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Welcome to the LAC2013 in Graz!

For eleven wonderful years the Linux Audio Conference has been one of the main events
on the schedule of many developers and users of free/libre/open source software (FLOSS)
in the �eld of music and multimedia.

It started with the �LAD booth� at the Linuxtag in Karlsruhe, and gradually became LAC
(actually the Linux Audio Developers Meeting), a real-world meeting of audio develop-
ers who would otherwise only meet via Internet. Finally, it has turned into a full-blown
conference that attracts people from a variety of locations and disciplines. With its all-
encompassing commitment to open systems, LAC is known as one of the most diverse
annual events in human history (at the very least).

The Institute of Electronic Music and Acoustics (IEM) at the University of Music and
Performing Arts in Graz has a long history of using and teaching Linux and FLOSS au-
dio applications for scienti�c research and works of art. After having bene�tted for so
many years, we felt like having to give something back to the community by bringing
the conference to Graz.

When attending LAC 2009 in Parma, one of us was approached by LAC veteran Frank
Neumann, who suggested us to host the conference at some point in the future. We
were very thrilled, but it took another three years (and LAC crossing the Atlantic ocean
for the �rst time in its history in 2012) until we �nally felt con�dent to host such a great
event.

The eleventh edition of the Linux Audio Conference features twenty-four paper presen-
tations, twelve workshops, twenty-nine concerts and six installations. Like in recent
years, all submitted papers have undergone a peer-review process, with each paper be-
ing reviewed by at least two independent experts, giving valuable feedback to the au-
thors. The amount of papers submitted this year has been bitter sweet: due to the sheer
amount of submissions we could only accept a fraction of them.

We hope that the variety in scienti�c, technical and artistic presentations, together with
the efforts of the Graz community members, creates a wonderful event for everyone.

Have a wonderful time in Graz!

Peter Plessas & IOhannes m zmölnig
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netpd - a Collaborative Realtime Networked Music Making
Environment written in Pure Data

Roman HAEFELI
Media Artist

Z�urich,
Switzerland

roman.haefeli@gmail.com
http://www.netpd.org

Abstract
This paper presents netpd, a framework intended for
making music collaboratively and in real-time writ-
ten in Pure Data (Pd)[1]. Users join by connect-
ing to a central server in order to have a session
together (not much unlike a jam session in Jazz mu-
sic) and load self-written or pre-existing instruments
(Pd patches) to play with. The framework maintains
state synchronicity between clients at any given time
by exchanging control messages over the server. The
protocol in use is fully based on OSC[2].

netpd does not address the transmission of au-
dio data, thus it is primarily used for synthesized
/ generated sound, but might be useful in other ar-
eas where state synchronicity is a goal (networked
games, graphics, etc.).

Keywords
Pure Data, Network, Music, Real-time, OSC

1 Introduction

Early experiments with transmitting control
messages over a network for making music
started in 2004 when an early version of netpd
was developped. While �rst drafts of in-
struments were an interleaved blend of DSP
parts, message control and state synchroniza-
tion parts, it became clear soon that a design
which clearly separates those parts would allow
the creation of a framework that gives the de-
signer of an instrument a high degree of freedom
while keeping the complexity of state synchro-
nization under hood. Crucial to the netpd ex-
perience are two distinct layers:

1. The netpd core framework (in this paper
simply called framework), which consists
of a server, a client application, and a set
of abstractions1 (netpd-abstractions) which
are used to create netpd-instruments.

2. The netpd-instruments: Pd-patches cre-
ated by netpd users which are loaded in the

1abstractions are modules written in Pure Data that
can be instantiated in a patch.

client application and played during a ses-
sion.

This paper primarly addresses the design of
the framework, which aims to provide the tools
to enable skilled2 users to design their own in-
struments to be used and shared with netpd.
It is important to understand that the pre-
sented framework has no notion of music and
is only the basis for user-designed instruments
and that those instruments make up the netpd
experience. It becomes apparent that collabo-
ration happens on the level of playing together,
but also on the level of designing and sharing
patches.

2 Basic design

Users load netpd’s client application chat.pd in
Pd (or Pd-extended, for that matter) which es-
tablishes a connection to a central server. The
server acts as a message relay between clients:
it forwards incoming messages from clients to
any or all other clients.
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Figure 1: Client-server model

A session starts as soon as a user loads an
instrument - which itself is a Pd patch with cer-
tain netpd speci�c properties - into the client.
The clients keep the list of of loaded instru-
ments synchronized among each other at any
time. As necessary, clients even transfer the in-
struments (the .pd-�les) to their peers in order

2knowing how to create Pd patches is su�cient to be
able to create netpd-instruments

1



to ensure synchronicity . Any user may load
more instruments into their client and these ap-
pear immediately (or after the time of transfer)
in all clients.
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Figure 2: Instrument synchronization

Users play the instruments by manipulating
their GUIs. Also the instruments keep their
state synchronized among clients. Any change
is immediately re
ected on all clients. All users
can play on all loaded instruments. Also, every
user immediately experiences the manipulations
of its peers. Although the generated sound is
rendered on every client separately, the result is
the same everywhere.
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Figure 3: State synchronization

3 The framework

Let me divide the requirements of above sce-
nario into three main tasks which will be cov-
ered separately in this document.

Obviously, the clients need a way to com-
municate with each other. A message protocol
is de�ned, which the whole communication be-
tween clients (and between client and server) is
based on.

Another task of the framework is to share in-
struments between clients and to make sure that
at any given time the set of loaded instrument is
synchronized among connected clients. In that

respect, netpd acts as a peer-to-peer �le sharing
tool for Pd patches.

State synchronization among instances of
netpd-instruments is a further goal of the frame-
work. Similar to the sharing of instruments
described above, state synchronicity must be
maintained at any given time. Unfortunately,
state synchronization does not automatically
work for arbitrary patches. The use of netpd-
abstractions facilitates the creation of state-
synchronized instruments.

3.1 The message protocol

It was decided to make the communication of
the framework fully based on the OSC protocol,
mainly because of its 
exibility and its wide ac-
ceptance in music and related �elds. OSC is ag-
nostic of the underlying transport layer. netpd’s
requirements for reliability left TCP as the pre-
ferred transport protocol. netpd adheres to the
version 1.1 of the OSC speci�cation[3] which
speci�es SLIP[4] as a framing mechanism for
stream-oriented protocols (such as TCP). Fig-
ure 4 shows how the protocols are stacked.

 !"#$
%&'
&()*
+'*

Figure 4: protocol stack

3.1.1 Receiver ID

The sole purpose of the server is to relay mes-
sages between clients. Clients may send mes-
sages either to all or to speci�c clients. This is
achieved by de�ning the �rst �eld of the OSC
address as the receiver ID. Table 1 shows the
complete list of valid receiver IDs:

ID Receiver

/b broadcast (all clients)
/s server (not forwarded)
/l local (not sent to server)
/[ID] client with given ID

Table 1: List of valid receivers

The /l address is used in a similar way to lo-
calhost in networking: /l-messages are looped
back by the client. All other messages are sent
to the server. The server checks the �rst �eld of
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an incoming messages and forwards it accord-
ingly. It disregards any message with an invalid
receiver ID.

/b-messages are forwarded to all connected
clients, even to the one the message originated
from.

/s-messages are read by the server and al-
low the client to request certain data such as
its client ID.

Any message whose �rst �eld is an integer
number between 0 and 999’999 is forwarded to
client with the given ID if it exists. Otherwise
the message is disregarded. The server does not
strip the receiver ID �eld when forwarding a
message, instead it replaces it by the ID of the
sender. This allows the receiving client to know
the origin of the message.

For instance, the server receives the following
message from the client 3:

/6/megasynth/voice1/freq 8000

The server replaces the receiver ID by the sender
ID and forwards the message to the client 6:

/3/megasynth/voice1/freq 8000

3.1.2 Server methods

Only the �rst �eld of the incoming message is
relevant to the server, except if the �rst �eld
is /s. The second �eld of a /s-message is the
namespace for optional server modules. At the
time of writing none exist, so only /server is
currently used. The third �eld speci�es the type
of data the client requests. Only a minimal set
of client requests is supported:

/s/server Data

/socket socket number (client ID)
/ip IP address of the client
/num of clients number of clients
/protocol version protocol version

Table 2: List of supported server methods

The server responds to such messages only to
the requesting client. Client requests may con-
sist only of the OSC address, whereas the server
appends the requested data to the message. A
typical client request and the according server
response looks like:

/s/server/protocol_version
/s/server/protocol_version 2 0

3.1.3 Interoperability

Since OSC is a standardized protocol, other ap-
plications (Pd based or not) may be used to par-
ticipate in a netpd session as long as the mess-
sages adhere to above de�nitions. Similarly, it
is thinkable to intercept netpd tra�c in order
to control hardware, for instance. Altough the
protocol as well as the server were designed with
the presented framework in mind, those might
be used solely for the purpose of sending mes-
sages between an arbitrary number of nodes in
applications totally di�erent from netpd. Modu-
larity was one of the key aspects when rewriting
the framwork, which should make it easy to take
out and use only those parts of interest.

NOTE: so called OSC-Bundles are not sup-
ported by netpd and yet it is not clear if and
how support for them can be added.

3.2 The client

Figure 5: chat user interface

A user participates by opening the netpd-
client’s main patch called chat.pd in Pure Data.
This patch immediately establishes a connec-
tion to the server and presents a user interface
for chatting with other users. Being able to
communicate (with words) is crucial for estab-
lishing a session. Before sending anything else
though, chat checks the protocol version of the
server and requests its own client ID. It also
shows who is participating in the current ses-
sion.

At this point the user does not yet take part
in the ongoing session, but they might do so
by launching unpatch (by clicking the unpatch
button in chat).

Unpatch is the management interface for
loading and closing netpd-instruments. As soon
as it is launched, it automatically synchronizes
with its peers and loads all netpd-instruments

3



Figure 6: unpatch user interface

that are part of the running session. netpd-
instruments that are not yet present locally are
requested and transferred from the peers before
loading. Once all instruments are loaded and
synced, the user is able to control all instru-
ments used in the session.

3.2.1 netpd meta tags

How does unpatch know which patches (instru-
ments) need to be transferred? What happens
when two users have di�erent versions of the
same instrument? What if a patch has depen-
dencies, because it uses abstractions? netpd
uses meta tags to de�ne some properties of an
instrument. A valid meta tag section in an in-
strument is mandatory, otherwise unpatch re-
fuses to load the instrument. If present, those
tags are read and parsed before the instrument
is actually loaded. The netpd meta tags are or-
ganized hierarchically in subpatches and mes-
sage boxes. The subpatches act as namespaces,
whereas message boxes contain properties and
optionally one or more values for those prop-
erties. A subpatch [pd abslist] that contains
a messagebox [synthvoice( is equivalent to a
messagebox containing [abslist synthvoice(. In
terms of implementation, subpatches may use
any depth of nesting. However, netpd uses one
at most.

 !"#$%&'"(") declares the section of the netpd
meta tags. This subpatch may be placed
anywhere in the instrument patch, however
it is advised to put it into the main (top-
most) canvas for readability. ’NETPD’ is a
reserved name and must not be used for any
other subpatches in an instrument. The
’2 0’ part is optional and speci�es the ver-

sion of the meta tag de�nition. unpatch as-
sumes the most current version if not spec-
i�ed.

 !"#$%&'(')'* is mandatory and speci�es
the version of an instrument. The ver-
sion must consist of three integer num-
bers. netpd does not de�ne the way
they are used. When comparing two
di�ering versions, it is only relevant for
unpatch which is higher, whereas the
�rst number is the most signi�cant.

 !"#$%&'%( is optional and de�nes the de-
pendencies. It contains references to
abstractions used by the instrument.

 !"#$%&'() is the name of the ab-
straction and refers to a �le
netpd/abs/synthvoice.pd.

 !"#$%&'" is optional and de�nes a single-
ton instrument. Such an instrument
may be only loaded once. Loading fur-
ther instances of such an instrument is
denied by unpatch.

Both instruments (patches) and their depen-
cencies (abstractions) must contain a meta tags
section. The meta tag ’singleton’ only applies
to instruments, since abstractions are never
loaded directly by unpatch (they are instanti-
ated within instruments). Dependencies are re-
solved recursively which allows to group several
abstraction into a meta abstraction that holds
nothing more but a meta tag section that refer-
ences many abstractions (like meta packages in
Debian).

Before unpatch loads an instrument, all its
dependencies and child dependencies must be
resolved. Instruments can only depend on ab-
stractions, but not on other instruments, since
instruments are only loaded by user interaction
and never automatically. Because instruments
and their abstractions are treated in distinct
ways, they are saved in separate directories:
netpd/patches for instruments and netpd/abs
for abstractions. Only instruments that reside
in netpd/patches can be loaded with unpatch.

3.2.2 Instrument synchronization

When a client loads an instrument, it noti�es all
other clients about the name of the instrument,
its version, its dependencies and their version.
Its peers check the list and issue a request to
the initiating client for any item they do not
have at all or whose version number is smaller.

4



If they �nd their local version of an item to be
higher, they notify the initiating client about
it and the user who loaded the instrument will
be presented an according message ("found ver-
sion 1.3.5 of abstraction ’synthvoice’ on client
7"). Such a version mismatch is not resolved
automatically in order to protect the user from
loading a version di�erent from the one they had
in mind. The user may still decide to resolve the
situation by reloading unpatch. In this case his
client requests the intrument and its dependen-
cies from a peer and the more up-to-date remote
version will overwrite the local one.

When a client joins an already running ses-
sion, it tries to �nd a peer in a ’synced’ state.
If there is any, it requests the list of currently
loaded instruments and dependencies (with cor-
responding versions) from it. As soon as all in-
struments are loaded successfully, it marks it-
self as ’synced’. From this moment it will also
advertise itself as ’synced’ to new clients and
answer instrument list requests. In case a client
does not get a response to the initial request -
because it is the �rst in the session - it sets itself
to ’synced’ after a timeout.

3.3 State synchronization

netpd thinks of instruments as containers of a
variety of di�erent data sets and data types that
de�ne the state of the instrument and may be
modi�ed at any time. Those data sets may be
a number (changed by slider movements, for in-
stance), a table of numbers, a list of strings, a
string, a multi-dimensional number array, etc.

A user plays an instrument by modifying
those data sets which in turn control the param-
eters of the instrument. netpd provides a hand-
ful of abstractions (a.k.a netpd-abstractions)
that each cover a speci�c data set. Such an
abstraction automatically keeps the content of
a data set of a certain instrument synchronized
among all clients, no matter which user is ma-
nipulating it. Depending on the network la-
tency and the amount of data the synchroniza-
tion might happen in near real-time.

All netpd-abstractions provide an input for
manipulating data and an output for passing
those modi�cations to the instrument. In the
simplest case the modi�cation and the data
is equivalent. For instance, a user interaction
changes a number that is sent to the abstrac-
tion, the abstraction stores the number and
broadcasts it to all clients and �nally outputs it
to the instrument. Another example of a data

set is a table of numbers that may be used for a
table-lookup oscillator. A modi�cation of such
table can be the change of a value at a certain
position, but also a change of a whole section of
the table. Changing the size of the table may
represent an other valid form of manipulation.
The netpd-abstraction responsible for synchro-
nizing tables broadcasts those modi�cations to
all clients. When received, the modi�cations
are applied to the table and output to the in-
strument. In the case of table-lookup oscillator
the instrument may not need the output as it is
reading the table constantly. In other cases it
might be crucial to know what exactly has been
changed.

If all variable parameters of an instrument are
synchronized with above techniques, the gen-
erated sound (or whatever the instrument out-
puts) is identical for every client.

3.3.1 Namespaces

In order to allow many instances of an in-
strument simultaneously, each instrument is as-
signed a unique ID (an integer number) at load-
ing time. Unpatch does not load instruments
as stand-alone patches, but instantiates them
as abstractions and gives the ID as argument.
This allows an instrument to operate in its
own namespace when exchanging messages with
other clients. Those namespaces are used in
OSC message by putting the instrument ID into
the second �eld of the OSC address and the
instrument name into the third �eld. Techni-
cally the instrument name is not necessary, but
it makes OSC messages more human-readable.
netpd-abstractions used within instruments op-
erate in a child namespace of the instrument
namespace.

receiver ID
| instrument ID
| | instrument name
| | | netpd abstraction name
| | | |
/b/7/megasynth/lookup 12 0.7 0.8

Figure 7: OSC namespaces in netpd

Namespaces with more depth might be used
if appropriate. A typical use case is to
group many netpd-abstractions into another
abstraction. This way a netpd-i�ed (state-
synchronized) module is created that can be in-
stantiated many times in an instrument, with
di�erent arguments for di�erent namespaces.
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3.3.2 netpd-abstractions

As explained in the previous section, several
kinds of netpd-abstractions manage di�erent
kind of data sets. In order to ensure state
synchronicity of instruments among clients -
even if new clients join a session - each instru-
ment must contain a special netpd-abstraction
[netpd head] that manages state initialization
and state transfers between clients. It is kind
of the master of all other netpd-abstractions in
the instrument. Those do not send their data
to the network directly, but to [netpd head]
which prepends the appropriate namespace of
the instrument before forwarding it to the net-
work. [netpd head] also may request all netpd-
abstractions to dump their current state when
necessary.

At instrument loading time it initializes the
instrument by requesting a dump which it for-
wards to /l (the local client [itself]). It does so
in order to transfer the internal default values of
all netpd-abstractions to the instrument. Then
it tries to �nd a remote peer in ’synced’ state. If
such a peer is around, it prompts it to send back
the current state of the instrument. This sets all
netpd-abstractions of the local instrument to the
current state. The same mechanism as the in-
strument list synchronization of unpatch is used
here.

To sum it up, an instrument needs one
[netpd head] and any number of other netpd-
abstractions:

 !"#$%&!'$()*(+!,'-. "& is responsible for the
state management of the instrument. The
variable $1 is replaced by the instrument
ID given by unpatch. The second argument
represent the instrument name.

 !"#$%&'()'*+,-.!'/01 synchronizes a single num-
ber. Additionally, it reads the value from a
GUI object (slider, number box, radio but-
ton, etc.) whose receive and send names
are set to ’$1-volume’ and automatically
updates the GUI object on state changes.
The third argument ’0.7’ is optional and
sets the init value.

 !"#$%"&'(&)*+!,-./&012 synchronizes a table
named ’$1-waveform’. The third argument
sets the table size. Although it could have
been designed to hold the table internally,
an external table allows the use of a graph-
ical array in the GUI of the instrument.

 !"#$%&'()'*+,!"-. / is a simple receiver for con-
tent in the given namespace. This comes
in handy when a certain data set is needed
in di�erent locations of the instrument.

 !"#$%&'()'&*+!",- . is the counterpart of
[netpd r]: It sends any kind of data under
given namespace. It is only used in special
cases, as it doesn’t have any state and thus
can’t be used for state synchronization.

 !"#$%&'()'& *"+, - a is container for an any-
thing message (a message with an arbitrary
number of elements).

Currently there aren’t more netpd-
abstractions, though one could easily think
of more data types to be synchronized. Pure
Data provides only very few data types na-
tively, so covering those in netpd would require
additional external libraries. More netpd-
abstractions might be added in future versions
of netpd (for instance, for the ’matrix’ type as
de�ned by the ’iemmatrix’ library).

4 Conclusions

Although all aspects netpd addresses seem to
work 
awlessly, the overall experience is not free
of issues. A major culprit are audio drop outs
caused by certain tasks like loading new instru-
ments. Some causes for audio drop outs cannot
be addressed by netpd as they are intrinsic to
Pd’s design. Others have been addressed by em-
ploying threaded externals. Also there are ways
to work around certain causes, for instance by
loading all instruments beforehand.

In past years, netpd enabled the creation of
a community of ever varying members from
around the globe. Some sessions were spanning
three continents. Quite a few users wrote in-
struments and some more used to play with it.
A huge pile of music3 from recorded sessions
grew over the years. While technically not ma-
tured, there used to be a lot of activity. Af-
ter it got more quiet around netpd, I decided
to rewrite the framework from scratch, since
some design 
aws became more apparent. In
the meantime, Pure Data and many libraries
evolved to a higer degree of maturity, which
made the rewrite presented in this paper possi-
ble at all. Many instruments have been ported
from the old framework and some new ones have
been written. netpd has been "tinkered in the

3http://www.netpd.org/Listen
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quiet" since and no community has been grown
again. A few sessions with media art students
revealed that there aren’t any show stoppers
with the framework and some people may be
intrigued by playing with it. It’s now time to
spread the word again, which is one reason for
the desire to present it at LAC 2013.
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Abstract
Both granular synthesis and frequency
modulation are well-established synthesis
techniques that are very ßexible. This paper
will investigate different ways of combining
the two techniques. It will describe the rules
of spectra that emerge when combining,
compare it to similar synthesis techniques and
suggest some aesthetic perspectives on the
matter. 
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Fig 1:Grain Pitch modulation 

1 Introduction

1.1 Method

Working on this subject, We«ve been using
csound for implementing and generating sound,
and reviewing graphical analysis of the sounds
generated. We have been working systematic
trying to find similarities and differences between
regular FM, granular synthesis (GS), and FM in
GS. For the purpose of this project, we have been
using sinusoidal grains.

1.2 Granular synthesis

The idea of granular synthesis can be traced
back to GaborÕs theory of acoustical quantum in
1947 [7]. Thinking of sound as particles as a
philosophical and a musical point of view can be
very interesting, and has led to the development of
granular synthesis, or particle synthesis. Granular
synthesis means synthesizing sound based on
adding thousands of sonically grains into larger

acoustical events. Sound as particles has been
used in applications like independent time and
pitch scaling, formant modification, analog synth
modeling, clouds of sound, granular delays and
reverbs, etc [3]. Examples of granular synthesis
parameters are density, grain pitch, grain duration,
grain envelope, the global arrangement of the
grains, and of course the content of the grains
(which can be a synthetic waveform or sampled
sound). Granular synthesis gives the musician vast
expressive possibilities [10].

1.3 FM synthesis

Frequency modulation has been a known
method of coding audio into radio signal since the
beginning of commercial radio. In 1964 that John
Chowning discovered the implication of
frequency modulation of audio working on
synthesis of brass instrument at Stanford [2]. He
discovered that modulating the frequency resulted
in sideband emerging from the carrier frequency.
Yamaha later implemented the technique in the
hugely successful DX7.

If we consider FM synthesis using sinusoidal
carrier and modulation oscillator, the spectral
components present in a FM sound can be
mathematically stated as in figure 2.
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Fig 2:The spectral components present in a FM
sound where n is an integer, fc is the carrier
frequency and fm is the modulation frequency. 

The intensity of the sidebands can be calculated
with Bessel functions. When a sideband passes 0
Hz or the nyquist frequency, it is mirrored and 180
degrees phase shifted. The modulation frequency
is usually a product of a modulation ratio and the
carrier frequency, while the modulation amplitude
is the product of a modulation index and the
carrier frequency, which sets the sidebands in a
constant relation to the carrier frequency [9].

FM in GS is earlier mentioned in Jones and
Parks (1988) as a method to increase the range of
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possibilities available to the composer or
researcher using granular synthesis [8].

2 Combining the two techniques

2.1 FM of GS parameters

In granular synthesis the pitch interpretation of
the sound is dependent on the grain rate. If the
grain rate is within the audible range, the pitch is
given by the grain rate1. If the grain rate is sub
audio, the pitch of the source waveform within the
grain defines the pitch of the generated sound. We
can do both FM of the grain rate, and FM of the
pitch within the grain. We«ve looked at different
variants and investigated the differences in
spectrum.

The grain pitch affects the spectrum of a GS
tone with high grain rate. When the grain rate is
low the spectrum might be affected by the grain
rate. So there are two parameters that oppose each
other. But seen as one, the two parameters
controlling pitch and timbre are grain rate and
grain pitch, and thatÕs why we have tried to
modulate the two.

If we look at regular FM synthesis, the
perceived pitch is dependent on the modulation
ratio. If the FM ratio is 0.5 the pitch is interpret as
one octave below the carrier. The distance between
the frequency components of the spectrum is an
important part of determining the perceived pitch.
If a tone is generated with FM ratio at 7/8, the
timbre will be inharmonic resulting in a diffuse
fundamental pitch. As shown above in both FM
and GS we have many different factors
contributing to the perceived pitch.

To sum up we have two different ways of
combining FM with GS:

- Frequency modulation of the pitch within the
grain

- Frequency modulation of the grain rate

3 Frequency modulation of the pitch within
the grain

Grain pitch modulation is easily done in csound
using the partikkel opcode [1]. The particle opcode
has an a-rate input that alters the pitch of the grain,
implemented as phase modulation, directly

1With some exceptions. For instance if the phase or
the reading position of the grain source is modulated,
the pitch may be deÞned by the pitch of the content in
the grains. Another exception is if the grain stream is
asynchronous. Then the result will be noisy dependent
on the random range of the grain distribution. 

modifying the reading position of the source
waveform. This input can be fed with any audio
signal, for our experiments, we have used a sine
wave signal. A modulation oscillator can be set up
as in regular FM synthesis using the parameters
FM ratio and FM index, although the calculation
of modulation index is done somewhat differently
than in regular FM [4].

Fig 3: Grain pitch FM

3.1 Grain pitch modulation with modulation
frequencies below 30 Hz

If we modulate the frequency at a rate below 30
Hz in a regular FM synthesis setup, the result is
vibrato. The same thing happens in grain pitch
modulation with grain rates below 30 Hz. With
high grain rates the situation is somewhat
different, as the grain pitch will affect the timbre.
This means that a modulation frequency below 30
Hz applied to grain pitch modulation using high
grain rates will lead to periodic spectral sweeps
similar to filter sweeps.

There is an interesting transition area (approx.
20 Ð 50 Hz) both for grain rate and modulation
frequency. In this area we move from a pitch
perception defined by the grain pitch to the grain
rate, similarly we move from vibrato to FM. We
also note significant interaction between these
parameters (grain rate and modulation frequency),
so the situation is somewhat complex. Further
exploration of this area might prove fruitful. 

3.2 Grain pitch modulation with modulation
frequencies above 30 hz compared to
regular FM synthesis.

Since the grain rate constitutes the perceived
pitch at high grain rates, it might be convenient to
calculate the modulation frequency as a relation
between the grain rate and the modulation ratio.
Calculating modulation frequency based on a
fixed pitch within the grain gives rather arbitrary
spectrum. But with modulation frequency
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calculated based on the grain rate, a constant
relation between the fundamental pitch and the
timbre is obtained.

The spectral behavior in grain pitch modulation
is similar to regular FM. It might be relevant to
compare grain pitch modulation with regular FM
using a non-sinusoidal carrier wave. In that
example all the harmonics get sidebands, resulting
in very dense spectraÕs. The same thing happens in
grain pitch modulation. There are three major
differences in the spectral behavior. First of all the
FM index is behaving differently. In grain pitch
modulation the strength of the sidebands is weaker
than those in regular FM. 

Secondly simple FM ratios behave differently.
The spectra of a regular FM tone will only contain
even harmonics if the modulation ratio is two. But
in grain pitch modulation with integer FM ratios,
for instance 2, the sidebands line up with every
other harmonics of the grain rate resulting in both
odd and even harmonics (se figure 4). This is not
the case though with complex FM ratios. FM ratio
at for instance 0,5 will cause the sidebands from
the frequency modulation to line up between the
harmonics of the grain rate resulting in a drop in
the perceived pitch (se figure 4). In some cases
complex FM ratios might give inharmonic spectra,
although the spectral behavior is different than in
regular FM because of the dominant harmonics of
the grain rate, which are still present.

Fig 4: Grain rate at 300 Hz, grain pitch at 300 Hz.
Shows the difference between grain rates at 3 and
at 0,5.

The third difference is that in grain pitch
modulation sidebands will also emerge from a sub
harmonic tone at 0 hz, which is a sub harmonic
from the grain rate in the GS. It is not audible, but
the sideband might be. This results in a much fatter
tone than in regular FM.

To understand the effect of the grain pitch that
are modulated, we must look at FOF synthesis, a

variant of particle synthesis. FOF synthesis is a
formant synthesis where the grain rate gives the
fundamental pitch and the grain controls formant
frequency. The shape of the formant is given by
the grain shape and duration. The same thing
happens in grain pitch modulation, only with a
much wider peak in the spectrum. ItÕs so wide that
itÕs perhaps not correct to call it a formant. This
enables us to shift the spectral energy of the FM
synthesis upwards.

If one uses Gaussian grain envelope and the
grains donÕt overlap, the result is similar to
amplitude modulation. One very important
difference is that the phase of the wave inside the
grains are resetting for each grain. ThatÕs means
that if the grain frequency is not in an integer
ration to the grain size, the wave cycles inside the
grains will be cut short, resulting in a spectrum
with a lot more components than in the case of
integer ratios. So for cleaner sound one need the
grain frequency to be an integer of the grain size,
which limits the number of available grain
frequencies. The way to solve this is to use two
grain streams, each containing grain pitches at
integer ratio to the grain rate, and then crossfade
between them.

3.3 Similarities and differences between
grain pitch modulation and regular
granular synthesis using FM synthesized
sound as wave source.

It might be useful to compare grain pitch
modulation with regular granular synthesis using
an FM synthesized sound as source for the grains.
The major difference is the continuity of the phase
in the FM synthesized source wave, whereas the
phase will be reset for each new grain when doing
FM on the pitch within the grain. In other
respects, grain pitch modulation is comparable to
combining FM with AM.

4 Frequency modulation of the grain rate

Since the perceived pitch is given by the grain
rate with grain rates above 30 hz, its interesting to
experiment with modulation of the grain rate,
using a regular sine modulator. The modulation
frequency can be calculated the same way as in
grain pitch modulation. When the grain rate is
modulated, it should be updated at audio rate.
Ideally the grain rate and the modulation wave
should be an a-rate variable. This is possible with
the partikkel opcode [5].
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4.1 Grain rate modulation with modulation
frequencies below 30 hz

If we use modulation frequency below 30 hz we
will get vibrato, just like in grain pitch modulation
with low grain rates. But also here there are some
interesting transition areas to explore in both grain
rate and modulation frequency.

Fig 5: Grain rate modulation

4.2 Grain rate modulation with modulation
frequencies above 30 hz compared to
grain pitch modulation

This implementation gives similar spectral
behavior as grain pitch modulation, except when
the modulation index is above 1. The way we
have used modulation index here, we have
calculated it with a reference to the grain rate. In
this respect, the modulation index is a measure of
grain displacement within 1/grain rate seconds. If
the modulation index exceeds one, the modulation
wave leads to a negative grain rate. This allows
extra grains to be generated, as the grain rate is
mirrored around 0 Hz. This leads to an alteration
of the perceived pitch.

Just as in grain pitch modulation, we already
have harmonics from the granular synthesis before
we start modulating the grain rate. This results in a
perceived pitch that never can be higher than the
fundamental of the grain rate. But in grain rate
modulation the timbre donÕt get brighter with
integer FM ratios above 1. This can be explained
by looking at the grain rate as a sampling
frequency. The modulation can only occur within
the sampling frequency. According to the nyquist
sampling theorem the highest frequency
representable is ! the sample rate. So the timbre of
a tone with FM ratio at 0.4 is the same as the
timbre of a tone with FM ratio at 0.6. 

Of course even though the relation of the
harmonics are similar in the two variants, the

differences in the strength of the content result in
sounds that have different tonal quality. That goes
for grain pitch modulation versus regular FM
synthesis as well.

5 Grain rate and grain pitch modulation

The two techniques described above can also be
combined. This can be seen as two modulators in
parallel. If one use grain pitch modulation ratio at
! and grain rate modulation ratio at 1/3 one get a
perceived pitch equivalent to modulation ratio at
1/6 [6]. Of course there are some differences in
the strength of the sidebands leading to slightly
different sounding timbres.

6 Other considerations

Because of incomplete wave cycles inside the
grains, the spectra stretch further up in the
frequency range than in regular FM. This results
in a lot of aliasing. A suggested solution to this
distortion is to use higher sample rates, or to
implement the suggested solution containing two
grain generators described earlier in this paper.

6.1 What Granular synthesis brings to FM

FM synthesis is a very flexible synthesis
technique with a wide range of different sounding
spectra. It has defined an entire decade of
contemporary music via its widespread
commercial use in Yamaha synthesizers. When
combined with granular synthesis there are new
unheard sounds and possibilities. Now you can
create a Chowning brass sound, with overlapping
grains, or with steeper grain envelopes. It is
possible to make bells with grains panned in all
directions and much more. Thinking of the sound
as particles instead of as waves results in new
ideas and alters the way we are creativ.

6.2 What FM brings to granular synthesis

To get a synth inside your granular engine
enables us even more control compared to using a
prerecorded sample as source inside the grains.
One very interesting thing is the shift of the
spectra when the carrier pitch within the grain is
altered. For instance, for making new aggressive
bass sounds one could control the center pitch
inside the grain with an ADSR envelope. One
could also make edgy sweep pads with a LFO on
the center frequency.

7 Conclusion

We have investigated two different ways to
combine FM synthesis with granular synthesis,
compared them, and presented our results. The

18



two are grain rate modulation and grain pitch
modulation. They behave similar to regular FM,
but there are some differences in the strength of
the sidebands, and in the spectra due to harmonics
from the grain rate. We have also suggested some
aesthetic perspectives on the combination of the
two techniques.
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Abstract

SuperCollider IDE is a new cross-platform inte-
grated development environment for SuperCollider.
It uni�es user experience across platforms and
brings improvements and new features in compar-
ison with previous coding environments, making
SuperCollider easier to begin with for new users, eas-
ier to teach for teachers, and more e�cient to work
with for experienced users. We present an overview
and evaluation of its features, and explain motiva-
tions from the point of view of user experience.
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1 Introduction

SuperCollider [McCartney, 2002] is a computer
music system that was originally developed by
James McCartney in the 1990s for Mac OS
and has been ported to Linux and eventu-
ally Windows after it was open sourced in the
early 2000s. It is a modular system based
on an object oriented programming language
(sclang) and a separate audio synthesis server
(scsynth)1.

1.1 History of SuperCollider and its
Coding Environments

SuperCollider is heavily in
uenced by Smalltalk
and was originally using a similar program-
ming model: it strongly coupled the interpreter
with the development environment. This in-
tegrated programming environment, commonly
referred to as SC.app was developed speci�-
cally for Mac OS and therefore was not portable
to other platforms. Nevertheless, it has been
preserved and evolved throughout the develop-
ment of SuperCollider to date, and is still in
very wide use.

When porting SuperCollider to Linux, Ste-
fan Kersten implemented scel, a SuperCollider

1A multiprocessor-aware alternative to scsynth is su-
pernova [Blechmann, 2011]

editor mode for Emacs [Kersten and Baalman,
2011], which had been the most feature-rich so-
lution for a long time, as it not only supported
syntax highlighting, but also some introspec-
tion, a limited form of method call assistance
and support for the old HTML-based help sys-
tem.

At the moment, two other editor extensions
are part of the o�cial SuperCollider distribu-
tion: scvim (for vim) and sced (for gedit). Be-
fore developing the SuperCollider IDE, one of
the authors of this paper also developed an ex-
tension for Kate (scate).

Apart from that, there have been other cod-
ing environments, either incomplete or not
maintained anymore: scfront (a Tcl/Tk based
editor), qcollider (a Qt-based editor) and ex-
tensions for the squeak Smalltalk environment,
the TextMate editor, Eclipse and probably oth-
ers [Kersten and Baalman, 2011]. A python-
based editor called PsyCollider [Fraunberger,
2011] had �rst been distributed with the Win-
dows port of SuperCollider, but later removed
from distribution, as the code was unmain-
tained, unstable and made obsolete when gedit
and sced were ported to Windows.

1.2 Motivation for the New IDE

The negative aspects of the situation prior to
SuperCollider IDE may be summarized as fol-
lows:

� The user experience vastly di�ers among
the di�erent programming environments.

� No existing environment is working out of
the box on every supported operating sys-
tem.

� Some environments (e.g. scvim or scel) are
based on editors that are not very accessi-
ble for beginners.

The lack of a single cross-platform coding en-
vironment is a disadvantage (particularly for ed-
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ucation of new users), because it renders impos-
sible the exchange of experience among people
who are forced to use di�erent environments ac-
cording to what is available for their operating
system. Moreover, each programming environ-
ment has to be maintained separately, and long-
term maintenance turned out to be a problem.
The scarce development resources are spread
among di�erent projects instead of focused on
a single system.

In late 2011 the authors therefore decided to
start the development of a new IDE dedicated
to SuperCollider (not merely an extension of a
general-purpose code editor). The goal was to
address all of the above issues by ensuring a uni-
�ed user experience across all supported plat-
forms and making the IDE both easy to use for
beginners and powerful enough so that experi-
enced users would not feel the need to switch to
an advanced editor like Emacs.

The choice of Qt as the underlying GUI
framework for the IDE came naturally, as one of
the authors had previously reimplemented the
GUI programming classes of the SuperCollider
language itself using Qt, which turned out to be
quite a success.

2 Overview of the new IDE

2.1 System Architecture

Since an IDE demands a tight integration with
the target programming language, the question
was raised immediately whether the new IDE
should be coupled with the language interpreter
into one process, as is the case in SC.app, or
rather a separate process, as in existing editor
extensions.

Consideration of bene�ts and drawbacks of
the two options brought decision in favor of
separating the IDE from the interpreter: the
most important bene�t of this strategy is that
the decoupling allows the IDE to survive po-
tential crashes of the interpreter, and maintain
responsiveness and control in case running some
SuperCollider code locks up in an in�nite loop.

The major drawback of decoupling is in-
creased e�ort for inter-process communication
(IPC) with the interpreter. However, scel has
proved that a powerful set of features may be
built on top of IPC, and hence this did not out-
weight the bene�ts of decoupling.

2.2 Graphical Interface

Thanks to the Qt GUI framework, the appear-
ance and behavior of the GUI is largely equal

across supported platforms. Figure 1 shows the
default appearance on Ubuntu.

The IDE has a single-window design - it fea-
tures a single code editing widget at the center
of the main window. Tabs are used to switch
between multiple open documents. The editor
widget can also be split horizontally and ver-
tically to show more than one document at a
time.

Below the code editor, there is an area where
various tool panels are displayed on request via
keyboard shortcuts:

� Find/Replace: a standard tool for �nding
and replacing text in the current document,
supporting regular expressions and backref-
erences in replacement

� Go-To-Line: a standard tool to quickly
jump to a line in the current document, by
line number

� Command Line: a tool for one-line
SuperCollider expressions to be evaluated,
featuring history

Along the edges of the main window, there are
dock areas, where other dockable widgets may be
placed:

� Integrated help browser

� Document browser

� Language interpreter output panel

These widgets can be easily drag-and-
dropped to di�erent locations in the dock ar-
eas, either side-by-side, or stacked on top of each
other (with tabs appearing to switch among the
stacked widgets). They can also be undocked
and moved out of the main window (e.g. to
place them on a second screen etc.), or simply
hidden.

The status bar on the bottom of the main
window is used to show the state of the language
interpreter and the default synthesis server.
The server status box is a compact alternative
to the SuperCollider server window, showing
status information like CPU utilization, num-
ber of running synths, groups, synthdefs etc.

3 Interaction

Our guidelines in interaction design were to
minimize the amount of constantly visible con-
trols, so as not to clutter the GUI, but to make
the most used functionality quickly accessible
via keyboard shortcuts, and advanced features
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Figure 1: SuperCollider IDE on Ubuntu

easily discoverable via the main menu and con-
text menus - i.e. menus that pop up when right-
clicking (or Ctrl-clicking) on a GUI element and
o�er a choice of actions relevant for that ele-
ment. To combine accessibility and discover-
ability the following rule is applied: as much
functionality as possible is in the main menu,
and each item in any menu may be assigned a
shortcut.

We distribute the IDE with a large set of de-
fault shortcuts that cover most frequently used
functionality by both SuperCollider beginners
and experts, and try to adhere to shortcuts in
other coding environments.

3.1 System Control

The language interpreter is started automat-
ically with the IDE. Nonetheless, it can be
stopped and restarted at will via the main menu
or shortcuts, which is useful if code gets stuck
in an in�nite loop, or the interpreter simply
crashes and stops by itself.

The audio server, on the other hand, is
not started automatically, but can be quickly
started using a shortcut or the main menu. The
menu includes other audio-related actions: to
dump the node tree, show sound level meters
and the like. All these actions may also be ac-
cessed via the context menu associated with the
audio server status box (see section 2.2 about
the status bar).

3.2 Code Evaluation

Code evaluation is, naturally, the most valuable
functionality of a SuperCollider coding environ-
ment, and making it as practical as immagin-
able is of highest importance.

All existing coding environments support
evaluating a line of code using a keyboard short-
cut without the need to select the line. More-
over, since SuperCollider code is often evalu-
ated in groups of lines, there is typically support
for enclosing such groups in parenthesis, then
double-clicking one of the parenthesis to select
the contents in order to evaluate them. Such
groups of lines are commonly called regions.

Like scel has done previously, SuperCollider
IDE goes a step further by automatically de-
tecting the region enclosing the text cursor, so
it can be evaluated with a shortcut without the
need to select it. The evaluation behavior is in-
telligent: it will evaluate either the selection (if
any), or the current region (if any), or the cur-
rent line - where current means ‘at the position
of the cursor’.

Due to automatic region detection, large por-
tions of code may be evaluated without se-
lection. However, without any visual indica-
tion, this could easily create confusion and un-
certainty as to what code has been evaluated.
Hence, another very useful feature has been im-
plemented: evaluated code is highlighted, and
then the highlighting gradually fades away. An
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additional bene�t of highlighting is in demon-
stration scenarios: not only the demonstrator,
but the audience as well knows exactly what
code is evaluated, and when.

4 Code Editing

It is our goal for SuperCollider IDE to imple-
ment code-editing assistance on the level of sup-
port that general-purpose IDEs o�er for most
widely used programming languages. Namely,
we consider the crucial features: syntax high-
lighting, automatic indentation, automatic code
completion and method call assistance.

4.1 Syntax Highlighting

Existing SuperCollider editor extensions typi-
cally reuse generic support of their host editors
for on-the-
y syntax highlighting. SC.app, al-
beit the oldest and most widely used environ-
ment, only updates highlighting on explicit re-
quest via the user interface.

Syntax highlighting in SuperCollider IDE has
been implemented to update on-the-
y, and
in a very e�cient manner to never interfere
with code typing. Attention was paid to
strictly match the lexical rules obeyed by the
SuperCollider language compiler. As a result,
we have most e�cient and correct syntax high-
lighting for SuperCollider language to-date.

4.2 Automatic Indentation

The IDE automatically indents code while typ-
ing, trying to mimic the most common ways
people would indent code by hand. Automatic
indentation may also be invoked explicitly for a
selection of lines.

Automatic indentation is done on the basis
of opening and closing brackets. When a line
break is entered, the new line is indented by
one level if the previous line contains any open-
ing brackets that are not matched with a closing
bracket on the same line. Whenever a closing
bracket is typed on a subsequent line, a previous
line containing the matching opening bracket is
searched for, and if the matching brackets are
the �rst and the last ones on their lines, respec-
tively, the current line is made to match inden-
tation of the line above. For example:

(
p = Pseq([

Pbind(
\degree, Pwhite(0,5,5),
\dur, 0.1

),

Pbind(\degree, Pseq([6,7]))
], inf)
)

As shown above, regions (see section 3.2) do
not contribute to indentation, as is common in
SuperCollider code.

One current issue with automatic indentation
remains to be addressed: indentation of line
continuations. It is common to have one ex-
pression extend over several lines; in this case,
it is typically desired to increase indentation on
all but the �rst line. For example:

In.kr(4, 2)
.lag(0.3)
.linexp(0, 1, 10, 1000)

This is currently not implemented yet; a so-
lution will require enhanced grammatical anal-
ysis.

4.3 Automatic Completion

Automatic code completion (autocompletion)
consists of o�ering the user a selection of possi-
ble continuations of text being typed, based on
context.

Figure 2: Autocompletion in SuperCollider IDE

As a weakly-typed programming language,
SuperCollider poses limitations on the possibil-
ities of autocompletion, compared to strongly-
typed languages (e.g. C, C++). Namely, it is
not always possible to infer the type of a vari-
able identi�er, and hence the set of its meth-
ods. We have worked in SuperCollider IDE
towards o�ering completion as far as possible
within these limitations.

Autocompletion is o�ered in the following
cases:

� Class names:

Sin<...>

Since class names exclusively begin with
an uppercase letter, it is straightfoward to
complete them from the set of all classes.

24



� Method names following class names:

Array.<...>

They are completed from the set of class
methods of the readily-available class.

� Method names following literals and built-
ins

123.<...>

topEnvironment.<...>

They are completed from the set of instance
methods of the class inferred from the lit-
eral or the built-in.

� Method names following a variable name:

func.<...>

The class is not inferred, so the method is
completed from the set of all methods of all
classes.

Completion of methods of known classes
starts immediately when the dot ‘.’ is typed.
One exception to this is the case of methods of
Integer literals: it only begins after 1 character
has been typed, or else redundant completion
would be triggered on a dot in a Float literal,
which proved to be a rather annoying experi-
ence.

In other cases the list of candidates may be
quite large (the set of all classes, or all methods
of all classes), hence completion only starts after
3 characters have been typed.

Although the current code base would
easily support completion of built-ins (e.g.
topEnvironment) and method names in func-
tional notation (e.g. min(1,2)) we have decided
to avoid that. The reason is that, formally,
those cases would compete with other cases for
which we currently do not o�er completion: e.g.
variable names in scope. It has been argued by
one of the authors that autocompletion options
may be understood (especially by novices) as
the set of all and the only allowed options in
a speci�c context, and hence misleading when
incomplete.

The completion menu is hidden if the cur-
rently typed text matches one of the options ex-
actly. In that case, the user’s intention has likely
been met, so the menu would only present an
obstacle to changing activity: evaluating code,
moving to another position in code, etc. How-
ever, this has been a point of debate, as it would
be possible to automatically detect the change
of activity and close the menu.

Although di�erent aspects of usability often
demand trade-o�s, we will continue to re�ne the

behavior so as to maximize usefulness and intu-
itivity of autocompletion.

As already noted, there is potential to im-
prove the domain of autocompletion to include:

� Variables in scope:

var abcdef; abc<...>

� Inferring class of Array and Event literals:

[1,2,3].<...>

(freq: 321).<...>

� Inferring class of variables by assignment

x = [1,2,3]; x.<...>

4.4 Method Call Assistance

Method call assistance involves displaying a list
of argument names and their default values,
to aid entering expressions for arguments in a
method call.

Figure 3: Method call assistance in
SuperCollider IDE

It is implemented both for receiver notation
as well as functional notation. In functional no-
tation, an argument is prepended to denote the
receiver of the message.

The assistance is invoked when a relevant
opening bracket ‘(’ is typed, or a comma ‘,’ is
typed to separate arguments, and additionally
with a keyboard shortcut when the text cursor
is anywhere within the brackets surrounding the
arguments.

This assistance is subject to the same lim-
itations as autocompletion, due to a weakly-
typed language: to disambiguate the method,
its owner class must be known. However, we
have found a pragmatic solution: where the
class can not be inferred, we let the user pick
a class via a pop-up menu.

Hence, the following examples will o�er assis-
tance directly:
SinOsc.ar(

123.forBy(

...while the following will �rst display a list of
classes that implement the method, then o�er
method call assistance once a class is selected:
min(

x.play(

[1,2,3].inject(
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There is one special case in SuperCollider lan-
guage where the method name is not explicit,
namely an opening bracket immediately follow-
ing a class name:
Synth(

In this case, the class method ‘new’ is implied,
and SuperCollider IDE takes this into account
and o�ers appropriate assistance.

Once the assistance is invoked, the name
of the current argument being typed is high-
lighted, which is of great help when the num-
ber of arguments is large, or the expression for
an argument is very long. Moreover, one can
quickly insert and cycle through available argu-
ment names with a press of the Tab key, in order
to realize argument addressing by name, as in:
SinOsc.ar(456, add: 1, mul:

Once assistance has been activated for a
particular method call, it remains active in
the background while assistance for a nested
method call is being performed: when the user
�nishes typing the inner call, assistance is au-
tomatically displayed for the outer call again.
This is especially useful in case assistance is
based on explicit class selection (as explained
above) - the selection is remembered during
nested assistances so that method disambigua-
tion does not need to be repeated.

As can be seen from examples above, this
assistance would also bene�t from increased
ability to automatically infer classes from text.
Nevertheless, the described solution via explicit
class selection will remain to be useful where the
intended method is absolutely ambiguous.

4.5 Editing Shortcuts

Akin to powerful general-purpose development
environments, SuperCollider IDE provides a set
of actions that help navigate and edit code and
can be assigned arbitrary keyboard shortcuts.

Cursor movement actions include:

� Jump to next or previous empty line

� Jump to next or previous bracket

� Jumping to next or previous region

Editing actions include:

� Move current line up or down

� Copy current line up or down

� Comment or uncomment current line or se-
lection

The comment/uncomment action intelli-
gently uses either the single-line or the multi-
line comment syntax, whichever is more appro-
priate for the current selection.

5 Class Library Navigation

Within the SuperCollider community, the bor-
der between system developers and users has
always been quite fuzzy. Furthermore, writ-
ing musical code often involves development of
classes for purposes of a speci�c musical task
and for personal class libraries. Jumping from
code that uses a class to code that implements
it is hence a frequent need.

The SuperCollider language interpreter has
since the beginning featured introspection into
where each class and method is implemented,
and referenced within the class library. Ex-
isting development environments have already
harnessed these capabilities to o�er navigation
between usage and de�nition via GUI.

SuperCollider IDE attempts to exploit these
capabilities in most practical ways. Handy
shortcuts will pop up a dialog that lists all meth-
ods whose name matches the text under cursor,
or all methods of the class under cursor. Press-
ing Return on an entry will open the �le at po-
sition where the selected method or class is im-
plemented. The same dialog contains a search
�eld which can be used to search for any class
or method. An equivalent dialog is implemented
also for class and method references: the listing
contains all methods that contain references to
another class or method.

The shortcuts and menu actions that bring
up these dialogs work just as well in the code
editor, as in any other GUI element that may
contain code: the command line, the post win-
dow, and the help browser. Moreover, invoking
help-related shortcuts within these dialogs will
navigate the help browser to the help page re-
lated to the class or method selected in the di-
alog. Help and class library navigation are thus
very e�ciently linked.

6 Help

Recently, the traditional HTML-based help sys-
tem has been superseded by SCDoc, authored
by Jonatan Liljedahl, where help documents are
written in a markup language developed specif-
ically for this purpose and rendered to HTML
on demand. SCDoc also monitors the �lesys-
tem for changes and updates its internal index
of available documents at runtime. The bene�ts
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are:

� Content is separate from style; consistent
style can easily be applied to all documen-
tation.

� Content may potentially be rendered to
other formats than HTML, by implement-
ing di�erent rendering components.

� Due to on-demand rendering and �lesystem
monitoring, documentation served through
the system is always up-to-date with re-
spect to installed documents.

Interaction with SCDoc’s on-demand ren-
dering has previously only been implemented
within the SuperCollider language, using its in-
ternal GUI capabilities. The SuperCollider IDE
is the �rst code editing environment to integrate
the new help system into its own GUI. There are
two major bene�ts:

� Tighter integration with all the GUI com-
ponents.

� The last displayed document and the en-
tire browsing history is preserved across
class library recompilations and interpreter
restarts.

The help browser comes in form of a dockable
widget (see section 2.2). When the user requests
help using a related shortcut or menu action,
on-demand rendering is performed via the SC-
Doc system, and the resulting HTML document
is displayed in the help browser.

The help system is tightly connected to many
GUI components: the help shortcut will recall a
relevant help document for the text under cur-
sor, when it is invoked within the code editor,
the command line, the post window, the help
browser itself, or - as noted above - for the se-
lected entry in the class and method implemen-
tation and reference dialogs. Example code in
help documents may also be evaluated. Another
bene�t of integration with the IDE is that the
shortcut for evaluation is identical to the one in
the code editor, even when customized by the
user. Moreover, the same shortcuts as in other
GUI components may be used for class library
lookup (see section 5).

7 Sessions

A session is a snapshot of currently open doc-
uments and arrangement of GUI components
that may be restored after the IDE is restarted.

The IDE allows saving a number of di�erent ses-
sions and quickly switching between them, mak-
ing it easy to store and recall the environment
for di�erent tasks.

8 Con�guration

Many aspects of SuperCollider IDE can be cus-
tomized, including:

� behavior of automatic indentation and code
evaluation

� colors of the editor component and syntax
highlighting

� keyboard shortcuts

The IDE also makes easy con�guration of the
SuperCollider language interpreter. Class li-
brary directories to include and exclude from
compilation can be con�gured via the GUI, re-
moving the need to hand-edit the interpreter’s
con�guration �le. There is also a handy menu
action to open the SuperCollider startup �le.

9 Conclusions and Ideas for Future
Development

SuperCollider IDE has successfully reached the
fundamental goal of providing a cross-platform
SuperCollider coding environment. Not only
has it integrated the individual strengths of pre-
vious coding environments, but it has brought
important improvements on its own. Immediate
bene�ts arise from a uni�ed experience across
Linux, Mac OS X and Windows. Further-
more, sophisticated user interface design and
advanced coding assistance make it both easy
to use by novices and a powerful tool for expe-
rienced users and developers. In consequence, it
makes SuperCollider as a whole more accessible,
eases its education and exchange of knowledge,
as well as focuses future development work.

As described above, possibilities for improve-
ments have been detected especially at auto-
matic code indentation (4.2) and completion
(4.3), and method call assistance (4.4), and are
simply a matter of further work. Aside from
that, there are many ideas for future develop-
ment:

SCDoc Editing Support
Among the highest priority goals is support

for syntax highlighting and editing assistance
for the SCDoc markup language. This would
be a very welcome aid in writing SuperCollider
documentation, and might entice conversion of
remaining old HTML-based documentation to
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the SCDoc format (there is a lot of unconverted
documents in various Quarks).

Scripting IDE Behavior
The standard SuperCollider class library in-

cludes the Document class which is used as a
generic programming interface to various cod-
ing environments. It allows for controlling the
open documents and manipulating with their
contents. SuperCollider IDE does not support
this interface yet, but the support for it is of
high priority, including its potential extension.

Code Snippets
An alternative code editing mode could in-

troduce code snippets as individual interactive
components. This would be an alternative for
the current concept of regions (3.2). The snip-
pets would be separated at the level of graphical
interface, instead of code syntax, which could
allow for instance to move them freely around a
\desk"-like area, hide and show them individu-
ally, and to evaluate their contents with a single
click.

Visual SynthDef and Pattern Composi-
tion

For some tasks it would be welcome to be
able to compose SynthDefs and Patterns in a
visual way, akin to visual programming lan-
guages like PureData, Max, etc. Various dif-
fuse e�orts in this direction exist, mostly us-
ing the SuperCollider language itself. Most
elaborate e�ort is probably by Jonatan Lil-
jedahl in his ongoing development of algoSCore
- a SuperCollider-based successor to AlgoScore
[Liljedahl, 2011], which includes graphical com-
position of SuperCollider Patterns and Syn-
thDefs. We consider potential integration of
work in this �eld into SuperCollider IDE as a
great bene�t.

Integration of User-Created GUI
GUI creation by users would also bene�t from

a visual composition approach, as opposed to
writing SuperCollider code. Moreover, it would
be very practical if user-created GUIs could be
integrated into the IDE’s own GUI, as docklets
(2.2) or similar.
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Abstract

Algorithmic composition can be done as a live per-
formance using live coding tools. An example ap-
proach to such performances is described. Using
the Conductive library for the Haskell programming
language in conjunction with some external tools,
samples are triggered according to interonset inter-
val patterns generated at a variety of densities. Au-
tomatic movement through those density levels is
accomplished through a specialized data structure,
which is also used to time-vary other parameter val-
ues. The performer manages the state of the above
items, and �nally audio is output through e�ects.

Keywords
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1 introduction

This paper describes an approach to performing
extended sets of live algorithmic composition. It
was the author’s goal to perform generative mu-
sic live with the computer was an active partner
of the user. Rather than prepare data and al-
gorithms completely in advance, it was desired
that those algorithms or at least their param-
eters could be adjusted as the music is being
performed.

To carry out such performances, a live cod-
ing interface was chosen for its 
exibility, its
light-weight character, its compatibility with a
tiling window manager, and its ability to em-
ploy a user interface that was already very fa-
miliar: the vim text editor and the command
line. Some further discussion on the reasons for
choosing this approach have been described in a
previous paper, which led to the development of
a Haskell library called Conductive to provide
some basic components for doing such perfor-
mances in conjunction with some external tools
(Bell 2011). Those tools alone had been deter-
mined insu�cient for extended performances,
however. In order to fully realize such perfor-
mances, additional modules were developed.

Before explaining this system of tools, the
paper �rst brie
y explains live coding. Tools
used in conjunction with this system are listed.
A brief review of Conductive core concepts is
followed by a description of additional mod-
ules developed for handling event density, time-
varying values, a sampling synthesizer, and mu-
table data. The paper concludes with a discus-
sion of the results of this approach and some
proposed future research directions.

2 live coding

According to TOPLAP, an organization for the
promotion of live coding, live coding practice
begins in the 80s. The 90s appear dry, while
the 21st century starts with the band Slub in
what TOPLAP calls the \projection era" and
continues to the present in which an increas-
ing variety of live coding systems are available
and used in performances (McLean and Others
2010). Now live coding conferences take place
(unknown 2013) and it is scheduled to be the
theme of an upcoming issue of Computer Music
Journal (McLean 2012).

Live coding enables a more abstract ma-
nipulation of a representation of music than
physical gestures used for playing instruments.
It is also thought to be more convenient in
many regards than windows-icon-mouse-pointer
(WIMP) software (Bell 2011).

From another perspective, it takes the po-
tential of algorithmic composition and turns
it into a live performance rather than a
write/compile/run loop from traditional soft-
ware development or electronic music compo-
sition. Seen this way, it can be thought of as an
extension of algorithmic composition practices
that could extend back as far as Ptolemy’s mu-
sic theory (Maurer 1999), and certainly as far
back as music dice games such as Mozart’s Dice
Music (Hedges 1978). More modern examples
of algorithmic composition practice include the
twelve-tone music of Schoenberg (Schoenberg
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1999), work by Caplin and Prinz followed by
Hiller and Issacson (Ariza 2011), the aleatoric
music of Cage and Stockhausen (Kostelanetz
2002)(Paul 1997), Xenakis’s stochastic music
(Xenakis 2001), and the generative sequences
made in Max on Autechre’s Confield (Tingen
2004).

One of the drawbacks of live coding is the
hard mental operations that it requires. For
a more complete discussion of the usability is-
sues involved in live coding, see Blackwell and
Collins (Blackwell and Collins 2005). Another
factor is the potentially slow text manipulation
that live coding requires (Sorensen and Brown
2007).

The system described below is intended to ad-
dress some of these di�culties.

3 system and related tools

This section first explains what tools developed
by other authors are used when performing. It
then reviews some core concepts of Conductive,
and finally it describes the newly-developed as-
pects of Conductive.

3.1 tools developed by other authors

In order to use this system, there are some pre-
requisites.

The first of those is a Haskell programming
environment. The Glasgow Haskell Compiler,
which contains an interpreter (GHCi) that al-
lows the interactive evaluation of source code
(SL Peyton Jones et al. 1993), is used by the
performer to call functions from the Conductive
library. The process of writing source code and
sending it to GHCi is made more usable with
vim (a text editor) (Moolenaar 2008), tmux
(a terminal multiplexer)(Marriott and others
2013), and a vim plugin called tslime that allows
text to be sent from the editor to the interpreter
through tmux (Coutinho 2010).

As Conductive does not directly handle sound
synthesis, a method for synthesizing sound is
necessary. This paper describes the use of the
scsynth component of the SuperCollider pack-
age (McCartney 2010). At present, synthesis
events are programmed in Haskell and employ
Rohan Drape’s hsc3 Haskell library for commu-
nicating with scsynth (Drape 2009). A sam-
pler (described below) uses samples that have
been generally recorded and edited using Ar-
dour (Davis 2006), and they have largely origi-
nated from hardware synths. All of the samples
are individual sounds, from single-shot percus-

sion sounds to bass samples. Most are wav files
under 300 K.

Finally, in order to achieve a solid sound
closer to that of commercial releases or broad-
casts, the output of scsynth is processed through
Calf plugins hosted by the Calf stand-alone host
(Foltman et al. 2007). An EQ is followed
by a multiband compressor and then a limiter,
whose output is directed to the soundcard. Out-
put is also directed to JAAA for monitoring
(Adriaensen 2004). Patchage is used for ease of
routing (Robillard 2011). Recording of perfor-
mances is done with either Ardour (in the case
of audio) or gtk-recordmydesktop (in the case
of video) (Varouhakis and Nordholts 2008).

Figure 1: signal flow

3.2 summary of Conductive concepts

A system called Conductive is used, which is
a set of modules for the Haskell programming
language handling concurrent processes with a
music-oriented interface.

Some basic concepts for using Conductive in-
clude the notion of Players, action functions,
interonset interval (IOI) functions, and Tem-
poClocks. These concepts are explained in more
detail in a paper from 2011 (Bell 2011), but a
short summary is included here.

Players are representations of concurrent pro-
cesses that perform actions separated by peri-
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ods of time called interonset intervals (IOIs). A
Player runs its speci�ed actions and then waits
for an IOI determined by its speci�ed IOI func-
tion. This loop is instantiated by employing the
\play" function with a Player as an argument.

Actions functions de�ne what is done by a
Player. These actions could include triggering
a synthesis event or modifying the general sys-
tem state. The only limitation is their type sig-
nature, since Haskell is a statically-typed lan-
guage. This means that the types of arguments
to an action function are �xed, and they must
return the unit type in the IO monad, or \IO
()". Currently, a sampler action is used pre-
dominantly.

IOI functions de�ne how long to wait between
actions. Any methods available to the program-
mer could be used to generate those times, from
simply returning a value, such as one second, ev-
ery time, to table lookup of values, to the calcu-
lation of values based on complex mathematical
formulae.

One minor change from the 0.2 system of 2011
is that IOI functions now take additional argu-
ments and return the beat of the next event
rather than the IOI value directly. The play
function uses that value in conjunction with a
TempoClock to actually determine how long to
wait before running the next action.

4 new modules for Conductive

This section explains the new modules for Con-
ductive: density, TimespanMaps, and Muta-
bleMaps.

4.1 IOI values and density

Previously, IOI functions used hand-written IOI
patterns or patterns which were determined
mostly at random. A more sophisticated ap-
proach was sought that would require less man-
ual intervention during a performance.

The sequence of IOI values determines the
rhythm of a sequence of events. Rather than
enter sequences by hand, they are generated al-
gorithmically. The IOI patterns are looping or-
dered lists of IOI values in terms of beats, whole
or fractional.

Pattern generation is based on a performer-
selected core unit used to generate potential
IOI values. Selection of a core unit, in con-
junction with the length of the pattern, largely
determines the metrical feel of the pattern. A
list of scalars is determined by the performer,
from which a function randomly selects a user-
speci�ed number of scalars.

The user speci�es a number of subphrases
to generate and the length of those phrases in
terms of number of scalars to use, from which
the �nal phrase will be constructed. Those sub-
phrases are generated to the speci�ed length
by randomly choosing the speci�ed number of
scalars from the subset selected above and mul-
tiplying them by the core unit.

Finally, a user-speci�ed number of subphrases
are chosen at random from the resulting list
by the algorithmic composition function. The
user determines the length of the �nal phrase in
terms of beats. If the length of the concatenated
subphrases does not equal the speci�ed length,
the �nal IOI value is padded. If the length ex-
ceeds the speci�ed length, the �nal IOI value is
truncated.

An example of those steps follows. Items are
determined by the user are followed with a \u":

� core unit (u): 0.25
� potential scalars (u): 1, 2, 3, 4, 5, 6, 7, 8
� number of scalars to be selected (u): 5
� selected scalars: 1, 2, 3, 4, 6
� potential IOIs: 0.25, 0.5, 0.75, 1.0, 1.5
� number of subphrases (u): 2
� subphrase length (u): 3
� selected subphrase scalars: 1, 3, 2; 4, 1, 6
� initial subphrases: 0.25, 0.75, 0.5; 2, 0.25,

2.5
� phrase length in terms of subphrases (u): 3
� initial randomly determined phrase: 0.25,

0.75, 0.5, 0.25, 0.75, 0.5, 2, 0.25, 2.5
� total phrase length: 7.75
� phrase length in terms of beats (u): 8
� �nal phrase: 0.25, 0.75, 0.5, 0.25, 0.75, 0.5,

2, 0.25, 2.75

Given a particular IOI pattern, a series of re-
lated patterns (both denser and less dense) is
generated. It is built out to maximum and min-
imum density. This means making a list of IOI
patterns ordered in terms of density. When re-
ducing density, an item from the pattern is cho-
sen at random and combined with a neighbor-
ing value to yield a similar pattern of reduced
density. This process is repeated until the IOI
pattern contains only a single item. When in-
creasing density, an item is chosen at random
and replaced with two items: an item of lesser
value from the list of potential IOIs and the dif-
ference between the original IOI value and the
lesser value. This is repeated until all of the
items in the pattern are the smallest of the po-
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tential IOIs. By sandwiching the original IOI
pattern between the less-dense and denser pat-
terns, a table is generated.

Here is a continuation of the previous exam-
ple:

� potential IOIs: 0.25, 0.5, 0.75, 1.0, 1.5
� input phrase: 0.25, 0.75, 0.5, 0.25, 0.75,

0.5, 2, 0.25, 2.75
� one level decrease in density: 0.25, 0.75,

0.75, 0.75, 0.5, 2, 0.25, 2.75
� second decrease in density: 0.25, 0.75, 1.5,

0.5, 2, 0.25, 2.75
� minimum density phrase: 8
� one level increase in density: 0.25, 0.5, 0.25,

0.5, 0.25, 0.75, 0.5, 2, 0.25, 2.75
� second increase in density: 0.25, 0.5, 0.25,

0.5, 0.25, 0.75, 0.5, 2, 0.25, 0.75, 2
� maximum density phrase: 0.25, 0.25, 0.25,

0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25,
0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25,
0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25, 0.25,
0.25, 0.25, 0.25, 0.25, 0.25

Based on a user-speci�ed density value, a par-
ticular IOI pattern is chosen from the table.
The user queries the table with a value between
0 and 1, and a linear conversion to a list index
is done. The value returned is the IOI pattern
at that index.

Density values can vary with time. One
method for doing so is employing a Timespan-
Map, which is described below.

4.2 TimespanMaps

TimespanMaps are maps or dictionaries with in-
tervals as keys to any kind of value and a speci-
�ed total length for the whole TimespanMap. In
the case of IOI pattern tables described above,
the values are either density values (for deter-
mining which IOI pattern to use) or an IOI value
to be selected from a particular IOI pattern.

A time in beats is passed to the dictionary.
The interval that time falls in is determined to
be the key, and the corresponding value for that
interval is returned.

TimespanMaps can be used for any param-
eter, not just the ones described above. For
example, in this system it also used for deter-
mining the amplitude and pitch of a particular
triggering of a sample, as well as which sample
to trigger.

The rate of change in a TimespanMap is up
to the user and can change within the map. The

number of items in a TimespanMap is limited
only by memory or performance constraints.
The range of time covered by a particular key
can be as large or small as the user determines to
be appropriate and is limited only by the Dou-
ble data type in the Haskell language (double-
precision 
oating point number).

A sample TimespanMap with a time length
of four might look like this:

� length: 4
� 0: \a"
� 2: \b"
� 2.5: \c"

When passed a time of 0, the TimespanMap
returns \a". With 0.5, \a" is also returned.
With a time of 2.25, \b" would be returned,
and with a time of 3.5, \c". If passed a time of
4, the list loops and \a" is returned.

Figure 2 shows the relationship between IOI
patterns and density tables. It includes one
TimespanMap mapping intervals to density val-
ues. Missing from the illustration (in order to
keep it less cluttered) is the fact that the IOI
patterns themselves are TimespanMaps from in-
tervals to IOI values. The �gure shows the
calculation of the next IOI value of a running
Player from beat 16 to beat 24. The exam-
ple does not show the complete contents of the
density map in order to save space, but actually
generating a density map provides the full range
of IOI patterns.

Convenience functions for TimespanMaps
with random key values and interpolated
TimespanMaps (in which �xed-length steps are
linearly interpolated from a set of points in
time) are provided in the library.

In addition to using TimespanMaps with IOI
values and in density maps, they have been
used for samples. Previously, one Player was
assigned to each sample. In order to use 70
samples, it was necessary to instantiate 70 play-
ers. Managing 70 Players was challenging, so
the sampler was rewritten to employ a Times-
panMap. Subsets of sample sets are chosen at
random and one is assigned for each interval in
the map. When the sampler is triggered, the
sample is chosen according to the current beat.
By doing so, the number of Players needed was
reduced by roughly a factor of 10.

4.3 mutable state

Several stateful parameters have now been de-
scribed, and that state is stored in mutable data
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Figure 2: an example showing the relationship between IOI patterns, density tables, and Times-
panMaps, based on the example from section 4.1

structures appropriately called MutableMaps.
They are maps containing keys and their corre-
sponding values, often a string key and a Times-
panMap as the returned value or a mapping of
string to string. These maps are stored in a con-
tainer. Previously, some stateful containers had
been used (MVar), but it was suspected that
the concurrent operations were not functioning
properly in all cases. This was replaced with
a TVar, which employs software transactional
memory (STM) in order to safely carry out con-
current processes. A full discussion of STM can
be found in Jones (2007).

Much of a performance consists of adjusting
this state by changing values or adding new key-
value pairs. The MutableMap data structure is
intended to make doing so easier, with conve-
nience functions for adding, deleting, or swap-
ping values, as well as changing keys.

Because this is live coding, it is easy to write
functions to execute multiple simultaneous state
changes. Once such functions have been de-
®ned, they can be used with a single keyword:
the function name.

5 performance method

This section explains how the system above
is used to perform. It is divided into two
parts: preparation necessary before a perfor-
mance, and what occurs during a performance.

5.1 pre-performance preparation

An initiation module is prepared before per-
forming. This module imports the various Con-
ductive modules as well as other modules that
are useful during performance, such as those
in the Data.Map module or list utilities in
Data.List. This module also provides functions
for the initialization of the mutable state to be
used, such as synthesis parameters and refer-
ences to which sets of synthesis parameters each
Player is to use. It also contains the de®nitions
of actions to be used by those Players.

Immediately before the performance, neces-
sary applications must be launched: JACK,
Patchage, scsynth, calfjackhost, JAAA, ghci,
and vim. The necessary routing must be set
up between these applications, including manu-
ally routing audio in Patchage and setting vim
to send to ghci.

The Conductive modules are loaded in GHCi
as well as the previously prepared initialization
routines. Preparation of scsynth is done, and
samples are loaded into scsynth. For the sam-
pler to be e�ective for an extended performance,
it is necessary to prepare enough samples.

IOI patterns are generated along with their
corresponding density tables. TimespanMaps
are created to vary the density values used for
selecting IOI patterns. Players are speci®ed,
along with their initial action and IOI functions.
The density patterns and IOI patterns are as-
signed to Players, which use the current beat to
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