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Abstract Despite these different features, however, at streams of weakly
timed messages are the common use, which results in a frequent
ack of hierarchy and structure in most media communication
rameworks using UDP and OSC.

The odot library (Freed et al. 2011) is a software package

O.—odot—is a portable media programming framework based on
the OSC data encoding. It embeds a small expression languag
which allows writing and executing programs in OSC structures. The

integration of programming and declarative functional descriptions . ’ > . -
within data transfer protocols enables structured and expressive com@/10Wing to deal with OSC-encoded data in media programming

munication in media systems: program snippets can be distributedenVironmemS’ using OSC bundles as a base aggregate data structure

in OSC messages, which evaluate to further OSC messages in thd® enhance internal and external data transmission schemes, program
different communicating software. We present experiments using SIUCtUring, and expressivity in these environments. In particular, the
this framework in the OpenMusic computer-aided composition en- library embeds a dedicated functional expression language allowing

vironment, and illustrate via case studies some advantages of suct{® Process and transform bundles dynamically. g
integrated system. This paper is a report on experiments usiaigptin compositional

processes implemented in OpenMusic (OM), another functional,
Categories and Subject DescriptorsD.1.1: Software Program- visual programming language dedicated to computer-aided music
ming TechniqudsApplicative (Functional) Programming composition (Assayag et al. 1999; Bresson et al. 2011). Embedding
theodotexpression language and programs in this context extends
expressivity in communicating with other media environments by
sharing a common language.
1 ducti The paper is structured as follows: Section 2 rst gives a brief

. Introduction introduction on OpenMusic and the general context of this work.
Contemporary practice in computer music involves an increasing Section 3 then presents tlelot library, and Section 4 details
amount of communicating software and devices. In this context different aspects of thedotintegration in OpenMusic. Section 5
OpenSoundControl—OSC (Wright 2005)—has becontiagua nally gives two examples of applications involving communication
francafor data transfer and control interactions. Applications and with the Max environment.
projects using it today are countless.

OSCmessagebave a fairly simple syntax and structure. They 2 OpenMusic — Compositional Processes

consist in a variable-length list of values preceded by an URL- . . . . .
9 P Y OpenMusic (OM) is a visual programming language dedicated to

like string called araddress which usually describes a “target” : . "’ : h
binding the values. They are generally streamed via UDP bet\Neenpomputer-alded music composition. Based on and written entirely

applications or devices, although they may also be used as simple LiSP/CLOS, it offers all programming features of this language
vehicles for structured information, e.g. in media programming (Bresson et al. 2009) and puts together graphically or textually-
environments. A number of features and constructs allow to structure c(i)(\anggned Lisp programs in advanced musical processes and work-

OSC messages, such as:

Keywords Musical domain-speci ¢ languages, OSC, Computer-
aided composition

OpenMusic visual programs (also calleatche$ generally in-
Type-tagsassigned to each value in the messages. A paie( volve musical structures (scores, sounds, and other kind of musical
tag valug is actually called and encoded asaom material) processed by functional expressions designed as directed
Time-tagsawhich allow the setting of precise and universal-time acyclic graphs. Output musical objects can be played (when rele-

labels to the messages in order to structure reliable timed control vant), inspected or modi ed via graphical editors. In contrast with

streams (Schmeder and Freed 2008). numerous mainstream music programming systems, the execution

Sparadigm of OM is called “demand-driven”: it requires the user
(composer/programmer) to evaluate components in these graphs
when needed, in order to update values and produce musical struc-
tures?

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee Figure 1 ShOWS a Very Simple OM Visual progl’am, Where the
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Bundles aggregate data structures containing a set of message

869-0481. 1This execution strategy, also sometimes referred to as “deferred-time”,
FARMLO September18:22, 2016, Nara Japan is usually best suited to compositional tasks for it makes computation
D o s b Quner/auihos). Publication ights icensed 10 ACM. independent from real-time constraints, and actually makes the temporal

DO http://dx.doi.org/10.1145/http://dx.doi.org/10.1145/2975980.2975985 dimension of musical structures just another parameter of the programs.



onset and pitch values instantiating chords in a score. The boxes onin OSC messages, making the bundle a rich context for data
this visual program represent either functiomapcar om-scalg, aggregation/storage, program writing, and execution.

object constructorssfF, SCORE, embedded programs/abstractions The syntax and semantics oflot expressions are straightfor-
(the make-chord$ox actually stands for another sub-patch used ward and inspired by popular scripting and functional languages.
as alambdafunction connected tmapcal), or simple numerical They include standard arithmetic operators on scalar and vectors,
values. They are patched together through connections determiningassignment=), functional abstractiorlgmbda, higher-order func-

the functional composition of the program. After programming tions such asnapandfold, as well as several primitive operations to
the basics of this patch, a typical work ow with it would be for manipulate the contents of bundles (suclassign delete etc.). At
instance to edit the points in the editor, evaluate sl®RE at evaluation time the incoming OSC bundle is copied to a “working”
the bottom, modify the pitch values (6000, 8000) at the top, or bundle, and the nested functions are computed using operand values
eventually reprogram parts of it until reaching satisfactory results referenced by address name from this bundle: the OSC addresses
(this work ow is to be imagined and scaled to the context of more bind data contained in the bundle, and can be used to create new
complex patches, involving multiple intermediate states and data messages in it. For instancéy = /x + 1” means that a message
structures—see (Agon et al. 2006-2008) for advanced examples ofwith addresgy will take a new value computed from the current
uses and applications of the OpenMusic environment). value of/x if present in the working bundle, or it will be created and
added into it otherwise.

The most mature implementation oflotis in the Max media
programming framework, where the library can use OSC bundles
as structured data containers passed and transformed via functional
expressions in the real-time data ow graphs (Freed et al. 2011). Fig-
ure 2 shows an example of a Max patch processing data oslioigy
functions and user-de ned operations written in tiaotlanguage.
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Figure 1. A simple visual program (opatch in OpenMusic. An :
editor for theBPF object is open on the right. ;;‘:;f: P

/expr : "/chord =

[/n, /n + /third, /n + /flfth]"J

OpenMusic communicates through OSC with other musical
or multimedia environments. Typically such communication takes
place with real-time systems like Max (Puckette 1991) or PureData
(Puckette 1996). These popular graphical programming environ-
ments process data streams or signals in data- ow graphs and are
commonly used for the implementation of interactive systems or Jexpr :
sound processing units in music performances or media installa-
tions. OpenMusic and Max/PureData therefore operate in different
paradigms that co-exist in music production (of ine/compositional W Evaluate expr on bundle
vs. real-time/interactive) (Puckette 2004; Giavitto 2014), and com- [
posers frequently use them synergisticalln the remaining of /n : 55,
this paper we will study interactions and communication strategies j;‘i";ig
permitted by embedding functional speci cation and programming J——
within the data transferred between these environments through the feliemsl 5
use of theodotlibrary.

Write EXPR in OSC bundle

/n : 55,
/third :
/£ifth :

3,
7,
"/chord = [/n,

/n + /third, /n + /fifth]"

3,
7,
"/chord = [/n,
[55, 58, 62]

/n + /third, /n + /fifth]l",

L
|

3. OdOt 2zl.iter 1
O.—odot—is a framework for media/arts programming that uses
OSC as its fundamental datatype. It is a superset of OSC providing

support for a small number of additional typetdgss well as a

PLAY CHORD
akenote 100 300

functional expression-language interpreter, which makes it possible

Z
L} —

to write and evaluate expressions to process data contained in
OSC bundles. The interpreter evaluates expressions taking an OS

bundle as unique argument and produces a modi ed copy Of(t

this bundle. Expressions themselves can be written and containe

21n contrast with the OM “deferred-time” executions considered previously,
“real-time” systems have no in-built conception of a time dimension in
musical structures and continuously process individual bits of incoming data
or audio.

3For instance, the support forbaindletype-tag allows for OSC messages to
contain sub-bundles, implementing nested or hierarchical structures.

igure 2. Simple reactive/data- ow patch in Max usingdot
.unionjoins bundles containing incoming data (e.g. from a MIDI

eyboard) and some code written in tbéotlanguage. The box
val(/expr)evaluates the contents f&xpr as found in the incoming
bundle in the context of this same bundle, and returns a new bundle.
A “/chord” message is generated and added in the new bundle, later
converted into MIDI notes by the Max functions at the bottom.



4. OOM # (:m-rando:n - -
+. i @ om-random

OSC-encoded messages and bundles are used in OpenMusic fc "y /size"
transferring data to external software, or to share this data with
external linked libraries. Recent applications include for instance
the integration of gesture data from augmented drawing devices
(Garcia et al. 2014), the control of automatic guided improvisation
systems (Nika et al. 2015), or the connection of compositional
processes with mobile devices and spatial audio renderers (Garcie
et al. 2015).

The work presented in this paper is an experimental implemen-
tation of the visual language integrating native support for OSC
messages and bundles processing via a foreign function interface tc
theodotlibrary (MacCallum et al. 2015). [3X[ epeat-n

4.1 Tools for the Manipulation of OSC Bundles colect in
ata-stream

. ‘LISP 0sc-msg ‘LISP 0sc-msg

o 10000 |

fuse tist |

‘g om-random

generate an OSC-bundle with
random date and values

... repeat this 20 times ... 2L

The basic data structure of our OSC framework is the aless * ° *
BUNDLE. An OSG-BUNDLE contains a list of OSC messages. Each
message is a simple linked list containing address(string) (X X ) DATA-STREAM editor [DATA-STREAM]
followed by a list of freely typed datanSG-BUNDLES also have a R GR >l E
“date” attribute, determining their positing in temporal structures.
At a lower level, amtDSCG-BUNDLE is paired to another structure 0SC BUNDLE
called ano.BUNDLE. The0.BUNDLE wraps around a pointer to a Jsize 66
serialized binary representation of the OSC bundle generated via the
odotlibrary (including the set of messages antihae-taggenerated
from the date attribute), suitable for processing by this library or for
direct transmission via UDP. Conversions betweeoan-BUNDLE 5 60 65 70 75 80 85
and ano.BUNDLE can be implicit and internally carried out by 00:07:183 @ snaptoGrid 'R
the tools and functions of our framework, or they can be explicit B SEAEEE SRS SEEEEF SEEEE RS
via simple connections in OM visual programs. Figure 3 shows a I T P [ R R
. . . . . 000 5500 6000 6500 7000 7500 8000 8500
simple OM visual program producing, encoding and sending out

. block: < ¥ timeli
OSC bundles via UDP. e 4 tmeline
0SC messages | (/control/1" 5.06 9) | |("control/2" 4.2 7 8) Figure 4. DATA-STREAM: a container and editor/renderer for timed
1 9 data. In the patch at the top of the gure a sequence of dummy
o OSC-BUNDLES are generated and collected in thigA-STREAM.
date |0 LisP list Visualization parameters for these bundles in the editor (size, verti-

cal alignment, colour) are either determined by searching for spe-
ci c messages in the bundles (e.g. “Iy”, “/size”), or just aleatory
/control/2 4.2 7 OSC-BUNDLE (e.g. colours).

/control/1 5.0 6

4.2 Handling o. Expressions in Visual Programs

host port# The odotexpression language support in OM consists of two main

= £ features.
127.0.0.1 8885

Formatting expressions using visual programsA minimal set
LISP osc-send . of primitives in OM allows the user to formatdot expressions
by evaluating a Lisp or visual program. The functiomsnap
o.lambda o.call, o.delete etc. produce formatted strings which
can be connected to each other in order to build the expressions.

EVALUATE THIS TO SEND

Figure 3. Formatting and sending an OSC bundle in an OM visual

program. Note the use af. BUNDLE to serialize the OSC messages  Evaluating expressions. Theodotlanguage interpreter embedded
as a binary stream. in the library is used to parse the textual expressions, and to apply

N ) ) ) corresponding interpreted instructions to OSC bundles.
Compositional environments like OM can help structuring com-

pound temporal structures including OSC messages and bundles, Figure 5is an example of a simpelotexpression built using an
Figure 4 shows @ATA-STREAM editor: a container and interface  OM visual program, and applied to an OSC bundle. The function
allowing to represent and render arbitrary data chunks laid out in a 0-eval-exprevaluates thedotexpression given as its rst argument
timeline, featuring timing control and programmable mapping of (leftinlet) on a bundle given as second argument (right inlet), and
the data to graphical attributes (shape, size, position, color, etc.)réturns a new bundle. Note that in this case, the body of the expres-
This container can embed timed Sequencessﬂ_BUNDLEs’ for sion itself is in a message of the |nCOm|ng bgndlm‘/funcnon'i),
instance to monitor (edit, visualize) the streaming of OSC messages@ndo.eval-exponly evaluates thaddresshinding this expression.

to external applications. Every data chunk in it is associated to an

action to perform during rendering/playback: in the case of an OSC

bundle, this action by default will be a simple calldsc-sendas in

Figure 3).



this number of sources, the central position of the group, and a

X "X 4+ /a" . . ; ictribi i
functional speci cation of the distribution of the sources around
LisP o.lambda | |/list1 this position. We may for instance represent a circular distribution
FRC | around the center with the followingdotbundle:
1 /result | [LISP o0.map
LISP 0.assign T : —0.25
LISP 0.assign Formatting the odot /y 1. 56, !
"address"” of T expression... /spread : 1,
the function /n : 15,
LISP o.sequence /gensource : "lambda ([i],
"/myfunction" assign (\"/source/\"+string(i)+\"/xyz\",
[/x+(/spread*cos (/n*i)),
/y+(/spread*sin(/n*i)),
LISP osc-msg OSC message containing the function ) on
/cloudfun : "map(/gensource, aseq(l, /n))"
("/myfunction" "assign(/a, 6), assign(/result, map(lambda(x, x + /a), /list1))")
) (/list2" 13 5 7) Figure 6 shows an OM patch producing this kind of bundle.
other messages with data => |("/list1" 24 6 8) . f . P . .
\ 1 Actually in this example, three different distribution functions are
o provided, among which the receiver might be able to choose in order
to “unfold" the group of sources and get their actual positions. This
RSN /nyfuncion assign(/a, 6), assig bundle is part of a lambda func“tlon (crgatedrt_)alf?-a_ctlomthat
(0SC BUNDLE) ;::;; g;gg is attached to a 3D-curve as a “rendering action”. Figure 7 shows

the Max patch receiving the bundles produced by this action, and
decoding them by choosing among the three available functions,
jeval(myfanc on' . then transmitting the unfolded data to ataudio renderer and
graphical interface (Carpentier et al. 2015).
L HE EXPRESSION This architecture allows the receiver to dynamically change the
number of sources, the source distribution function, or any other
Jmyfunction assion(/a, O LT AL parameter prior to rendering. The example therefore illustrates
ALelecD (OSC BUNDLE) some notable features of the scripting language embedded in inter-
A application communication protocols, such as:

LisP o.eval

LISP o.eval-expr

/a6
[result 8 10 12 14

The reduced andonstantsize of the streamed bundles, allowing

Figure 5. Construction and evaluation of adotexpression in an to better control and deal with the bandwidth of transmis8ion.

OM visual program. The possibility to write some interpretive instructions for the
streamed data in an environment, leaving some choice and
freedom to the receiver with regard to this interpretation.

5. Examples of Structured-Functional
Communication with Real-time Media Systems
The usefulness of an expression languag{ inside an other—

5.2 Data Stream Visualization and Authoring

> . - h This second example goes the opposite way. Some data captured
already domain-speci c—functional language (OM) might not ap-  gom an incoming data stream (e.g. from real-time image processing)
pear straightforward at rst sight. It is actually interesting that this g processed, sent out as OSC bundles and received in OM to be
simple expression language (as well that the format of the structures gy, e yisualized and edited (and eventually played back again).

it operates on) be_sha_red b_y communicating appllcatlo_ns, S0 that_pro- In this case functional speci cations written in tloglot ex-
grams can be arbitrarily written and evaluated at the different points pression language are used to complement the OSC bundles with
of the communication within different environments and languages. graphics-related elements computed frame-by-frame from the ini-

In this section we present two examples of such applications CoNn-(;a| qata. This allows the authoring of the mapping functions to be
necting the OM and Max environments. We believe however thatthis ., qertaken in any of the environments at hand and applied at any

approach can be generalised to other communicating frameworks. stage of the processing.

. . . In Figure 8 incoming OSC bundles trigger reactive computations
5.1 Control of Spatial Audio Processing of the OM visual program (Bresson 2014). Each incoming bundle is
This rst example is based on a scenario previously studied in OM transformed trough the application of a mapping function written
and computer-aided composition projects, consisting of generatingin odot which adds “/nshapes”, “/y”, “/h” and a set éfshapes
spatial scene descriptions in OM, that are streamed to real-time sysiessages bound to addresses of the form “/shypgf[, each
tems in order to control spatial audio rendering (Bresson and Schu-specifying the position and radius of the shapeT#e processed
macher 2011). This use case often requires the encoding and streanbundle is then added to tlATA-STREAM structure at the bottom
ing of signi cant amounts of structured data (each virtual sound of the visual program, which will use these graphical attributes to
source can be described by a large number of multi-dimensional display a custom representation of the data (see Figure 9).
spatial and audio descriptors). Functional speci cation can optimize
the encoding of such spatial scene descriptions, especially in the
case where for instance the positions (or some other attributes) of;

the sound sources are functionally related. programming languages have been demonstrated in different domain-speci ¢

Let us take the example of a group of sound sources centred qntexts hefore with PostScript for graphical rendering (Adobe Systems Inc.
around a given, mobile point in space. The number of sources 1985) with Aegis (Blewett et al. 1985), NeWS (Gosling et al. 2014) and Java,
can be variable (and arbitrarily big) but the whole scene can be for client DOM interactivity and Lua (lerusalimschy et al. 2007) for internet
described by a small and constant-size set of messages includingerver appliance con guration.

The conceptual compactness and space ef ciencies afforded by embedded



+a
map(lambda([i], 7

assign("/source/" + stri ...
1
ODOT FUNCTIONS “/cloudfunZ“Jf-‘ aseq(1,/n)) ...

PROGRAMMED IN
TEXT BUFFERS LisP_osc:msg

ap(lambda([i], ap(lambda([i], T
B} B} . B a55'9(“1( ;sz;l)u'ce/ + ... assign("/source/" + strin ...
aseq(1, /n
0 3600 60 "/cloudfun1" -‘ 9 “/cloudfun3“+-‘ aseq(1, /m)
+
500
) + +o
Generation of 20 fuse list |
a 3D curve & om/
om,
+ / num sources /cloudfun1 map(lambda([i], assign("/source/" + string(i) + "/xyz", [/X -|

/cloudfun2 map(lambda([i], assign("/source/" + string(i) + "/xyz", [/X -|
aed->xyz +

spread
0.5 P /

radius

/cloudfun3 map(lambda([i], assign("/source/" + string(i) + "/xyz", [/X -|

makes a 'osc-send’ action with an OSC bundle.
Uses points' x and y coordinates
+ functions

==

Figure 6. Formattingodotexpressions and bundles in the rendering action for a 3D-curve in OM. Thmaka-actiorgenerates a lambda-
expression containing arsc-senctall with the produced bundle from each successive point in the curve. On the right, one such bundle is
partially displayed for illustrative purpose (the bundles are actually created on-the- y by the lambda-expression at rendering time).

Figure 7. Receiving OSC bundles from the 3D-curve playback (Figure 6). The selection and evaluation of one of the prdpidsedtions
generate a set of sources distributed following a speci ¢ rule around a central pofify). (



Additional features brought forward by this example are: J. Bresson, C. Agon, and G. Assayag. Visual Lisp/CLOS Programming in

OpenMusic.Higher-Order and Symbolic Computatic22(1), 2009.

J. Bresson and M. Schumacher. Representation and Interchange of Sound
Spatialization Data for Compositional Applications.Rroceedings of
the International Computer Music Conferen¢tudders eld, UK, 2011.

. Bresson, C. Agon, and G. Assayag. OpenMusic — Visual Programming
Environment for Music Composition, Analysis and Research. In
Proceedings of ACM MultiMedia (OpenSource Software Competjtion)
Scottsdale, USA, 2011.

J. Bresson and J.-L. Giavitto. A Reactive Extension of the OpenMusic Visual
Programming Languagdournal of Visual Languages and Computing
25(4):363-375, 2014.

T. Carpentier, M. Noisternig, and O. Warusfel. Twenty Years of Ircam Spat:

L Looking Back, Looking Forward. IProceedings of the International
We have presented some applications ofdtet framework and Computer Music ConferencBenton, USA, 2015.

expression language in the OpenMusic computer-aided composi- ' ' .

. : . . : A. Freed, J. MacCallum, and A. Schmeder. A Dynamic, Instance-Based,
tion atnd visual programming enwronme@tqlotexpressmns oper- Object-Oriented Programming in Max/MSP using Open Sound Control
at.e directly on OSC-enched representat!ons of the data (the most Message Delegation. IRroceedings of the International Computer
widespread format used in computer music) and can be embedded  \ysic ConferenceHudders eld, UK, 2011,
|nth|s format. In addition to structuring the communication between J. Garcia, P. Leroux, and J. Bresson. pOM: Linking Pen Gestures to
environments by gathering full control statements instead of ex- " oy ter-Aided Composition Processes Phaceedings of the 40th
changing sparse control messages, OSC communication is therefore |nternational Computer Music Conference (ICMC) joint with the 11th
enhanced by computational aspects and functional programming  Sound & Music Computing conference (SM&henes, Greece, 2014.
expressivity. . . J. Garcia, J. Bresson, and T. Carpentier. Towards Interactive Authoring

We have shown in the presented use cases how declarative  1ools for Composing Spatialization. Froceedings of the IEEE 10th
functional descriptions can optimize the communication by reduc-  symposium on 3D User Interfacésles, France, 2015.
ing/containing the size of the transferred data, but also how they cany | giayitto. Du temps écrit au temps produit en informatique musicale. In
permit foreign environments to share program speci cation and exe-  H_ vinet, editor,Produire le tempsHermann, 2014.

cutions through a common language—an approach easily appllcableJ. Gosling, D. S.H. Rosenthal, and M. J. ArdeFhe NeWS Book: An
to other host frameworks and languages.

Introduction to the Network/Extensible Window Syst8pringer Science
& Business Media, 1989.

R. lerusalimschy, L. H. de Figueiredo, and W. Celes, The evolution of Lua.

The versatility of the representation, freely controlled and

adapted in either the sender or receiver part of the system
using the same language (one could also imagine a system of
switch between alternative representations, as presented in the,
previous example). J

The possibility to control some aspects of the visualization from
a remote environment (where the original data comes from,
e.g. Max), without programming it (in this case, in Lisp) in the
authoring environment itself.

6. Conclusion
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Figure 8. Receiving contour recognition data as OSC bundles in OM, on-the- y application of a graphical mapgatéugction) and
storage in @ATA-STREAM.

Figure 9. Visualization of the OSC bundles received and processed in Figure 8 imtae STREAM editor. The black circles, their position
and sizes are determined by the mapping programmed iodbiexpression.



