
Volume 25  •  THE COMPUTER MUSIC AND DIGITAL AUDIO SERIES

DESIGNING AUDIO OBJECTS FOR 
MAX/MSP AND PD

Eric Lyon

■

Í

A-R Editions, Inc.

Middleton, Wisconsin

01_FM_ppi-xxx  8/30/12  10:28 AM  Page iii



Library of Congress Cataloging-in-Publication Data

Lyon, Eric, 1962–
Designing audio objects for Max/MSP and Pd / Eric Lyon. -- 1st ed.

p. cm. —  (The computer music and digital audio series)
Includes bibliographical references and index.
ISBN 978-0-89579-715-5 (alk. paper)

1. Max (Computer file : Cycling ’74) 2. Pure Data (Computer file) 
3. Computer sound processing. I. Title. 

ML74.4.M39L96 2011
006.4’5--dc23

2011018589

ISBN  978-0-89579-715-5

A-R Editions, Inc., Middleton, Wisconsin 53562
© 2012 All rights reserved.
Printed in the United States of America

10  8  6  4  2  1  3  5  7  9

01_FM_ppi-xxx  8/30/12  10:28 AM  Page iv



Contents

List of Figures xi

Foreword by David Zicarelli xxv

Preface xxvii
Is This Book for You? xxvii
Why Audio Objects? xxviii
What You Need to Know xxviii
A Note about Terminology xxviii
Overview xxix
Acknowledgments xxix

Chapter 1  Introduction to Building Externals 1
Max and C 1
Your External and Max 1
The Coding Mindset 2
The Permanent and the Ephemeral 2
The Basic Ingredients for Compiling Max/MSP Externals 3
The Mac OS X Development Environment 3
The Windows Development Environment 4
Building Pd Externals 6
Summary 10

Chapter 2  Introduction to Signals 11
Signals and Messages 11
Signal Vectors 11
Signals in Buffers 12
Summary 15
Exercises 17

01_FM_ppi-xxx  8/30/12  10:28 AM  Page v



Chapter 3  Designing a Max External 19
The Anatomy of an External 19
Designing a Simple External for Multiplying 

Signals Together 19
Signal Vectors 20
Signal Vector Processing with Pointers 20
Building a Working Max/MSP External 21
C Coding versus Max Patching 22
Externals and Objects 22
Writing the Code 23
Writing the Perform Routine 30
Compilation 32
Testing multy~ 33
Inlet and Outlet Annotation in Max/MSP 33
The Assist Method and Untyped Messages 33
Rewriting multy~ in Pd 35
Summary 39
Exercises 40

Chapter 4  Variable Delay with Feedback 41
Flanging and the Latency Problem with 

Signal Vector Connections 41
Preliminary DSP Design 42
Dynamic Memory Allocation 43
Writing to and Reading from the Delay Line 44
Writing the Code for vdelay~ 47
Further Refinements 55
Sample Interpolation 60
Rewriting vdelay~ for Pd 62
Summary 69
Exercises

Chapter 5  Building a Better Oscillator 71
Planning the DSP 71
Additive Synthesis 72
Normalizing the Wavetable 77

01_FM_ppi-xxx  8/30/12  10:28 AM  Page vi



Oscillation 79
Designing the External 80
Writing the Code 83
Adjusting to Sampling Rate Changes 91
Adding Band-limited Waveforms 91
Arbitrary Waveform Specification 96
Waveform Initialization 97
Max Strings and Symbols 97
Fixing the Clicks 99
Implementing a Crossfade 102
The Fadetype Message in Pd 110
Final Touch-ups 112
The Pd Version 112
Documenting the External 116
Summary 118
Exercises 119

Chapter 6  A Sample-accurate Sequencer 121
Why Build Another Sequencer? 121
Naming Externals 122
A First Implementation 122
Testing the First Draft of retroseq~ 126
Supporting User-defined Sequences 127
Tempo Control 132
Enhancing the Sequencer 135
Adding a Synchronized Envelope 142
The SETFLOAT() Macro 150
A Few More Features 153
The Pd Version of retroseq~ 173
Summary 176
Exercises 176

Chapter 7  Buffer Operations 181
Benefits of NRT Processing 181
Basics of Buffer Access 181
Toward a Buffer Editor 182

01_FM_ppi-xxx  8/30/12  10:28 AM  Page vii



Normalizing a Buffer 185
Reversible Processing 188
Applying a Fade-in Envelope 192
Cutting Samples from the Buffer 193
Pasting to a Buffer 197
Undoing the Cut 198
Side Effects of the Cut Method 198
Double-clicking 200
Porting bed to Pd 200
Summary 208
Exercises 208

Chapter 8  Spectral Processing 211
Fourier Analysis 211
Spectral Noise Reduction in Max/MSP 213
Spectral Scrubbing 216
Coding scrubber~ 223
A Pd Version of scrubber~ 232
A Bit More about Phase Correction 238
Summary 239
Exercises 242

Chapter 9  Another Look at vdelay~ 245
The Perform Routine for vpdelay~ 245
Further Optimizations 248
More Detailed Profiling 250
Thoughts on Optimization 252
Some Final Bulletproofing 254
Summary 256
Exercises 257

Chapter 10  Attributes in Max/MSP 259
oscil~ with Attributes 259
The Frequency Attribute 259
The Crossfade Attribute 262
The Waveform Attribute 263

01_FM_ppi-xxx  8/30/12  10:28 AM  Page viii



The Harmonic Weighting Attribute 266
Setting the Display Order of Attributes 269
Summary 270
Exercises 270

Chapter 11  Debugging 271
Bug Detection 271
Isolating the Bug 272
Hunting for Bugs 273
Not All Bugs Are Fatal 274
Debugging the Code for a Max External 278
Debugging in Max/MSP 284
A Few More Tips 285
Summary 285
Hints 286

Chapter 12  Porting a Csound Unit Generator 
to Max 289
Authorship and Ownership Issues 289
Porting moogvcf 290
The Max/MSP Port of moogvcf 295
Summary 296
Exercises 296

Chapter 13  Dynamic Stochastic Synthesis 299
Implementation Considerations for Dynamic 

Stochastic Synthesis 299
Prototyping Waveform Generation 300
Developing the Algorithm 300
Summary 301
Further Exploration 303

Chapter 14  Max for Live 305
Taking Advantage of Synergies between 

Max/MSP and Live 305
A Stereo Chorusing Device 306

01_FM_ppi-xxx  8/30/12  10:28 AM  Page ix



A Simple Synchronized Sequencer 307
Distributing Your Devices 311
The Max for Live Model 312
Summary 313
Exercises 313

Chapter 15  What Next? 315

Afterword by Miller S. Puckette 319

Bibliography 327

Appendix A: Pointer Arithmetic 329

Appendix B: The Accompanying CD-ROM 333

Index 337

01_FM_ppi-xxx  8/30/12  10:28 AM  Page x



This is a book about designing and implementing audio objects for Max/MSP and
Pd. Audio objects are modular pieces of audio processing code which are loaded
on demand into a program such as Max/MSP or Pd. The great advantage of writing
audio objects, compared with writing monolithic standalone audio programs, is
that you only need to implement the essential functionality of your object. Once
completed, your audio object can interact in potentially unlimited ways with other
objects, and it can make use of all audio capabilities provided by the host program. 

IS THIS BOOK FOR YOU?

This book is primarily for readers who want to learn how to design audio objects
for Max/MSP or Pd. You may be an advanced user of Max/MSP or Pd, or a DSP pro-
fessional wishing to build a performance-oriented implementation of your DSP algo-
rithm, or an Ableton Live user who has gotten involved with Max/MSP through Max
for Live. Or perhaps you are a computer musician working primarily with other au-
dio software. Since this book focuses on the process of developing modular audio
digital signal processing (DSP) code, it could be useful for readers who wish to de-
velop plug-ins for other platforms, such as VST, Audio Units (AU), SuperCollider, or
Csound. It could even be useful for readers who wish to write standalone audio 
applications for computers or mobile devices like the iPhone. 

This book can be used for classes on computer music focused on audio pro-
gramming or in advanced courses on Max/MSP or Pd, but it is specifically designed
for self-study. I hope it will prove useful to independent computer musicians who
would like to achieve a deeper understanding of and facility with their instrument.
More than twenty years ago, Gareth Loy, an extraordinarily talented audio program-
mer (and one of my teachers at UCSD), observed that audio programming was an
oral tradition, an observation that remains valid today. This book is intended to put
some of that oral tradition on paper where it can be of use to contemporary elec-
tronic musicians who might not have easy access to lessons with an expert audio
programmer.

Preface

xxvii
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xxviii DESIGNING AUDIO OBJECTS FOR MAX/MSP AND PD

WHY AUDIO OBJECTS?

There are already so many audio objects available for Max/MSP and Pd that you
could spend a creative lifetime just exploring the capabilities of these existing ob-
jects. So, why would you want to design more audio objects? Then again, why work
with Max/MSP or Pd when there are so many creative options available in modern
digital audio workstations (DAWs) like Logic and Nuendo? If you are at all like me,
the answer is that you are deeply involved in the process of working with sound
and desire extremely detailed control over your sonic workflow. DAWs, wonderful
though they are, present a fixed notion of the flow and graphic representation of
sound in time. Max/MSP and Pd allow you to organize the sonic, temporal, and
graphic elements of electronic music with much greater flexibility. 

But Max/MSP and Pd have some significant limitations, most notably that you
can only patch together objects that already exist. Sooner or later, you may want to
work with an audio object that does not yet exist. This book was written to help
you acquire the programming and design skills needed to build that object. For ex-
ample you might want to write a Max object that implements an algorithm that you
found in a DSP book. Or you might want to port a Pd object to Max/MSP. You might
want to implement DSP algorithms of your own invention. Once you acquire the ca-
pability to design audio objects, the creative possibilities expand rapidly. 

WHAT YOU NEED TO KNOW

I assume that you are conversant with Max/MSP or Pd and that you have a basic
acquaintance with the C programming language. If you are familiar with JavaScript
programming inside of Max/MSP, then you probably have enough programming ex-
perience to pick up the C you need as you go along. But if procedural programming
is completely new to you, then you will need a good resource to get up to speed.
There are many good online C programming tutorials, such as The GNU C Program-
ming Tutorial by Mark Burgess. The Audio Programming Book, edited by Richard
Boulanger and Victor Lazzarini, teaches both C and C++ with a focus on audio ap-
plications. You might also consider obtaining a classic: Kernighan and Ritchie’s The
C Programming Language. It’s what I used to teach myself C in 1985, and the fact
that this slim volume is still in print is a testament to its efficacy. 

A NOTE ABOUT TERMINOLOGY

In the parlance of both Max/MSP and Pd, audio objects are often referred to as ex-
ternals. I will adopt that terminology in this book (for the origin of the term exter-
nal, please see Miller Puckette’s afterword in this book). When I refer individually
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PREFACE  xxix

to either Max/MSP or Pd, I will use their full names. However, given the similarities
between the programs, when I refer to both Max/MSP and Pd, I will simply call
them Max.

OVERVIEW

Chapter 1 presents the mechanics of building Max/MSP externals on Mac OS X and
Windows and building Pd externals on Linux, Mac OS X, and Windows. Chapter 2
develops key concepts for writing audio signal processing in C with a focus on sig-
nal vectors. Chapter 3 works through the complete design and coding process for a
simple audio object that multiplies two input signals together. 

Chapter 4 develops a variable delay object with feedback and, in the process,
shows how to overcome the lower limit on delay with feedback imposed by the
Max signal vector size. Chapter 5 develops a wavetable lookup oscillator that can
generate different waveforms internally and transition smoothly between one wave-
form and the next. Chapter 6 develops a sequencer with sample-accurate timing,
obtaining greater temporal accuracy than is possible with the Max event scheduler.
Chapter 7 presents a non-real-time editor that operates on the contents of Max/MSP
buffers and Pd arrays. 

Chapter 8 focuses on spectral processing, first showing how to develop objects
for use with Max/MSP’s pfft~ system and then showing how to replicate the func-
tionality of pfft~ in the Pd environment. Chapter 9 improves on the variable delay
object developed in chapter 4, with a focus on pointer arithmetic and various opti-
mization techniques. Chapter 10 covers attributes in Max/MSP and shows how to
build attributes into the oscillator developed in chapter 5 for a more flexible user
interface. 

Chapter 11 discusses practical aspects of debugging, working through the
process of fixing the code for a buggy Pd object. Chapter 12 discusses the process
of porting a Csound unit generator to Max/MSP. Chapter 13 develops the design of
an external that implements dynamic stochastic synthesis, a DSP algorithm in-
vented by Iannis Xenakis. Chapter 14 discusses Max for Live and shows how to in-
tegrate some of the objects developed earlier in the book into a Live device.
Chapter 15 puts the skills developed in this book into context and suggests direc-
tions for further exploration.
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