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Foreword

Today’s tools for music production have become increasingly democratised. Since
the advent of the personal computer in the 1980s, means of audio synthesis, record-
ing, editing and processing have become available to the general public. Before that
time, a composer or other creative individual would need to go to a big studio or
a computer centre to be able to work professionally with sonic creations. Likewise
means of content distribution and tools for reaching audiences have become gen-
erally available, both for passive and for interactive listening media. Seen together,
these technological changes have deeply affected the conditions for creative audio
work. With wider and more affordable access, many more individuals from diverse
backgrounds can work in this manner, and also the possible outcomes have multi-
plied. In tandem with this evolution, we have seen that the tools have become easier
and easier to use. Many aspects of the expert knowledge of audio practitioners of
earlier decades have been coded into the tools. Any piece of technology will af-
fect the possible outcomes of a production process utilising it. This is also the case
with audio production tools, by means of the affordances given to the creative indi-
viduals working with them. With ease of use comes also a delimitation of possible
outcomes: some of the tools offered to the broad mass of creative consumers can
be said to offer ‘off-the-shelf creativity’. The individual using these tools is not so
much creating but instead recombining the elements offered in pleasing ways. With
some of the creative decisions being aided by the properties of the tools used, it
becomes increasingly important to be able to make our own tools. This book pro-
vides a solid basis for doing so by introducing computational concepts and audio
programming paradigms together with a firm foundation in programming.

As the book starts with the basics of the operating system, we are never lost for
context. We then deal with compiling and running programs, getting to know C and
C++ from the ground up and then proceed directly into realtime audio program-
ming. There’s as much DSP as we need to get to work and make things. Then, by
the time the need for more occurs, the reader’s general acquaintance with the field
through practical work means that they should be well equipped to understand the
literature needed to solve specialised problems outside the scope of this book. The
interleaving of programming languages, by means of interfacing them with each
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other, allows freedom to choose the best tool for the job. This ability to create freely
also allows freedom from the imperatives of commercial actors, as well as freedom
to create commercial products should one wish to do so.

I got to know Victor through international communities for open source audio
programming, first and foremost though the Csound community. I deeply respect
Victor’s skills as a programmer, composer, musician, researcher and writer. His pro-
ductivity seems to know no limit. I had the good fortune of contributing to the book
‘Csound: A Sound and Music Computing System’ together with Victor, John ffitch,
Steven Yi, Iain McCurdy and Joachim Heintz in 2016. I also count myself lucky
to be working with Victor in a current research project on crossadaptive process-
ing, where we have also developed new methods of live convolution together with
Sigurd Saue.

With all of the creative freedom afforded by the knowledge presented in this
book, one could easily forget an additional benefit of this manner of working: trans-
parency. For any future research on the creation process, to be able to trace the steps
taken in the production, and to be able to study the intentions and incentives invested
in the process of a work’s creation could be of great value. Many of today’s tools for
the creative industry are closed source commercial products that are not compatible
across versions of the same tool. This makes archiving for one’s own purposes a
hard task, and archiving for longer-term purposes nearly impossible. This is not to
say that all our current creations deserve to be studied in the future, but it might
just happen that someone sometime may be interested in knowing what we did and
how we worked. Working with open source software does not in any way guaran-
tee that our projects can be run on future versions of the same software. It merely
allows the possibility for someone interested to be able to decode how the software
was supposed to work, and then by careful reconstruction to be able to create the
environment to open those saved projects. Reconstruction will always be time con-
suming, but by using open source, at least we offer the opportunity to do so.

Trondheim, March 2018 Øyvind Brandtsegg



Preface

This book can be read in a number of different ways. First and foremost, it is a com-
panion volume to Computer Music Instruments: Foundations, Design and Develop-
ment. Here, many ideas and concepts introduced in that book are broken down and
explored at a lower level. Another way to read this book is to take it as a fairly com-
plete course on C11 programming, with a slant towards sound and music computing,
and an added introduction to key concepts of C++ and object-oriented programming
(OOP). It is also possible to take this as an applied Digital Signal Processing text,
which uses programming to discuss mathematical concepts. I would also think that
a number of other readings can be attempted.

In any case, this book is complementary to its companion, but can also be taken
on its own, as an independent text. It is true that many ideas explored here at an
implementation level work out the elements of what was described there in more
formal ways. There is however a conscious choice (in both books actually) to de-
velop everything from first principles. In this text, we will also pay some attention
to the discipline involved in writing code, and for this reason, programming prob-
lems are suggested in each chapter. It is my belief that we can only achieve fluency
with plenty of practice, and readers who want to achieve a good level of C/C++
programming skills should attempt to solve every exercise proposed.

The book is divided into two parts, the first of which, as I have outlined above,
is a comprehensive exploration of the C programming language and fundamental
programming concepts, from the ground up. The fact that this language can be dis-
cussed fully in this space is one of the great attributes of C: being small. Part I traces
a journey from zero to complete realtime audio programming. It equips readers with
all the tools necessary to create realtime audio instruments at a reasonably low level.
From early on, it prioritises examples and applications that have direct relevance to
making sound with computers.

Chapter 1 introduces the reader to the desktop programming environment. In
some ways, it picks up where we left off in the first Computer Music Instruments
book, where a description of modern computing platforms for music making was of-
fered. In the following chapters, we introduce all the components of C programming
in a stepwise manner: data types, variables, arithmetics, input and output, control of
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flow, arrays, pointers, functions, and data structures. By the time we reach Chapter
8, all of the language has been dealt with, and we start looking at key elements of
the C standard library, such as memory allocation, and file input and output.

From Chapter 10 onwards, the focus is completely turned on to sound computing.
In fact, we had introduced principles of audio signals as early as Chapter 4. As
soon as we find some means of iterating operations, we are off producing sound
waveforms. We discuss realtime audio synthesis and processing in Chapter 11 and
complement it with MIDI control in the last chapter of Part I. At this stage, many
key concepts of audio programming have been explored and we are ready to dive
into DSP components, which is one of the main themes of Part II.

The other theme, of course, is OOP. Throughout the chapters in Part II, we con-
tinuously demonstrate how this paradigm is extremely useful for the modelling of
computer music instruments. In Chapter 13, we introduce it gently by applying its
principles to the development of a cornerstone of sound synthesis: the oscillator.
Each chapter in Part II is devoted to a set of instrument components that are paired
with key C++ programming concepts. Midway through, we are able to discuss the
development of a fully-fledged object-oriented library, AuLib, which is used to il-
lustrate the discussion of DSP algorithms, as well as OOP.

The following two chapters are devoted to specific audio processing concepts:
delay lines and spectral manipulation. The latter connects very firmly with its com-
panion text, Chapter 7 of Computer Music Instruments, and provides a complemen-
tary perspective to it. It covers similar ground, but uses programming as the main
means to explore frequency-domain processing in a mostly non-mathematical way.
The book closes with a look at the concept of plugins, also from an object-oriented
perspective. At this point, we return, full circle, to Csound and study the means of
developing the building blocks of instruments, opcodes, using C++. This final chap-
ter connects very closely with the topics in the companion text, as it provides the
means to implement in a native form many of the principles outlined in that earlier
book.

The target audience of this book is aligned with that of its predecessor. While
some understanding of acoustics and electronic music would be helpful in assisting
the reader to understand some applications, it is not strictly necessary to have prior
knowledge of audio DSP or even programming. Familiarity with other languages is
also not a requirement, but may allow a faster progression through the first part of
the book. C/C++ programmers with no experience with audio may be able to jump
into the specific sections dealing with sound and music computing. Together with its
companion volume, the present book aims to provide a comprehensive discussion
of computational instruments for sound and music.

Maynooth, March 2018 Victor Lazzarini
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