itself,
except at cadence points to enhance the quality or finality of a closure.,

On the other hand, Schumann often has six or more voices in texture,
with changes occurring rarely except between entire sections. Knowing
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both the texture of a composer’s style as well as the frequency of variation
can be an effective aid in discovering style.

The degree of counterpoint present in a style can also indicate its com-
poser. On the one hand, contrapuntal extremes such as formal fugues, chordal
works of pure homophony, or both are somewhat rare. On the other hand,
the level of imitation of melodic voices found in bass lines can indicate the
styles of but a few tonal composers. Mozart, for example, while lean in
texture, rarely imitates melodic lines in the bottom line, relegating the
bass to various ostinati or traditional early Classical repeating motives.
Schumann, however, as seen by his work from Album for the Young
(Figure 2.8), doubles the melody in the bass line throughout. While this
imitation occurs simultaneously with the statement in the upper voice, it
does suggest contrapuntal techniques beyond tonal clichés.

Mozart is content to vary inherited ostinati, as seen in the examples in
Figure 2.12 from 1774 to 1788. In each case, Mozart has used basically the
same motive for his accompaniment. Obviously, since each example comes
from a different work, they are not based on any local theme. At the same
time, Mozart varies the motive in rhythm, duration, and interval content so
that one is subtly surprised by the alterations. This ostinato is used by
many other composers including Mozart's early teacher Franz Joseph Haydn.
None, however, puts it into so many different guises as does Mozart. It is
the art of pushing the ostinato into variation, not its simple presence, that
is Mozart’s gift and indicator of his style.

In contrast, Schumann’s imitative counterpoint abounds throughout his
music. In the example in Figure 2.13, the opening motive occurs in suc-
cessive additions of voices. The imitation is very apparent in the left hand
here, even though the rhythm and pitches are not exactly the same as in
the melody given in the right hand at the beginning of the example. The
last cadence ends with a three-note Classic-Romantic signature in the bass
voice. One finds this omnipresent in the music of tonal composers from
the early seventeenth to late nineteenth centuries as another device to
help ensure that the final cadences present more closure than similar
internal ones. The texture and counterpoint of this example contrast with
those of Mozart shown previously.

Studying the basic context provided by Classical tonal music and the
harmonic and hierarchically formal frames it provides highlights the hid-
den characteristics of various composers’ styles. Melodic signatures, textural
differences, and subtle elements of counterpoint all contribute to a differ-
entiation of one composer from another. These revelations also provide
clear ways of representing these characteristics in the body of a computer
language and a system of computational representations, which are the
subject of ensuing chapters. :
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FIGURE 2.12 Variations of a signature from works by Mozart.

a) Piano Sonata No. 5, K. 283 (1774), third movement, m. |23.

b) Piano Sonata No. 6, K. 284 (1775), first movement, m. 88

c¢) Piano Sonata No. 7, K. 309 (1777), first movement, mm. 33-34.
d) Piano Sonata No. 10, K. 330 (1778), third movement, m. 131,
e) Piano Sonata No. |3, K 333 (1778), third movement, m. 24.

f) Piano Concerto No. 23, K. 488 (1786), first movement, m. | 14.
g) Piano Sonata No. |6, K. 545 (1788), first movement, m. |3.

h) Piano Sonata No. 17, K. 547a (1788), first movement, m. 27.
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FIGURE 2.12 continued.

Generating Hierarchies

Composing phrases of language or music is quite differ-
ent from analyzing them. Finding form in works of art, be they stories or
compositions, is not difficult. The reverse, that of putting it there in the first
place, even if one reverses the same analytical process used to decipher a
work, is not at all a simple matter. Choosing a proper sequence of nouns,
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FIGURE 2.13 From Schumann's Album for the Young
("Kleiner Morgenwanderer").

verbs, and other word types and then randomly substituting words of that
type generally produces gibberish, as in “noun-verb-noun” and “horse-
grabs-sky,” for example.

Consider the brief paragraph in Figure 2.14a. These four sentences
represent perfectly generated examples of word types. Protocols of what
types of words can precede and follow each other (succession rules) have
been adhered to exactly. Unfortunately, there is little meaning to any of the
generations; there is no flesh, just the skeleton of a language. Machines,
however, work very efficiently with this aspect of grammar. If we employ
and ascribe rules to only a few word types, programming logical functions
that produce absolutely correct sentences from representations (i.e., noun,
verb, adverb, etc.) is routine.

For machines to translate such generations into meaningful paragraphs
requires less trivial programs. The programmer can make arbitrary initial
choices that force more and more constraints into play. Initial choices fall
on particularly important word types and not on “adjectives,” “preposi-
tions,” or “articles.” These latter word types are less material to the meaning
of the paragraph, and the selections can depend on which “nouns,” “verbs,”
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Proper-noun-possessive adjective noun adverb verb preposition article noun.
Pronoun adjective noun adverb verb preposition article noun. Article adjective
noun verb adverb. Proper-noun verb preposition article adjective noun.

a.

Bill’s adjective noun adverb verb preposition article noun. Pronoun adjective
noun adverb verb preposition article noun. Article adjective noun verb adverb.
Bill verb preposition article adjective noun.

b.

Bill's adjective cat adverb verb preposition article noun. Her adjective noun
adverb verb preposition article noun. Article adjective noun verb adverb. Bill
verb preposition article adjective noun.

C.

Bill’s adjective cat adverb ran preposition article noun. Her adjective noun
adverb clawed preposition article noun. Article adjective noun loosened
adverb. Bill laughed preposition article adjective noun,

d.

Bill's adjective cat furiously ran preposition article twine. Her adjective paw
anxiously clawed preposition article ball. Article adjective noun loosened
immediately. Bill laughed preposition article adjective noun.

e.

Bill's feisty cat furiously ran to the twine. Her furry paw anxiously
clawed at the ball. The yellow string loosened immediately. Bill

laughed at the amusing sight.
f.

FIGURE 2.14 a) An example of proper syntax. b) Arbitrary
incipient choice of Bill as a major character. c¢) The addition of
cat as the second major character. d) The addition of verbs.
e) The addition of adverbs. f) A complete translation of the
preceding parsed syntax.

and “adverbs™ are chosen. The adjectives, prepositions, and articles can
be filled in, therefore, when the nouns, verbs, and adverbs have been
selected. ,

For example, the paragraph in Figure 2.14b is exactly like the first,
except that the “proper-noun” Bill has been chosen randomly as the name
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Tonic (noun? solid, fundamental, cadential)
Supertonic (pronoun? predominant)
Mediant (adjective? part of the tonic family)
Subdominant (adverb? predominant)
Dominant (verb? requiring resolution)
Submediant (article? postmediant)
Leading-tone (preposition? pretonic)

FIGURE 2.15 Possible linguistic equivalents of diatonic chord
representations.

of a major character of the text. The other proper-noun present in
the paragraph immediately reverts to the same name. This process is
non-linear: That is, the first Bill specified could have been the one in the
last sentence, forcing the “possessive” form recursively into the first
sentence.

Now the program can choose other important word types. By adding
cat as the second major character in the paragraph, a gender choice has
been made at the beginning of the second sentence (Figure 2.14c¢). When
we add verbs the meaning of the paragraph begins to emerge: “laughed”,
“ran,” and “clawed” surface as extremely important descriptions of action
(Figure 2.14d). Adverbs, though less important than verbs, add yet another
dimension (Figure 2.14e). The final preposition now has to be at because
one laughs at things. And, while many possibilities exist for the first ad-
jective, the choice has only surface importance. Figure 2.14f shows the
final “translation.”

Tonal music has developed theoretical representations comparable to
those of language. The diatonic chord representations (tonic, supertonic,
etc.) are called functions and exist as scale degrees (C, D, etc., in C major)
and as chords built on these scale degrees. In tonal music, the order of
these notes and especially chords is very important. Succession rules, very
similar to the language model, work effectively in generating correct ar-
rangements. Figure 2.15 shows the diatonic chord representations (successive
triads completely within the given key, beginning with the first note of the
key) and their comparisons to language. While very subjective, these are
meant to give the reader some indication of their grammatical parallel.
Figure 2.16 shows a full musical paragraph.

Looking at music in this way is not new. A number of theorists (see
LaRue 1967; Lerdahl and Jackendoff 1983; Roads 1986; Longuet-Higgins
1987, Longuet-Higgins and Lisle 1989; Baroni 1983) have noted similarities
in parsing models and generally applied the principles of grammar to
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Tonic mediant subdominant dominant tonic. Supertonic subdominant dominant
submediant dominant tonic. Leading tone tonic subdominant supertonic
dominant tonic. Mediant submediant subdominant dominant tonic,

FIGURE 2.16 An example of proper musical (tonal) syntax.
Periods represent cadence points.

music. Following the same methodology of non-linear and recursive trans-
lation leads to the results, parallel to that of language, shown in Figure
2.17a. Again, arbitrary initial choices lead to an ever-increasing level of
constraints.,

In some ways, by choosing the key of C, almost all of the remaining
choices are predefined since each function is tied to a particular scale
degree and an associated diatonic triad. Thankfully, inversion (stacking the
notes of a chord in a different order) and substitution (adding another
pitch such as a seventh) allow a variety of choices for a given representa-
tion. Figure 2.17b shows how substitutions provide variety: Different varieties
of dominant chords allow for creative manipulation of translation. In the
next to the last cadence, the leading tone functions as a dominant. A final
run in Figure 2.17c shows the completed musical generation. Note how
the full dominant seventh chord has been saved for the penultimate func-
tion of the fourth phrase. This exemplifies the effects of the non-linear
approach—the final cadence is more substantial because from the outset
its importance to the small work was known.

There are further important reasons that this approach becomes critical
to machine composition. First, parsing extracts the rules of protocol for
chord functions. Generating new musical material from correctly derived
parsings guarantees that new compositions will follow the correct succes-
sions in the original music. This ensures that the process will not be a
simple wandering process of creation often found in “rules only” pro-
grams. Second, chord abstractions, as with word representations, are
hierarchical. Important functional decisions are made first, with less im-
portant choices saved for last. The compositional process moves smoothly
from a logical ordering of tonics and dominants to mediants and subme-
diants. Each generation in Figure 2.17 is a further translation of the
progression above it. Finally, generating sections from previously gener-
ated movements, rather than just phrases (musical sentences), allows for
formal hierarchy and for chord-to-chord relationships to be composed. A
chord inversion, appropriate at the end of a second phrase, for example,
would be unacceptable at the end of a section. '
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(C-E-G) mediant subdominant dominant (C-E-G). Supertonic subdominant
dominant submediant dominant (E-G-C). Leading tone (C-E-G) subdominant
supertonic dominant (C-E-G). Mediant submediant subdominant dominant (C-
E-G).

(C-E-G) mediant subdominant (G-B-D)(C-E-G). Supertonic subdominant (B-
D-G) submediant (G-B-D) (E-G-C). Leading tone (C-E-G) subdominant
supertonic (B-D-F) (C-E-G). Mediant submediant subdominant (G-B-D-F) (C-
E-G).

(C-E-G) (E-G-B) (F-A-C) (G-B-D) (C-E-G). (F-A-C-D) (F-A-C) (B-D-G) (A-
C-E) (G-B-D) (E-G-C). (D-B-F) (C-E-G) (A-C-F) (D-F-A-C) (B-D-F) (C-E-
G). (E-G-B) (A-C-E) (F-A-C) (G-B-D-F) (C-E-G).

C.

FIGURE 2.17 a) Arbitrary initial choice of C-E-G as a main chord
of the syntax. b) Further realization of the syntax. c) A full-scale
surface.

Formal development entails correctly generating complete phrases from
sections of a work. For example, imagine the progressions shown in Fig-
ure 2.18. The first instance represents a work with three major sections
that have the properties of the harmonic functions shown. The vertical
lines indicate that the representation below is a legal substitution for the
single function immediately above. Hence, the second line, “(dominant
tonic),” is an expansion of “tonic” in the first line. By virtue of ending with
a tonic, this second line is a good generation of a “tonic” substitution. The
third line shows a phrase ending with the typical tonal antecedent “dom-
inant,” which demonstrates how it correctly substitutes for the “dominant”
chord in line two. This is then translated into actual notes.

This process assures that every level of the compositional process re-
sults not in wandering chords but in a fleshing out of very important
functional relationships. Hence, every level verifies every other level by
validating elements of macro cadences and implicit antecedent—
consequent motion. This reverse Schenker approach (i.e., compositional
rather than analytical) seems especially natural, musical, and logical. Com-
putational composition seems particularly well suited to the inherent logic
of this approach.
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(tonic dominant tonic)

|

" } et
(dominant tonic)

I : : . e 1
(tonic mediant subdominant dominant)

e sy sl

(C-E-G) (E-G-B) (F-A-C) (G-B-D)

FIGURE 2.18 Formal generation of harmonic functions.

Thus, as in the generation of grammatical structures, the machine may
start from a simple plot and then, by expanding through correctly imple-
mented generation, can create a full, final translation, every element of
which corresponds to the initial inspiration and, while arbitrary, seems
dictated or inevitable at the time of performance.

Augmented Transition Networks (ATNs)

Augmented transition networks (ATNs) help vary output
and generate extended examples of natural language processing. ATNs
were crystallized and popularized by William Woods (1970) of Harvard
and were based on previous work by (in particular) Bobrow and Fraser
(1969). Since then, the ATN formalism has been widely used (Bolc 1983;
McTear 1987 ) for question-answering systems, speech-processing systems,
language-generation systems, modeling learning, and even for processing
visual information. It has also become one of the standard tools of com-
putational linguistics (Johnson 1983). ATNs have been used to implement
many functioning natural language systems (Pereira and Warren 1980).
Referring to the power of ATNs, Christaller and Metzing remark:

Here was a formalism of the same power as a transformational grammar, as
a means of characterising sentence structures and structural relationships,
but one whose operational claims could be clearly stated, and which, in
addition, provided a “surface grammar,” i.e. provided a means of obtaining
a sentence surface structure from the given input string. (Christaller and
Metzing 1983, p. 44)

A “transition network” consists of interconnecting states that end sub-
phrases of sentences, initiate correct new phrase sub-sections, or do both.
Transition networks are initiated at the sentence level, with each sub-level
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(sub-phrase) structure generated until word representation occurs. The
SPEAC system (discussed earlier in this chapter) is one example of a
transition network, if one imagines its succession rules as the nodal junc-
tures between sub-phrases and word representations. Augmenting such a
network (to achieve ATN) involves recursion through transition networks
such that logical variations and extensions of the material can be gener-
ated. In the first case (variation), different sentences that say basically the
same thing can be produced for variety. In the second case (extensions),
sentences initiate the production of paragraphs, paragraphs initiate the
production of sections, and so forth.

Stepping though an example should prove helpful. A sentence analyz-
ing algorithm is shown in Figure 2.19 (after McTear 1987). The first (top)
level of Figure 2.19 is a left-to-right representation of a sentence composed
of two phrases: a noun phrase and a verb phrase. The notations “S;,” “S;”
and “Sg,,;" represent nodes that end a preceding action (e.g., “Seek Noun
Phrase” preceding “S,”) and initiate a new action (e.g., “Seek Verb Phrase”
following “S;”). The second representation —“Noun Phrase (NP)”—is one
possible expansion of the first section of the top sentence. The purpose
here is to evolve word representations (e.g., “Article”) or further phrases
already or yet to be defined. The recursive loop in “NP,” shows an optional
adjective modifying the “Noun” in the “NP” being developed. The “jump”
between “NP,” and “NPg,.,;” indicates that the “Prepositional Phrase” may
be deleted, the opposite of the recursive adjective just discussed. The third
and fourth representations (i.e., “Verb Phrase [VP]" and “Prepositional
Phrase [PP]”) should be self-explanatory, following these same principles.
It should be noted that the definition of the final “Noun Phrase” can be
found already described in the representation “NP” two levels above it.

Figure 2.20 shows a simple dictionary that can be used to construct
actual sentences, using the approach shown in Figure 2.19. This simple
dictionary allows a number of alternative structures to be generated. For
example, while a noun phrase must consist of an article and a noun, many
can be written: “a man,” “the man,” and so forth. In addition, according to
our definition in Figure 2.19, it may or may not have an adjective or a
prepositional phrase (e.g., “the little man” or “the man in the park”).

Using the information of Figures 2.19 and 2.20 could produce, for
example, the following: “The man saw the little white mouse in the park.”
New sentences that mean the same thing but say it differently can also be
created: “A man saw the little white mouse”; “The man saw a mouse”; “A
man saw the little mouse in a park”; “A man saw the white mouse.” Each
of these variants is achievable through instructions at the nodal points (the
circles) in the diagrams of Figure 2.19. These nodal points determine the
possible situations in which a subsequent generation can be skipped (i.e.,
“jump”) or elaborated upon (e.g., “adjective”).
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SEEK NOUN PHRASE SEEK VERB PHRASE

wmas () ) ©

SEEK PREPOSITIONAL
ARTICLE NOUN PHRASE

NOUN
PHRASE
(NP)

ADJECTIVE

SEEK PREPOSITIONAL
VERB SEEK NOUN PHRASE PHRASE

VERB
PHRASE

(VP)

PREPOSITION - SEEK NOUN PHRASE

PREPOSITIONAL
PHRASE (PP)

FIGURE 2.19 Phrase structure rules.
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Dictionary

the article (AR)

q article (AR)
man Noun (N)
mouse Noun (N)

park Noun (N)

little Adjective (ADJ)
white Adjective (ADJ)
saw Verb (V)

in Preposition (P)

FIGURE 220 A simple dictionary based on the grammar of
Figure 2.19.

Recursing through the syntax expansions of Figure 2.19 while remem-
bering the current states of the nodes allows for the production of new
material as well. For example, “The man saw the little white mouse in the
park. The little white mouse saw the man in the park” extends the material
in meaningful and useful ways. Obviously, with this tiny dictionary, one is
not able to take this example much further. However, using an ATN with
more complicated syntax and extended dictionaries can promote the cre-
ation of more interesting and developed text.

The diagram in Figure 2.21 is a bit more complicated. It demonstrates
how, with very little information, interesting new generations from very
little material can take place. The structure operates from left to right, with
free choices listed above and below the central nodes. Choices dependent
on circumstance are forced when sequences above and below the center
line are not joined by a common node. In this case, once a choice has been
made, it must be adhered to until another common (to both lower and
upper regions) nodal point has been reached. Hence, the choice of “sym-
phony” leads directly to composers of symphonies and the choice of
“‘opera” to composers of operas. The choice of “song” and “aria” also leads
to “sing” instead of “play.” While in Figure 2.14 the component elements
are fixed, in Figure 2.21 these elements may be expanded or contracted by
the use of conditional code at each node.

Figure 2.22 shows how similar constructs with musical note patterns
can generate legitimate phrase structures in music. Following roughly the
same design as the language ATN algorithm, the musical version produces
logical phrases (see Figure 2.23) with style relevance (in this case Mozart).
The ATN follows metrical constraints (} on top, 3 below) as a parallel to
the type shown in the previous linguistic generation. Since signatures are
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of various sizes that are not necessarily convenient for metric placement,
the version (top in Figure 2.22) is skewed in that the cadential signatures
have three beats. However, the results in the final cadence of Figure 2.23b
survive the anomaly, as is typically the case when using signatures. Note
that space limitations have prevented the inclusion of the accompaniments
to any but the signatures of the examples in Figure 2.22. Interestingly,
accompaniments may be separated from their melodic counterparts and
stored by function for later use with other melodies requiring accompa-
niments of the same function. This can provide for further ATN variation.

Obviously, the transitions in Figure 2.23 are rough (although they can
be smoothed by a deeper ATN). However, the language metaphor holds,
despite the triviality of the results (from both examples of ATN). With
proper selection of elemental representations (i.e., nouns = tonics) and
careful coding of appropriate local semantics, the same program that pro-
duces sentences can produce music. As Curtis Roads points out:

Augmented Transition Network (ATN) grammars are equivalent in genera-
tive power to Chomsky's transformational grammar. In the ATN paradigm,
the grammar is represented as a finite-state automaton with recursion, The
advantage of ATN grammars is that several types of nodes within the autom-
aton allow very flexible parsing or generating behavior to be implemented.

For example, certain nodes of the automaton may represent conditional
tests which must be passed before proceeding on to the next structure-
generating node. Other nodes operate on already-generated tree structures.
Hence, the ATN formalism allows transformational operations to be embed-
ded in the parse without the need for a separate transformational component.
Finally, ATN grammars allow branches to arbitrary . . . code, providing more-
or-less unrestricted computational possibilities.

An ATN grammar is not just a conceptual model. . .. Although the ATN
model has been widely used in natural language processing, it has not yet
been adapted for any musical purpose. (Roads 1986, p. 21)

Arnold Salop, however, points out the dangers of such an approach:

It is very clear ... that music consists of something more than a series of
isolated evocative effects. Suppose that all of the effects contained in a
Beethoven sonata were presented, but in some kind of random order, Let us
say that a tape recording of the sonata could be cut into foot-long segments,
the segments thrown into the air, and then the whole reassembled in what-
ever order the segments fell to the ground. Almost certainly such a patchwork
opus would lose a great deal of the sense of coherent meaning so obvious
in the original version. (Salop 1971, pp. 19-20) s
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"by Beethoven™

"by Haydn™

“concerto’” “by Mozart.

“beautiful”

"by Bellini"

ARTICLE/ ADJECTIVE SUBJECT/NOUN PREPOSITIONAL
PRONOUN PHRASE

FIGURE 2.21 Diagrammatic expression of a language ATN,
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Ywas easy
to play”

"and’

“was hard to sing”

“was a
breeze to
sing”’

VERB PHRASE CONJUNCTION ADJECTIVE/ADVERB PHRASE

FIGURE 2.21 continued.
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(ATN)
PICKUP INTRODUCTION MAIN MOTIVE EXTENSION
[V] [1] [VV]

(GENERATING)
P S E

FIGURE 2.22 A simple musical ATN,
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ORNAMENTAL SIGNATURE

[VW V]

FIGURE 2.22

CADENTIAL SIGNATURE

[V

]

continued.
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65

<next phrase>
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FIGURE 223 Two possible realizations of Figure 2.22.

Obviously, randcin splicing of musical segments of a single (or even more
than one) work (except those created as Mozart did in his K. Anh. 294d
specifically to make correct realizations inevitable) would produce gib-
berish. However, intricate analysis of music for the application of a
hierarchical ATN allows for the discovery of applicable nodal points and
enhances the ability of computational systems to create new works in
given styles. Such analysis would include key and metric sensitivity, chord



MUSICAL STYLE REPRESENTATIONS 67

function interchanges, pattern matching, and use of the SPEAC system
discussed in this chapter (note the analysis at the bottom of Figure 2.22).
And, unlike Mozart's Musikalisches Wiirfelspiel, these are location-sensitive
combinations. All of these ensure that recombinant gestures do not be-
come, in Salop’s phrase, a “patchwork opus.”

It is clear that ATN creates a powerful tool for generating varying com-
binations of proper sentences, provided that lexicons as to what constitutes
appropriate nouns, noun phrases, and so on are given. Imagine, however,
that such lexicons must be derived from analysis of already extant litera-
ture in order to extract style as well as merely allowable combinations. Not
only would such a lexicon have to define each word as constituent “noun,”
and so forth, but it must also relate it to the appropriate place in the order
of the sentence (i.e., “subject,” “object”). This creates complexities an
order of magnitude larger than simply recombining verbal text. Yet this is
the problem facing programmers when ATN is applied through automated
music systems. The SPEAC system combined with pattern matching offers
solutions to this problem by cataloging musical elements and groups of
elements into lexicons or dictionaries.

As with the linguistic ATN, the success or failure of efforts to generate
grammatically correct music depends on these appropriately constructed
dictionaries of harmonies (notes—word equivalents) and motives
(signatures—phrase equivalents). As previously stated, these are stored in
EMI according to the SPEAC system of identifiers. This ensures that the
results are non-chaotic. Using function equivalents similar to Chomsky’s
(1965 ) transformational grammar, entrances and exits to these ATN matches
are made logical and made to conform to the musical parsings of the
original style in the database.

Chapter 3 will provide a LISP program based on the language aspect of
this chapter, and Chapter 4 will show how to build programs that realize
the musical ATN introduced here.
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BASIC LISP CONCEPTS

LISP (for LISt Processing) is a symbolic programming
language. It offers programmers the ability to combine small recursive
functions in order to create increasingly powerful higher-level ones. This
chapter is intended to serve as an introduction to LISP and its protocols.
The chapter bibliography directs the reader to many sources for further
study of LISP.

A simple metaphor may help in understanding the main concept be-
hind LISP. Sulphur and carbon are fairly simple chemical elements.
Postassium nitrate is a fairly simple compound. However, when a combi-
nation of 10 percent sulphur, 15 percent carbon, and 75 percent potassium
nitrate is made, a substance known as gunpowder is formed. None of the
elements individually gives much hint of the enormous potential of their
combination. This concept represents a major LISP focus—many small
functions, each doing a single job on certain types of data, when placed
together in a larger function, can be used to accomplish very elegant tasks
impossible for the smaller functions acting separately.

LISP Protocols

Before describing actual examples of these concepts, cer-
tain protocols of LISP must be described and understood. First, LISP requires
that a function follow a left parenthesis and that all of the data it uses be
followed by a right parenthesis. A program'’s “functions” can be defined as

71
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(function-1 (function-2 (function-3 data-1)
(function-4 data-2)))

(function-1 'a)

b.

(function-2 10)

C.

FIGURE 3.1 LISP protocols: a) Difference in uses of functions
and data in LISP. b) The use of a single "quote” in LISP. c) The
single number 10 is also an atom.

perpetrators of action. The usage of the word function here should not be
confused with the very different usage in Chapter 2. Unfortunately, there
are no adequate substitutes for either usage. Both music and computer
languages have functions—they simply do not mean the same thing. In
music, function is a manifestation of hierarchy. In computer jargon, a
function is an operator, an expression that alters data in ways described by
the function’s definition. Data, then, refers to the atoms (non-list forms of
data) and lists that are manipulated by functions. When many functions are
employed, each must be closed by a right parenthesis, often causing a
plethora of right parentheses, all of which must be tied to left ones. This
is shown in Figure 3.1a. Here, each of the functions evaluates data or data
processed by another function. That is, function-4 acts on data-g,
function-3 acts on data-1, both of which are evaluated by
function-2, and all of which is evaluated by function-1.

Second, when the first item after a left parenthesis is not a function, it
should not be evaluated as one. To ensure this, LISP requires a single
quote before a list as in ' (12 34 S&). Such a list of data will not be
treated as the function 12 with the data 34 and S& but rather as a list of
numbers.

Finally, LISP recognizes numbers as atoms. Letters (or contiguous groups
of letters) are not atoms, except if previously defined or preceded by a
quote. Therefore, 12 can stand alone as an argument (data or represen-
tations of data used by functions), while the letter a, or the word foo, if
they are to be treated as data, must have single quotes as in 'a and ' foo.
In Figure 3.1b and 3.1¢, both 'a and 10 are atoms.



LISP PROGRAMMING 73

{(car "(48 S50 Sa))

(cdr '"(48 5D S2))

b.

{cons 48 '(50 S52))

=

{car (cdr '(48 SU S2)))

d.

FIGURE 3.2 LISP primitives: a) An example of the use of car.
b) An example of the use of cdr. c) A simple example of the
use of cons. d) Combining functions in LISP.

LISP Primitives

With these protocols understood, one can begin to pro-
gram rudimentarily in LISP. With only five primitive functions, one can
give context to “words” that otherwise have little meaning and build from
functions that in themselves have none. The acronym car (for “content of
the address register,” as used on the IBM 7090) means to retrieve or return
the first element in a list used as its argument. Hence the value returned
in Figure 3.2a is 48. The parentheses are rectified, and the single quote
indicates that the first element in the list is not a function but data. This list
contains numbers representing musical notes, with 48 as C one octave
below middle C, and with each increment representing one half-step (i.e.,
50 = D, etc., with the list here equaling the first three notes of the C-major
scale; this pitch representation follows the integers used in the MIDI
standard).

While car returns the first element of a list, cdr (“contents of the
decrement register”) returns the rest of the list without its first element. In
Figure 3.2b, cdr produces the list (50 52).

Now, as if our activities were not banal enough, cons puts the two back
together again. It does this by inserting its first argument, an atom, at the
beginning of its second argument, a list. The name cons is a mnemonic
for “constructor.” In Figure 3.2c cons produces the list (48 50 52), and
we're back to where we began. A variation of cons is append, which
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takes two arguments, both of which are lists. Therefore, the code
(append '(48) ' (50 52)) equates to (48 SO S2). Variations of
primitive functions can be very useful, as will be seen in the next section.

The more substantial part of LISP’s power originates from when these
functions combine to achieve ends that no one function in itself could
attain. Take, for example, describing a method to return the second num-
ber from the list. This is accomplished by using a combination of primitives
that we already know. Figure 3.2d produces “the first of the rest of the list.”
This is because LISP evaluates functions from the data leftwards. Hence,
cdr is first applied, and then car. The LISP function cadr is a combi-
nation of car and cdr, allowing access to deeper nested positions in lists
with fewer parentheses. This function gets the second element of a list.
Further combinations such as caddr and cadddr (to retrieve third and
fourth elements) show how this principle can be extended. Readability,
however, becomes more and more opaque with each additional letter. It
is good to know at this point that many LISP programmers replace car,
cadr, and cdr with real-world English equivalents such as first, sec-
ond, and rest. These will be the forms used in the examples for the
remainder of this book.

LISP also provides primitives for retrieving data from the ends of lists.
The function last, for example, produces the last element of a list. The
call of (last ' (48 50 52) ) produces (52). Note the list form of the
results of using 1ast, which can be very useful, as will be seen in the next
section. The opposite of this, that is, the return of a list without its last
element, is produced by the function butlast. The call (butlast
'(46 50 52)) returns (48 50). Both of these functions can be very
useful in working with the tails of lists.

Defining Functions in LISP

As can be seen in the previous examples, “functions”
represent generic “actors” that process actual data when they are called.
With the addition of only three more straightforward functions, a program-
mer can actually create new functions, name them, and use them in
performing individual tasks. This individualizes programs, What cannot be
overly stressed, however, is that new functions should always be as clean
and simple, and the function name as mnemonic, as possible.

All functions in LISP require some form of declaration. The function
defun (for “define function™) is a LISP function for defining new func-
tions. Each defun is followed by a list of argument names that will represent
data. This is followed by the body of the function, which consists of other
functions applied in various ways to the argument(s) of the function being
defined. The code in Figure 3.3a defines a new function named second,
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(defun second (list-of-notes)
(car (cdr list-of-notes)))

(second '(48 50 S2)) = 80
b.

FIGURE 3.3  a) Defining a new function in LISP. b) Using the
newly created function.

(setq major-scale-third '(48 50 52))

FIGURE 3.4 The use of setq in LISP

which takes one argument, (1ist-of-notes). This should be a list of
numbers representing notes. The function second then returns the sec-
ond member of that list. The indentation of the second line aids in readability
and in rectifying parentheses. After it is defined, this function can be called
as in Figure 3.3b. One need no longer write out the combination of
primitives but can simply use this higher-level function.

Data Abstraction and Conditionals

The next two functions are somewhat different in nature
from those just described. The function setgq, short for “set quote” and
pronounced “set-cue,” binds data to variables. It is one method of many to
abstract cumbersome lists of data during coding and running LISP en-
coded programs. It also represents a good example of symbol manipulation.
Therefore, the code in Figure 3.4 sets major-scale-third to be (48
S0 S2). Thus, typing major-scale-~third returns (48 50 52)—
the first three notes of a major scale—and typing in (second major-
scale-third) gives 50.

Finally, the simple concept of if-then-else completes a basic for-
mulation of LISP programming techniques. The function 1 £ is a conditional
that states that “if the following LISP evaluation proves true then evaluate
the first expression that follows it, otherwise evaluate the second expres-
sion that follows it.” This concept is shown in Figure 3.5a and an example
in Figure 3.5b, in which if evaluates the test (equal 4 4), which asks
“does 4 equal 4?” In this case, 4 does equal 4, so if returns 8. If one of the
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(if some-action [1is truel
then something
else something-else)

(if (equal 4 4) & 9) = 8
b.

FIGURE 3.5 a) A description of the LISP conditional if.
b) Using 1£.

two 4s following equal had been any other number, the query would
have reverted to else 9.

CREATING MUSIC FUNCTIONS

Now, armed with these few LISP functions, the protocols,
and a few concepts such as small functions and readable code, one can
begin to create rather powerful new functions that can have immediate
musical applications.

Since retrograde is an often-used musical device for variation, let us
attempt to create a small retrograde function from those functions already
present. This will be pure exercise since the LISP function reverse
would do the trick without the necessity of creating a new function to
do it.

First, defun must begin the definition, as in Figure 3.6a. No single
quote is necessary (defun is a function itself). In Figure 3.6b, the name of
the function is as clear as possible. The function name is followed by a set
of arguments (in this case, one) mnemonically named for the data they will
ultimately represent when the function is used. This is shown in Figure
3.6¢. Now, because this function will operate over and over again in order
to progress through its list of arguments, it will be necessary to create an
if statement that will notify the function when its task is accomplished.
Figure 3.6d represents a start.

The function null evaluates to true if its argument is an empty list (also
called nil). Therefore, in Figure 3.6e, if returns the evaluation of its
second argument only when the argument to retrograde is nil. In the
third line of Figure 3.6f, the previously defined function appenad is used
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L.(defun

L.(defun retrograde

b.

1.(defun retrograde (list-of-notes)

C.

1.(defun retrograde (list-of-notes)
e (3T

d.
1.(defun retrograde (list-of-notes)

2. (if (null list-of-notes)

e.

1.(defun retrograde (list-of-notes)
i (if (null list-of-notes) nil
3. (append (last list-of-notes)

f.

1.(defun retrograde (list-of-notes)

2. (if (null list-of-notes) nil

. (append (last list-of-notes)

4. (retrograde (butlast list-of-notes)))))

B

FIGURE 3.6 a) [he first notation for defining the function
retrograde. b) Adding the name of the desired function.
c) The argument list in LISP. d) Location of the if conditional.
e) The use of null to inform the function when it has
completed work on its argument. f) Adding append to the
retrograde function. g) The recursive call of the function
being defined.

in the anticipation of repeated calls, each with one element removed from
the end of its argument. Note that 1ast here produces the kind of first
argument required by append.

Finally, in Figure 3.6g, the function is complete with a recursive call of
retrograde with an argument trimmed of its last element by the func-
tion butlast. Successive calls to retrograde produce ever smaller
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(retrograde !'(48 S0 52))

Calling (retrograde (48 50 S2))
Calling (retrograde (48 50))
Calling (retrograde (448))
Calling (retrograde nil)
retrograde returned nil

retrograde returned (448)
retrograde returned (50 48)
retrograde returned (52 50 48)
(52 50 48)

FIGURE 3.7 A trace of the completed function retrograde.

(by one element) arguments until only nil remains. Then the
conditional if evaluates its second argument append rather than its
third argument.

The following represents a thumbnail sketch of what happens. Suppose
retrograde is called with ' (48 S0 52) as its single argument. Then
the list (48 S0 52) is attached to the argument 1ist-of-notes. The
if function is called with a query “is 1ist-of-notes empty?” It is not
at this point, and nil is the return of 1 f. The call to 1 f’s second argument
is therefore skipped as the “then” of the “if-then-else” sequence. The
function append then binds the last element of the argument 1ist-of-
notes, or (52), and the progression continues with the call to
retrograde, with the last element removed (by butlast).

Tracing the operation of this function (that is, witnessing each call
explicitly) allows observers to see each function call as shown in Figure
3.7. The indentation separates calls from returns, with the former succes-
sively moving to the right and the latter back to the left.

An interval translator makes more musical use of LISP functions. For an
interval translator, the programmer requires a function that will return a
list of intervals (seconds, thirds, etc.) from a list of pitches. This means
simply (2 3) from the list (48 S0 53). Recursion allows for simple
operations to easily process large lists such as those required for music
analysis.

Figure 3.8 scrves quite well for this. Before describing how this oper-
ates, the reader should observe that second (defined earlier) is used in
Figure 3.8 instead of (car (cdr in order to draw upon LISP’s ability to
have many levels of code. Second, the empty list that follows if’s query to
null indicates that the nil here will ultimately be the “empty list” for
whatever data the cons in line 4 collects. This introduces a new function,
“~,” or the minus sign, which subtracts its second argument from its first.
Therefore, (- x y) is equivalent in LISP to “x — y” in traditional
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(first list-of-notes))
(interval-translator (rest list-of-notes)))))

1L.(defun interval-translator (list-of-notes)
“ (if (null (rest list-of-notes))

3. nil

4. (cons

& (- (second list-of-notes)

E.

g

FIGURE 3.8 Definition of a function interval-translator,
which demonstrates the use of cons for recursion.

mathematics, as seen in Table 3.1. In this table, each function name is
followed by a list of arguments, a brief description of its purpose, and one
sample run. These functions are all standard COMMON LISP primitives
and can be run on any COMMON LISP implementation. Since the desired
interval is the distance from the first note to the second, the first must be
subtracted from the second. Negatives are possible. Indeed they are es-
sential to describe downward motion.

This is how interval-translator operates (refer to Figure 3.8).
As above, the function and argument names are declared. The if condi-
tional again makes sure that the function doesn'’t recurse forever. In each
call to interval-translator, the cons subtracts the first number
from the second number of the list in 1ist-of-notes, producing (2
3) from the input (48 S0 S3). Since interval-translator cannot
create an interval from the last member of the list to nil, it is not nec-
essary for the argument to be completely empty to end recursion. In fact,
to do so would force an error since the “=” function cannot compute
“number - nil.” Hence the use of (null (rest list-of-
notes) ). All of the subtractions are held in the cons until the first
evaluation of if is true. It then returns (2 3).

Again, the function operates cleanly and swiftly in its recursive run
through its argument. Numerical representations of intervals are returned
(always one less in number than the original pitch list) in a logical and
economical manner. Building these functions on one another can cre-
ate powerful systems whose top function can manage very complex
operations.

By using a function called mapcar, functions can be applied to suc-
cessive arguments in a list. It applies its first (function) argument to all
members of its second (list) argument. In general, this avoids the creation
of new functions for operations that will be required only once. For ex-
ample, if one wishes to get the first element of each list in a list of lists,
(mapcar 'car list-of-1lists) will work effectively in place of a
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FUNCTION MEANING EXAMPLE

e A e adds all members of (+ 1 3 2 4 §) = 15
argument

S e S subtracts all y’s from x (- 8 2 3) = 3

G U, multiplies x by successive (* L 2 3) = b
arguments

FE A sy P divides x by successive (£ B 2.3y = @
darguments

1+ <x> equivalent to (+ x 1) {1+ &) = &

1- <x> equivalentto (- x 1) (- 4) = 3

TABLE 3.1 Basic LISP mathematic functions. Note: x and y are
numbers.

completely new function. Therefore, (mapcar 'car '((1 2 3)(4 S
6£))) returns the list (1 4).

The function mapcar also invites the use of no-name functions. These
are defined by the use of the function lambda. They are used when
programmers feel the applied function is so specialized as not to warrant
separate definition and name. The function inversion (shown in Figure
3.9) exemplifies this technique. Here, the function mapcar maps the
internal 1lambda on the 1list-of-intervals argument, multiplying
(“*” means to multiply) each in turn by -1. Hence, (1 7 ) becomes (-1
—~7) or its inversion and (-8 —4) becomes (8 4). The call to func-
tion announces that the following expression is a temporary function.
This process allows for all sorts of valuable functions to be created “on the
fly,” without having to clutter the environment by having them always
available and named.

TOP-DOWN PROGRAMMING

The approach discussed thus far is called “bottom-up pro-
gramming.” This refers to the fact that functions at the lowest level are
created first, then functions that use these, and then functions that use
those. Bottom-up programming is a successful method for teaching the
fundamentals of LISP. Programmers, however, generally prefer “top-down
programming.” This means creating top-level functions that describe in
principle what the programmer wishes to do in terms as lucid and trans-
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1.(defun inversion (list-of-intervals)
e (mapcar (function (lambda (x) (* x -1)))
= list-of-intervals))

FIGURE 3.9 Demonstration of the use of mapcar with a no-
name function.

1. (defun signatures (works)
e (superimpose (analysis (first works))
£ (analysis (second works))))

FIGURE 3.10 Defining a top-level function that contains as yet
undefined lower-level primitives,

parent as possible and then, in turn, defining functions described within
the body of that top-level function. The actual data interface is the last
written expression of the program. Figure 3.10, for example, might be
written frst. Here, the function with which to derive “signatures” (see
Chapter 2) from the superimposition of analyses of two different works by
the same composer is intended to produce the common patterns between
the two. Neither superimpose nor analysis have yet been written at
this point. Working in this manner allows programmers to produce func-
tions in search of coding, not coding in search of function.

Top-down programming is not without its problems, however. For ex-
ample, since most of the functions described at the top level do not yet
exist, one cannot actually test (debug) the system until all the functions are
defined. Incorrect theoretical assumptions can abound before opportuni-
ties exist to prove a program'’s effectiveness. This is particularly true when
creating systems bound to many such assumptions. The failure of one
faulty theory can easily be confused with the failure of many.

PROPERLY LISES

Property lists represent one way to program stored data.
The function set£ shown in Figure 3.11a allows users to assign data to a
given symbol. It uses the function get to place or replace assignments of
property lists. It could store, for example, notes to a melody, as it does in
Figure 3.11. What's important is that melody may have as many differ-
ent types of attributes (such as notes) as desired. The code in Figure
3.11b, for example, assigns the durations to each of the pitches in the
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(setf (get 'melody 'notes) '(486 50 53))

a.

(setf (get 'melody 'durations) !'(100 50 £25))

b.

(get 'melody 'durations) = (100 50 25)
(get 'melody 'notes) = (48 50 53)

C.

FIGURE 3.11 a) An example of a property list. b) Demonstration
of how more than one indicator can be assigned to a single
property list. ¢) Using note and duration representations in the
assignment of property list values.

1.(defun act-on-all (function-representation data)

c (if (null data)

3 nil

4. (cons (apply function-representation

5 (first data))

E (act-on-all

7 function-representation (rest data)))))

FIGURE 3.12 The use of function as argument,

melody. (The unit system for durations in this book is 50 for eighth
notes, 100 for quarter notes, 200 for half notes, etc.) Now, calling
each symbol’s attribute in turn with get produces the results shown in
Figure 35.11¢.

Another important concept is found in the function apply. This allows
for a function name to be created and then “applied” to its arguments.
Imagine that somewhere in a function you had to use another function
whose name is unknown until it appears as an argument to the function in
use. Figure 3.12 serves as example. The functions already encountered are
present, as is the recursive use of cons. The function act-on-all has
no idea, however, what function will be “applied” to each member of the
list of data that is fed to it as a second argument until act-on-all is
used. The variable function-representation in Figure 3.12 repre-
sents the real function. Therefore, it cannot be called normally by placing
it after a left parenthesis. LISP would look for a function called function-
representation rather than the function represented by the local
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variable function-representation. We need a function like
apply, which “applies” the actual function to the data that follows it. For
example, if the function argument were 1+, then a second argument of
'(48 50 52) would produce (49 S1 53). Like retrograde pre-
sented earlier in this chapter, act-on-all is defined here for its instructive
use only. The function mapcar would work effectively in its place, as in
(mapcar function data).

OTHER LISP FUNCTIONS

Table 3.2 presents functions that are needed for under-
standing code to be presented in the remainder of this book. It should be
noted that “=" and “equal” have fundamental differences too complicated
to address here. For further information, use the LISP references men-
tioned in the bibliography.

AN ATN GENERATOR

Using some of the functions described so far in this chap-
ter along with the principles defined in Chapter 2 allows for the building
of a small ATN generating program. Figure 3.13 describes the function
realize-atn. This function is called with no arguments. It first sets
(setq) the variable count-down to the result of choose-one in line
2. This latter function randomly chooses one of the elements of its list
argument. As will be seen, count-down ensures alternate selection of
linguistic “objects” and “descriptors” so that the small program will not
immediately repeat itself. As well, it will signal the end of the program’s
operation.

The use of apply, in line 3, removes the lists in the retrieved lists of
data and makes the result more readable by making a single list rather than
lists of lists. The no-name function used by mapcar (line 4) translates the
syntax lists created by generate-atn into English. When completed,
realize-atn will return completed sentences based on the sub-
phrases shown in Figure 2.21.

The database for this program has two parts, as shown in Figure 3.14.
Symbols of the first part have the attribute syntax, which binds each
respective symbol (i.e,, articles, adjectives, etc.) to a list of those
word types that may follow it. Symbols of the second part have the at-
tribute meaning, which binds each respective symbol (i.e., articles,
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FUNCTION

MEANING

EXAMPLE

£=" €Y }7>
>= <X Yy>

= <X Y>

abs <x>

and <tests:

assoc
<argl arge>

defvar
<variable>

equal
<g objects>

eval <form>

funcall
<function
arguments>

length <list>

let <variables-
and-values
applicable-
code>

list <objects>
nconc <lists>
nth <x list>
nthede <x list»e
random <top-

limit>

zerop <number>

“less than or equal to”
predicate

“greater than or equal to”
predicate

“equal” to predicate
returns “absolute” value
of x

returns t if evaluations of
tests are all £, otherwise
nil

returns first sublist from

arge whose head is
argl

used to declare system
variables

tests for equality of argu-
ments

evaluates its argument

applies function to many
arguments

returns length of list

sets local variables

lists its arguments

used here to return its
arguments without null

returns the x'th (from 0)
object

cdr’s x times

returns a random integer,
zeroto limit

returns t if the number
is zero

(4= 5 b =it

(>= b §8) = t

(= 2.2) = ¢
(abs -4) = 4

(and (<= 1 2)
(>= 2 1)) =t

(assoc S '((3 a) (4

) {a ey} ) = 57¢)
{defvar ¥ 2) = x
(equal 'one 'one) =
(eval '({ear ‘(1 2)}))
=1

(funcall 'cons ‘'a
Vi ey = (8 b ¢)
(length *{a b g)) =

(let ((a 100)
(b 200))(+ a b))
=- 300

(list 'a 2
= (a 2 (c))

"(a) ()

'(c))

(nconc
= {8 b)

(nth 3
= 4

(nthecdr 2
= (c.4)

(random 4) = ¢

ey
'{a bcde))

bR D Bl )

(zerop 0) = t

TABLE 3.2 More LISP functions. Note: t means “true." x and y
refers to numbers,
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.(defun realize-atn nil
(setq count-down (choose-one '(1 2)))
(apply (function append)
(mapcar
'(lambda (x) (choose-one (get x 'meaning)))
(generate—-atn 'articles))))

il U o T % I G

FIGURE 3.13 A simple top-level ATN generating function.

adjectives, etc.) to a list that consists of words or phrases of their basic
types. The syntax portion of this database therefore offers basic ordering
rules, and the meaning attributes translate the syntax symbols into
English.

The workhorse function of the realize-atn series of functions is
generate-atn, shown in Figure 3.15. The function generate-atn
begins with the articles argument provided by realize-atn and
then, according to the built-in succession rules, continues to extend its
argument until the setq’ed count-down has reached zero, where it
returns a final object. Taking a close look at its operation gives a good
example of how LISP provides tools for the development of expert sys-
tems. Line 2 sets the end of recursion for generate-atn (when count-
down is 0) and adds (line 3) a final “object” to complete the sentence. Line
6 decrements the variable count-down if beginning in line 5 is a
conjunction, the word type to which it is programmatically bound. In line
8, the argument (which after the initial run no longer represents the actual
“beginning” of the generation) is captured by cons, and the function
continues through choose-one to collect viable word types.

It is important to note that conjunctions is treated as a special case
in that words of this type (such as and) generally connect sentence sub-
phrases. By incrementally reducing count-down each time conjunc-
tions appears as a word type (as in Figure 3.15, lines 5 through 7), the
number of possible sub-phrases created at the end of each generation will
be reduced until the sentence must end.

The progression through the use of eval in lines 12 and 14 ensures
that the code that appears in the setfs of the conjunctions and
descriptors will be evaluated and not treated as data. The other syn-
tax property lists are word types and not code, which must be evaluated
in order to provide a listed word type. Lines 11 through 15 can be read as:
“if the current argument to generate-atn is either conjunctions or
descriptors, then evaluate the property list found by using get,
otherwise simply get the respective property list.” _

These two functions (realize-atn and generate-atn) and the
small database produced the sentences in Figure 3.16 (again, without any
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(setq count-down 1)

(setf (get 'articles 'syntax)
'(adjectives subjectsl subjects?))

(setf (get 'adjectives 'syntax)
'(subjectsl subjectsZd))

(setf (get 'subjectsl 'syntax) !'(composersl))
(setf (get 'subjectsed 'syntax) !'(composerse))
(setf (get 'composersl ‘'syntax) '(verbsl))

(setf (get 'composerse 'syntax) '(verbsZ))
(setf (get 'verbsl 'syntax) '(conjunctions))
(setf (get 'verbsZ2 !'syntax) '(conjunctions))
(setf (get 'conjunctions 'syntax)
'{list 'aescriptors (if (evenp count-down)
'objectsl
'objectseg)))
(setf (get 'descriptors 'syntax)
'(list (1if (evenp count-down)
'objectsl
'objectseg)))
(setf (get 'objectsl 'syntax) '(conjunctions))
(setf (get 'objectse 'syntax) '(conjunctions))

(setf (get 'articles 'meaning)

'((the) (this) (that)))

(setf (get 'adjectives 'meaning)

' ((dark) (beautiful)(lyrical)))
(setf (get 'subjectsl '"meaning)

'((sonata) (symphony) (concerto)))
(setf (get 'subjectsd 'meaning)

'((aria) (opera)(song)))

(setf (get 'composersl 'meaning)

'"((by mozart)(by beethoven)(by haydn)))
(setf (get 'composerse 'meaning)

'((by bellini)(by verdi)(by puccini)))
(setf (get 'verbsl 'meaning)

'((was easy to play)(was hard to play)))
(setf (get !'verbsZ 'meaning)

'((was hard to sing)(was a breeze to sing)))
(setf (get 'conjunctions 'meaning) '((and)))
(setf (get 'descriptors 'meaning)

'((also)(very)(yet)))

(setf (get 'objectsl 'meaning)
'((lyrical) (sweet)))
(setf (get 'objectsd 'meaning)
'((profound) (deep)))

FIGURE 3.14 The two-part database for use with the function in
Figure 3.13.
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l.(defun generate-atn (beginning)

2. (if (zerop count-down)

- A (list 'objectsl)

4. (and

S (if (equal beginning 'conjunctions)

E. (setq count-down (l1- count-down))

1 t)

8. (cons beginning

. M (generate-atn

10. (choose-one

1L. (1f (equal beginning 'conjunctions)

Ae . (eval (get beginning 'syntax))

13. (1f (equal beginning 'descriptors)
14. (eval (get beginning 'syntax))
5. (get beginning

1k. 'syntax)))))))))

FIGURE 3.15 An intervening function between the top level and
data.

(THIS SYMPHONY BY MOZART WAS EASY TO PLAY AND LYRICAL)
(THE ARIA BY VERDI WAS HARD TO SING AND LYRICAL)

(THE DARK SYMPHONY BY MOZART WAS EASY TO PLAY AND LYRICAL)
(THAT CONCERTO BY HAYDN WAS HARD TO PLAY AND SWEET)

(THE BEAUTIFUL ARIA BY BELLINI WAS HARD TO SING AND YET
DEEP AND LYRICAL)

(THIS LYRICAL SONG BY PUCCINI WAS A BREEZE TO SING AND SWEET)
(THE SONATA BY BEETHOVEN WAS HARD TO PLAY AND LYRICAL)
(THIS SONG BY BELLINI WAS A BREEZE TO SING AND

VERY DEEP AND LYRICAL)

(THIS BEAUTIFUL SONATA BY MOZART WAS HARD TO PLAY AND
ALSO PROFOUND AND LYRICAL)

(THIS SONG BY VERDI WAS HARD TO SING AND SWEET)

(THE LYRICAL ARIA BY BELLINI WAS A BREEZE TO SING AND LYRICAL)
(THAT OPERA BY PUCCINI WAS A BREEZE TO SING AND DEEP AND LYRICAL)
(THIS LYRICAL SONG BY PUCCINI WAS A BREEZE TO SING

AND YET DEEP AND LYRICAL)

(THIS LYRICAL OPERA BY PUCCINI WAS HARD TO SING AND

ALSO PROFOUND AND SWEET)

(THIS OPERA BY VERDI WAS A BREEZE TO SING AND SWEET)

(THIS OPERA BY BELLINI WAS A BREEZE TO SING AND LYRICAL)
(THIS OPERA BY PUCCINI WAS A BREEZE TO SING AND SWEET)

(THE OPERA BY BELLINI WAS A BREEZE TO SING

AND LYRICAL)

(THIS SONATA BY MOZART WAS HARD TO PLAY AND LYRICAL)

(THE ARIA BY VERDI WAS A BREEZE TO SING AND LYRICAL)

FIGURE 3.16 Sample runs of the function generate—atﬁ.
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editing by the author). Compare the results of this program to Figure 2.21,
in which the same words are laid out in an ATN diagram. While the
limitations of such a small program (two functions with a small database)
are obvious, the implications should be clear. With expansion, the ATN
generating program could produce an extremely powerful program
capable of responding to widely varied user needs.
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STYLE REPLICATION

AN ELEMENTARY LISP COMPOSING
PROGRAM

It is now time to relate elements of various concepts
covered in this book. The works chosen as examples for an elementary
LISP composing program are from the Bach 75 Two-Part Inventions (which
were also used to create the new inventions shown at the beginning of
Chapter 5). This chapter combines the work of Chapter 2 (usage of the
SPEAC system) and Chapter 3 (LISP) and presents another principle, pat-
tern matching, in some detail. After a discussion of the code for an
elementary composing program, this chapter concludes with the presen-
tation of two short inventions created by the program.

There are many approaches to computer replication of musical styles.
For example, one could program rules about what constitutes generic
musical style and then compose new music by varying code to meet the
needs of particular styles (Meehan 1980 and Baroni and Callegari 1984).
This method creates problems since it limits users to those who (1) can
program effectively in the chosen computer language and (2) have the
musical ability to convert what they define as particular styles into pro-
grammable components. Since such individuals are fairly rare, interfaces
that can act as intermediaries must be built if the program is ever to have
any general use. EMI has one such interface called the style dictionary. It
consists of a series of questions (over a thousand at last count) that allow
one to communicate with responses of Yes or No. These responses then
control the program’s choices of constraints. Figure 4.1 presents a list of
some of the many parameters relevant to musical style.

89
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1. Ality
1.1. Modality
1.2. Tonality
1.3, Amodality, Atonality
2. Inheritance
2.1. Antiquity
2.2. Middle Ages
2.2.1. Tradition
Western
Non-Western
2.3. Renaissance
2.4, Baroque
2.5. Rococo
2.6. Classic
2.7. Romantic
2.8. Contemporary
3. Form
3.1. Key predominance
3.1.1. key (major/minor)
3.1.2. level of contrast between keys
3.1.3. non-triadic (clusters, 4th-5th chords)
3.1.4. polytonal
3.1.5. added tones
3.1.6. synthetic scales
3.2. Dodecaphonic (strict/free/combinatorial)
3.3. Expectation/fulfillment/deception
3.4. Use of introductions
3.5. Use of transitions
4. Melody
4.1. Shape
4.1.1. phrase balance (symmetry/antecedence—consequence )
4.1.2. contour (arch/climactic)
4.2, Scale
4.2.1. relation to beat
4.2.2. level of use
4.3. Variation techniques (inversion/retrograde, etc.)
4.4, Chromaticism
4.4.1. approach (stepwise/leap)
4.4.2. resolution (stepwise/leap)
4.4.3. passing
4.4.4. accented
4,5, Cadence
4.5.1. penultimate note (dominant/tonic)
4.5.2. ultimate note (dominant/tonic)
5. Harmony
5.1. Protocols
5.2, Cadences

FIGURE 4.1 A sample of possibilities used to build a style

dictionary.
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5.2.1. predominant tvpes
authentic complete/incomplete
deceptive
half
plagal
5.2.2. influence of location
period ends
section ends
movement ends
5.3. Inversions
5.3.1. influence of location
cadence
incipience
mid-phrase
5.3.2. use implications
next chord
other chords
cadential patterns
5.3.3. cadential 6/4
5.3.4. cadential 6/5
5.3.5. 6 in diminished triad
5.4. Voice leading
5.4.1. degree resolutions
following norm
5.4.2. rules by voice
top voice
bottom voice
inner voices
closest member of chord
common tone
forced contrary motion
doubling
root
fifth
third restrictions
5.5. Chromaticism
5.5.1. type
secondary dominants (V/V, etc.)
diminished sevenths
borrowed
ornament
augmented sixth chords
Neopolitan sixth chords
modulatory
closely related keys
common chords
far related keys
sudden modulation
respelled augmented sixth chords
respelled diminished seventh chords

FIGURE 4.1 continued,
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5.6. Harmonic rhythm
5.6.1. common with metric type
5.6.2. agogic accent created
. Non-harmonic tones
5.7.1. generic types (passing, neighbors, etc.)
5.7.2. resolution delay
5.7.3. expectation/fulfillment/deception
6. Counterpoint
6.1. Imitation
6.1.1. metric binds
6.1.2. stretto
6.1.3. strictness
6.2. Voicing
6.3. Hemiola
6.4. Polyrhythm
7. Foreground
7.1. Embellishment
7.1.1. trills
7.1.2. appoggiaturas
7.1.3. turns
7.1.4. other grace notes
7.2. Sequence
7.2.1. stepwise (diatonic/chromatic)
7.2.2. cycle of fifths

=]

N

FIGURE 4.1 continued.

Another way that one can build programs for the replication of musical
styles is to enter into the computer some representation for the actual
music of a composer. This can then be analyzed for various properties, and
the information can be used to compose new works. This has the advan-
tage that one need not be conversant with a programming language since
many of the aspects of style would be captured in the composing program
itself.

THE COMPOSE-INVENTION PROGRAM

The following program assumes that by pattern matching
(Fu 1982) two or more melodies, one can derive signatures (see Chapter
2). New works can be created when these signatures are ordered by a
SPEAC system like the one described in Chapter 2, The composing se-
quence occurs in the following basic steps. First, it divides each work into
pitch motives and compares the results, creating a list of duplications
among works (signatures). It then generates a logical arrangement of
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(setq r O cl 36 c#1 37 d1 38 d#1 39 el 40 f1 41

f#1 42 gl 43 g#1 44 al 45 a#l 4L bl 47 c2 48 c#2

49 d2 SO d#2 5) e2 52 f2 S3 f#2 54 g2 S5 g#2 Sk

ag 57 a#2 58 b2 S9 c3 kO c#3 61 43 62 4d#3 k3 el L4

f3 65 f#3 bk g3 B7 g#3 k8 a3 &9 a#3 70 b3l 71 c4 7¢e

C#4. 73 44 74 d#4 75 e4 7k f4 7?7 f#4 78 g4 79 g#4 &0
a4 81 a#4 82 b4 83 cS5 84 c#5 85 45 8L d#5 B87 e5 A8

fS 89 f#5S 90 gS 91 g#5 92 aS 93 a#S 94 bS5 95 cb 9L)

(setq gqtr 100 eth-dot ?S eth S0 sxtnth 25)

FIGURE 42 The basic setqs of note names and durations for
the compose-invention program.

SPEAC identifiers, translates the identifiers into their assigned meanings,
and associates the direction of each signature with those meanings (how
the direction is calculated is explained below). Finally, it pattern matches
durations and arranges the motives into note and duration lists.

The first thing this signature-using composing program does is abstract
data in such a way that it can be read in ways more musical than if the
program were to use numbers only. Figure 4.2 shows the setqgs of note
names and durations. The actual function setq need not be repeated
because it can sequence through data in a list by pairs, the first as the
variable and the second as its value. Even though this program will be
diatonic, it's a good idea to include a chromatic scale to simplify creating
programs capable of dealing with chromatic materials. The list of setq’ed
data is necessary since translation of notes will require applying a recur-
sive function that will find the number and return its name. The same
process can be applied to the lists of durations. The abbreviations are: gtr
for quarter note, eth—-dot for dotted eighth note, eth for eighth note,
and sxtnth for sixteenth note.

With the exception of finding consonant notes for countersubjects, the
program described in the following section inherits its scale from the
data—hence, the results will automatically be in the same scale as the
input. Figure 4.3 is a setq of a five-octave major scale used for creating
accompanying lines and tonics for cadences in the compose-
invention program. Creating code that will identify the tonic chord will
help force the tonic into the bass. Likewise, creating code that will identify
the tonic note will help force it into the bass in the final cadence. Rests of
a quarter-note duration will be required during composition and are
setq’ed here so that they will not actually appear in later functions. The
data looks this way (i.e., headed by nil) because this is the form required
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(setq major-scale

'(Ib 38 40 41 £3 45 47 48 B0 52 $3 95 S7? 59 &0 kZd b4
E5 b7 B 7L 72 4 YE V7 8 &1 83 &4 &L Ad 4F QL
9395 93]

(setq dominant
(43 S5 B¢ 7% /) 47 59 71 &3 895 S0 &2 74 46))

(setqg tonic
'(36 48 &0 72 84 9k 40 52 B4 7k 88 43 55
E7 79 891))
(setq tonic-note '(3k 48 EO 72 64 9k))
(setq quarter-rest '((nil (D))(nil (200))))
FIGURE 43 The setq of major-scale for accompanying

lines and tonics for cadences in the compose-invention
program.
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FIGURE 4.4 The beginning of Bach's Invention No. |. a) Score.
b) Pitches. c) Pitches as numbers. d) Durations,



(setf (get

a3l
f4
b3
g3
d4

(O
72
79
72
b4
71

(setf (get

b3
a4
d4
K

g4

&0
&S
77
71
&7
E9

e o3
c4 a3
g4 f4
c4 b3
e3 g3
b3 a3

L2 B4
73 &2
76 74
£9 b7
65 &9
L7 £7)

St TLE

d3
b3
eq
ai
f3

g3

ed
g3
d4

g3
ai

REPLICATION

£3
d4
c4
f3

g3

g3))

b.

&S
74
e
&S
E7

L2
79
76
69
71

b4
77
?4
67
69

d3
g4
eq
ai
b3

&0
79
77
71
72

e
f4
d4
g3
ai

&7
76
76
E9
71

'bach-invention-1

c3
g4
f4
b3

c4

fc
81
74
ke
74

'bach-invention-1

g3
e4
eq
ai
b3

71
79
72
72
72

C4
a4
d4
d3
d4

72
77
71
?4
76

'pitches)

b3
g4
c4
c4
Cc4

74
7k
&9
71
74

Cc4
f4
b3
d4
e4

67
79
72
69
72

d4
e4
ai
b3
d4

ES
[
71
67
74

71
81
74
LS
79

'(sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
eth))

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

'durations)
sXxtnth sxtnth sxtnth sxtnth sxtnth
eth eth eth eth sxtnth sxtnth sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

eth eth eth eth
s¥xtnth sxtnth
sxtnth sxtnth
sxtnth sxtnth
sxtnth sxtnth

eth eth eth-dot sxtnth

sxtnth
sxtnth
sxtnth

FIGURE 4.4 continued,

sxtnth sxtnth
sxtnth sxtnth
sxtnth eth

95

by the function rest-beats (see Figure 4.22¢ and preceding
discussion ).

There are four program variables worth mentioning briefly here that
will be described in more detail as they appear in the code examples. The
use of * in this program indicates that these variables can be accessed by
the user. In brief, *size* (initialized to 3) is the size of the motives for
signature gathering; *variancex* (set to 1) represents the allowable
amount by which a given interval may be incorrect during pattern match-
ing; *rough—-phrase-length* (initialized to 6) crudely determines
the maximum length of SPEAC generation; and *minimum-lengthx*
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FIGURE 45 The beginning of Bach's Invention No. 5. a) Score.
b) Pitches. c) Pitches as numbers. d) Durations.

(set to 5) is the minimum length of an invention before a cadence can
occur. This ensures that the composition will not simply begin and ca-
dence immediately thereafter.

To replicate a given style, two or more simple melodies in the style are
necessary. The reader is encouraged to examine the works by Bach in
Figures 4.4 and 4.5 in order to observe actions of the functions on that
data, The music is in two parts (full score), but the note lists contain
information only about the top voice. The score is included to give readers
who are not familiar with the style of inventions an opportunity to observe
it. Briefly, inventions are short two-part works for keyboard with high
levels of offset imitation between voices and with (usually) contrasting
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(setf (get
LY 15 o
fi el
b3 c4
eld d3
f3 e3
c3 beé

'bach-invention-5
be c3 d3 e3
£3 g3 £f3 e3
b3 a3 b3 c4
el ¢3 d3 be
£4 gd.e3 £3
c3 acd b dc

‘pitches)

3 . 43 . ¢3 43.-€3 £3 g3 3

d3l c3 g3 ¢4 ¢4 ad b3 c4
a3l b3 g4 f4 g4 e4 f4 44
23 ac s, ed L3 g3 &3 £3
d3 g3 e3 d3 e3 c3 43 be
&3 'be bd'ed ae be c3))

ai
d4
e4
gc
ed

g3
c4
c4
g3
d3

b.

(O
ES
71
E4
ES
&0

&0
E4
7c
Ec
E4
59

59
ES
71
B4
ES
EO

&0
B7
E9
&0
E7
57

ke
S
(g’
1=
E4
S9

B4
B4
e
The
ES
=18

ES
Ec
&9
EO
Ec
EO

0 b2 b0 62 b4 bS b? b4 69 b7
60 b4 b? 72 72 b9 71 72 74 7@
T3 67 3% 7878 M iR Teak 7B
S? b7 bS b4 bS5 b? b4 bS 55 b7
b7 65 b4 b2 b4 bO b2 59 B4 b2
69 S7? 59 L0 57 59 &0O)

C.

(setf (get 'bach-invention-5 'durations)

"(eth sxtnth sxtnth eth eth qtr gtr eth sxtnth
sSxtnth eth eth gtr gtr eth eth eth eth sxtnth sxtnth
sxtnth sxtnth eth eth eth eth eth eth sxtnth sxtnth
sxtnth sxtnth eth eth sxtnth sxtnth sxtnth sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
eth))

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth
sxtnth

FIGURE 4.5 continued.

material occurring at simultaneous points. For another example of the
two-part invention style, see Figure 5.2.

The lists of notes and durations for the upper voices are set as property
lists using the function setf. The data in the pitch and duration lists are
less readable than music, at least for musicians, and yet more readable
than lists of numbers only (i.e., it is easier to identify “B3” as B natural than
it is to identify “71" as B natural). One would still prefer actual music
notation as a standard interface, but that is not feasible with this small
program. There are differences between the notated works and the note
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FUNCTION MEANING EXAMPLE

cond <tests> Evaluates arg following (cend ((= ¥ 2) nil)
first of the tests that e R T
returns t

function used before functions (mapcar (function

<lambda used as arguments plusp) '(1 -2 3))

expression> = it nib )

make-list
<X elements>

gives an x lengthed list of
repeated elements

(make-1list ¢
:initial-element 'y)
=S ENT ]

member <object returns sub-list of list (member 'a '(b a c))
list> beginning with object if = (a )
object is a member of list
minusp <x> returns t if x is negative (minusp -4) = t
(minusp 3) = nil

TABLE 4.1 [More functions for use in the compose-
invention program.

lists. The note lists have been laundered of accidentals because this pro-
gram would have severe cross-relations and chromatic dissonances if the
accidentals were present. For the sake of simplicity, trills and some other
ornamentation have been omitted in these two examples. Also, the data in
Figure 4.5 have also been altered from the original music in that the note
lists are in C major, whereas the original music is in Eb major.

Compose-Invention

Table 4.1 presents five more primitive LISP functions nec-
essary to build this particular program. Some of them are variations of
previously learned functions. For example, cond is a complex if type
function. Knowledge of the operation of these and the functions pre-
sented in Chapter 3 is necessary for the understanding of the program that
follows.

Figure 4.6 shows the major top-level function of the compose-
invention program. It will create small two-part inventions similar in
nature (not in quality) to those created by Bach. The function compose-
invention will use the notation of Figure 4.4c. Functions will be generally
discussed as they are encountered in compose-invention, and their
sub-functions will be shown before new code in compose-invention
is revealed. Hence, the presentation is not always hierarchical. Utility
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1.(defun compose-invention (composition-1 composition-2)
2. (setq meter (select-meter))

3. (setq prepared-data

4. (prepare-data composition-1 composition-2))

S. (setq signature-dictionary (find-patterns))

E. (setq melody (make-melody))

?. (setq initial-new-composition (add-second-voice))

8. (setq invention (cadence-it)))

# |

(compose-invention 'bach-invention-1
'bach-invention-5)

(C(73) (100)) ((0) (100)))
(((LQ 7@ 72 73) (25 25 25 .25)) (40) «2300)))
| #

FIGURE 4.6 [he function compose-invention.

functions used by many different functions are reserved for the last sec-
tion, as are two inventions created by this program.

The function compose-invention takes two arguments, which are
the names of stored compositions. The first thing compose-invention
does is randomly select duple or triple meter (Figure 4.6, line 2). It changes
the note names into numbers with prepare-data (line 4). At this point,
it prepares the composition data for pattern matching by making lists of
motives the length of *size* and heading them with their interval con-
tent through the use of the function prepare.

From this point on, there are four basic levels in compose-
invention: (1) creating a signature dictionary by pattern matching (line
5); (2) composing a simple melody of patterns and adding durations to
that melody (line 6); (3) creating a second line while altering the melody
and the new line to meet the imitation requirements of an invention form
(line 7); and (4) providing a cadence for the new composition (line 8).
Note that setq is used for most of these sections. This will enable users
to view the data at the various levels after composing has been completed
for better understanding of the inner workings of the program.

Until this point, functions have been rather simple. At this juncture,
however, they will become complex, and it will be necessary to introduce
a more traditional form of LISP presentation known as pretty printing. This
form of printing a function attempts to make major points in the code
more readable by providing plenty of white space and procedural indent-
ing. This is particularly useful in functions like get-beat (see Figure
4.10b) and make-melody (Figure 4.15).
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Moreover, many function descriptions will be followed by one or more
runs of that function during the creation of new compositions. These are
delineated by # | at the beginning and | # at the end, which clearly sep-
arates them from the actual code and is a useful Common LISP technique

for not evaluating the data so enclosed. If only “. . .” occurs on an oth-
erwise blank line, further calls of a function have not been printed to save
space.

In creating the function compose-invention, I have attempted to
follow many important coding practices as well. First, each function has
been named to demonstrate as clearly as possible what it does. Second,
function definitions have as little data as possible. Functions are best kept
free from data so that they can remain as flexible as possible. Third,
functions are generally short, doing specific operations in specific ways. All
of these practices will, I hope, help the first-time reader of the code to
understand the rationale of the program.

Translation Functions

The function select-meter, shown in Figure 4.7a, pro-
vides the program with a choice of duple or triple meter in the form of
either 2 or 3. The function select-meter abstracts data for the top
level. It chooses a meter, which is then passed to many of the lower-level
composition functions. (The function choose-one is shown in Figure
4.17c.)

Figure 4.7b presents the code for prepare-data (used in Figure 4.6,
line 4), which uses change-into-numbers to create temporary Stor-
age locations for compositions represented as numbers instead of symbols.
The variables temporary-composition-1 and temporary-
composition-2 can then be accessed without altering the setf'ed
data of Figures 4.4 and 4.5. The function prepare-data alters the nu-
merical data (by using the function prepare) at the beginning of the
COMPpOSItion process.

Figure 4.8 shows change-into-numbers, a function for converting
the note and duration names of the works being replicated. This is an
iterative (non-recursive) function that evaluates its arguments through a
mapcar of eval. As mentioned earlier, since we don't want to alter the
data in the setf itself, the data is placed in temporary containers for
storage (e.g., temporary-composition-1). Therefore the data in the
actual work name location remains user-readable, and the data in
the temporary storage is readable by the functions. Note that the func-
tion returns the result of the last setf—a list of translated duration
representations,
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1L.(defun select-meter nil (choose-one '(2 3)))

# |
Calling (select-meter)
select-meter returned 3

| #
d.
l.(defun prepare-data (work-1 work-2)
e (change-into-numbers work-1 work-2)
i. (prepare 'temporary-composition-1
4 'temporary-composition-¢2
5 'pitches))
# |

Calling (prepare-data bach-invention-1
bach-invention-5)
prepare-data returned
(C((BO 2 2) (D GO E2 E4))
((-3 2 -4) (S k2 B4 EO))
((5 -1 1) (&? 72 7?1 72))
T 2 2) {78 &7 &9 731))
=3 =&Y {72 BNtk &)Y w..)
E0 -1 1) (D &0 S9 EO))
2 1 -ES) (&2 B4 ES 0))
-2 2 2) (b2 B0 k2 k4))
e -3 5) (5 B7 B4 EY9))
-2 =1 3) (67 BS B4 BES5)) ...))

L T T e T e T e ™

b.

FIGURE 4.7 a) The function select-meter with a sample run.
It is found in line 2 of compose-invention. b) The function
prepare-data first changes the note names into numbers and
then uses prepare to organize the data for composition.

Prepare

In Figure 4.9, the function prepare applies the function
mapcar with a no-name function onto the databases. Note the use of
function here. It declares that what follows is a function and allows that
function to have access to the arguments given to prepare. It is generally
a good idea to use function for consistency even when not accessing
arguments. In the call to get, type refers to pitches or durations and
composition-1 and composition-2 refer to composition names.
The function make-1ists, as will be seen in Figure 4.11, segments the
database into motives the length of *size*. Then translate converts
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1.(defun change-into-numbers (composition-1 composition-2)
= (setf (get 'temporary-composition-1 'pitches)

3 (mapcar 'eval (get composition-1 'pitches)))

4 (setf (get 'temporary-composition-1 'durations)

Al (mapcar 'eval (get composition-1 'durations)))

E (setf (get 'temporary-composition-2 'pitches)

7 (mapcar 'eval (get composition-2 'pitches)))

8 (setf (get 'temporary-composition-2 'durations)

9 (mapcar 'eval (get composition-2 'durations))))

# |
Calling (change-into-numbers bach-invention-1
bach-invention-5)
change-into-numbers returned (50 25 25 50 50 ...)
| #

FIGURE 48 The function change-into-numbers with a
sample run. It is found in line 2 of prepare-data.

1.(defun prepare (composition-1 composition-2 type)
2. (mapcar

45 (function

4. (lambda (work-name)

= (translate

E. (if (equal type 'pitches)

T = (make-lists (get work-name type) *sizex)
o I (get-beats (get work-name type)))
9. type)))

10. (list composition-1 composition-2)))

# |

Calling (prepare temporary-composition-1 temporary-
composition-2 pitches)
prepare returned
((((ED 2 2) (D 6O B2 G64))
((=3 2 =4) (bS B b4 bO))
(L5 =1 YT e TR TRY)
{i=7 2 8) {746 b7 &9, 71))
(=3 & =4) (fe b9 7?3 &7))..:)
(((60 -3 1Y (0O &0 59 &0O))
((2 3 =-BS)* (b2 b4 b5 0))
((—2 & ) (ke &l b2 &&))
({2 =3, 8) (b5 &7 b4 &)%)
fl=Bemd - 3) (Rl bbb & BS)Yis o))

FIGURE 4.9 The function prepare, found in line 3 of
prepare-data (Figure 4.7b).
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these lists into intervals (if the argument type is pitches) or relation-
ships (if the argument type is durations). Finally, napcar maps these
functions on each composition 1ist’ed (line 7) so as to be in the single
list-of-lists argument required by mapcar.

This function prepares the *sizex*’ed motives for SPEAC and pattern
matching by prefacing motives with their intervals. Since the length of the
motives is determined by the global variable *size*, altering the default
value allows for matching smaller or larger motives. The larger a motive is,
the less likely matches will be found. At the same time, when two larger
motives match, a resulting work would sound more like one or more of
the actual compositions in the database. In contrast, the smaller the mo-
tive, the more likely matches will be found and the more diverse the new
compositions become. Two pitches are the limit since one note would not
produce an interval for the matching process. The name temporary-
composition-1 in Figure 4.7b refers to a location where works are
stored. But it is no longer necessary to know that this data is temporary, so
more logical names like composition-1 can be used.

The function run in Figure 4.9 shows the results of a call to prepare.
It uses pitches as a third argument, so lists of two lists are returned. The
first of these (“(&0 2 2)") represents the three intervals in the four notes
of the second list (“(0 &0 &2 &4)7) . This procedure is based on a use
of interval-translator, given in Figure 3.8. This will later allow
matches such as (84 83 84) to (78 7?7 ?78) as both are (-1 1) when
represented as intervals. In runs that use durations as the third argu-
ment, the first list will be the result of dividing each duration by the next
duration in the list. This represents a scaling process that allows for matches
of types of rhythms. For example, quarter-eighth-eighth will match eighth-
sixteenth-sixteenth since they are both (2 1) proportionally. (The run
shown for Figure 4.9 is identical to the output for Figure 4.7b since Figure
4.7b returns the call to prepare.)

The functions get-beats and get-beat (shown respectively in
Figures 4.10a and 4.10b) return duration lists grouped by beats. Beats
are accumulated until their sum reaches 100, which represents a quarter
note. The last line of the sample run in Figure 4.10a shows the final result
of processing the upper line of the Bach Invention No. 1. (The same is true
in Figures 4.11 and 4.12a.) At this point it is not possible also
to form connecting note lists into beat-sized patterns because they have
been collected according to the *size* variable into lists for pattern
matching.

The function make-1ists, shown in Figure 4.11, is used by prepare
and does exactly what its name implies: makes its list argument into lists
the length of its Length argument. The function £irstn returns a list of
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1.(defun get-beats (durations)

& (if (<= (apply '+ durations) 1.00)

3. (list durations)

4. (let ((beat (get-beat durations 0)))

5 (cons beat

b (get-beats

7 (nthcdr (length beat) durations))))))

# |
Callling (get-bedats (25 ¢5 25 d5 &5 ..w)
€alling (get-beats (25 2% &5 25 &0 .. )
Calling (get-beats (SO 5O 50 50 25 ...)
Calling (get-beats (50 S50 25 25 €5 )
Calling (get-beats (25 &5 254 25 €5 ...))
Calling (get-beats (25 25 25 25 50 )
Calling (get-beats (50 SO0 50 50 25

get-beats returned ((25 25 25 25) (25 25 25 25)
(S0 S0 (S S0 {25 25 25 88) i)
get-beats returned ((50 50) (25 €5 25 25)
(25 25 25 25) (S0 50) (SO0 SO0) ...)
get-beats returned ((50 50) (S0 50) (25 25 25 25)
(25 veh' @5 oy AS5Uts0Y o 5)
get-beats returned ((25 25 25 25) (50 50) (50 50)
(2585 85 25) (25,25 .25 €58) «..)
get—-beats returned ((25 25 25 25) (25 é5 25 25) (S0 50)
(SN SO) (B5 25 . B5.@5) e
| #

FIGURE 4.10 a) The function get-beats, found in line 8 of
prepare (Figure 4.9). b) The function get-beat, found in line
4 of get-beats.

cars of its second argument to its first argument’s depth. The use of
make-1lists is classically recursive in that it simply accumulates succes-
sive cars of its first argument until the conditional is met. This happens
when the first argument is null beyond the nthedr of the second
argument.

The function translate, shown in Figure 4.12a, operates interval-
translator, defined in Figure 3.8, or duration-translator,
depending on whether it has been called with pitches or durations. As
noted earlier, pitches used as an argument begins each returned list
with a list of intervals. It is important that both interval and pitch informa-
tion be returned by translate. As will be seen, retaining note and
duration lists is very important for the translation of matched motives back
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l.(defun get-beat (durations beat-update)
e (cond ((= beat-update 100)
¥ nil)
4. ((> (+ beat-update (first durations)) 100)
< (get-beat
E. (append
) (make-list @2
8. :initial-element
9. (/ (first durations) 2))
10. durations)
11. beat-update))
2. (t
2 . (cons (first durations)
14. (get-beat (rest durations)
&5 . (+ beat-update
1k. (first durations)))))))
# |

€Calling (get—-beat (25 25 8S 25 25 ...) 0O)

Calling (get-beat (25 25 25 @25 25 ...) 258)

Calling (get-beat {25 25 €5 @5 25 ...) Sh)
Calling {(get-beat (25 25 25 25 25 ... 7%5)
Calling (get-beat (25 25 25 @5 S0 ...} 100)

get-beat returned nil
get-beat returned (25)
get-beat returned (25 25)
get-beat returned (25 25 25)
get-beat returned (25 25 25 25)
| #

b.

FIGURE 4.10 continued.

to their real pitch representations. The function duration-translator,
shown in Figure 4.12b, divides successive pairs (in lines 5 and 6) of its
argument (list-of-durations). This allows matches of fractionally

equivalent rhythms.

Pattern-match

Figure 4.13 contains the entire pattern-match series of
functions. The function find-patterns, called from line 5 of Figure
4.6, represents the top level of this part of the presentation and appears in
Figure 4.13a. The function pattern-match, shown in Figure 4.13b,
separates its single list argument into two arguments for match.

The function match, shown in Figure 4.13c, takes the lists of one
database provided by prepare (Figure 4.9) and recursively applies them
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1.(defun make-lists (notes-or-durations length-of-lists)
c (if (null (nthcdr length-of-lists notes-or-durations))
- nil
4. (cons (firstn length-of-lists notes-or-durations)
5 (make-lists
E (nthcdr length-of-lists notes-or-durations)
i length-of-lists))))
# |
Calling (make-lists (0 EO k2 E4 kS ...) 4)
Calling (make-lists (&S k2 k4 EO &7 ...) 4)
Calling (make-lists (k7 72 71 72 74 ...) 4)
Calling (make-lists (74 &7 B9 71 72 ...) 4)
Calling (make-lists (72 &9 71 B7 .74 ...) 4)

make-1lists returned ((7?2 &9 7?1 E?) (74 7?9 7?7 79)
(Rl 84 78 F¢) (6 3 77 83) (7 77 IR FR) ...}
make-lists returned ((?4 k7 &9 ?71) (72 B9 71 &7)
(74,79 27 79) (7,80 29 727) (76 78 7¥ 83} <..)
make-1lists returned ((&7? 72 7?1 7?2) (7?4 7 B9 71)
(7269 70 B72) (74 9. A% #9) 476 81379 ?P) 5.:)
make-lists returned ((ES5 EZ2 E4 EO) (E7 72 71 72)
(74 b7 B9 ?23) £7@ B9 7L 67) (74 29 P77 - PA) Jpu)
make-lists returned ((0 &O k2 E4) (ES k2 b4 EO)
(7 78 71 728) (74 b7 69 71) (72 B9 71 &7) ...)
| #

FIGURE 4.11 The function make-1ists, found in line 7 of
prepare (Figure 4.9).

through a second database. The use of nconc (Figure 4.13c, line 4) is
quite important here. It removes nil from its argument; hence, only
matches appear in its output. This is critical since the adding that must
occur later in the process would force an error if a nil existed in the
matched data. The data input to this run is identical to the output of the run
in Figure 4.7b (and Figure 4.9). No run is shown for Figure 4.13b since its
output is identical to the output of Figure 4.13c.

The function get-patterns, shown in Figure 4.13d, is invoked by
match and takes a single motive from the first work in the database and
compares it to all of the motives in the second work to see if there is a
match. If one occurs, it returns the single motive. Again, the use of intervals
instead of pitches for matching is critical here. By changing the non-
matching interval lists (79 7?7 7?6 74) and (67 bS b4 E2) into
intervals (-2 -1 -2), they are properly matched.
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1.(defun translate (notes-or-durations translation-type)
c (if (null notes-or-durations)
3 nil
4 (let ((notes (first notes-or-durations)))
5 (cons
b (list
7 (if (equal translation-type 'pitches)
a8 (interval-translator notes)
9. (duration-translator notes))
10. notes)
11. (translate (rest notes-or-durations)
2. translation-type)))))
#
Calling (translate ((0 BEDO B2 B4) (ES k2 B4 EO)
(6T 72 73 72) (& &7 &S YR (@2 b3r b BEP)s s sayupitches)
Calling (translate ((ES k2 k4 EO) (&7 72 71 72)
(¢4 BE7 ER020) (72 B8 73 7)Yy (74 79 77 ?R)nnes ypditclhes)
Calling (translate ((k7? 72 71k 72) (74 b7V BY 1)
(7 &9 73 B7) [(v& 79 77 ™) (7b 81 ¥9 7?7} ...) plitches)

translate returned
EE(S =% 3) (&7 72 71 ?2))
((=? 2 2) (74 E7 B9 71))
((-3 2 -4) (72 69 71 B7))
((5 -2 2) (7?4 7?9 7?7 ?9)) (S -2 2) (?b 81 79 77)) ...)
translate returned
(((-3 2 -4) (kS ke k4 E0))
({5 -3 3)-{E? 7?2 73 72))
(=7 2 2) (74 E7 BS 73))
((-3 2 -4) (72 69 71 &7))
({5 ~2 &) (5 9 77 2} das)
translate returned
(((E0 2 2) (0 BD B2 E4))
((-3 2 -4) (bS k2 L4 EO))
(S =1 1) (&7 72 ¥1 7))
((=7 2 2) (74 67 B9 71))
(=3 2 =4) (72 B9 7% &7)) ...)
| #

FIGURE 4.12 a) The function translate, found in line 5 of
prepare (Figure 4.9). b) The function duration-
translator, found in line 9 of translate.
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1.(defun duration-translator (list-of-durations)
2 (if (null (rest list-of-durations))

3 nil

4. (cons

e (/ (first list-of-durations)

= (second list-cf-durations))

? (duration-translator

a (rest list-of-durations)))))

# |
Calling (duration-translator (25 25 25 25))
Calling (duration-translator (25 25 25))
Calling (duration-translator (25 25))
Calling (duration-translator (25)),
duration-translator returned nil
duration-translator returned (1)
duration-translator returned (1 1)
duration-translator returned (1 1 1)
| #

FIGURE 4.12 continued.

The function match-pattern, shown in Figure 4.13e, is the actual
matching function of the program. It produces t or nil depending on
whether its two list arguments match within the limits allowed by the
variable *variance*. The actual test takes place in lines 4 through 6,
where each member of the second list is in turn subtracted from the
parallel member of the first list and the “absolute value” compared to
*variancex*. If each is equal to or less than the allowable amount, the
patterns match.

The function directions, shown in Figure 4.14, adds each list of
intervals in its argument in order to determine the direction (positive or
negative) of the motive and the severity of that direction. Thus (1 3 -2)
equals 2 and (-2 -2 4) is 0. These single digits, which represent the
directional thrust of a motive, are added to the head of each list so that the
data is in the form shown in the single run of Figure 4.14. From right to left
(the LISP order of evaluation) this is notes, intervals, and direction.

Make-melody and Generate-speac

Figure 4.15 presents the code for the high-level function
make-melody, called from line 6 of compose-invention (Figure
4.6). It operates the SPEAC branch of the compose-invention pro-
gram and accesses the signature-dictionary (created in line 5 of
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L.(defun find-patterns nil
2. (directions (pattern-match prepared-data)))

# |
Calling (find-patterns)
find-patterns returned
(LS ((3 =2 &) (7?6 ?9.727.81)))
(=5 ((—2 =% =2) (7?9 ?7 7L 74))
=3 (-2 =& =3) (7?6 T4 72.73))
(=5 ((-13 -2 -2) (72 ?1 kLA &7))
(-6 ((—2 -2 =-2) (71 69 &7 &£5))
| #

l.(defun pattern-match (prepared-works)

€. (match (first prepared-works)
- 1 (second prepared-works)))
b.

FIGURE 4.13 The pattern-match sequence. a) The function
find-patterns operates the two major functions of pattern
matching: directions and pattern-match. b) The function
pattern-match, found in line 2 in find-patterns. c) The
function match, found in line 2 of pattern-match. d) The
function get-patterns, found in line 5 of match. e) The
function match-pattern, found in line 4 of get-patterns.

Figure 4.6), using associate and generate-speac to define crudely
a non-metric melody. The process depends on the weighting provided by
the function directions (line 6) and resultant associations (line 3) with
the output of generate-speac. This melody is then given a set of
beat-related durations (create-rhythms in line 12) that are the result
of a less rigorous pattern-matching process (see lines 13 through 16). This
pattern matching for duration parallels the structure of the pattern match-
ing for pitches.

Figure 4.16 presents the basic syntax of the SPEAC generating program.
The lexicon first presents lists of what can follow what. As was the case in
Figure 3.14, the syntax attributes provide the protocol rules for the ar-
rangement of identifiers. The lists immediately following the identifier
names in each line are those identifiers that can legally follow the one
being defined. In this way, the rules of musical succession are established.

The meaning attributes then provide interval dimensions, which will be
evaluated from their names after proper lists of identifiers have been
generated. The intervals in Figure 4.16 represent the directions of motives
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1.(defun match (prepared-work-1 prepared-work-2)
2. (if (null prepared-work-1)

i nil

4. (nconc

= (get-patterns (first prepared-work-1)
E. prepared-work-2)
A% (match (rest prepared-work-1)

8 prepared-work-2))))

# |

Calling (match
(((bO 2 2) (0 B0 B2 k4))
(-3 28 =4) (65 L2 &4 BO))
({9 =3 1) (&7 7& 7% '72))
((=7 2 2) (74 b7 B9 71))
{ (=3 @r=A) (T2 STk} ) 0i%)
(((E0 -1 1) (D0 EDO 59 EO))
((2 1 -B5) (k2 b4 ES 0))
((-2 2 2) (b2 kO k2 Ek4))
((2 -3 §) (ES b7 B4 E9))
((-2 -1 1) (&7 ES B4 ES)) ...))
match returned
({3 —2 &) (76 79 7¢ &)%))
((=2 =1 —-2) (79 7?7 7?6 74))
((-2 -2 -1) (7b 7?4 72 71))
((-3 -2 -2) (7?2 71 B9 L?))
((-2 -2 —-2) (71 B9 &7 ES)) ...)
| #

FIGURE 4.13 continued,

or potential signatures as calculated in Figure 4.14 and are not actual
intervals per se. The choices follow the general principle that severe leap-
ing (in this case a major third across a motive) asks questions (a), lesser
motion (a minor third) responds to these questions (¢ ), stationary motives
are stable (s), and both (p) and (e) are the same as (a) and (c¢) respec-
tively but to diffzrent degrees. These choices represent one of the author’s
own aesthetic judgments and are not the result of any body of evidence.
Many general precepts of melodic shaping do tend to follow the notion
that using direction is one way to create balance in music.

Figure 4.17a shows generate-speac, a variation of generate-
atn, described in Figure 3.15. It produces a list of correctly generated
identifiers based on the property lists shown setf'ed in Figure 4.16. In
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1.(defun get-patterns (one-pattern many-patterns)

. (cond ((null many-patterns)

3 nil)

4 ((match-pattern (first one-pattern)

A (first-of-first many-patterns))
k& (list one-pattern))

? & 2

a (get-patterns one-pattern

9 (rest many-patterns)))))

# |
Calling (get-patterns
(=€ =1 =-2) (7?9 ?% 7b 74))
(((=2 -1 1) (B? BS B4 BS))
((=2 =1 -2) (&7 kS B4 k2))
((4 3 S5) (B0 B4 &7 72))
((=3 2 1) (72 &9 71 72))
({(—2 =13 %) (74 7?2 71 72))))
Calling (get-patterns
((=2 =1 =2) (7?9 7?7 76 74))
{{{—=2 =2 —=2) (b7 BS L& -E2})
((4 3 S) (6O &4 &? 72))
(-3 2. %) (72 B9 7% 72}))
({2 =3 3) (74 72 73 72))))
get-patterns returned
{({(=2 =3 =2) (77 7?7 7K 74}))
get-patterns returned
(({—2 -3 —2) (79 77 ?b 74)))
({(~2 =)k =2} (T8 27 6 .<:)))
| #

FIGURE 4.13 continued.

other words, generate—-speac creates a new melodic backbone, the
structure of which follows the rules of Figure 4.16. The program variable
*rough-phrase-length*, shown in line 3, operates exactly like con-
junctions in Figure 3.15. In this case the higher the number, the longer
the resultant phrase.

The function get-speac, shown in Figure 4.17b, selects successors to
the syntax property lists as shown in line 6. The initial call to this
function is randomly chosen in line 2 of Figure 4.17a. The function choose-
one, described in Figure 4.17¢, chooses one of the elements in the list of
possible successors to the speac-character argument, thus ensuring
proper protocol (see line 6 of Figure 4.17b). This is then bound
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.(defun match-pattern (pattern-1 pattern-2)
(cond ((or (null pattern-1) (null pattern-2))
t)
((<= (abs
(- (first pattern-1l) (first pattern-2)))
*yariance*)
(match-pattern (rest pattern-1)
(rest pattern-c)))
(t
nil)))

= O ~d0O wWnm oS wmne

|

# |
Calling (match-pattern (-2 -1 -2) (-2 -1 1))
Calling (match-pattern (-1 -2) (-1 1))
Calling (match-pattern (-2) (1))
match-pattern returned nil
match-pattern returned nil
match-pattern returned nil
Calling (match-pattern (-2 -1 -2) (-2 -1 -2))
Calling (match-pattern (-1 -2) (-1 -2))
Calling (match-pattern (-2) (-2))
Calling (match-pattern nil nil)
match-pattern returned t
match-pattern returned t
match-pattern returned t
match-pattern returned t
| #

FIGURE 4.13 continued.

to cons, and the function recurses. If the identifier is an a, the end-
number argument is decremented just as in generate—atn with count-
down (again see Figure 3.15). This allows the phrase eventually to end
(see line 2). Finally, get-speac ensures a consequent motion by the
addition of a final ¢ in line 3.

The function choose-one in Figure 4.17c¢ selects one of the members
of its list argument based on the LISP function random. It is also used in,
for example, sclect-meter (Figure 4.7a) to choose between several
correct possibilities. The function random assumes that it will be selecting
a number from the range of 0 to the number provided in its argument.
Calling make-random-state (a standard Common LISP function) with
t as a second argument to random ensures as close to pure random
output as possible.

The first step in explaining how the meanings of Figure 4.16 are related
to signatures is given in Figure 4.18a, which shows the function £ind-it.
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1.(defun directions (signatures)

2. (1f (null signatures)

= nil

i (cons

s ST -

b (apply (function +)

T (first-of-first signatures))
8. (first signatures))

— (directions (rest signatures)))))

# |

Calling (directions
(((3 -2 4) (7?6 79 7?7 81))
((-2 -1 —-2) (7?9 77 76 74))
((=2 -2 =-1) (?b 74 72 71))
((-12 -2 -2) (72 7?1 B9 &7))
((-2 -2 —2) (7?3 B9 B? E£5))...))

directions returned

({5 ((3 =2 &) (7& 7] 77 81)))
(=2 =1 =) (79 77 76 74))
-2 -2 =1) (7 7?4 72 71))
=3 =g =) (72 7% Y &)y}
-0 )

(
(
(
( -2 -2) (71 B9 L7 6S)

-5 { )
-5 ( )
-5 ( )
-6 ( )

P e i

253
| #

FIGURE 4.14 The function directions, found in line 2 of
find-patterns (Figure 4.13a),

This function tests to see if the direction of successive cars of signa-
tures is in the list of meanings, its first argument. If the test is successful,
then £ind-it returns the intervals and notes it finds in the second-
of-first (see line 7) part of its second argument. Otherwise, find-it
recurses through the remainder of its second argument.

When find-it relates the direction of a motive with the meaning, it
divests both arguments of their signs through the use of abs (line 5). This
equates downward motives (i.e., negatives) with upward ones that have
the same degree of overall leap. This may seem peculiar since the two
meanings given to the SPEAC symbols become the same at this point. This
is necessitated, however, by the need to find signatures in small works for
examples in this book. The longer the compositions used for signature
analysis, the more flexible and useful the SPEAC system becomes. The
meanings, for example, could be ranges, different numbers, and so forth,
any of which would be effective when using larger *size* numbers or
compositions that leap more than those included here. A larger system



114

L.
"
3
4.
8
b
.
8

.

COMPUTERS AND MUSICAL STYLE

(defun make-melody nil

(let ((melody

10.
1L.
he.
5o
14.
1S
16.
0 g

#1

(assocliate (generate-speac)

(list melody
(create-rhythms
(pattern-match

(prepare

Calling (make-melody)
make-melody returned
~-2) (79
-2) (79
-1) (76
-1) (76
-2) (79

| #

CLRE=
(=

— -
el |

(
(
(
((
(
((1

((1
((1

c
c

e
=
c

i i

-1
-1
-2
-2
-1
1)
1)
1)
1)
1)

(25
(25
(25
(25
(25

29
2%
e
B9
e5

77
77
74
74
77
25
-n
°n
25
25

(i1f signature-dictionary
signature-dictionary

(directions
(funcall
(choose-one

'(first second)
prepared-data)

)
)))))

'temporary-composition-1

'temporary-composition-¢
'durations))
(get-length melody)))))

76174%)
75724 ))
72 71))
72 71))
76 Y )

25))
ea)y)
e5))
£5) )
esy)

-))

FIGURE 4.15 The function make-melody is responsible for
creating a melody from the patterns thus far gathered.

(setf
(setf
(setf
(setf
(setf

(setf
(setf
(setf
(setf
(setf

(ger 5
(get 'p
(get 'te
(get 'a
(get 'C
(get 's
(get 'p
(get 'e
(get 'a
(get 'c

'syntax)
'syntax)
'syntax)
'syntax)
'syntax)

'meaning)
'meaning)
'meaning)
'meaning)
'meaning)

'(p e a))
'(s ac))

'(s p ac))

'(e c))

'{s p @ a))

'(0))

l‘(El
1‘(1'
' (4
I{3

=2}
-1))
=4))
-3))

FIGURE 4.16 Property lists for the SPEAC system showing both
their syntax and their actual meanings.
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1.(defun generate-speac nil

2. (get-speac (choose-one '(s p e a c))
. & *rough—-phrase-lengthx*))
# |

Calling (generate-speac)
generate-speac returned (c ac a ¢ ...)
| #

l.(defun get-speac (speac-character end-number)
(if (zerop end-number)
(list 'c)
(cons speac-character
(get-speac
(choose-one (get speac-character 'syntax))
(if (equal speac-character 'a)
(L- end-number)
end-number)))))

Od0C~Jou N wry

# |
Calling (get-speac p &)
Calling (get-speac c &)
Calling (get-speac e &)
Calling (get-speac p &)
Calling (get-speac a k)

get-speac returned (a c s e p ...)
get-speac returned (p a ¢ s € ...)
get-speac returned (e pacs ...)
get-speac returned (c epac ...)
get-speac returned (pce pa ...)
| #

b.

1.(defun choose-one (objects)
2. (nth (random (length objects) (make-random-state t))
3 objects))

# |
Calling (choose-one (2 3))
choose-one returned 2
Calling (choose-one (s p e a c))
choose-one returned e

| #

FIGURE 4.17 The generate-speac sequence of functions.
a) The function generate-speac, found in line 3 of make-
melody (Figure 4.15). b) The function get-speac, found in

line 2 of generate-speac. ¢) The function choose-one,

found in line 6 of get-speac and elsewhere.
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.(defun find-it (meaning signatures)
(cond ((null signatures)
nil)
((funcall (function member)
(abs (first-of-first signatures))
(mapcar (function abs) meaning))
(second-of-first signatures))
I
(find-it meaning (rest signatures)))))

O 0 =) 1™ W Il ru e

# |
Calling (find-it
(& =@) {({=2 ((» =F) (b4 ES b2}))
(0 ({=% %) {72 &k ¥2)))
(=2 ({3 =-3) (73 72 B9)}))
(B ({=2 &) 79 72 79)))
(2 ff=3 I} LAE ek ANIDT i)
find-it returned
((3 =-3) (b4 LS B2))
| #

FIGURE 4.18 The find-it sequence. a) The function find-
it, found in line 2 of relate. b) The function relate, found
in line 2 of associate. c) The function associate, found

with generate-speac in line 3 of make-melody (Figure
4.15).

could also develop proportional strategies so that large intervals, for ex-
ample, could vary depending on the local environment (i.e., a 4 is small in
a work of mostly 7s but large in a work of mostly 2s).

The function relate (see Figure 4.18b) recursively matches its mnean-
ings argument with the directions (the first number in each sublist) of its
signatures argument and returns a list of discovered matches. The
function returns only the cdrs of the signatures that contain intervals and
notes from the pattern-matching process. The use of let in relate
ensures that if £ind-it finds no meaning, one will be found for it
through the use of choose-one. Typically in large works, there should
be no problem in finding a signature. It is also easy enough to change the
lexicon of Figure 4.16 to use larger numbers for works with frequent
leaps.

The function associate in Figure 4.18¢ relates its second argument
to its first argument and returns the result, which contains both intervals
and notes. We now have a melody that corresponds to the backbone
created by get-speac (Figure 4.17b).
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l.(defun relate (meanings signatures)
2. (let ((find (find-it (first meanings) signatures)))
3. (1f (null meanings)
4. nil
=« (cons
. (1€ fina
T find
8. (second (choose-one signatures)))
- (relate (rest meanings) signatures)))))
#1
Calling (relate

((3 =3) (0) (3 -1) (O0) (¥ -2) ...)
((-2 ((3 -3) (b4 &S E2)))
(0 ((-1 1) (7?2 71 72)))
(-2 ((1 -3) (71 7?2 E9))
{0 ({2 2) (79 .77 79)))
(2 ((-3 3) (?7 76 79)))

)
-))

relate returned
(=2 3) (73 &9 72))
((=1 1) (72 71 72))
-2 3) (71 B9 72))
-3 3} ¢ ¢ 72))
SerdYileek™S ey )

i i i
g, g

1.(defun associate (generated-list signatures)
Ce (relate

3. (mapcar

4. (function (lambda (syntax) (get syntax 'meaning)))
5. generated-list)

E. signatures))

# |

€aliing (assoclate (a e a e a ...)

((-2 ((1 -3) (B4 &S E2)))
(D.-{{=2 3) (72 ?3 78)))
(-2 ((1 -3) (71 72 K9)))
(B ft=2 &) {73 ¥v 79)))
{2 =3 3) (?7 Th 7)) ) ++:1))

associate returned

(((-2 -2) (71 B9 E7))

2 3Y {7 B9 72))

e -2) (71 B9 E7))

2 3). (7D 58 T2} )

e -2) (73 69 67)) ...)

FIGURE 4.18 continued.
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The function create-rhythms, invoked in Figure 4.15 and shown in
Figure 4.19, receives as its first argument sets of patterns consisting of
durations and the relationships of those durations, as discussed on pages
103—-105 and shown in Figure 4.12b. Its second argument is the exact
length of the melody already created in lines 2 through 10 in Figure 4.15.
The purpose of this function is simply to group duration signatures into
lists that ultimately match the length of the note list of the function running
create-rhythms. Since those note lists are oblivious to beats at the
current stage, create—-rhythms provides whatever successful matches
pattern-match provides (see lines 12 through 17 of nake-melody
in Figure 4.15).

Adding a Second Voice

In Figure 4.20, the function add-second-voice (called
from line 7 of Figure 4.6) acts as a sub-sequence of the top level of the
imitation sequence of compose-invention and creates an appropriate
second voice for the nascent invention. First, it cleanses and arranges the
current material to ready it for making a second voice. The function im-
itate then does the actual creation of a second line. How this works will
be explained with Figure 4.22.

The function align-beats, in Figure 4.21a, processes its argument
so that the result can be read as two lists of the new work consisting of
parallel sub-lists arranged by beat. The first sub-list contains notes, and the
second sub-list contains durations. Note in the sample run that the inter-
vals and duration proportions have been removed since their job has been
completed.

In Figure 4.21b, the function make-beats, used by align-beats,
applies collect-beats to its two-list second argument, making beat-
sized sub-lists of data. Since collect-beats, as will be seen, returns
notes collected by beats, make-beats uses the number of collected
notes (in line 8) to collect exactly the same number of durations to match
them. This same number is used in lines 11 and 13 to nthecdr the second
argument during recursion. The function make-beats is different from
get-beats (Figure 4.10) in that the latter is exclusive to the match
sequence of functions.

Figure 4.21c shows the function collect-beats, which uses its
number-of-beats argument to gather beats from its second argument.
The optional argument here defaults to 0 and allows addition of durations
so that when they are equal to 100 the function quits recursing and returns
the number of durations necessary to equal one beat.
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L.(defun create-rhythms (patterns melody-length)
2. (let ((trial-pattern (choose-one patterns)))
- (1f (<= melody-length
4. (length (second trial-pattern)))
= (list
E. (list (first trial-pattern)
7 i (firstn melody-length
&. (second trial-pattern))))
e (cons trial-pattern
10. (create-rhythms
11. patterns
> 1P (- melody-length
13. (length
(second trial-pattern))))))))
# |

Calling (create-rhythms
tifth » %) (25 @5 €5 €5))
ith '3y {en €5 25 25))

((1) (50 50))
((2) (50 50))
((1L 3 1) (25 25 25 25)) ...) 54)

create-rhythms returned
({3 3 1) (25 25 2% 25))
(nil (100))
(£33 'L ) (2% 25 25 25))
((L) (50 50))
(il (ARY) 5..)

| #

FIGURE 4.19 The function create-rhythnms, found in line |12
of Figure 4.15, gets the material shown as a typical argument.

1.(defun add-second-voice nil
2. (pair (layout (imitate meter (align-beats melody)))))

# |
Calling (add-second-voice)
add-second-voice returned
(EEEs S B 72'70" J.2) 85 25 25 25 B85 ...))
({&D 745 &S5 64 &S ...) (300 300 100 25 25 "...)))
| #

FIGURE 420 The function add-second-voice, the top level
for the imitation sequence of the compose-invention
program.
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1

{list
(apply

(apply

4. (list (mapcar

# |
Calling

((({=2

((1

.(defun align-beats (speac-melody)
(let ((trial
(make-beats

'append
(mapcar 'second
{Lirst
speac-melody)))
'append
(mapcar 'second
(second

speac-melody)))))))

'first trial) (mapcar 'second trial))))

(align-beats
-2) (¢7 76 74))

1

y fe FAhEe))

-2) (7% B9 B7))

3
1

1

) 1 BY fa))
J plidid oh 8 1))

L)
1)
1)
1)
1)

align-beats

(LT
(7L

(b7
(72
(B9
((25
(25
(25
(25
(25

| #

7k
TE
71
‘1
b7
29
25
es
ch
]

1?4
71
B9
e
71
es
g9
o5
eS
25

(25
(25
(25
(25
(25

]
(24
25
25
5]

ol
25
£5
es
25

returned

72)
69)
72)
71)
69)
25)
25)
25)
25)
25)

<))

FIGURE 4.21
second line of add-second-voice (Figure 4.20). b) The
function make-beats, found in line 3 of align-beats,
¢) The function collect-beats, found in line 4 of make-
beats.

- o

T
295) )
29))
£9) )
ESYy

- )

a) The function align-beats, found in the
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.(defun make-beats
(if (null
nil

(first music))

12]

(number-of-beats music)

(let ((trial (collect-beats number-of-beats
music)))

(cons
{115t trial

(firstn (length trial)
(make-beats number-of-beats

Calling (make-beats

1

((64 BS ke 71 ES9

Calling (make-beats

1

((69 &7 7?1 B9 72

Calling (make-beats

L

((?2 73 L8 L7 71

make-beats returned

(({78 7
((71 &9
((69 &7
(e T3
((71 &Y

make-beats

(( (&S
({72
((71
((&9S
({72

make-be
(((B4

((B9

((7e

((71

( (B9

| #

E7
71
E9
b7
71
ats
S
b7
71
b9
b7

71
B9
e
71
69
Ie
ke
71
&9
e
71

E9 E7) (25
e T3) (e5
72 BEJ) (25
B9 &7) (25
e va) {e5
returned

E9) (25
E7) (25
43) (25
E9) (25
E7) (25
turned
’3) (2%
E9) (25
E7) (25
23) (2%
E9) (25

FIGURE 4.21

{list
(nthecdr

-)

23
es
e5
ea
es

e5
es
25
25
'

(nthcdr

(25 25 85 25°e5

ga 2
e £
=L
en g
25 o

es
o9
25
25
25

e5s
25
ES
25
2S

A S 25 &%

.) (85 25 2%

5 25))
S 25))
S 25))
S 25))
5 25))

25} )
e5))
25))
25) )
£5))

£3))
25
€3 ) )
£5))
£33

continued.

(second music)))

(length trial)
(first music))
(length trial)
(second music))))))))

25 25

EavEDs

) ))

+)))

«)))
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1.(defun collect-beats (number-of-beats music

e . &optional (test 0))

3. (econd ((null (first music))
4. nil)

o ((>= test (* number-of-beats 100))

b. nil)
e (t

8. (cons (first-of-first music)

. (collect-beats

L0 . number-of-beats

11. (list (rest (first music))
e, (rest (second music)))
L3. (+ test

14. (first (second music))))))))
# |

Calling (collect-beats

1

(T bR e 33 Bl fh 25 &b €5 25 Le.3))
Calling (collect-beats

1
(R 7e, T8l el asd) (BSTESIeE BS. 5.0y ) 25)
Calling (collect-beats
L
((?2 72 7?1 72 71 ...) (@5 @5 25 @5 @25 ...)) SO)
Calling (collect-beats
1
{{PE: D e Fh B .eoq )2 25 25 25185 .4} ) 75)
Calling (collect-beats
1
((?1 72 7?3 b9 7?2 ...) (@5 @5 @5 @25 @5 ...)) 100)

collect-beats returned nil
collect-beats returned (72)
collect-beats returned (72 72)
collect-beats returned (&9 72 72)
collect-beats returned (7?1 &9 72 72)
| #

FIGURE 4.21 continued.
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Imitation

Like EMI, to be discussed in Chapter 5, the compose-
invention program consists of a mix of inheritance and rules. The
manner in which the compose-invention sequence creates melodies
and rhythms is derived exclusively from the works called by the arguments
to its top-level function. Thus it inherits materials (i.e., signatures) from its
data. The functions designed to create imitation for these melodies differ
in that they impose constraints on the music and are not derived in any
way from the original works. These rules will help to make a more invention-
like final output.

Figure 4.22 shows the five major functions designed to create imitation
in the compose-invention program. The first, imitate, creates the
imitative line for compose-invention as well as the countersubjects
(the contrasting accompaniments to imitating lines) that will be injected
into the originally composed melodic line. In line 2 of Figure 4.22a, a local
variable working-length is twice the size of meter since imitate
will successively cdr through its second argument by making bar-length
countersubjects for both its upper and lower voices. This avoids problems
during recursion since the function has to rock back and forth in invention
style between its voices, creating countersubjects for each voice in turn.
Lines 7 through 12 are the core of imitate. As will be seen in the
description of imitate-it, the voices will alternatively erase and re-
place meter-sized numbers of beats of first the second voice and then the
first voice with quarter-note consonances (see bars 3 and 4 of Figure 5.1
for a musical example of this).

Figure 4.22b, imitate-it, provides the basic thrust for imitate.
This function creates a countersubject for its second argument by begin-
ning it in the second bar (according to meter) of the slowly evolving
invention. Absolutely no attention is paid here to whether or not the new
voices will fit with one another. This is inconsequential because one or the
other of the voices will be replaced with consonant material according to
counter-it in line 6 and create-countersubject in line 14.

The function rest-beats, shown in Figure 4.22¢, makes rests. This is
useful for openings of inventions, since the left hand of the performer
usually rests while the right hand plays the subject (see Figure 4.4 for a
musical example of this). Note that the variable quarter-rest, which
was setq’ed in Figure 4.3, now becomes a convenient way to avoid having
to present data in the function proper.

The function create—-countersubject, shown in Figure 4.22d, is
responsible for creating quarter-note countersubjects that are consonant
with the emerging invention. It accomplishes this by append’ing a meter-
length set of note lists from different parts of the two lines it is given (see
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.(defun imitate (meter beated-voice)

(let ((working-length (* meter 2)))
(EE fauEd

(nthecdr working-length (first beated-voice)))
nil
(append
(imitate-it meter
flList
(firstn working-length
(first beated-voice))
(firstn working-length
(second beated-voice))))
(imitate meter
{EisSt :
(nthecdr working-length
(first beated-voice))
(nthcdr working-length
(second beated-voice))))))))

Calling (imitate

2
(((71
(7k
(62
(73
(71
( (25
(25
(25
(25
(25

ES
T4
71
&9
T+E
ES
BS
25
ch
25

B2 22

L4 LS)

59 B7)

72 72)
TLERY k)
25 25)

25 25)

25 25)

25 25)

26 25) ...)))

FIGURE 422 The imitate sequence of functions. a) The
function imitate, found in the second line of add-second-
voice (Figure 4.20). b) The function imitate-it, found in
line 7/ of imitate, with a sample run. c) The function rest-
beats, found in line |12 of imitate-it. d) The function
create-countersubiject, found inline 14 of imitate-
it. e) The function counter-it, found in line 6 of create-
countersubject.
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imitate returned

((((?2 B9 &7 ?7) (?b 74 B4 ES) (L?) (72))
((25 25 25 25) (25 25 25 25) (100) (100)))

(U(E?) «(72) (73 69 L? 7)o 7k 74 b4 BS))
((100) (100) (25 @5 25 25) (25 25 25 25)))
{EC73 72 ¢h'BN) L7 T2 7?3 &) L&Yy F6))
({es 25 25 ea) [25 2% 25 '@5) f30uy {130aY)) )
LE{TR) k) 6ty e S BA A TE aTE VL e )
((100) (100) (2S5 25 25 25) (25 25 25 25)))
{22 #d 2L #2) (v1 kY ¥2 7)) (?h) {(74))

((eS 25 @5 28h5) (&5 25 85 285) {100Y (LYY Vew)
| #
a. continued.
l.(defun imitate-it (meter beated-voice)
ol (let ((new-work
iz ¥ (list beated-voice
4. (gt
B (append
E. (counter-it meter
0 (firstn meter
a. (first beated-voice)))
o (firstn meter (first beated-voice)))
10. (append
11. (mapcar 'second
12. (second (rest-beats meter)))
13. (firstn meter (second beated-voice)))))))
14. (list (create-countersubject meter new-work)
15. (second new-work))))
# |
Calling (imitate-it
c

(((B4 BS &2 77)
(P76 74 71 B9)
(72 71 B9 E7)
(7L B3 72 71))
({25 25 85 &5)
(25 25 &5 £5)
(25 &5 25 25)
(25 25 25 245))))
imitate-it returned
((((&4 BS B2 ?7) (7 74 71 &9) (EO) (72))
((25 25 25 &5) (€5 25 25 5% (H00)u{I0DEY))
(((BO) (?2) (B4 BS L2 ?7) (7B 7?4 71 B1))
({300} (388) (&% 25 .85 d5) (a3 €525 83))))

| #

FIGURE 4.22 continued.
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1.(defun rest-beats (meter)

2. (list

gl (make-list meter

4. :initial-element

5. (first gquarter-rest))

k. (make-1ist meter

T :initial-element

s (second quarter-rest))))
# 1

Calling (rest-beats 3)
rest-beats returned
(((nil (0)) (nil (O0)) (nil (0)))
((nil (100)) (nil (200)) (nil (200)})))

| #
C.
1.(defun create-countersubject (meter two-lines-of-music)
B lLigt
25 (append (firstn meter
4. (first-of-first
S two-lines-of-music))
k. (counter-it meter
T (nthcdr meter
B (first (second
S 4 two-lines-of-music)))))
10. (append (firstn meter
11. (second-of-first
ie. two-lines-of-music))
T (R (make-list
14. meter
15. :initial-element
1E6. (second (second quarter-rest))))))
# 1
Calling (create-countersubject
=

((((?2 7?1 72 k4)
(£5 bE TR th)
(72 B4 bS5 k2)
(72 7?1 72 b4))
({85 25 €8 23]
(25 25 25 " 25)
(25 2% 3 25])
(25 25 253 2%5)))
({(6R) (BeY (%2 71 72 BA) (&S be 72 71)})
(3000 (L0 A(ES 25785 25) (25 29 253 '€5)))))
create-countersubject returned
(((72 7?1 72 b4) (b5 B2 72 71) (6&9) (&2))
({25 25 28 .25) (25.25 25 25) (308) (300)))
| #

FIGURE 4.22 continued.
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L.(defun counter-it (meter beated-melody)

it (1f (zerop meter)

. 1 nil

4. (cons

< (list

E. (find-closest-consonance

T (first-of-first beated-melody)))

8. (counter-it (1- meter) (rest beated-melody)))))
# |

Calling (counter-it 3 ((?2 71) (72 ?1) (&9 72)))
Calling (counter-it 2 ((72 71) (69 72)))
Calling (counter-it 1 ((&9 72)))
Calling (counter-it 0O nil)
counter-it returned nil
counter-it returned ((72))
counter-it returned ((7?tk) (72))
counter-it returned ((7&) (?E) (72))
| #

FIGURE 4.22 continued.

the use of first-of-first in line 4 and the parallel use of second-
of-first in line 11). Again, access to quarter-rest is helpful in
abstracting data (see line 16).

The function counter-it, shown in Figure 4.22e, finds a proper
consonant note for the downbeat notes of the original melody. It provides
as many of these as its first argument requires. These consonant notes are
then given the previously mentioned durations (in lines 10-12 of create-
countersubject).

Figure 4.23 shows two functions that ensure downbeats are consonant.
The first, find-closest-consonance, shown in Figure 4.23a, oper-
ates find-closest on (1) a pitch either a third up or down from the
note being tested (i.e., 4 in Figure 4.23a); (2) the note itself; and (3) the
major-scale that was setq’ed in Figure 4.3. The random nature of the
first argument to £ind-closest allows for interesting variations in the
music, and the second argument ensures that leaps are not too extensive,

In Figure 4.23b, the support function £find-closest is shown. Lines
2 and 3 stop the function if its third argument is null (it is a good idea to
avoid the possibility of endless recursion, although the function should be
given the right arguments in the first place). Line 4 tests for whether the
second number is equal to or greater than the note being tested. If this
is true, then the code further tests (lines 6-10) for whether the
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1.(defun find-closest-consonance (note)

2. (find-closest (funcall (choose-one '(+ -)) note 4)
E: note

4 major-scale) )

# 1
Calling (find-closest-consonance 71)
find-closest—-consonance returned 74
Calling (find-closest-consonance 7L)
find-closest-consonance returned 79

| #
a.

1.(defun find-closest (note other-note right-note-list)
2. (cond ((null (rest right-note-list))
3 (first right-note-list))
4. ((>= (second right-note-1list) note)
L (if (and
k. (not (equal (- other-note
P (first right-note-list))
6. 5))
s 28 (<= (- note (first right-note-1list))
10. (- (second right-note-list) note)))
11. (first right-note-list)
12. (second right-note-1list)))
13. 5 o
14. (find-closest note

15. other-note

1E. (rest right-note-list)))))
# |

Calling (find-closest &7 71 (36 38 40 41 43 ...))

Calling (find-closest b? 71 (I8 40 4% 43 45 ...))

find-closest returned L7
find-closest returned &7
| #

FIGURE 4.23 The consonance sequence of functions. a) The
function find-closest-consonance, found in line 6 of
counter-it (Figure 4.22e). b) The function find-closest,
found in line 2 of find-closest-consonance.
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potentially right note is a fourth or second (dissonance in this style) of the
original note (second argument in the figure). If this condition is not true,
then the first note in the third argument is chosen (see line 11). If the
condition is true, the second note in the third argument is returned (see
line 12). These lines of code (4 through 12 of find-closest) may be
challenging to readers who know either LISP or music well but not both.
Readers are encouraged to work through this code carefully with frag-
ments of code and music paper to see (and hear) the results of the tests
involved here. The complexity may be trying, but junctures such as this are
key elements in understanding how programming musical problems such
as consonance can occasionally create code that is difficult to decipher.

The function 1layout, shown in Figure 4.24, receives pattern-matched
lists of the melodic and durational sequences of the compose-
invention program and lays out the data as lists of notes and durations.
The apply-appenad trick discussed in Chapter 3 occurs here in lines 6
and 8 and ensures that sub-lists, created for pattern matching, are re-
moved. Because the processes of creating the melodies and rhythms are
parallel, both are returned in exactly the same ways.

Figure 4.25 shows the function pair, which is used to line up the
sub-lists of its argument in proper rows of pitches and durations. This
function makes calls to mapcar for each of the four note and duration
lists. It then uses the apply-appenad trick to merge the sub-lists into
continuous numbers. The output is simply two lists of two sub-lists, each
containing note and duration numbers respectively.

Figure 4.26 shows the function every-other, which collects every
other member of its single list argument. This function is used by pair
twice (see lines 3 and 4 in Figure 4.25), in the manner shown in the sample
run in Figure 4.26. All of the data that was realigned during the imitate
sequence is put here into more normal order.

Cadence

The cadence sequence of functions is shown in Figure
4.27. The function cadence-it (Figure 4.27a) is found in line 8 of
compose-invention in Figure 4.6. It operates insert-cadence
(Figure 4.27b), giving it the current state of the work with a transposed
version of its second voice. The function insert-cadence breaks its
argument into beats and feeds it to make-a-cadence (Figure 4.27¢),
which produces lists that need rectifying through a double use of mapcar
in order to read out correctly. Note the use of the program variable
*minimum-length* in Figure 4.27b (line 3). It is passed to make-a-
cadence, which reduces it incrementally as beats of the work are collected.
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1.(defun layout (imitate-lists)

c (if (null imitate-lists)

3 nil

4 (cons

o (list

E. (apply 'append

7 (first (first imitate-lists)))

& (apply 'append

9. (second (first imitate-lists))))
10. (layout (rest imitate-lists)))))

#1
Calling (layout
((((B4 BS b2 77) (?b 7?4 72 ?1) (&E0) (72))
(eSS @5 %) (29 €95 €5 en)y (:00) "E30T)) )
(((B7) (72) (B4 ES B2 7?7) (7?6 74 72 71))
(CLE0Y (2BDY (€5 25 25 251 (25 259 €5Y)))

(07D 72 23 B9) (BT 25 69 22)( 243 (73))

((25 25 25 35) (25 25 25 25) (100) (100)))
(T(L?) (EeY [1h 72 71 EmY) (L7 2% &9 72))

((100) (100) (25 25 85 25) (25 25 25 25)))
(((?2 72 21 72) (7?1 69 &? 71) (69) (B?))

((R5.25 2§ 25) (85 85 2% 2%9) (100) (10D0})) <% .))

layout returned

(((b4 bS 62 77 ?7b ...) (25 @5 25 25 25 ...))
((L? 7?2 b4 6S L2 ...) (100 100 25 25 @85 ...))
((?1L 72 ?1 69 b? ...) (25 25 25 25 25 ...))
((b7 b4 73 72 73 ...) (100 100 85 25 @5 ...))
((72 72 73 72 71 ...) (@5 85 25 85 25 ...)) ««2)

| #

FIGURE 4.24 The function layout, found in line 2 of add-
second-voice (Figure 4.20)

The actual value of *minimum-length* will not be altered by this
process, however; only the value of the temporary variable of mninimum-
length in make-a-cadence will be affected.

The idea in make—a-cadence is not to let the music cadence too
early (hence the use of *minimum-length* in insert-cadence).
After zero has been reached, the function continues to search for notes
belonging to dominant, at which time it adds a final tonic. Note that if
it doesn’t find notes belonging to dominant, or if its first argument is
higher than the length of the second argument’s number of lists, then no
cadence will occur in the output.

Lines 11 through 26 of make-a-cadence are the analysis portion of
the code, The first-note and second-note variables (set earlier in
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1.(defun pair (work-lists)
e. (let ((paired-voice-lists
3 (list (every-other work-lists)
4, (every-other (rest work-lists)))))
P (list
b. (list
7. (apply 'append
5 (mapcar 'first
. (first
10. paired-voice-lists)))
11. (apply 'append
2. (mapcar 'second
13. (first
14. paired-voice-lists))))
15. (1ist
1E. (apply 'append
17. (mapcar 'first
18. (second
19. paired-voice-lists)))
cl. (apply 'append
ch. (mapcar 'second
2. (second
R paired-voice-lists)))))))
#1
Calling (pair
(((72 7?1 72 71 &9 3 (B9 25 25 &5 £5 ...))
((bS &S5 77/ 72 71 ...) (300 100 100 25 85 ...))
((ES &7 77 b 78 ..:) (B0 S8 50 S0 S0 ...))
{{hS 75 71 B9 &Y ...) (3B0O 300 300 50 50 ...))
(L6 RY T 7k 74 5ol (50 S0 SO SO S0°C5. 1Y .. Y)
pair returned
(€472 2. 72 Tk BA. ..:) (25 2% 25 2588 7.0.4))
({9 BS 77 72 #¥ ...) (300 100 100 25 BS ..s)))

| #

FIGURE 4.25 The function pair, found in line 2 of add-
second-voice (Figure 4.20),

lines 5 through 10) are the downbeat portion of the current beat, and
member (lines 14 and 15) returns non-nil only when the notes at this
point belong to the dominant chord projected in all octaves. Lines 20
and 25 of make-a-cadence demonstrate why it was necessary to have
both a tonic and a tonic-note setq in Figure 4.3. The tonic
represents the notes of a tonic chord in all octaves and is used here for the
upper voice, which may, at least for this program, end on any member of
the chord. The tonic-note represents only the pitch-class of tonic notes
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1.(defun every-other (objects)

c (1f (null objects)

3 nil

4 (cons (first objects)

5 (every-other (nthcdr 2 objects)))))

# |
Calling (every-other

ELEP7 Th 74 B4 74 oY 450507 %50 50 180 s5))

(L&Y TRTTPL R4 st UD 005D 50 50 ... ))

((L? 77 76 ?4 73 ...) (50 S0 SO SO 300 ...))

((B%4 72 &7 77 7& ...) “£100 1008050 SO ))

({69 72 72 71 &S ) ) )

{50 ‘50 S0 S0 100 ...)

every-other returned
(((?? 76 74 b4 74
({67 7¢ Th 74 71
({EH T2 7 73 635
N R T
({72 71 &9 Y2 BA

| #

(50 S0 S0 SO 100
(50 S0 50 SO 100
(50 SO SO0 SO 100
(50 SO SO SO 100
(50 SO SO SO 100

L] - L] . -

. I " .
e e

. " . . .

® " N . .
L L
B e

FIGURE 4.26 The function every-other, along with a sample
run, It appears in lines 3 and 4 of pair (Figure 4.25).

and ensures that the final cadence will have a tonic note in the bass and
hence produce a tonic chord in root position.

In Figure 4.28, the function transpose-second-voice projects
the newly created imitative line down one octave so that it will not become
confused with the first voice. It does this by mapping a no-name function
that subtracts 12 from the pitch numbers of the second line. Neither the
first line nor the durations of the second line are affected by this process.
Rests are introduced by the use of make-1ist inline 4 with its initial-
element set to 0.

Miscellaneous Functions

The function £irstn, shown in Figure 4.29a and used in
many of the functions in the previous figures, returns the nth amount of
its list argument. This function operates like nthcdr except that it binds
the cars of the list it is provided into a new list number long. Figures
4.29b and 4.29c¢ are both straightforward utilities that make the code more
readable. These are synonyms for caar and cadar.
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1.(defun cadence-it nil
= (insert-cadence

3 (transpose-second-voice meter

4 initial-new-composition)))

# |
Calling (cadence-it)
cadence-it returned
((((?2 B9 L? ?7) (25 25 25 29))
({7h 74 B4 BS) (25 25 25 25))
((62 71 b7 &7) (25 25 25 25))
((74) (3100)) ((72) (100)) ...)
(((0) (100)) ((O) (300)) ((O) (10D))
P Ia9 ST 55 B5) (€525 e5 85))
(LIhE G2 H2 93) (e85 5 25 " 28)) . i)}
| #

L.(defun insert-cadence (work)

= (let ((cadenced-work

3 (make-a-cadence *minimum-length*

4, (mapcar

o (function (lambda (x)
E (make-beats 1 x)))
Lis work))))

8. (list (mapcar 'first cadenced-work)

9. (mapcar 'second cadenced-work))))

# |
Calling (insert-cadence
(73 69 L2 7 7h ) [25 25 25 B5 85 ...))
(£0.0 8 59 5S¢ ..2) (3200 388 300 25 &%9i.e))))
insert-cadence returned
((L(73 B9 67 ¥7) 125 25 25 2%))
((?6 74 B4 ES) (25 25 25 25))
({62 73 B9 ) (&5 85 25 25))
((?4) (100)) ((¢2) (200)) ...)
(((0) (100)) ((O) (200)) ((O) (200))
((S9 ST S5 ES) (25 @5 &5 25))
({4 B2 52 S3) (285 25 285 25)) ...))

| #

FIGURE 4.27 The cadence sequence of functions. a) The function
cadence-it, found in line 8 of compose-invention
(Figure 4.6). b) The function insert-cadence, found in line 2
of cadence-it. ¢) The function make-a-cadence, found in
line 3 of insert-cadence.
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1.(defun make-a-cadence (minimum-length beated-work)
2. (let ((beat

3 (list (first-of-first beated-work)

4 . (first (second beated-work))))

=P (first-note

E. (first-of-first

Ta (first—-of-first beated-work)))

B (second-note

¥ (first-of-first

10. (first (second beated-work)))))

11 (cond ((null (first beated-work))

2. nil)

13 ((and (<= minimum-length 0O) .

14. (member first-note dominant)

15. (member second-note dominant))

1E. (list beat

17. (nest ¢

148. (find-closest first-note
39. first-note
20. tonic)

2l. (1ist gtr)

e (1ist

o 18 (find-closest second-note
4. second-note
g5, tonic-note))
k. (list gEr))))

i (T

= (cons

29. beat

30. (make-a-cadence (1- minimum-length)
31. (list

3. (rest

e {Lirst

4. beated-work))
9 . (rest

k. (second

37 beated-work)))))))))

FIGURE 4.27 continued.
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# |
Calling (make-a-cadence
=
({((?D & &7 ?2?2) (25 25 25 25))
((?6 74 B4 BS) (25 25 25 25))
((62 ?1 B9 B7) (25 25 25 259))
({74) (300)) ((7@) (200)) ...)

(((0) (200))
((0) (100))

((0) (100))
((59 S? S5 BS) (25 25 25 25))
((64 B2 S8 S3) (85 25 25 25)) ...)))

make-a-cadence returned
((((?1 B B? ?77) (25 25 2§ 25)) ((0) (100)))
P C07h 24 bR BN 2SS B ES2s)) ((0) {00y )
(e 25 &5 1) {ES ‘85 2525)) ({(0) (:00)))
{{((74) (200)) ((59 S22 .55 65) (E5 2525 25)))
V(7)) (ABH) YR (BL B8 «&2 53] (25 &5 5 &5) 1) Jvi)

€. continued.

FIGURE 4.27 continued.

Figure 4.30 presents the functions nest and nest-1ist, which hide
rather ugly sub-listings (successive calls to the function 1ist). This is
necessary in make—a-cadence due to the delicate and complex form of
the data at the point these two functions are used in the program. The first
function, nest (Figure 4.30a), has two arguments. The first, number-
of-nestings, represents the number of calls to nest-1ist (see line
2 of Figure 4.30b) required by the call. Since this will vary by circumstance,
the use of &rest allows for a variable number of objects to be sub-listed
(the number of second arguments must be at least twice the first argu-
ment). The separate function nest-11ist is required here so that &rest
will not treat a recursive call to nest (were it one function) as a single
listed object that would force an error. Note that the objects may be atoms
or lists of any type: The data is not changed here except for being
sub-listed. :

The function get-length, shown in Figure 4.31 and used in line 17
of Figure 4.15, ensures that the returned sequence of durations matches in
length the list of pitches that create-rhythms receives. It accomplishes
this by adding the second elements of successive calls to its argument.
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1.(defun transpose-second-voice (meter work)
2. [(list (LEirst wWork)
c I fiist
4. (append (make-list meter
5 . :initial-element 0)
. (nthcdr meter
i (mapcar
8. (function
9. (lambda (x) (- x 12)))
10. (first (second work)))))
11. (second (second work)))))
# |
Calling (transpose-second-voice

x|

{{{ks BS L8 GET TR st ifdsah 25 2Y @8 o))

({0 72 7h E& BS J..) (300 300 300 25 25 J..%)))

transpose-second-voice returned

(L CRE BS BB &7 &> k) (8h 25 25 2h 25 s}

0D Q0B &2 83 oe)y (300 B8 0B 2% 85 iSaa)))

| #

FIGURE 4.28 The function transpose-second-voice.

SAMPLE INVENTIONS

Figure 4.32 shows the output of two runs of compose-
invention. It should be noted that they were composed by the machine
without editing or aesthetic selection. Obviously, culling the best from a
fair amount of composition could produce much more interesting results.
For the true inheritance of Bach'’s style to take place, a much more elab-
orate program would be necessary. This more elaborate program is
presented in the description of EMI in the next chapter.

Signatures from both inventions of Figure 4.4 and Figure 4.5 can be
found in Figure 4.32. Both of the works in the database contain a figure
consisting of a half step down and a return up (see the last three eighth
notes of bar 1 of Invention No. 1 and the first three sixteenth notes of
Invention No. 5). More extensive pattern matching produces a similar
opening, as shown in the full-length Bach invention imitation (see Figure
5.1), for which two complete inventions were used as the database. The
minor sevenths that occur in bar 3, right hand, and bar 4, left hand, of
Figure 4.32a are part of a signature based on an apparent match between
bar 5 of Invention No. 1 (beats 1 to 2) and bar 6 of Invention No. 5
(beat 3).
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1.(defun firstn (number objects)

2. (butlast objects (- (length objects) number)))
#1
Calling (firstn 3 (0 6D &2 b4 LS ...))
firstn returned (0 &O E2)
| #
da.

1.(defun first-of-first (list) (caar list))

# |
Calling (first-of-first
(((60 -1) (0 &O 59))
((2 2) (ED &2 k4))
((-6S B2) (ES 0 E2))
((2 2) (bD b2 B4))
((2 =3) (ES 67 B4)) ...})
first-of-first returned (&0 -1)
| #
1.(defun second-of-first (list) (cadar list))

#|
Calling (second-of-first
{{=2€ ({2 =3) (b4 &S b&)))
(0 ((-1 1) (72 71 72)))
(=2 ((13 =3) (71 72 69)))
{80 {{(=2-2) (73 27 79})))
(2 ((=3 3) (7?7 76 79))) ...))
second-of-first returned ((1 -3) (64 kS k2))
| #

FIGURE 4.29 a) The function £irstn and a sample run. b) The
functions first-of-first and second-of-first.

The program compose-invention is a small program designed to
introduce readers to programming, musical potentials of programming in
LISP, linguistic possibilities for generating phrases, and pattern matching
as a component of style recognition., For possibly better results in using
this program, one might try: (1) building larger note and duration lists; (2)
spending a lot of time fine-tuning the variables, even creating new ones;
and (3) building other components. One might also branch into the works
and styles of other composers using the same basic techniques presented
here. With skills learned from Chapters 3 and 4, along with a good LISP
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1.(defun nest (number-of-nestings &rest objects)
2. (nest-1ist number-of-nestings objects))

# 1

Calling (nest 2 7 (300) (&O) (LOQ))

nest returned (((72) (100)) ((&O) (100)))
| #

1.(defun nest-list (number-of-nestings objects)
2. (1f (eq number-of-nestings 1)(list objects)

e (cons (list (list (first objects))

4 (second objects))

5 (nest-1list (1- number-of-nestings)
L (nthcdr 2 objects)))))

# |
Calling (nest-list 2 (72 (100) (&O)
Calling (nest-1list 1 ((&O) (300)))
nest-list returned (((&0) (100)))
nest-list returned (((72) (100)) ((&O) (100)))
| #

(100)))

FIGURE 430 a) The function nest, b) The function nest-

list.
1.(defun get-length (melody-list)
2 (1f (null melody-list)
s 0
4. (+ (1if (not (null melody-list))
9 (length (second-of-first melody-list))
L 0)
¥ (get-length (rest melody-1list)))))

# |
Calling (get-length
(((=2 1) (72 7?1 72)})
((-2 -2) (7?2 B9 E7))
((=2 =2) (77 ?E 74))
((-2 -2) (71 69 E7))
(h=b =28Y (A1 PRt} svivtl

get-length returned 39
| #

FIGURE 431 The function get-length.



STYLE

REPLICATION

139

C o e e i @
H ——
fa > -
=g g e P
‘;}-’ %IT
=
ke P P o -I'E#-F--P'F'P'
l o s f‘j lﬂ. :
%
ry £
- =
a.
H s | | | =
== - et

FIGURE 432 Two runs of compose-invention in

musical notation.
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text (see bibliography to Chapter 3), one should be able to accomplish
interesting variations of the code presented here for application to a di-
versity of musical situations.

Thus, by using principles discussed in Chapters 2 and 3, along with
basic pattern-matching techniques, a composing program has been
created using LISP. While simple, the results are interesting and, being
loaded with signatures, similar to the music in the databases. Using these
techniques and expanding them to include harmony and ATN, I have built
extensive systems for the study and replication of musical style. Further
examples are given in the next chapter.
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MUSICAL EXAMPLES

INTRODUCTION

This chapter first presents two short Bach-like inventions
composed by the program EMI. These works set the stage for a short but
in-depth discussion of the EMI program. The rest of the chapter presents
scores and discussions of several full movements, along with sections of
other movements. Others are given in Cope (1991). A wide variety of styles
are presented here. One common theme throughout this chapter and the
next is that of identifying signatures in the original compositions that recur
in the works created by EMIL

BACH INVENTIONS

Two machine-composed imitations of Bach inventions
were completed about four months apart (July 18 and November 27, 1988)
at the EMI studio. Bach’s inventions were entered as lists of notes and
durations without ornamentation, which was appropriately restored by
hand after machine composition took place. Rules for the form, that is, a
two-voice work with staggered and imitative entrances, were written in
special code not necessary for non-contrapuntal works (for further infor-
mation on this, see “Counterpoint” later in this chapter). It should be
noted that the inventions that follow were composed by more elaborate
code than the compose-invention program articulated in Chapter 4.

141
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FIGURE 5.1 continued.

However, it is not hard to imagine the relatively small amount of added
code it would take for compose-invention to create the refinements
presented in the more elegant inventions created by EML

The first EMI invention was based on two Bach inventions (No. 2 and
No. 5) with some signatures derived from other works by Bach. The initial
motive of Invention 1 by EMI (shown in Figure 5.1) was clearly derived
from an overlay of the opening motives of the two Bach inventions
(see Figures 5.2 and 5.3). Rhythm aside, the themes of both of these
inventions are intervallically almost identical. The program simply contin-
ued the scale begun by what it perceived to be a signature of the com-
poser (appearing as it did as principal motive in both works). The open-
ing durations of EMI's invention seem to be a mean of the two Bach
openings.

Since the rules in the program coerce skipping in one voice when |
stepping in the other and vice versa, the triadic leaps in the right hand

during the second entrance of the theme seem logical. The high number
of contrary motions also is a result of rules built into the program. Inter-

estingly, these include forced opposite direction that creates the triadic
inversion in bar 3 (i.e., bar 2 right hand is inverted in bar 3 left hand). The
use of sequence (bars 1 and 3 of the right hand) follows from similar
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FIGURE 5.2 The opening of Bach's Invention No. 2
(ornamentation has been omitted).

compositional rules, but the origins of the left hand in bar 4 are not clear.
From this point on, what is signature and what is machine composition
(discussed in the next section on EMI) is not known. T The form derived
from the actual inventions being used provided little more than a simple
two-voice struciure with staggered entrances. The quasi-stretto in bar 20,
for example, was suggested by the derived form.

One thing that jumps out is that the final cadence was derived from
signatures in other works (e.g., the Bourrée of Bach's Ouverture in F
Major, which ends in this exact manner). These works were utilized be-
cause of the few signatures that were found in the two inventions and the
concomitant desire to discover Bach’s keyboard style as it relates to his
inventions.
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FIGURE 5.4 a) Bach's Invention No. 5, bar 3 1.
b) Bach's Invention No. 2, bar |4.
c) EMI Invention I, bar 5,

Another interesting figure, in the right hand of bar 3 of the new com:-
position, appears throughout Bach’s Invention No. 5 but rarely in Invention
No. 2. However, a close look reveals that a variant of it appears often
enough in Invention No. 2 to create a pattern match, so the EMI program
recognizes it as a signature and uses the Invention No. 5 figure almost
excessively in its own composition. Figure 5.4 shows examples from Bach’s
inventions and then EMI's version. The rhythmic differences are arbitrary.
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The EMI version could have easily read sixteenth notes as eighth notes
since durations are relative.

The frequent use of leaps of a sixth and back again represent a good-
example of how the program works. Analysis of both of Bach’s inventions
reveals that this motive occurs rarely in Invention No. 2 (see the right hand
motiion in measure 7 in Figure 5.2) and literally never in Invention No. 5.
However, since the C or tonic should have been used instead of the
left-hand G in measure 16 of Figure 5.1, for example (because it works
harmonically and represents a closer solution), the motive must be a
derived signature. The solution to this conundrum is in the windowing
approach to pattern matching used in EMI's programs. Looking more
closely at Invention No. 5 shows that every leap of a sixth does have an
occurrence of a sixth in the opposite direction eventually, but only after
intervening notes. This is disguised by the foreground detail but discov-
ered by the flexible approach to motive discovery of the pattern-matching
program.

Thus the brief (one-minute duration) EMI invention represents a graft-
ing of signatures onto a form created by a two-voice, rules-based, voice-
leading program (see next section). The result is stylistically believable
and interesting if not entirely successful music.

EMI /nvention 2 (shown in Figure 5.5) is more difficult to analyze for
signatures since the number of works utilized for its composition was
large, having been derived from the entire set of fifteen Bach inventions.
The opening theme appears to be a composite of signatures gathered from
Inventions No. 8, No. 10, and No. 13 (see Figure 5.6). The right-hand
accompaniment to the left-hand statement of the theme in bar 2, just like
EMI’s first invention, is a simple triadic outline and suggests no signature
relationship. On the other hand, the four-note motive found in the right
hand in the second half of measure 1 is a convincing signature found
particularly in Bach Inventions No. 6, No. 7, and No. 9 (see Figure 5.7),
although in the latter case the rhythm is not the same. It also appears in
Invention No. 15 but with the leap interval of varying sizes and directions
as shown in Figure 5.8.

The signature beginning in the right hand of bar 10 in EMI Invention 2
can be found in Bach’s Inventions No. 12 and No. 13 (see Figure 5.9). The
left-hand figure starting in the second half of bar 18 can be found in several
of Bach’s inventions, particularly No. 6 and No. 15 (see Figure 5.10). The

1 most common invention ending for Bach is the unison or octave. But he
rd does end both Inventions No. 1 and No. 8 with chords, and the program
0 used these as a signature in this particular work.

-. N ;\ There are, of course, many other signatures present here that space
R .| does not permit showing. The interested reader is invited to make further

s |
I

o [}, comparisons to the originals.
W

¥ m
8 f
) AW
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EMI

The functions presented in Chapter 4 did not create the
EMI inventions shown at the beginning of this chapter. They did, however,
present enough of the theory and principles for readers to extend the
code and compose similar works. The music that follows requires a more
substantial leap of faith. The functions responsible for its creation are far
too elaborate and lengthy to present here in their entirety. However, I can
enumerate the various principles covered by that code and, at least to
some extent, describe its operation in detail.

Texture in EMI has been calculated with various procedures. One of
these follows a mapping process that calculates the number of pitch com-
ponents on each beat in one or more of the compositions used as databases.
This is accomplished on a phrase-by-phrase basis. If two works are being
used for analysis, the program will randomly choose from analyzed phrases
of one or the other of the works. Figure 5.11 represents the texture of the
first phrase of Mozart's Sonata in Bb Major, K. 333. The figure shows the
number of notes occurring on each quarter-note beat. To match this map
during the compositional process, the program doubles one or more of
the voices (if the texture is more than three voices) or removes notes (if
less ). Seventh chords, missing a member when composed in three voices,
can be reconstructed (without doubling) according to straightforward rules
involving the presence of tension (dissonance).

Harmony, thus far expressed only in terms of consonance, tonic,
and dominant, is a direct result of matching implied harmony (from gen-
erated melodies) to a complete lexicon of harmonic functions. This
follows the traditional functional representations of classical Western
European music. As with SPEAC, the representations are given meanings
(i.e., tonic = C E G in all octaves) once the protocols (i.e., (setf 'dom-
inant '(tonic submediant))) have been established in lists of
function representations.

Cadences pose a particular set of problems similar to those encoun-
tered in the function insert-cadence in Figure 4.27 in combination
with the ¢ of the SPEAC system (see Figure 4.16). In fact, entire chord
progressions themselves evolve from a series of SPEAC symbols that slowly
reveal musical functions in parallel with melodic implications. While this
may appear opaque in the abstract, one need only review the topic of
SPEAC presented in Chapter 2 to see how it could be obtained.

Form is possibly the most difficult aspect of musical style to perceive
and generate. In early editions of EMI, form was considered so dithcult to
program that I defined it explicitly without any computer control. It was
accomplished through a set of symbols traditional to form texts such as A
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FIGURE 5.5
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FIGURE 5.6 The first bar of Bach Inventions No. 8 (a),

No. 10 (b), and No, |3 (c).
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FIGURE 5.7 From a) Bach's Invention No. 6 (bar 4),
b) Invention No. 7 (bar 22), ) Invention No. 9 (bar |7).

FIGURE 5.8 From Bach's Invention No. |5.
a) Bar |. b) Bar 21. c) Bar 4. d) Bar | |.

) bt

FIGURE 5.9 a) Bach's Invention No. |2 (bar |8).
b) No. |3 (bar 23).

I}:——_ﬂ' : Ry

FIGURE 5.10 a) Bach's Invention No. 6 (bar |8).
b) No. |5 (bar 21).
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FIGURE 5.11 A texture map of the first phrase of Mozart's Piano
Sonata in Bb Major, K. 333.

A' B B’, where A refers to a theme and A" (known as A “prime”) to a
variation, and where B refers to a contrast (here with its own prime) to A.
Each letter represents a phrase of music. More recent forms of EMI include
a music-encoding process that by its very nature (determining phrases by
labeling cadence points) allows EMI to produce a rough analytic equiva-
lent to the previous user input.

The EMI algorithm, shown in Figure 5.12, consists of six major steps.
First, music must be coded as shown in Chapter 4. A minimum of two
works of a single type must be coded as notes and durations before EMI
can emulate a particular style. The more compositions present, the more
convincingly the program imitates a composer’s music.

Second, EMI analyzes this music using a hierarchical pattern matcher
much more elaborate than the one described in Figure 4.13. Motives (or
number patterns) are recognized through *size* windowing processes
that allow for intervening pitches and other variations, much as those
demonstrated in the functions of the previous chapter do. Motives are
analyzed in three different ways: pitch alone, rhythm alone, and pitch and
rhythm joined. These enable EMI to discover patterns in materials where
widely varying pitches or rhythms have been employed for variation. Pat-
terns are weighted by how often they appear, and they are tagged by
location. Finally, patterns are recognized within phrases, by phrases, pe-
riods, sections, movements, and so forth. Hence, what I call an “image” of
a work is formed. An “image” is the result of full-scale pattern recognition
in an entire composition.

Third, when two or more images have been completed, EMI superim-
poses them to reveal two important details. First it discovers which heavily
weighted motives are local to a given work (i.e., patterns and variations
related only to the thematic peculiarities of one of the stored works) since
these will not increase significantly in number during superimposition.
Then EMI tags any of the patterns whose number of occurrences has
increased significantly in the superimposition. These are then stored in a
style dictionary for application during ATN integration. Information about
weightings (after the superimposition of the two or more images) and
location (i.e., only at cadence, etc.) remains with each pattern or motive.

Next, rules-based composition takes place. This creates styleless music
that conforms to traditional melodic, harmonic, and voice-leading rules,
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ENCODE WORKS notes and durations in phrase lists

l

PATTERN MATCH

|

listing of all patterns found
in encoded works

SUPER'MPOSE Hignatureﬁ
WORKS '
COMPOSE RULES-BASED music conforming
MUSIC to rules
marriage of signatures and
APPLY ATN rules-based composition

MAP TEXTURES Ehe music in textures conforming to the

style of composer

FIGURE 5.12 The EMI algorithm.

While not discussed at length here, this process closely parallels traditional
part-writing, information about which is already available in music theory
textbooks. The program produces context-free phrases in a “Schenker-
like” hierarchy (see discussion in Chapter 2). This is accomplished using
a top-down composition system. It contributes “correct” tonal music upon
which signatures may be inserted similar to countersubjects in compose-—
invention in the last chapter. Most important, it keeps the machine-
composed music from becoming intensely saturated with signatures at this
stage, which was a problem with the music created by the program of
Chapter 4.

The final element, after the translation of notes and durations for per-
formance has taken place, is texture generation. This involves the shaping
of the music into one or more voices according to the previously de-
scribed texture-mapping process. It maps by slimming thick textures or
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doubling the thin textures provided by the rules-based composition and
by allowing signatures that would lose their character if their texture were
altered to pass without change.

Figure 5.13 roughly demonstrates this process. In Figure 5.13a and
5.13b, the music is by Mozart. Both 5.13¢ and 5.13d are EMI-culled motives
or pieces of 5.13a and 5.13b respectively. The motives are similar in im-
portant ways, though they look different. For example, both melodies land
on the beat with the chromatic lower neighboring tone C§. These then
would qualify as signatures in a pattern-matching sequence. In 5.13e a
simple tonal melodic line, fairly devoid of style, is shown. This is an
example of context-free composition composed by EMI. The theme of
5.13f then shows Mozart’s signature grafted melodically into place in the
fragment of 5.13e along with an extension. The harmonization in 5.13g was
created with a simple implied harmony generator and then in 5.13h paired
to fit the normal Mozartean texture. This last example is the main theme
of the EMI-composed sonata, third movement, in the style of Mozart (the
first movement of which is discussed in the next section).

MOZART SONATA

Completed in the early summer of 1988, the EMI-
composed Sonata in the style of Mozart follows standard Allegro-Andante-
Presto forms. Three Mozart sonatas (K. 283, 309, and 457) were used for
signature gathering. These were then applied to machine-composed rules-
based composition. Cadences, textures, sequenced gestures, and various
ostinati show evidence of derived material, while themes and harmonic
progressions demonstrate the influence of specific signatures.

Figure 5.14 shows the entire first movement of the EMI sonata. The
overall form is a standard sonata Allegro, with the first theme stated at the
outset and the second beginning in bar 22. This second theme is appro-
priately in the key of the dominant, and it closes the exposition at the
traditional repeat sign at the end of measure 35. The development begins
in bar 37 with an unusual and abrupt modulation to the parallel minor of
the key of the sonata itself. A brief development of the second theme
begins in measure 63 in the key of Bb but is really a sequencing chromatic
modulation back to the key of C. The recapitulation begins in measure 72
with the second theme now in the key of C following sonata Allegro
traditions. A closing theme begins in measure 107.

I provided the form here by naming upper-level sections. Beyond this
the inner structure of cadences and the actual notes were machine-
created. The abrupt and unusual modulations obviously demonstrate the
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FIGURE 5.13 a) Mozart Sonata No. |, K. 279,

first movement, mm. 5-8, showing a recurring signature,

b) Mozart Sonata No. 2, K. 280, first movement, mm. 45-46,
also shows a recurring signature,

¢) and d) Possible signatures from the previous examples.

e) A new and simple tonal melodic line.

f) The signature grafted melodically into place.

g) Harmony injected through an implied harmony generator.
h) The new music paired to a Mozart-like texture. |
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FIGURE 5.13 continued.

program’s weaknesses at the point in time this was composed. The energy
of both themes and the vigor of the closing section appear to be strengths.
The character and texture of this movement seem to have been forged
out of signatures that “average” those in the available works. As can be
seen from Figures 5.15, 5.16, and 5.17, the originals, like the EMI output,
all leap around triads (n.b., “tonic” first), often doubled in octaves. The
“rocking” quality of the left-hand accompaniment in the computer com-
position beginning with bar 4 greatly resembles that of Figure 5.16 beginning
in its bar 3. The repeated notes of the second bar of EMI's sonata can be
found in bars 3—5 of Figure 5.16 and in bars 3 and 4 of Figure 5.17.
Figure 5.18 shows particular cadence types found in Mozart’s sonatas.
The first nine examples represent six of the many basic cadence types that
Mozart uses. Figure 5.18a is a common cadence signature of the period
and a particular favorite of Mozart. Here, the leading-tone triad does not
resolve when the tonic appears in the bass. The agogic accent, created by
the dissonance being four times the duration of the resolution, is a feature
quite common in this style. Later variations of this example will show that
Mozart rarely varies the dissonance advantage in such relationships. Figure
5.18b shows the standard 4-3 appoggiatura highlighted by grace notes
with a trill in the upper voice. Figure 5.18c demonstrates how a 4-3 can be
approached by triadic motion in the upper voice and represents a varia-
tion of Figure 5.18b. Figure 5.18d shows an ornamentation of the dominant
in the upper line before setting up the 4-3 appoggiatura. Figure5.18¢, an
elaboration of Figure 5.18a with a quick harmonic rhythm, shows a double



158 COMPUTERS AND MUSICAL STYLE

n  Allegro
G — ~ & » i_i _rl_.ll E:
e < P
soers ppse o 8
.f!}; C .__! i = > e e =
' 1
P=ssossssseo_==cc ,
e & g—' L —
- - - o Y - . £
rax ] ' @ e
= = “ e
8 % === S e |
= g - =
AN ¥ ' .—.-F_r'—- — = &
e = = ooy |

T 'i!)
(111
o
Ll
(1A
L
LY

e
I\,
Ik
e
T
Ik
Ih;
Ik,
T
Ik
Ik,
e
Ik
ih,
Ik
Ik,
Ik
e
I\
Ih;
I\,
Ik,
ih,
T

1

i

]

]

i
{
r
r

$i
1)
9
e
e

)

B

.!: [ [ I [ I 1 1 ] h e
£
% > e ._r?—ﬂ e L_‘LJF“I = 3:}4‘——.5_
s s o e L - s & = -
DI = P >
; et L2 £ e .__g
&) > .b—h:hh.._-..-f 7 = : | |
i - 1 1 |
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FIGURE 5.14 continued,

embellishment surrounding the sub-dominant and tonic notes, Figure 5.18f
shows a typical two-voice contrary motion with the lower voice moving
stepwise and the top leaping triadically.

One important objective of the EMI interface is to observe variants of
melodic and harmonic signatures. Figure 5.18g, for example, shows a
different voicing for the cadence signature in Figure 5.18a.

The remaining examples show further variants of Figure 5.18a with
rhythm and texture the prime areas of deviation. Figure 5.18h shows how
voices can converge rather than moving parallel as in the previous exam-
ple. In Figure 5.18i, the voices move downwards. Figure 5.18j parallels the
motion of the Figure 5.18a but with the bass moving first to the dominant
and then to the tonic an octave below the initial tonic. In Figure 5.18k,
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FIGURE 5.16 The opening measures of Mozart's
Sonata No. 7, K. 309.

this same bass lies below a skeletal and less dissonant variation of the
signature with only three voices present. Figure 5.18l is more static, and
the dominant note is present in the lower staff. In Figure 5.18m, the entire
dominant chord appears above the bass note tonic octave. Three other
variants are seen in Figures 5.18n—p, with each displaying other changes
and combinations typical in Mozart’s works. As we have already seen in the
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FIGURE 5.17 The beginning of Mozart's
Sonata No. 14b, K. 457.

cadences of Figure 2.10e, EMI must be able to recognize such variants and
collect them as signatures.

In Figure 5.19 (from Figure 5.14, bars 90-92) one can observe the
results of both the generating procedures and the signature interface. Each
of the principal elements has some stylistic importance. The signature
results from the previously described pattern-matching process. The har-
monic, melodic, and rhythmic elements have been derived from rules-
based composition. The cadential tonic six-four chord in the second bar is
global to tonal music. The right-hand motor pattern is more a Mozartean
device, particularly common in two-voice textures. Other composers do
not employ it as prevalently as he does. The root position diminished triad
in the first bar is more local. Even though it occurs in passing here, it is
somewhat more common for Mozart to use this chord in first inversion.
The use of melody in the bass voice in octaves occurs in Mozart, though
rarely. This is the result of machine composition rather than any style
inheritance from the works used for composition. The inversion points
out how much Mozart likes to move stepwise in the bass, creating passing
inversions and changing states of chords in a slow harmonic rhythm.

It would now be useful to step through the process of creation in order
to see the program work in more detail. For this, I will show the evolution
of the main theme of the second movement of the same EMI sonata. The
theme in Figure 5.20 is a typical example of tonal music of the eighteenth
and nineteenth centuries. It was created by EMI without the components
for discovering and implanting signatures, developing and implementing
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texture maps, and other less important controls. The harmonic progres-
sion consists of a false start antecedent phrase with a complementary
consequent that sequences through a cycle of fifths. The melodic line is
imitated in the bass, and the music rhymes with balance at each level. It is
not, however, Mozartean.

While musical and at times interesting, the progression is predictable
and without focus. After careful reflection, many problems surface. The
texture, for example, does not conform to Mozart’s lean voicing. There is
a decided lack of ornamentation characteristic of Mozart’s time. There is an
iterative quality to the music. Every level of the sequence is exactly
the same, which is very uncharacteristic of the period and the com-
poser. Except for the leading tone in minor, there is a lack of chromatic
embellishment common for slow movements in this period. There are no
signatures of any kind to help identify this as peculiar to a given composer.
Too many notes are repeated, which is very uncharacteristic of Mozart.
With the exception of the imitation in the bass voice, one encounters no
real feeling of counterpoint so typical in Mozart. There is no (simply
stated) “quirkiness” here. Mozart rarely follows the norm. His music is
fraught with the unpredictable.

The example in Figure 5.21, while falling somewhat short of full Mozart
imitation (slow movements are especially difficult), does show how progress
can be made using signatures and ATN. It was created by EMI with all of
its components intact. Most of the problems encountered with the previ-
ous example have been solved in this opening for the second movement.
The results are therefore more consistent with Mozart’s style, though not
identical. Observe the thin texture, the melodic/harmonic signature at the
cadence (here in bar 9; see also Figure 5.18), the heavy imitation, the use
of ornaments in the first variation, and so on.

Figure 5.22 shows a few measures from the only 6/8 slow movements in
Mozart's piano sonatas and mature concertos. In the first example, the
head of the motive is the same as in Figure 5.21, but the leap covers only
the interval of a fourth. The second example has a thicker texture and
ascends only a third. The last excerpt expands the ascending figure to a
sixth (like the EMI composition) but with an interpolated fourth. What is
interesting about these examples when compared with the remarkably
similar EMI slow movement just presented is that none of them were used
at the time of computer composition. Whereas they would make superb
examples of successful signature gathering if they had been available at the
time of composition, they instead stand as remarkable evidence of com-
putational imitation. The EMI theme was derived from other less obvious
Mozart sources through wide-window signature gathering and are a facet
of rules-based composition.
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FIGURE 5.18 Cadence types found in Mozart's sonatas,

a) Sonata No. |, K. 279 (1774), second movement, m. 28,

b) Sonata No. 2, K 280 (1774), first movement, mm. 141-42.
c) Sonata No. 8, K 311 (1777), second movement, mm. 37-38.
d) Sonata No. 8, K. 311, third movement, m. |65,

e) Sonata No. 18, K 570 (1789), second movement, m. 4,

f) Sonata No. |, K 279 (1774), first movement, mm. 4-5.

g) Sonata No. 0 (1774), second movement, mm, 59-60.
h) Sonata No. | (1774), first movement, m. 40.

)) Sonata No.
k) Sonata No.
1) Sonata No.
m) Sonata No.
n) Sonata No.
o) Sonata No.
p) Sonata No.

3, second movement, m. 4.
4 (1775), second movement, m. 46.
84, third movement, m. |7/.
K. 330 (1778), first movement, m, |50,
K. 333 (1778), first movement, m. 63.
K. 333, second movement, last measure.
K. 545 (1788), second movement, m. | 6.

8
8
t
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) Sonata No. 5, K. 283 (1774), second movement, m. 39.
5 K 28
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FIGURE 5.19 Bars 90-92 from the EMI sonata in the style of
Mozart, first movement, showing derivation.
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FIGURE 5.20 Tonal theme without signatures or texture control

created by a part of EMI. It represents one possible beginning of
a second movement of the sonata shown in Figure 5.14.
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FIGURE 5.21 A more likely Mozart imitation using ATN.
JOPLIN RAG

The computer-composed Rag (August 1988) in the style

of Scott Joplin (Figure 5.25) utilized exactly the same rules-based program
as the EMI Bach and Mozart compositions but with a rag form. The special
rhythms, harmonic progressions, melodic configurations, and so forth that
are reminiscent of Joplin are derived from pattern matching two rags (Elite
Syncopations and A Breeze from Alabama) to extract signatures.

Figures 5.23 and 5.24 show the openings of these works. Each is char-
acterized by an opening in octaves, the syncopation with tied sixteenth
notes both across and within beats, and the “um-pah” left-hand figuration
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FIGURE 5.22 First measures from Mozart's

a) Sonata No. 2, K. 280 (1774), second movement.

b) Sonata No. | |, K 331 (1778), second movement.

¢) Piano Concerto No. 23, K 488 (1786), second movement.

in eighth notes. The examples are contrasted in texture and bass line.
Each, however, has the indelible mark of Scott Joplin.

EMI took these elements, particularly the ones that occur in both of the
Joplin rags, counted them as signatures, and created a new rag. The result,
part of which is printed in Figure 5.25, demonstrates the influences of the
original works. The opening syncopation of Figure 5.25 (beat 1 of measure
1) seems drawn from the first bar of Figure 5.23 (marked A), a very
common Joplin gesture. The second bar of the EMI Joplin example also
resembles the rhythm of the first and second bars in Figure 5.23. The pitch
pattern of the opening theme of the EMI Joplin appears to be a signature.
A detailed comparison of two Joplin excerpts and the EMI opening theme
proves quite useful. In order for there to be a signature, matches must
exist within the Joplin works themselves. In Figure 5.23, the right hand of
bar 1 (notes 3—6, marked A) matches the direction and motion of the right
hand of bar 3 of Figure 5.24 (notes 3—6, marked A). Also, the motive that
occurs on beat 2 in measure 9 into beat 1 of measure 10 of Figure 5.23 (B)
resembles the shape of bar 2 of Figure 5.24 (B), although they have vari-
ations past their third notes.

One must realize that with appropriate settings of EMI's pattern-
matching parameters, many different forms of the two Joplin motives may
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FIGURE 5.23 Opening measures of Scott Joplin's Elite Syncopations.

be recognized as matches. These then assure that the result of composition
is not simply a pastiche of notes from each piece, but a careful use of the
few note groups that stand as signatures. The number of possible variants
in a given situation is so high that identifying which groups of notes
represent signatures and which represent rules-based composition be-
comes exhausting and sometimes impossible, even with a listing of
signatures for cross-referencing.

PROKOFIEV SONATA

Grappling with quasi-tonal styles demonstrates the effec-
tiveness of the hierarchical approach to machine composition. The harmonic
progressions that one finds in the piano music of Sergei Prokofiev might
lead one to expect that a fundamental revision of code would be necessary
to replicate them. In EMI, however, this is not at all the case. Even though
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FIGURE 5.24 Opening measures of Joplin's
A Breeze from Alabama.

this composer’s style differs drastically from the music presented so far,
only the harmonic ATN part of the program requires alteration. The entire
work tree that functions so well for language as well as music stays intact.
This substantiates the premise that all music, no matter what the vocabu-
lary, has progressions that are antecedents, consequents, and so forth.
Figure 5.26 shows a typical Prokofiev harmonic progression. To re-
create using it, a program would need to have these chords present in the
ATN portion of the surface representation. Only data in the chord dictio-
naries need be changed, not the program itself. Like language, the logical
protocol of a syntax can remain intact while different semantic translations
change. This is an extremely critical factor in any musical style emulator if
it purports to be applicable to different styles including non-tonal ones.
Figure 5.27 presents a computer-generated second movement of a new
Prokofiev piano sonata based on the middle movements of his Sonatas No.
3, No. 5, and No. 7. Bars 47-48 of the computer-generated composition
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FIGURE 5.25 The beginning section of an EMI Joplin rag.
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FIGURE 5.26 A typical Prokofiev harmonic model from his
Piano Sonata No. 5, movement |, bars | /7-78.

contain a variant of the progression of Figure 5.26. The beginning of this
movement follows closely. the triadic accompaniments of both middle
movements of Prokofiev's 5th and 7th sonatas. Each has repeating major
triads as a backdrop to the main theme. The initial melody resembles that
of Peter in Prokofiev’s Peter and the Wolf, though that was not one of the
analyzed works. Like so many similar examples found in the process of
automated composition, elements embedded in a composer’s style mirror
actual works not available to the program during composition.

Figure 5.28 is a notable signature that EMI found during its pattern
matching of the above mentioned Prokofiev sonatas. It is found in mea-
sures 19-20 of the computer-generated work. The harmonic pattern found
in measures 13 (last beat, left hand) and 14 (right hand full measure) of the
EMI composition is from measure 112 of movement 1 of Prokofiev’s actual
Sonata No. 5 (Figure 5.29), with slight variations in octaves (first chord)
and voicings. Likewise, measure 113 of Prokofiev's Sonata No. 5, move-
ment 3 (see Figure 5.30), appears in a slightly different guise in its computer-
generated counterpart in measure 32 in an inner voice. The accompaniment
beginning in measure 38 of the EMI composition appears in Prokohev's
Sonata No. 7 (see Figure 5.31). Each of these signatures required verifica-
tion from examples in other sonatas much too numerous to describe here.

BALI GAMELAN GONG KEBYAR

Non-Western music offers an extraordinary challenge for
analyzing and replicating musical style. A numerical pattern matcher, how-
ever, should be able to detect, without modification, the same kinds of
signatures in non-Western music as it does in the Western European music
tradition.

Using the principle that music under study should have a reasonably
detectable style (Kessler, Hansen, and Shepard 1984), I chose a musical
style from Bali, Indonesia. The word composer does not exist in the Ba-
linese language; and, as in many non-Western cultures, works have not
been remembered as “by” anyone in particular. Only recently (within the
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FIGURE 5.27 A computer-generated second movement of a
new Prokofiev piano sonata.
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FIGURE 5.28 A notable signature from Piano Sonata No. /,

mm. 3/8-80.

FIGURE 5.29 From measure | 12 of movement | of

Prokofiev's Sonata No. 5.
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FIGURE 5.30 Measure | |3 of Prokofiev's Sonata No. 5,
movement 3, which appears disguised in measure 32
of the EMI composition (Figure 5.27).
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FIGURE 5.31 Prokofiev's Sonata No. 7,
second movement, m. 38.

last ten years, according to those I have interviewed) have individuals
responsible for compositions begun taking credit. Hence, a work from
traditional Balinese heritage was chosen rather than a more recent work
by a contemporary composer.

[ first programmed generic elements of gamelan performance style into
the EMI system in lieu of the Western tonal rules-based composition sys-
tem. Then I visited Bali at length, recording examples of the music and
interviewing composers about patterns in their music. Finally, actual ex-
amples were encoded for the EMI programs to analyze and imitate. The
results were then taped for the reaction of composers in Bali.

Figure 5.32 indicates the high level of pattern repetition that occurs
naturally in the traditional Balinese repertoire of gamelan gong kebyar
(McPhee 1966). There are many different gamelans (meaning roughly
“orchestra™) in Bali, of which “gong” is but one. The gamelan of the gong
kebyar relies heavily on the use of metallophones (metal xylophones)
and the pelog five-note scale and tuning system. The “kebyar” type of
composition has been popular in Bali for over fifty years and refers to a
dramatic style with sudden changes of dynamics and tempo. Figure 5.33
demonstrates the level of contrast present especially at the outset of game-
lan gong kebyar. The bar lines in the figure represent a held silence rather
than denoting meter. Hence, the music begins with a giant crash followed
by a gaping silence. This is followed by two bursts of rapid-fire homo-
rhythmic gestures separated by silence. This in turn is followed by a highly
repetitive section in the top voice (G4 - A - C}).



MUSICAL EXAMPLES 183

4
IIA
I
b

®
™
i)

| 108

N
9T
1L
i
_ﬁ“;

n§
ﬂ_

= -
oF
E:E' - B .
4z — :
0
T e
D= === == — == et b ——
o
3 fo i

FIGURE 5.32 Patterns in the traditional Balinese repertoire
of gamelan gong kebyar (after McPhee 1966, p. 345).
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FIGURE 5.33 Gamelan gong kebyar showing patterns and
their vanations.

Both examples demonstrate the five-note scale (roughly C§ - D - E -
G# - A), the heavy reliance on patterns and their variations (often three
sixteenth notes in a four sixteenth-note per beat metric scheme), as well
as the different speeds of the instruments. The patterns (after the lengthy
unison introduction), while seemingly repetitive, have subtle variances
causing extensive differences in cross-metric accent. Finding any two beats
alike in given measures is unlikely. Measures 8 and 9 of Figure 5.32 are the
exception to this and provide a brief sense of stability in the otherwise
constantly unfolding environment.
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FIGURE 5.34 An EMl-composed work based on melodies
created by Balinese traditional music.

Figure 5.34 shows an EMI-composed example of music in the style of,
if not the gong kebyar, at least the gamelan itself. As in the first gamelan
example (Figure 5.32), there is no opening chord. Because the work
shown in Figure 5.34 is a composite form and a generalization of many, the
remainder of the composition is pattern overlay and without pause.
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FIGURE 5.35 Signatures from a) Figure 5.32. b) Figure 5.33.
c) Figure 5.34.

Elements of style are found in the intricate sixteenth pattern of voice
two, the interlocking patterns of voice two and voice one, and the eight-
beat gong cycle (seven beats of rest and one beat of struck low gong).
Signatures abound in the EMI example. Most noteworthy of these is the
half-step, whole-step motion upwards. This is shown in Figure 5.35. The
pattern in Figure 5.35a occurs many times in Figure 5.32 (middle line),
shifting its relation to the beat. The pattern in Figure 5.35b occurs in the
upper voice of Figure 5.33, from the middle of the work on. It begins on
many different parts of the beat, as does the pattern (shown in Figure
5.35¢) in the middle voice of the EMI-composed work (Figure 5.34). The
difference in pitch content between the latter example and the first two is
related to machine performance, not to anything substantive.

Aside from the facts that a notation barrier must be crossed before
encoding can begin and that tremendous cultural characteristics are miss-
ing by default, machine composing non-Western music (at least that of
Bali) seems, on the surface, almost as successful as creation of Western
traditional music. No major changes in code are required to have the
machine compose in a style similar to Mozart’s or in one similar to that of
Bali. Signatures surface immediately in both.

Responses from composers that 1 interviewed in Bali confirm that
machine-composed Balinese gamelan music falls tolerably and sometimes
quite acceptably within their definitions of the gamelan genre. As with
their Western counterparts, Balinese listeners differ in whether machine-
composed gamelan music imitates the genre successfully. So much depends
on the performers’ style of improvisation, which will vary from perfor-
mance to performance.

What is noteworthy here is that when instrumentation, tuning, and scale
types are stripped away from both Western and Balinese music, they re-
semble each other to a surprising degree. Patterns are evident everywhere
and at various levels of composition. Signatures abound in both types of
music and in the machine-composed examples. Of course, the study of just
one type of music could not be considered an adequate sampling of the
wide diversity of music throughout the world. It may be that my own
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disposition toward certain Western and non-Western musics has deeply
biased the entire comparison. Only time and further research can tell us.

COUNTERPOINT

Contrapuntal music poses serious problems to machine
composition. It would seem that rule-ridden structures such as canons and
fugues would be quite suited to digital replication. However, these forms
require tremendous amounts of skill to avoid continually backtracking and
restarting compositions led astray by a series of correct contrapuntal an-
swers leading to situations in which there are no right possibilities. As
well, many contrapuntal forms have varied amounts of freedom depend-
ing on the section of the composition. The exposition of a fugue, for
example, is highly structured. Fugue developments on the other hand are
often quite free.

The first major problem facing a program attempting to create new
works in a particular style in a rigorous contrapuntal form is the selection
of an appropriate theme or subject. Whereas in non-contrapuntal compo-
sition a good theme is a good theme, in strict counterpoint, some good
themes work much better than others. It could even be said that many bad
themes work better than many good themes. Subjects that stick to stepping
or leaping are likely to hold their identity better in the deeper textures of
the middle of a work than those that are a mixture of the two. Likewise,
subjects that have regular and predictable harmonic rhythms, especially
those that flip-flop back and forth between tonic and dominant, work
better than those that don't. Then there is the intuitive factor that comes
only with the advent of great skill that a lifetime of writing in such a form
provides. Many of these elements can be programmed. Others, especially
the last, cannot.

The first example of machine composition of a contrapuntal form is
shown in Figure 5.36. This work was modeled after parts of a single work
by Palestrina, the beginning of which is shown in Figure 5.37. Note the
similar delayed entrances and the manner of imitation at various octaves
and fifths. Most of this is rules-driven—the approach was not inherited
from the model but written in the form of instructions to the program,
which are similar to (but more complex than) the code described in the
section on add-second-voice in Chapter 4. Since the individual lines
are treated both as repeated melodic voices and as members of constit-
uent harmonies, the number of rules is approximately twice the number
required for composition in which harmony and melody are separate
elements.
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from the Pope Marcellus Mass.

The beginning of such compositions represents the most difficult hur-
dle since the formalism of staggered entrances and the choice of octave in
which a voice begins are critical to the success of the composition. Once
begun, however, the music becomes less restricted, with exact imitations
spliced in with freer composition. Obviously, the form is more exact than
described here. Nonetheless, the appearance of the style of Palestrina is
present in the computer-composed musical example.

The composition of a fugue in the style of Bach is quite a different
matter indeed. The fugue exposition is particularly difficult for even the
best of composers. Computer programs, however, can work effectively,
albeit slowly, in this type of constraint-based environment.

The opening of an EMI-composed fugue is shown in Figure 5.38. The
theme is diatonic and once begun is driven principally by sixteenth notes.
The second entry in the alto voice is a fifth up from the original (a re-
quirement of the form) and is “tonal.” This means that instead of leaping
a fifth as the original does, it leaps back to the tonic note of the key. This
is also a requirement of the form. The third entrance occurs in the soprano
voice. It returns to the original fifth but transposed an octave upwards. The
final entrance returns to the tonal schema of a fourth and leads to the end
of the fugal exposition.

All of this strict imitation must also fit the harmonic functions. In bar 4,
it becomes clear that the harmonic rhythm for this theme moves typically
at a rate of one chord per beat. Most of the chords here are tonic, domi-
nant, and sub-dominant and as such follow tonal harmonic protocols that
allow for standard voice leading. Again, this is rules-based as it was in the
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compose-invention program described in the previous chapter. The
computer did not inherit any of this from the models on which it is
based —that would be an extraordinary feat that EMI is most certainly not
capable of in its current incarnation. Fugue “rules” were programmed and
then signatures and context-free composition caused to fit into those rules.

The brief movement to the key of G major in bar 5 is part of the
structure provided in the rules. Most Bach fugues have chromaticism,
modulation, or both before this point. However, it was deemed difficult
enough to work with the constraint set for fugue writing without extend-
ing the algorithm to include such interesting but complicating features.
The machine was also instructed to create a constantly driving sixteenth-
note composite rhythm to help evoke the Baroque “motor” rhythm. The
first quasi-fugue to emerge from EMI did not have such a rule and sounded
very much out of style.

Figure 5.39 shows the beginning of two of the Bach fugues on which the
composition of the previous figure was based. The first, Figure 5.39a,
shows a good example of a “tonal” second entry. The second example,
Figure 5.39b, shows both the more typical real answer chromaticism as
well as the sixteenth-note motor rhythm given in the EMI fugue. All of the
fugue models were taken from Das Wobltemperierte Klavier. Examples of
three- and four-voice fugues were included for signature gathering. The
number of voices in the EMI composition was dictated by the rules given
in the program and were not a part of any inheritance taking place.
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In EMI, at least, counterpoint is a special case. The program simply
cannot adapt to the new environment without some serious new code.
Composing in Renaissance counterpoint (as with the Palestrina example)
or more rigid fugal forms requires programs, similar to that explained in
Chapter 4 for invention-like counterpoint, that enable signatures and context-
free composition to be layered into the constraint structure.

FURTHER EXAMPLES

Performance aspects in the field of computer music as a
whole never seem more critical than when dealing with automated and
computer-assisted composition, where one is usually working with syn-
thetic or sampled sounds simultaneously with a composition using those
sounds. Such is the case with Figure 5.40, a machine-composed chorale in
the style of J. S. Bach. The “sampled” vocal sounds with which this music
was first played were so without life and substance that it was almost
thrown away. Subsequent live performance proved it to be a highly effec-
tive replication in the style of Bach.

This chorale is particularly noteworthy in that the incipient melodic line
begins in much the same way as Bach’s “Christ lag in Todesbanden” (Can-
tata No. 4, Figure 5.41a) which was not one of the chorales available to the
program at the time of composition. However, the chorales shown in
Figure 5.41b—d, which have similar openings, were analyzed. The part
writing in the EMI composition follows the rules of the common practice
period since most of the actual composition is the direct result of context-
free rules-based composition (i.e., few, if any, signatures). Bach’s chorale
style represents the foundation for much of the voice-leading rules of the
common practice period. Hence few pattern-matching impregnations need
to be made in order to make the music sound in the style of the composer.

Pattern matching seems to work well when dealing with composers
with a definable style consisting of motives repeated from work to work.
It obviously becomes less and less successful the more adventuresome
and quirky the style. Such is the case with Carl Philipp Emanuel Bach’s
sonatas for flute and continuo. The small signature dictionary created from
freely matching these works had to be plumbed to the fullest in order for
composition to take place at all. The music starts and stops irregularly, is
sometimes very chromatic and other times diatonic, and, more important,
seems to lack commonality between compositions except for this ten-
dency for sudden change.

Figure 5.42 gives some indication of this. The flute line is rhythmlcally
quite diverse (thirty-second to quarter notes). The continuo part is less
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FIGURE 5.40 continued.

relevant since it was created from chord symbols by an editor. The piece
moves from the tonic G to the dominant within two and one-half mea-
sures. The harmonic rhythm changes from eighth-note motion to quarter-
note motion almost randomly (certainly not a characteristic this composer
would have in common with his father, J. S. Bach).

EMI found few signatures from matching this work with the others in
the series (four in all were used). As can be seen from the replicant of
Figure 5.43, the major effect of the matching was less in the way of signa-
tures and more in the way of generalized gestures. For example, the
opening rhythm and repeated notes are something one finds in every
composer’s music. In Figure 5.43, however, it seems to have been almost
copied from the original. Note the early modulation in the computer
attempt as well as the wide leaps (a characteristic of C. P. E. Bach’s style,
though not shown in Figure 5.42).

Linda Burman-Hall and Leta Miller, who commissioned this particular
work for a Baroque music concert, declared after the first rehearsal that
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this music “was more like P. D, Q. Bach than C. P. E.” This is no doubt due
to the lack of available signatures, the above-mentioned diversity of the
music, and the banal attempts by the computer to match larger structural
issues such as abrupt modulations and inconsistent rhythmic and
harmonic motions. EMI returns as much style as it finds and in this case
found little of consequence.

A final issue regards performance practice itself. So much of the style
here is found in the performance realm. Based on traditions of the period,
performers vary the ornamentation, accompaniment, and phrasing in cer-
tain distinct manners and instill rubato according to practices of the time.
Thus, in final performance the work was not an embarrassment and, while
not as convincing as other works produced by the EMI program, seemed
musically interesting.

Performance practice also plays a significant role in the next work to be
discussed: an EMI-composed mazurka in the style of Frederic Chopin.
Mazurkas pose a significant challenge to computer composition since so
much of the actual style is imparted through their interpretation. An
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FIGURE 5.43 continued.

example of this occurs when the metric accent is shifted from the first beat
to the second and (less often) the third beat. Chopin does not often
indicate this explicitly, except for occasional missing down beats or
ornamentation on beats other than the first. This discriminates mazurkas
from waltzes, for example, which have strong down beats. As well, the
rhythm is more flexible in performance since a piano mazurka is not
performed as a dance. These elements are not found explicitly notated in
the original Chopin works and hence are not available for style replication.

Four of the fifty-one Chopin mazurkas (Op. 17, No. 1; Op. 33, No. 2; Op.
67, No. 3; Op. 68, No. 3) were used for the EMI composition shown in
Figure 5.44. It has a three-part form, with the middle section (bar 24)
significantly contrasting with the first, as is generally the case with such
works. Note the resemblance of the beginning theme to Chopin’s own in
Figure 5.45a, and compare the middle section theme with Figure 5.45b.
Pattern matching, as with the C. P. E. Bach, was liberal rather than exact.

The triplets in this example were derived solely from the Mazurka Op.
33, No. 2 by Chopin in combination with context-free composition. Trip-
lets are not prevalent in Chopin’s mazurkas. It seems this compositional
anomaly is almost a machine invention rather than a derivative. Such
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accidents often serve to enhance rather than detract from the novelty of
machine composition as they provide surprises in an otherwise somewhat
predictable environment of signatures, especially if the latter are overused.

Even though an excellent piano sample was used in the original per-
formance of Figure 5.44, it did not help the metric rigidity of machine
performance, which is sterile and cannot be relied on for evaluating the
quality of machine composition. Live performance, however, proved this
to be a highly effective re-creation of Chopin’s mazurka style. This in-
cluded all of the aforementioned performance practice mazurka indicators
as well as dynamic nuances and pedaling.

The next example, an EMI intermezzo in me style of Brahms (see
Figure 5.46), is the result of pattern matching an amalgam of different
piano works of Brahms. Thus the resultant form (not shown in its entirety
here) is an average of those presented in Brahms’s intermezzi, waltzes,
ballades, and rhapsodies. As well, many of those chosen (see particularly
his Ballade in B major, Op. 10, No. 4, Waltz Op. 39, No. 9, and Rhapsody
in G minor, Op. 79, No. 2) have uncharacteristically thin textures com-
pared to his more usual rich and fecund accompaniments. Hence, the
resultant machine composition’s texture is relatively barren compared to
what one might think a work by Brahms might look like. Hearing it,
however, gives a much different impression as the steady driving rhythm
and set accompaniment give immediate rise to the impression of Brahms'’s
style. The main theme seems to interlock the theme of Figure 5.47a
and the accompaniment of Figure 5.47b. This points out the fact that a
musical ATN allows for accompaniments to be separated from melodies
and then attached to other melodies provided appropriate harmonic changes
occur. One line is influenced by a similar line in Brahms, while its accom-
paniment is generated from an accompaniment found in an entirely differ-
ent work.

The next example, like the Palestrina of Figure 5.37, requires special
attention to work size. George Gershwin composed only three preludes
(published in 1927) of which only one is slow in tempo (No. 2). Since a
slow prelude was desired, this made matters even more difficult. The
solution was found in splitting up the work and pretending that each part
was an original complete work by Gershwin. What is gained in doing this
is that the resultant pattern match is rich in local signatures. What is lost is
that these signatures may be so local as to be identifiable exclusively with
this one prelude (that is, we get only a slight variation of the original).
Recognition of form is lost as well.

Figure 5.48 is EMI's second attempt at creating a new prelude in the
style of Gershwin. The first was an example of the slight variation men-
tioned above and hence not a version 1 would be proud to print. This
second attempt shows the second problem mentioned above, however:
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b) Capriccio in B minor Op. 76, No. 2, by Johannes Brahms.

the form is a mutilation of that which we know today to be “blues,”
something very much retained by Gershwin but lost here because of the
fracturing of one work into many. This is seen in the seventeen-bar length
of the main theme of Figure 5.48. Since “blues” have generally twelve-bar
main themes (a sixteen-bar theme is also possible), the theme in Figure
5.48 is immediately recognized for its non-blues length and pattern by
those who know the style.

A portion of the original Gershwin model is shown in Figure 5.49. The
main theme is twelve bars (the introduction has been left out). Bars 5-12
and bars 8—16 are treated as separate small works. This method of chunk-
ing the work into small pieces allows for style recognition at one level
(signature) and not at another (form). Interestingly, the idea of beefing
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up the theme the second time it is played (see Figure 5.48) does appear as
a formal idiom in the Gershwin. But this occurs in the new work no doubt
due more to built-in rules about form in general than any inheritance from
the available work.

Using examples from Béla Bartok’s Mikrokosmos posed particular prob-
lems for the EMI program, as did the Stravinsky in the next chapter. Not
only is Bartok’s style quasi-tonal, and thus more difficult for creating rules-
based composition in which to implant signatures, but it uses unusual (for
classical traditions) meters and accent arrangements within those meters.
The solution for both of these problems was to choose like-metered and
like-sounding examples to analyze in order to use more signatures in
composition. As well, the pattern matcher itself was given instructions to
match more freely. While not a good idea in tonal music (since doing so
produces many non-signatures), this idea seems to have worked well in
this instance.

Figure 5.50 shows the beginning of the results of an EMI attempt
to compose in Bartok’s piano style. While not eminently successful, the
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FIGURE 5.49 From the second of George Gershwin's three preludes.

music does show a number of stylistic characteristics of works in the
Mikrokosmos. The 7/8 meter, for example, is resident in both portions of
the works shown in Figure 5.51. As well, the texture of Figure 5.51b shows
up substantially in the EMI-composed music. Finally, the switching of tex-
tures between hands seems to come as an overshadowing of the two
examples of Bartok, with the first providing the idea of interplay and the
second the idea of melody on top.

Elements of style that did not surface in the machine replication are
chromaticism (of which both of the Bartok works have an abundance) and



b

MUSICAL EXAMPLES

e fa of

211

— ——— ] ——— —— ==

S
e

'i

LILL

e I e I I I

FIGURE 5.50 From an EMl-composed Kosmos in the style

of

Béla Bartok.

a real sense of direction. While this latter commodity is somewhat
personal, it is clear that the machine work is simply stagnant, while the real
Bartdk is vibrant with direction. Obviously it is possible to expect too
much from a machine, especially when one of the main components,
context-free composition, is no longer allowed to operate effectively dur-

ing the compositional process.
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COMPUTER-
ASSISTED
COMPOSITION

INTRODUCTION

To this point, the text has focused on machine composi-
tion. While this requires users to build databases, no integral interaction
between the program and user takes place. In many instances, such inter-
action would be advantageous. Interfaces wherein users can be assisted by
the machine without it creating entire works are therefore helpful. This is
most important when working with complicated non-tonal styles of the
twentieth century as well as when credting new works in the user’s style.

This chapter will focus on a number of ways to accomplish these goals.
The first to be discussed is the possibility of accessing what the SPEAC
system considers viable musical representations. Then the chapter de-
scribes a series of methods that mix, circumvent, or alter databases before
composition takes place. Lastly, original composition is discussed as it
relates to me as a composer.

NON-TONAL EQUIVALENTS TO FUNCTION

Any replicative system that is able to generate new context-
sensitive works from a context-free environment has advantages. Most

213
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FIGURE 6.1 Examples of functions of tonic—dominant—tonic
with very different surface qualities.

important of these is the ability to exchange surface data so that composing
functions can remain intact, even when one is composing music in non-
tonal styles (Fry 1984). Conceptually, this has significant ramifications.
Musical “dominants” can remain as tied to “tonics” as they do in all tonal
Music.

In fact the entire SPEAC system (discussed in Chapter 2) may operate
without alteration. What the identifiers mean, however, changes. For ex-
ample, the familiar C — E — G of the C-major tonic chord could be changed
to C — Cf — D. This implies more than just simple substitution. Harmonic
styles could become extremely dissonant. The logic of the system would
remain intact, however, and chord functions would be audible even though
the surface qualities of the music were very different. Dominant chords,
represented as any conglomerate of pitches, would be as recognizable as
in tonal music if such recognition were the result of contextual repetition
and location in time.

Figure 6.1 shows three different forms of the progression tonic—
dominant—tonic, each one having very different surface qualities. The SPEAC
system, however, suggests that these examples are equivalent in functional
interpretation, not contrasting. While each of the examples varies signifi-
cantly from the others, the consistency of technique of use, cadential
placement, and repetition would allow each to have the fullest meaning of
tonic—dominant-tonic in a tonal sense. Conversely, lack of repetition or
location sensitivity results in each becoming functionless. Even the neigh-
boring motion in the first, the most common form of tonal motion, can be
forced into situations in which function has little relevance (i.e., the min-
imalists’ use of repetition without tonal focus). Much of the perception of
“tonalness,” of course, is in the ear of the beholder. If one is unprepared
to accept non-triadic function in music, one will not hear non-triadic
function in music, even if it is there,

Other tonal-based systems have proven to be useful in working with
non-tonal or quasi-non-tonal musics (Narmour 1977). The Schenkerian
approach, thought by many to be a strictly tonal concept, can be applied to
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FIGURE 6.2 A Schenkerian analysis of the opening measures of
lgor Stravinsky's Symphony in Three Movements. This reduction
is based on one done by Felix Salzer (1962).

non-tonal or quasi-tonal musics with fruitful results. In the work by Stravin-
sky, analyzed in Figure 6.2, functions are shown to exist even in non-triadic
vertical sonorities. The same reductive, layer-by-layer analysis proves equally
useful in Stravinsky’s music as it does in the Schenkerian analysis of a Bach
chorale (Figure 2.6).

Prolongation, in the form of repeated motives centering on certain
pitch conglomerates, can be seen (and heard) as a factor of foreground
incidence and not background meaning. In the music of composers as
distinct as Bach and Stravinsky, with Stravinsky at the limits of tonality,
chord grammar and chord significance have distinctively separate mean-
ings. The latter relies on function, while the former dictates the succession
rules in current use.

Using these principles, I substituted chord dictionaries while maintain-
ing the same tonal grammar discussed in Chapter 2 in the creation of a
small quartet in the style of Igor Stravinsky. The results (shown in Figure
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6.3) demonstrate the potential of a system with the rules separated from
data. Note how the succession protocol has little reference to tonal vocab-
ularies. Rather, it depends on a kind of inherent rhetoric that seems
applicable to the style of Stravinsky. Dissonances abound, but from the
perspective of hierarchical functional analysis, these chords simply
substitute as equivalents for triads. The fragmentary and heavily motivic
middle portion of this replication exemplifies the notion of signature
development.

The replication of complex twentieth-century music is made possible
by understanding the relevance of interpolated surface structures in nested
hierarchical prolongations. To rewrite programs in order to accom-
modate music that, however different it may sound, is fundamentally
related to Western tradition would be contrary to logic. Exchanging
databases and utilizing the same rules base is the more attractive and
illuminating approach.

VARYING THE INTERPRETER PROTOCOLS

In EMI, one may vary the interpreter protocols. This is
accomplished by changing the orderings shown in Chapter 2. This has the
effect in tonal music of establishing new arrangements of chords so that
tonic need not follow dominant. It can force new logic into non-tonal
Musics.

The work in Figure 6.4, For Keith, represents computer-assisted com-
position on a facetious but effective level. For this composition, various
computer compositions have been overlaid in the fashion of Ives to create
a mosaic of musical styles made all the more interesting the more familiar
the listener is with the quoted works. The right hand of bars 1-5, for
example, are the opening five bars of the EMI Mozart sonata found in
Chapter 5, while the left hand plays portions of the EMI Bach invention
found elsewhere in that same chapter (transposed in For Keith to C major).
The right hand of bars 6-8, on the other hand, are from the EMI Joplin rag
(see bars 5-10 of that work in Chapter 5) juxtaposed with the left-hand of
bars 3—5 of voice three of the EMI Bach fugue. The work continues in like
manner, producing an economic one minute’s worth of computer-
composed music.

Another form of computer-assisted composition is found in the work
Mozart in Bali, shown in Figure 6.5. This work is entirely machine-
composed, but the database has been changed during composition. Hence,
what begins in a fairly recognizable Mozartean, or at least classical, style,
ends in a fairly recognizable Balinese gamelan style. Between these two
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FIGURE 6.3 An EMl-composed Quartet for woodwind instruments
in the style of Stravinsky.
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FIGURE 6.4 continued.

extremes is a slow transition in which the Alberti bass repeated pattern
converts to a more Balinese-like interlocking motive. The recognition
process can be assisted by an equally interesting gradual change of timbres
from piano at the beginning to sounds very much like gamelan metallo-
phones at the end. Like the change in pitch content, this would happen
through a slow transition that would follow the slow change of range. In
performance, I used a sampler with gamelan bells set to pelog tuning (one
of the scales of Indonesian music).

A third type of computer-assisted composition involves the use of music
from two or more composers placed in a single database. One resultant
composition, while entirely machine-composed, is an amalgam of signa-
tures that two composers have in common. The Freeman Quartet is
dedicated to Betty Freeman, whose invitation for an EMI concert at her
house first provoked the question of style combinations. In Figure 6.6,
works by J. S. Bach (several chorales and inventions) and Samuel Barber
(the Adagio for Strings—from which the form, as well as stylistic elements,
were derived) were combined to form a single database.

The principal melodic line in the first violin provides an obvious ex-
ample of the result of the mixture of styles. Here, the first six intervals are
a third or less in size (five are major or minor seconds), following the
melodic conservatism of Bach. In contrast, two of the next three intervals
are a sixth or larger. Harmonically, the first three beats of the first measure
shown here are the same G-minor triad, while the last beat extends this to
a more Barber-like minor-minor seventh chord.

VACUUM GENESIS AND THE MORNING
OF THE WORLD

The EMI system is designed for computer-assisted as well
as automatic composition. The system is halted at the end of various levels
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FIGURE 6.5 Mozart in Bali, an entirely machine-composed
example with the database switched during composition.
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continued.
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FIGURE 6.6 continued,

of the compositional process and not continued until desired. In the
meantime, users have access to all of the data thus far composed and may
alter them in any manner.

Figure 6.7 is the opening of the first movement of Vacuum Genesis. This
composition is based on sections like Figure 6.8 from my Concert for
Piano and Orchestra (1979; see bibliography). The inheritance of re-
peated notes along with scattered attacks can be seen. The wide leaps of
the Concert, however, were apparently not observed as a signature, and
hence the computer output is more restrained and stays within a tritone in
Figure 6.7.

Figure 6.9 is page 7 of the published score of the fourth movement of
Vacuum Genesis. Working with EMI is entirely “top down.” This means
that the program stops at various levels, allowing the user access to the
data. The top level of the composing process appears first as a set of
sections with contrasting music in each. The delay is indefinite, so that
users can spend days in testing, listening to, and revising the material.

Second, material is inherited as the process proceeds so that changes
made in the single section at a high level will be found again in repeating
sections as phrases are born. Changes can then be made to the repeating
sections to make them yet further variations of original themes.

Third, and possibly most important, the ATN factor may alter the user’s
changes. In effect, competing forces will be at work, constantly mapping
and overriding data in the work being composed. While simpler programs
could avoid these seeming contradictions, the competing forces often
produce some of the finer surprises of the computer-assisted composition
thus far produced. A human change of computer-composed music at one
level may be altered by the ATN at another level, producing interesting
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FIGURE 6.7 From the first movement of Vacuum Genesis,
a machine-composed work in the style of the author.

side effects that can be shaped more elegantly by further human alter-
ations, which can then be partially or totally altered by the computer at yet
another level. Luckily, the program remembers a/l of the material com-
posed at each level, meaning that whenever ATN obliterates some or all of
the music at one level, the preceding material can be retrieved and re-
implanted at the next level.

Fourth, users may change part or all of the current database at any time
during the process of computer-assisted composition. Depending on the
amount of change and the nature of the changes themselves, this can
dramatically affect the flow and ideas of a work in progress. The system
was designed to include contrast in the compositional process, but con-
trast that is relevant and subtle. Switching databases with wildly different
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FIGURE 6.8 A section from the author's Concert for Piano and
Orchestra, upon which Vacuum Genesis was based.

materials, even styles, can create dynamic contrasts like switching timbres
from piano to sitar.

Finally, the user has access not only to the music at a given level but also
to all the other elements. Hence, identifiers can be changed, even func-
tions can be replaced with other functions, causing tremendous changes in
the production of music at the next level. Logically, the more one knows
about how the system operates, the more effectively these changes can be
made. Certainly, the more changes made, the more dynamic the compo-
sitional process becomes, and the more defined the computer—human
relationship becomes. The computer processes immense amounts of data
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FIGURE 6.9 From the published score of the fourth movement
of Vacuum Genesis,

quickly and accurately, while the human partner uses instinct, intuition,
and personal aesthetics to judge and revise the results.

This is evident in the computer-assisted creation of a string trio (violin,
viola, violoncello) in my style: The Morning of the World. The title is the
phrase that India’s Prime Minister Nehru was supposed to have used in
describing Bali when he first arrived there in the 1950s. The form and
choice of exact database were created while I was in Bali. The database
used for this work was based on long passages found in four-line reduc-
tions of my Concert for Piano and Orchestra. These reductions were
treated as if they were complete works in themselves. The passages chosen
were based on similarities found between them. The desired result was a
consistently chromatic yet quasi-tonal vocabulary with Cope signatures

abounding.
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FIGURE 6.10 EMI set for computer-assisted composition.

The computer-assisted process in EMI is variable by depth; that is, one
may wish to step through the process at progressively smaller levels.
Hence, variables were devised to give users the opportunity to have access
to the composing process at each level. One variable, for example, ac-
cesses the principal composing function itself so that one can view and
change the first two phrases of the work before the next two are born.

Figure 6.10 shows a layout of the entire EMI system when set for
computer-assisted use. The higher-level functions run with default
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arguments (i.e., have no user-called arguments), while lower sets of func-
tions provide more opportunity for inputting compositional variables. This
is typical of EMI's programs. The more knowledge you have of the pro-
grams and the programming language, the more accessible the arguments
become for variations.

To give the reader some indication what an EMI database looks like
musically requires a sampling of the music from the Concert for Piano
and Orchestra (see Figure 6.11). Observe the dependence on counter-
point in this example. My music relies on a consistent interplay of voices
rather than on more typical melodic-harmonic models. Melody is often the
result of a combination of voices rather than the pronounced indepen-
dence of a single line with others subservient to a harmonic role. Cadences,
climaxes, and incipient gestures are derived rhythmically as much as har-
monically. As well, the style constantly hints at tonality without being
explicitly tonal. Dissonance resolves even as it produces subsequent
dissonances.

As previously mentioned, as a consequence of a desire for increased
continuity and consistency, I fooled EMI's programs by breaking the pas-
sage even further (it is already a section of a larger piece) into four
sub-sections, each with its own integrity. Also, since the desired output
required a trio rather than a quartet, the actual data was reduced to three
voices. Little of the music was lost, however, since, with the exception of
a few places, voices do not move together, and rests often create a three-
voice texture in the original.

The next stage of the compositional process requires the setting of
variables to what I believe to be reasonable amounts. Depending on one’s
experience both with the system and with the musical style under study,
this can take varying amounts of time. At its briefest, one can simply rely
on the default settings that the variables have when EMI is initialized. In
the extreme (i.e., fine tuning), one would take care to arrest the compos-
ing process at a very fine level to observe parts of phrases and then retune
them based on listening. At this point, one simply corrects the material
created and resets one of the variables depending on the circumstance
or, if the sample is too out of style, rejects it and begins again at the
previous level.

The Morning of the World was composed during a controlled computer-
assisted composing session. The results are shown in Figure 6.12. Observe
the signature of one eighth plus two sixteenth notes in the viola and cello
lines (beat 4 of bar 1) that occurs four times during this example.
The small and consistent database allows for extreme focus on such ges-
tures, which is not possible with the inclusion of more diverse works,
where likely signatures would not so easily appear in the pattern-

matching process.
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FIGURE 6.11 continued.

After several performances both by machine and by hand at various
keyboards, I noted several points that did not fulfill my aesthetic prefer-
ences (circled in the figure). These unfulfilling areas centered on material
too consonant for my taste and music far too dissonant for the context.
Hence, I simply “fixed” the notation in order for the music to translate into
Figure 6.13.

After several further performances to ensure my tastes had been met, I
then re-entered the compositional sequence with the previous composed
material and started up the composing sequence again. In EMI this is
accomplished by removing the first identifier in the default sequence of
arguments (meaning that there is one less phrase to be composed) and
attaching the file of already composed music to the removed identifier’s
property list.

The results of the second composition run are shown in Figure 6.14.
Note the now out-of-octave signature present in the first period as well as
the use of scales provided by the contrast-generating aspect of the pro-
gram. The circled locations for change indicate my displeasure with
problems of (1) range, (2) diatonic scaling, and (3) simplicity of chord
structure. As well, certain functional repeats (evidenced in bar 7) offer a
lack of purposeful variety. The changes shown in Figure 6.15 make this
passage a successful (in my mind) variation of the machine-composed
version of a second theme. |

Space does not permit a full-scale rendition of the final results of the
computer-assisted composition of the string trio. However, it should be
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FIGURE 6.12 A section of The Moming of the World
with problems circled.

evident from the examples presented that the compositional process is
dynamic and constantly productive. The machine-composed music is often
interesting, filled with problems, provocative, and rarely discarded.
Ultimately, potential users of systems like EMI will prefer linear pro-
grams and more interactive environments. One can imagine a system
wherein users simply perform naturally on their instruments with the
computer program keeping track of both the current state of the work
being improvised and the broader sweep of style of the composer. Any-
time computer-composed music is desired, it can be called and performed
immediately. Such requests could be due to composer’s block or just for
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FIGURE 6.13 "Fixed" music from Figure 6.1 2.

curiosity. It could be in any amount, from a single pitch to the rest of the
work at hand. The music could then be manipulated directly from the
instrument.

Such imaginings are not far from reality. As programming environments
become more user friendly they will also become more attuned to inter-
faces that connect with their owner’s expertise. With the control of nuance
and other matters, such programs would become the perfect composing
partner, working hand-in-hand with composers to achieve the best and
most musical results.

Finally, one can imagine systems such as EMI with reflexive variables
that evaluate their failures and retune or even revise code. Such programs
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FIGURE 6.14 A second run of The Morning of the World
with problems circled.

would truly emulate musical intelligence (Winston 1984). For now, we will
have to be content with successes in computer analysis and replication of
musical style.

FTHE FUTLURE

Style replication, whether it be for computer-assisted ex-
tensions of personal composition or for creating new works in the styles
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FIGURE 6.15 A final version of a second theme for The Morning
of the World.

of composers long since dead, is still very much in its infancy. Whatever
the success of EMI, works still suffer from problems of continuity, stylistic
anomalies, and a severe lack of expressiveness. Even if other projects, built
from different premises, may be more successful, future research will
center on these issues.

Continuity deserves the most attention at this juncture. “Eccentricities”
may result when the ATN program shifts signatures and non-signatures
into place without (currently) much regard for their potential connectivity.
Non-linearity in general cannot help but create some problems. When
composing linearly, one has the knowledge of events immediately pre-
ceding and following quite clearly in mind. When composing in the abstract,
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a section can have little reference to its ultimate neighbors. Refinements
should be able to resolve at least some of these discontinuities.

Stylistic ambiguities may occur at least partially from the same source.
Or it may be that the ambiguity is not in the EMI-produced examples but
in the originals and we find the situation ambiguous because composers,
unlike machines, do not so easily follow the rules we in hindsight give
them. For example, the generic tonal music portion of this program worked
for years creating four-bar phrase examples. When I finally figured out that
only the worst of classical composers fit into this mold that we generally
teach, the program developed significantly.

Finally, the lack of expressiveness presents three separate and very
complicated problems. First, the machine compositions have little chance
of obtaining the inspiration of great human composers. Perhaps, in its
computer-assisted form, such inspiration may be injected into the ultimate
composition. Otherwise, the aesthetic we believe purely human can only
be obtained by the machine through refinements in pattern matching or
similar sampling of actual works. The second problem, that of perfor-
mance, can be addressed two ways: (1) through actual performance by
humans or (2) through the creation of programs that can re-inject musical
(not simply random) fluctuations into the tempo (particularly) of machine-
composed works. Creation of such programs, even ones that imitate great
performers by pattern matching their performances, will be a serious
avenue for further research.

Most of the controversies surrounding computer composition seem to
intensify in the context of popular music. For example, while programs
such as EMI may further the career of one composer experiencing a block,
might not it also put dozens of others out of work? Would it be in the best
interests of a motion picture studio to purchase a computer program and
avoid paying living composers salaries for new scores for its films?

But the hand of the composer is not absent from the finished product
of computer-assisted composition. With experience it is possible that mu-
sicians and music lovers alike will “forgive” the machine and believe it to
be a composer’s tool in the same manner that a piano serves in improvi-
sation. We may even come to understand that, as expressed in the previous
paragraph, even purely machine-composed music is born of programs
created by human inspiration.



COMPUTER-ASSISTED COMPOSITION 237

BIBLIOGRAPHY

Cope, David. Concert for Piano and Orchestra. Greenville, Maine: Opus One
Records, 82.

Frv, C. “Flavors Band: A Language for Specifyving Musical Style.” Computer Music
Journal 8,4 (Winter 1984): 2-34.

Narmour, Eugene. Beyond Schenkerism. Chicago: University of Chicago Press, 1977,

Salzer, Felix. Structural Hearing: Tonal Coberence in Music. Vol. 2, New York:
Dover Publications, 1962.

Winston, P. H. Artificial Intelligence. 2d. ed. Reading, Mass.: Addison-Wesley, 1984.



> N [Ny

'.'Hll::: wif} %‘t‘

e, Sat Mo sl ) ES . s 2 kg
busrvsi v .“-#.,.Il"c'* gl i vk I | gy 0 00 i)
timﬂhl "l'._,!ﬂ-,! an[h IRy = .“..H* =R I TGET S W AT

wm’ql.ﬁf SO o e e, N Y
i R wwmmﬁ-mm il o

l"‘ﬂ | ‘I ] ”' _'.. . | 1|*,__

Pl *--'-.1. "-F"'_L-—l 'I:j;:alv" i 59 ﬂ.ﬁ-ll-:r-lll_g-.. -
. -E“‘:'_'-"“* L'.»,._. - 1,,-!&;1&._-.}-!,.,,, R

=

- i n.

= . J - . & .
" i sl n , - [l o) e e u_ sy . --.-"qr- , .
] (0 . i . i K .

- v e o T e — T

- i



add-second-voice, 118-19
Adler, Guido, 28

aeolian instruments: armonica

meteorologica, 2; arpa gigantesca,
2; bulu parinda, 3; bells, 2, 3, 220;
bows, 3; deer scarer, 3; feng-ling,
2; furin, 2; gunte, 2; harpe d'eole,
2; harps, 2-3; kbew, 2; kinnor, 2;
pinchakan, 3; pipes, 3; sundari, 3;
wind chimes, 2

Alberti bass, 33, 220

algorithms: ATN, xiii—xv, 35, 57-67;
composition, 8, 17; EMI, 147-54;
POD, 11; self-similar music, 17;
statistics, 7, 10-12, 18, 29

align-beats, 118, 120

Ames, Charles, 12; Concurrence, 12,
Cybernetic Composer, 12;
Protocol, 12

antecedent, 35-36, 41, 44, 56, 174. See
also SPEAC

append. See LISP primitives
apply. See LISP primitives

armonica meteorologica. See aeolian
instruments

239

arpa gigantesca. See aeolian instruments
ars combinatoria, 13

associate, 116-117

ATN. See augmented transition networks
atoms, 72, 73, 135

augmented transition networks (ATN), xv;
accompaniments and, 204;
computer-assisted composition
and, 224-25; defined, 57-67;
harmony and, 140, 174;
integration, 152; pattern matching
and, xiii; potential of, xiv;
signatures and, 167, 236, surface
translation and, 35, 174; transitions
and, 61

B

Babbage, Charles, 3
Bach, C. P. E., 193, 196, 198, 200

Bach, ]. S., 141-51; 15 Two-Part
Inventions, 89, 93-98, 103,
acrostic, 6; analysis of the musical
style of, 10, 18; chorale in the style
of, 16, 193-97, For Keith and, 216,
219-20; Freeman Quartet and,
220; fugue in the style of, 190-93;
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Bach, J. S. continued
invention in the styvle of, 141-51;
manipulative techniques, 11; music
in the style of, 19-21, 171; musical
analysis of, 38-39; pattern
matching and, 136; programming
the keyboard style of, xvi

Baker, Robert, 10; Computer Cantata,
7-8; CSX-1 Study, 7

Bali, xvi, 3, 176, 182-88

Barbaud, Pierre, 8-9; Imprévisibles
nouveautes-Algorithme I, 9

Bartok, Béla, 19, 21, 209-12

Baschet, Bernard, 3

Baschet, Frangois, 3

Bean, C., 10

Beethoven, Ludwig van, 10, 21, 30, 61

Behrman, David, 5; On the Other Ocean,
5

Belar, H., 6

Berg, Alban, 10
Bernstein, Leonard, 29
Bharucha, Jamshed, 16

Blanchard, Roger, 8-9; Imprévisibles
nouveautés-Algorithme I, 9

Bolognesi, Tommaso, 17
bottom-up, 37-38, 80
Bowles, Edmund, 9-10
Brahms, Johannes, 21, 204-7
Brook, Barry, 27-28

Brooks, F., 7

Briin, Herbert, 8; Non-Sequitur VI, 8,
Sonoriferous Loops, 8

bulu parinda. See aeolian instruments

butlast, See LISP primitives

C

cadence-it, 129, 133

Cage, John, 4, 11, 14; Cartridge Music, 4;
HPSCHD, 11, 14; Reunion, 4

calculating engine, 3

Caplin, D. A, 13

car. See LISP primitives

cdr. See LISP primitives
change-into-numbers, 100, 102
Chomsky, Noam, 10, 12, 17, 29, 61, 67

choose-one, 83, 85, 100, 111-12,
115-16

Chopin, Frederic, 16, 198—-204
Christaller, Thomas, 57

Clementi and Company, 2

cognition, 9

collect-beats, 118, 122
compose-invention, 98-99, 192

compose-invention program, 89-
140, 141, 143

compose-invention variables:
dominant, 94, 130, 131,
major-scale, 94, 127;
*minimum-length¥*, 95-96,
129-30; quarter-note, 93;
*rough-phrase-length¥,
95, 111; *size*, 95, 99, 101, 103,
113,152; toniec, 93. 131
tonic-note, 95, 131-32;
*variancex, 95, 108

computer programs, 5-18, See Ames,
Charles; COTREE; DARMS;
Dynamic Hierarchical Networks
(DHN); Experiments in Musical
Intelligence (EMI); Generative
Grammar Definition Language
(GGDL); ICHING; MUSICOMP;
parallel distributed processing
(PDP); POD; TREE
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consequent, 35-30, 41, 44, 56, 112. See
also SPEAC

context-free grammar, 12, 18, 28, 153-54,
192-0%. 200, 211, 213

context-sensitive works, 213
COTREE, 12
counter-it, 123 127

counterpoint, xvi, 7, 30, 48-50, 167, 188—
93, 229

create-countersubject, 123,
12627

create-rhythms, 109, 118-19, 135

Cybernetic Composer. See Ames, Charles

D

d’Arezzo, Guido, 6

D’Indy, Vincent, 30, 41

DARMS, 8,

deer scarer. See aeolian instruments
defun. See LISP primitives

des Prez, Josquin, 9

directions, 108-9, 113

Dodge, Charles, 4; Earth’s Magnetic Field,
4

dominant. See compose-
invention variables

Duchamp, Marcel, 4
duration-translator, 104-5, 108

Dynamic Hierarchical Networks (DHN),
17

E
Ebcioglu, Kemal, 1617

EMI. See Experiments in Musical
Intelligence
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Eno, Brian, 5
eval. See LISP primitives
every-other, 129, 132

Experiments in Musical Intelligence
(EMI), 152-54; challenges for, xvii;
creation of, xvi: defined, 147, 152—-
54; EMI Bach inventions, 141-51;
EMI Bach Fugue, 190-93; EMI
Bach Chorale, 193-97; EMI Bartok
Mikrokosmos, 209-12; EMI
Brahms Rhapsody, 204-7; EMI
C.P.E. Bach Sonata, 196, 198-200;
EMI Chopin Mazurka, 200-204;
EMI Gershwin Prelude, 204,
207-9; EMI Joplin Rag, 171-73;
EMI Mozart Sonata, 154-72; EMI
Palestrina Kyrie, 188—90; EMI
Prokofiev Sonata, 173-82; EMI
Stravinsky Quartet, 215-18; For
Keith, xvii, 216, 219-20; Freeman
Quartet, xvii, 220, 223-24;
introduction of, xv, 18-22; mix of
inheritance and rules, 123; Mozart
in Bali, 216, 220-22; Out from
This Breathing Earth, 18-19;
recognizing variants of motives,
166; style dictionary and, 89; The
Morning of the World, 227-36;
Vacuum Genesis, 224-26

extension, 35, 40, 58. See also SPEAC

F

feng-ling. See aeolian instruments
find-closest, 127-29

find-closest-consonance,
127-28

find-it, 112-13, 116
find-patterns, 105, 109
first-of-first, 127, 137
firstn, 132, 137

Forte, Allen, 9. See also set theory
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fractals, 17. See also Mandelbrot, Benoit
Freeman, Betty, xvii, 220
Fucks, W., 10

furin, See aeolian instruments

G

Gabura, James, 10

gamelan, 10, 216, 182-88, 220-22
Gattoni, G. C,, 2
generate-speac, 109-12, 115

Generative Grammar Definition Language
(GGDL), 17

get. See LISP primitives
get-beat, 99, 103—-4
get-beats, 103, 105
get-length, 135, 138
get-patterns, 106, 111
get-speac, 112, 115, 116

grammars, harmonic. See harmonic
grammars

grammars, transformational. See
transformational grammars

Gray, Elisha, 3
GROOVE, 11

gunte. See aeolian instruments

H

harmonic grammars, 30-32; ATN and, 67;
classical traditions in, 49;
connectionist models and, 16;
function and, 30-32; jazz
improvisation and, 12; parallel to
language, 56-57,; relating to style
analysis, 28; resulting from
contrapuntal simultaneity, xv;
SPEAC and, 36—37; tonal functions
and, 32-34

harpe deole. See aeolian instruments
Hartenstein, Ward, 3
Haydn, Joseph, 9, 10, 13, 49

hierarchical techniques, 30-70; See also
augmented transition networks
(ATN); bottom-up; Experiments in
Musical Intelligence (EMI);
Schenker, Heinrich; Smoliar,
Stephen; SPEAC; top-down,; Ursatz

Hiller, Lejaren, 7; Computer Cantata,
7—-8: HPSCHD, 11, 14: [lliac Suite
for String Quartet, 6-8

Hindemith, Paul, 10
Holtzman, S. R,, 17
Hood, Mantle, 10
Hopkins, A., 7

Hutchinson, William, 29

I

ICHING, 11

identifiers, 35, 37, 67
if. See LISP primitives

llliac Suite for String Quartet. See Hiller,
Lejaren

imitate, 118, 123-24
imitate-it, 123, 125
insert-cadence, 129-30, 133, 147
interval-translator, 78-79

Isaacson, Leonard, 6; Illiac Suite for
String Quartet, 6-8

Ives, Charles, 216, 219

J

Jackendoff, Ray, 17-18
Jakobson, Roman, 29

John, Samuel, 2
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Jones, William, 2

Joplin, Scott, xvi, 172-74, 216

K

Kaufmann, Friedrich, 2

KEITH, 13

Kepler, Johannes, 6—-7

kbew. See aeolian instruments
kinnor. See aeolian instruments
Kircher, Athanasius, 2
Kirnberger, Johann P., 13
Kirschen, Yaakov, 14

Knopoff, Leon, 29

Koch, Heinrich Christoph, 2

Koenig, Gottfried Michael, 10-11; Ubung
fiir Klavier, 11; Project 2, 11

Kornfeld, William, xiv

L

lambda. See LISP primitives
lambda binding, xv, 80
Landini cadence, 46

language models for music. See
augmented transition networks
(ATN); Chomsky, Noam; context-
free grammar; Experiments in
Musical Intelligence (EMI);
harmonic grammars;
transformational grammars;
Jackendoff, Ray; Lerdahl, Fred;
lexicons; linguistics; Nattiez, J.-J.;

natural language processing (NLP);

parsing
LaRue, Jan, 9, 28
Laske, Otto, 13
last. See LISP primitives

layout, 129-30
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Leman, Marc, 17

Lerdahl, Fred, 17

Levitt, David, 12

lexicons, 12, 67, 109, 116, 147
Lieberman, Fredric, 10
linguistics, xv, 17, 54, 57, 137
LISP, xiv, xv, 18, 67, 71-140

LISP primitives: append, 73-74, 76—77,
78; apply, 82-83, 93, 129;
butlast, 74, 77, 78; car, 73, 74,
78, 80, 96, 104, 113, 132; cdr, 73,
74, 78, 116, 123; cond, 98;
defun, 74-75, 76-77; eval, 85,
100; get, 82, 86; 1 £, 75-76, 78,
79, 98; 1lambda, 80; 1last, 74, 77,
mapcar, 79-80, 83, 100-101, 103,
129; null, 76, 78, 79, 104; setf,
81-82, 85-86, 94, 100, 110, 141;
setq, 75, 83, 85-86, 93, 98, 123,
127, 131

Lockwood, Lewis, 9
Longman and Broderip, 2
Lovelace, Ada, 3

Loy, Gareth, 6

M

major-scale. See compose-
invention variables

make-a-cadence, 129-31, 134
make-beats, 118, 121
make-lists, 103-4, 106
make-melody, 99, 108-9, 114, 118
Mandelbrot, Benoit, 12, 17

mapcar. See LISP primitives
Markov chains, 7, 12

match, 105-6, 110

match-pattern, 108, 112
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mathematical programs for music
composition. See fractals; Markov
chains; Poisson distributions:
probability; Schillinger, Joseph;
serialism; set theory; stochastic
music; Xenakis, Iannis

Mathews, Max, 11

Mendel, Arthur, 9

Metzing, Dieter, 57

Meyer, Leonard, xvi, 27, 28, 46

*minimum-length*, See compose-
invention variables

Minsky, Marvin, 16
Moore, Richard, 11

Mozart, W. A.; ars combinatoria and, 13—
15; in Bali, 186, 217, 221-23; Cage
and Hiller's HPSCHD and, 11;
computer analysis of the style of,
10; computer program, 13-15;
language model analysis of, 36;
music, ATN, and, 64-67; new
music in the style of, 20, 60;
signatures, 44—51; texture and,
151; tonal functions and, 33

Mumma, Gordon, xvii, 5; Hormpipe, 5
Musamaton, 4

Music Creator, 14, 16

music of the spheres, 6

musica ficta, 9

musical telegraph, 3—4

MUSICOMP, 7-8, 11,

Musikalisches Wiirfelspiel, 1315, 67
Myhill, John, 9; Scherzo a Tre Voce, 9

N

Nancarrow, Conlon, 4; Studies for Player
Piano, 4

Nattiez, J.-J., 10

natural language processing (NLP), 57, 61

nest, 135, 138

nest-list, 135, 138

Neumann, P., 7

neural networks, 16

NLP. See natural language processing

non-linear, 18: composing, xiii, xv, 18, 55;
language generation, 54

non-Western music. See Bali; deer scarer;
feng-ling; furin, gamelan; gunte,
khew:; Lieberman, Fredric;
pinchakan; sundari

null. See LISP primitives

O
Obrecht, Jacob, 30
Oliveros, Pauline, 5; 7 of IV, 5

Olson, H. F, 6

5

pair, 129, 131

Palestrina, Giovanni, 21, 188-90, 204
parallel distributed processing (PDP), 16

parsing, 19, 31-32, 34-35, 36, 40, 53-55,
61, 67

pattern-match, 105, 109

pattern matching, 89; for creating new
works in given styles, 67; in the
compose-invention program,
92-93, 95, 99, 103, 105-8, 109,
129, 137

PDP. See parallel distributed processing
pelog tuning, 182, 220

performance practice, 38, 198, 200
pinchakan. See aeolian instruments
player piano, 4

POD, 11
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Poisson distributions, 12

Porta, Battista, 2

preparation, 35-36, 40. See also SPEAC
prepare, 99-105

prepare-data, 99-100

probability, 7, 8, 29

Prokofiev, Sergei, xvi, 173-82
prolongation, 17, 38, 216

prosodic structure, 17

Pythagoras, 5-6

Q

gquarter-note. See compose-
invention variables

R

Reich, Steve, 4; Penduluum Music, 4
relate, 116-17

rest-beats, 95, 123, 126
Rhythmicon, 4

Riemann, Hugo, 30

Roads, Curtis, 12; and ATN, 61; COTREE
and, 12; TREE and, 12

*rough-phrase-length*. See
compose-invention variables

Ruwet, Nicholas, 10, 29

S
Salop, Arnold, 30, 61, 67
Salzer, Felix, 38-39

Schenker, Heinrich, 28; approaches to
non-tonal music, 214-15; attitudes
of, 30; hierarchical models and, xv,
37-39, 153; layer techniques and,
28; Lerdahl and Jackendoff and, 17,
reversal of approach and, 56;
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semiotics and, 10; SPEAC system
and, 34; Stephen Smoliar and, 18

Schillinger, Joseph, 4
Schoenberg, Arnold, 27

Schumann, Robert, 48; Album for the
Young, 42—44, 49, 52

second-of-first, 113, 127, 137
select-meter, 100-101, 112
semiotics, 10

serialism, 8

set theory, 9

setf. See LISP primitives

setq. See LISP primitives

SHMRG, 28

signatures, 46; ATN and, 60-61, 67, 236;
Bach, C. P, E., 193; Bach, J. S., 141-
46, 149-51, 192, 193, 220;
Balinese gamelan music, 176, 182,
187; Barber, Samuel, 220; Bartok,
Béla, 209, Brahms, Johannes, 207,
Chopin, Frederic, 204; Cope,
David, 227, 229; definition of, xiv,
46, 48; duration of, 118; Gershwin,
George, 204; Joplin, Scott, 171-73;
melodic, 49; Mozart, W. A., 154—
57, 164-70, 172; Palestrina,
Giovanni, 190; pattern matching
for, 92-93, 95, 110, 116, 123, 140;
Prokofiev, Sergei, 176, 181; related
to SPEAC, 112-13

*size* See compose-invention
variables

Smoliar, Stephen, 18

SPEAC, 34; ATN and, 58, 67, definition
34-37; generation, 92-93, 95,
108-9; music and, 147, 213-14;
musical function and, 147; pattern
matching and, 89, 93, 103, 113

Spiegel, Laurie, 11; Patchwork, 11
statement, 34-35, 36. See also SPEAC
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stochastic music, 7, 8, 10-11, 12, 17. See
also Xenakis, lannis

Strange, Allen; The Music of Dod, 5
Stravinsky, Igor, 215-18
style dictionary, 89-92

sundari. See aeolian instruments

T
Tchaikowsky, Peter, 30

Tenney, James, 8; Four Stochastic Studies,
8; Dialogue, 8; Stochastic String
Quartet, 8

texture, 48, 164; Bartok, Béla, and, 210;
Brahms, Johannes, and, 204;
Concert for Piano and Orchestra
and, 229; counterpoint and, 48-50,
188; EMI and, 151-52, 154, 157;
Mozart and, 33, 45, 147, 167,
signatures and, 164; Xenakis,
Iannis, and, 7

Theremin, Leon, 4
Thompson, James, 2
time=5p.an reduction, 17
Todd, Peter, 16

tonic. See compose-invention
variables

tonic-note. See compose-
invention variables

top-down, 153; compositional approach,
xiii, xv, 153; and language, 10; and
music analysis, 43; programming

style, 38, 80-81; and Schenker’s
theories, 37

transformational grammars, xv, 10, 17, 18,
57, 61, 67

translate, 104-5, 107

transpose-second-voice, 132,
136

TREE, 12

Truax, Barry, 11

U

Ursatz, 37, 38. See also Schenker,
Heinrich

\%

*yariance*, See compose-
invention variables

Vercoe, Barry, 16

W

Webern, Anton von, 10
wind chimes. See aeolian instruments
Woods, William, 57

Wright, W., 7

X

Xenakis, lannis, 7; Achoripsis, 7,
Merastasis, 7; Pithoprakta, 7
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