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Series introduction

The Focal Press Music Technology Series is intended to fill a
growing need for authoritative books to support college and
university courses in music technology, sound recording, multimedia and their related fields. The books will also be of value
to professionals already working in these areas and who want
either to update their knowledge or to familiarise themselves
with topics that have not been part of their mainstream occupations.
Information technology and digital systems are now widely
used in the production of sound and in the composition of music
for a wide range of end uses. Those working in these fields need
to understand the principles of sound, musical acoustics, sound
synthesis, digital audio, video and computer systems. This is a
tall order, but people with this breadth of knowledge are increasingly sought after by employers. The series will explain the
technology and techniques in a manner which is both readable
and factually concise, avoiding the chattiness, informality and
technical woolliness of many books on music technology. The
authors are all experts in their fields and many come from teaching and research backgrounds.
Dr Francis Rumsey
Series Editor

ix

This Page Intentionally Left Blank

Foreword

Composing music with computers is gradually taking its place
alongside more traditional ways, such as pencil and paper or
improvisation. Computer music is now finding its way into
many musical genres, including pop, rock, techno, disco, jazz,
and music for film. It is no longer confined to the aesthetics that
emerged in the 1960s from the experimental works of electronic
music (i.e., music composed using electronically synthesised
sounds) and musique concrète (i.e., music composed using
recorded acoustic sound, or sampling music). Gone are the days
where computer-aided composition could only be carried out in
select institutions using equipment far too expensive for any
individual to own. The soundcard, now a standard component
in most home computers, outperforms systems that were stateof-the-art a mere 10–15 years ago. Current processor speeds
enable real-time synthesis and sound processing even on laptop
computers. Consumer music software facilitates musical composition through relatively easy-to-use graphical user-interfaces
that require no programming skills. What more could one want?
Electroacoustic music (music that combines electronic with concrète
practices) in its first few decades inspired a somewhat romantic
belief that the new technology, by enabling new sounds and
compositional process, would in turn lead to a new music with
new concepts, aesthetics, and musical experiences. It is not clear
whether this has actually occurred, and if so, to what extent. It
seems that the second half of the twentieth century, particularly
with the move from using analogue devices to digital systems,
xi
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was occupied largely with problems of ‘computation technology’, i.e., how to compute music samples fast enough and with
good audio quality. There is yet much to be learned about how
the computer can help us to express and capture our musical
ideas, to experiment with and develop them, and most importantly, to organise them and produce the finished work of art.
This problem could be summarised in much simpler words: how
to compose music with computers.
Consumer applications for musical composition still leave much
to be desired. Sequencers, which are so popular for musical
composition, model a multi-track recorder that is familiar from
the recording studio. This familiarity makes them easy to use but
provides little support for the varied musical concepts through
which the composer may be conceiving his work. In addition
this model emphasises the placing of musical content in time but
doesn’t directly support generation of musical materials.
Music is a complex and abstract domain and is inherently subjective. This subjectivity expresses itself in a multitude of different
concepts and approaches. Traditional music theory, which
developed through vocal and instrumental music over several
centuries, has provided many concepts that form the building
blocks of musical thought. Note and melody to phrase, motif,
development, and structure; tension, and relaxation, to voice
leading, counterpoint, harmony, and form are but a few. Newer
musical forms introduced yet other ways of looking at music.
The electroacoustic music of the 1960s and 1970s, made possible
for the first time by analogue devices and digital computers,
encouraged composers to think differently not only about music
and the process of composition but also about the sensation of
the musical experience. Electronic music built upon concepts
derived from music serialism and produced musical complexity
beyond the ability of human performance. On the other extreme,
musique concrète led composers to explore timbre, textures, time
flow, transitions, phase shifts, and sound morphs. In short, it is
clear that different people think about their music using different concepts. Some of these concepts are more general and to
some degree universal, but many are highly individualised and
apply only to the musical world of a specific composition.
The important contribution of this book lies in its in-depth
survey of the varied approaches and techniques that have been
developed and utilised for generating music with computers in
the academic community. Each technique represents a different
way of thinking about music. With a little imagination the reader
may find that a certain technique can map nicely to his unique
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way of thinking about music. The tools described in this book
can be used not only to express and generate new musical ideas
but also to process previously composed musical materials.
More importantly, the reader can experiment hands-on with
each technique through a collection of music applications on the
accompanying CD-ROM that have been developed by leading
researchers in the field.
The reader will benefit if he keeps in mind several fundamental
questions that Eduardo Reck Miranda raises. Is there a difference between instrumental and computer music? Is there a
difference in the way one composes a work for instruments or
for computer? Is there a different creative workflow when using
pencil and paper, the computer, or improvisational techniques?
These questions are especially relevant today where computers
equally support the composition of traditional and experimental
forms of music. The reader may not find a single decisive answer
to these questions, but more aptly, many different answers
depending on the person who is asking and the specific musical
problem he is considering. This book is applicable whether the
reader thinks about his music using traditional concepts or
through individualised concepts that apply only in his own
particular musical world. This book is also relevant whether the
reader is concerned with manipulating the overall structure of
his work or with refining minute details. It is highly likely that
anyone interested in using computers to compose music will
find herein a useful technique, regardless of his style or method
of composition. In the tradition of computer music – experiment:
try, listen, and refine.
Daniel V. Oppenheim
Computer Music Center
IBM T. J. Watson Research Center
Yorktown Heights, NY 10598
USA
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Preface

Composers, perhaps more than any other class of artists, have
always been acutely aware of the scientific developments of their
time. From the discovery, almost three thousand years ago, of
the direct relationship between the pitch of a note and the length
of a string or pipe, to the latest computer models of human
musical cognition and intelligence, composers have always
looked to science to provide new and challenging ways to study
and compose music.
Music is generally associated with the artistic expression of
emotions, but it is clear that reason plays an important role in
music making. For example, the ability to recognise musical
patterns and to make structural abstractions and associations
requires sophisticated memory mechanisms, involving the
conscious manipulation of concepts and subconscious access to
millions of networked neurological bonds. One of the finest
examples of early rational approaches to music composition
appeared in the eleventh century in Europe, when Guido
d’Arezzo proposed a lookup chart for assigning pitch to the
syllables of religious hymns. He also invented the musical stave
for systematic notation of music and established the medieval
music scales known as the church modes.
Between d’Arezzo’s charts and the first compositional computer
programs that appeared in the early 1950s, countless systematisations of music for composition purposes were proposed. The
use of the computer as a composition tool thus continues the
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