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ABSTRACT

This paperoutlinesrecentdevelopmentsn pedagogical
softwareresourcesat the CNMAT. We describethe
Max/MSP/Jitter Depot: an organized system where
softwarecan be storedand shared.The Depot offers a
wide rangeof supportand includesbasic programming
tips, modular programmingunits for copy and paste,
interactivetutorials on all aspectsof computermusic,
and functioning musical works with commentaryand
criticism.

1. INTRODUCTION

In recent years, and especiallyduring the 2006-7

academic year, CNMAhasdevotedincreasedattention

and resourcesto Computer Music Pedagogy.The

typical learning processof a student composing

computer-basedusicinvolves encounteringmany of

the same programmingproblems and inventing the

samesolutions as their predecessorsiVhile solving

basicproblemsin programming,signal processingor

music has a definite pedagogicalalue, much of this

activity is counterproductivend often impedesserious

musicalor aesthetidnvestigation.Ratherthan subject

studentsto new rounds of wheel-invention,we are

developingCNMATOMax/MSP/Jitte{ OMMJOPepot,

anorganizedsystemwhere Max patchescan be stored

and shared, offering useasrangeof supportfrom basic

programmingtips to complete functioning piecesfrom

the repertoire,along with commentaryand criticism.

This Depot will be availablefor public download at:

http://cnmat.berkeley.edu/mmjdepot.
Otherindividualsandinstitutions aroundthe world

arealsoattemptingto improve this situation. Notable

among them are:

IRCAMOslimmies and Benniés

SATO®Sland

TheUBC Max/MSP/JitterToolbox

Lloopp (collaboratively authored)

Chamagne and NinhMsax Objects Databade

Place and Lossius@momg2]

PolettiO81P.Tool$

MomeniOsLib’

VadeOg00T

Clarke,etalOsSSybil [1]

KK K K K K K K K K

! http://forumnet.ircam.fr/351.html?&L=1

2 http://tot.sat.qc.ca/logiciels_nslam.html

® http://debussy.music.ubc.ca/muset/toolbox.html

* http://lloopp.klingt.org

® http://www.maxobjects.com

® http:/fforumnet.ircam.fr/uploads/media/octobre.pdf
" http://www.alimomeni.net/share/max

8 http://001.vade.info

The CNMAT MMJ Depot acknowledgeghese efforts
with the developmentof a Music Information Center
that links to resourcesoutside of CNMAT.® It is the
authors(nhope that the details of our organizational
processwill inspire others to create their own
repositories.

The MMJ Depot is opento userswith all
levels of musical and technologicalexpertise. Its
intended audienceincludes composers,new media
artists,computerscientists,and engineersNotably, the
Depot presents ready-to-useftwarein an aestheticand
pedagogicatontext. Thosewho wish to developtheir
programmingskills and knowledgeof electronicand
computemusictopicscan explorethe depot, following
links to extendedexplanationsvhen desired. Advanced
usersseekingrobust and efficient programmingare
encouragedo plunderthe depotfor useful bits and
utilities, including fully functioning applications.The
MMJ Depot is implemented using CNMATOs
Subversion Repository and Drupal-based website.[5]

2. GLOSSARY

The foundation of our organizational process has been
definea sharedsetof terms,which arelistedbelow (see
Figure 1) anddescribedin more detail throughoutthe
paper.

Application: A generallyusefulpatch or package with
a GUI, that can be used without doing any Max
programming. Applications are suggestedwhen a
composeior researchedesirego sharean activity that
has become habitual to the point where a fixed
environmentanexist. In otherwords,an applicationis
a turnkey solution to some problem, not a reusable
software component.

Baseline The painstakinglyselectedpackagethat we
expectall usersto havein their Max path upon which
all other MMJ Depot softwaremay depend(see 3.1,
below).

Dema A patchor packagethat showsone (impressive)
idea, not necessarilywith enough flexibility or
generality to be useful for extended work.
Dependency Whenany patchrequiresa specific form
of support.

External: An objectwrittenin C, Java,or Javascript.
Help patch: Showshow oneobject (patchor external)
works. Help patchesare named<object>.help so they
will be found by MaxOuilt-in helpmechanism.
Module: Generalizedpackage to be used in an
application demaq tutor, or tutorial. Modules have
specificdesignguidelines(see3.2, below).

° Furthermore,it is possibleto create customweb searchesthat
encompass multiple websites of interest. e.g.,
http://www.emsearch.net



Object: Generalterm meaningeither a patch or an
externalwrittenin C, Java,or Javascript.

Package A specific,organizedsetof objectsthat serves
somepurpose. i

Patch (aka OabstractionO): Any umifitsoftwaremadein
Max.

Repertoire: An application specificto a particular
aestheticexpressionsuchasa musical compositionor
installation.(Repertioreis the only categorywhich can
have dependencies outside of the Depot.)

Support: An objectthat somehowsupportsyour work,
or a directory of same.

Tutor: A patchreferencedocumentthat servesas a
single collection point for the expandingcommunal
wisdomon a particularobjector programmingopic.
Tutorial : A packageexplaining and contextualizinga
topic for teaching and learning purposes.

Applications Tutarials

Demos Tutors Repertoire

;=

I_*

Modules @
T
REl
CNMAT Baseline || CNMAT Hmmeme”
patches Externals e mpmal 2

Figure 1 MMJ Depot Structure (arrows indicate
possible dependencies)

3. CNMATOsMax/MSP /Jitter Depot
3.1.BaselinePatches

This carefully selectedset of patchesis deemedso

¥ nearly== checksif two numbersare equalwithin a
given tolerancé.

¥ pipe-anyis like pipe but allows arbitrary messages
andlists.

3.2.Modules

Modulesaregeneralizegpackageshat are the building
blocksof the CNMAT MMJ Depot. They aredesigned
to be useful by Max programmersat all levels of
experienceAny usercan placea module into a larger
patch anduseit asdesignedFor beginnerghis allows
musicalwork without immediatelytackling all of the
difficulties of the programmingenvironment. More
advanceduserscan look inside a moduleto find and
copy solutionsto typical programmingproblemsthat
suggest good practider future implementationswhile
expertuserscan revise modules then checkin and
release [5] new versions.

Modularsystemssuchas Sybil [1] and Jamomg2]
providea high degreeof consistencyn theendresult by
requiringthatmoduledevelopersaadhereto conventions
aboutvisual layout, signal output, standardizednput
messagestc., whereascollectionsof patchessuch as
aLib and the Bennies are simply individual
programmers@ollections of useful patches,without
necessarily having any formal programming
conventionsCNMAT hasalwaysvalued technicaland
aesthetiopennessand flexibility over conformanceo
predefinedinstitutional structure<. The only specific
programmingstructuresfor our modulesare that they
takecontrolinputin theform of OSC message§4], are
ableto be instantiatedmultiple times, and come with
help patchesWhere applicable,they can report their
currentsettingsby outputting the OSC messageshat
would getthemto that state.The price of admissionis
thereforelow for the programmemvishingto contribute
amodule. Many of the patchedn the Depothavebeen
curatedfrom many yearsof CNMAT Max work that
predatesdt; implementationf new featuresand best
programmingpracticesgespectthe intentions and style
of the original programmer.

EachmoduleO®SC namespacés designedfor use
as a branch of an applicationOs hamespgaohinstance

useful and general that we require all our users to have of amodulecanbe namedusinganargumentmaking it

in their Max searchpath; any of CNMATOspedagogical
softwaremay dependon thesepatchesThe baselineis
designedo include everythingthat we find essentiako
general programming, while remaining small,
understandableand supported.All of our baseline

easy to addresslural instanceson one OOSC@hannel.
All of the messageghat a module understandsare
outlinedin a basichelp patch,anothercommonelement
of a module. Finally, many moduleswill have an
interfacepatchthatis intendedfor usein abpatcher.The

patches come with help patches. The baseline patithes interfacepatchpresentghe userwith a commonset of

not embodyresearchbreakthroughsthey are simply

useful. Here are a few examples:

¥ change-synis like changebut worksfor symbols’

¥ int+frac takesa float input, and outputsthe integer
part and the fractional pait.

¥ multibuf readsan arbitrary numberof sound files
into individual buffer~objects’

1 This meaningof theterm Osupport@ not to be confusedwith the
legal meaning,as in the sentenceORegentsas no obligation to
provide maintenance, support, updates, enhancements,or
modificationsGrom the licensethat coversthis software.

2 change-symhttp://cnmat.berkeley.edu/patch/2709

% int+frac: http://cnmat.berkeley.edu/patch/2707

controls in a compact, visual format. Becausethe
interfacepatchis only aninterface,it is easyfor usersto
decidewhetheror notto useit.

3.2.1. Groovewrap

Groovewrapis a quintessentiamodule;it is basicallya
wrapperaroundthe MSP object groove~,which plays

* multibuf: http://cnmat.berkeley.edu/patch/2813

® nearly==: http://cnmat.berkeley.edu/patch/2702

® pipe-any:http://cnmat.berkeley.edu/patch/2529

" Evidenceof this valuesystemcan also be seenin the designof the
OSC and SDIF protocols.

® Groovewrap:http://cnmat.berkeley.edu/patch/2858



samplesback at a variable rate from a buffer.

Groovewrap~allowsthe userto specifiy transposition
of soundsin half-stepg(calculatingthe properplayback
rate)and preventsclicks by creatinga gainrampat the

beginningof playback It alsoprovidesincreasectontrol

of startingand stoppingtimes, and groove~Ooping

featuresThe groovewrapmoduleincludesan interface
patch,gwinterface which is used extensivelyin the

samplemixeapplication(seesection3.3.1).

3.2.2. Panhandlet

Panhandleris a packageof patchesthat manage
spatializationwith Ville PulkkiOsVBAP object [3],
allowing usersto specifypanningazimuthindependently
of loudspeakepositions.Panhandler~works with one
signalinput, settingup the specifiednumberof speaker
locationsin acircle, and configuring a matrix~ objectto
handlegainscaling.It alsoprovidesuserswith messages
to definetime-basedehaviorsgithercircling at a fixed
rate or going to a specific azimuth in a number of
milliseconds.t keepstrack of the currentazimuthat all
times, so a soundOgocation will not seemto jump
suddenly unless the user specifically calls for it.
Multipan~ doesthe samefor multiple input signals.

3.3.Applications
3.3.1. Samplemixér

Samplemixeis anapplicationbuilt out of modules,and
functions as a compositional assistant. Four
groovewrap~Oare mixed togetherto make a musical
phrasewith four samples.The userscan composea
phraseby adjustingthe timing, gain, and frequency
parametersof eachsample.The OSC messageghat
configure a phrase can be captured, and eplirasean
berecordednto a newsoundfile.

3.3.2. MusicCalculato?

Music Calculator is an application that presents
commoncalculationsn thefrequencyandtime domains,
suchasconvertingbeatsper minuteto millisecondsper

beat,or MIDI noteto frequency.This applicationcanbe

accessedia MaxOLextrasenu,allowing usersquick

access to the workspace.

3.4.Tutors and Tutorials

Tutorsandtutorials are designedprimarily for learning
purposesput are also availableto be plundered.The
tutorials explain specific topics in depth; they cover
programmingdetailsasnecessaryut tendto focuson
core theoreticaland conceptualissuesin computer
music,synthesissignalprocessingetc.

3.4.1. Tutorial: CNMAT SpectralTutorials'

The CNMAT Spectral Tutorials grew out of a mini-
course on CNMAT Technologies. CNMAT has
developeda large collection of Max/MSP external
objectsthat deal with aspectsof spectral(additive and

! panhandler~:http://cnmat.berkeley.edu/patch/2861

% Samplemixerhttp://cnmat.berkeley.edu/patch/2860

® Music Calculator: http://cnmat.berkeley.edu/patch/2727

* CNMATSpectralTutorials: http:/cnmat.berkeley.edu/patch/2741

resonant) synthesis. While each object is well

documentedvith its own help patch,what was lacking

was an overview that explainedhow the objects were
intendedto work togetherand what artistic problems
they were developeth solve. Also, the help patchesdo

not explainany of the underlying principlesof spectral
synthesis.The Spectral Tutorials were designedto

addresdoth of thoseconcerns Furthermore,although
someof thetutorialsarequite specificto implementation
in Max, many offer generalinformation that would be
usefulto anybodyinterestedn spectrakynthesis.

The Spectral Tutorials offer instruction to users
with little or no experiencevith Max/MSP or computer
music while giving concise guidance to more
experienced users. kither case,it is importantthat the
navigationanduseof the actualpatchesbe as transparent
as possible.To accomplishthis, a tutorial architecture
waswritten in Max thatis now slatedto becomeits own
OTutorialMaking Tutorial.OThe architecturehas the
following features:

Navigation: A single bpatcherappearsin every
numberedutorial patch.It leveragesviaxOgcontrol
objectto enablethe userto move to the next or
previoustutorial, aswell asto jump to any tutorial
in the table of contents.When the userrequestsa
new patch,the currentpatchis closed.

Banner: Thetitle andgenerainformationare unified
in another bpatcher at the top of every page
Visual Cues: Whenever possible, the tutorial
controls arestandardizedespeciallythe controlsthat
turn audio on and off and control gain. In the early
patchesthesecontrols are highlightedby blinking
OLEDGbjects. Important Max objects are yellow
while objectsfor the userto interactwith areblue.
Overviews: Many of the tutorial chaptershave
summariesat the end. This proves useful when
presentingthem in a classroomenvironmentand
helpsuserswho areworking alonekeeptrack of the
bigger picture.

The SpectralTutorials alsoincorporatepatcheghat
work in otherrolesin the CNMAT MMJ Depot. For
instance sin-synth~is a module and singing-voice~and
singing-voice~.helgombineto form a demo. The
migrators-explorerexamplecomesdirectly from David
WesselOs repertoire.

3.4.2. Tutor: DSPSetting3

In contrastto the dozensof patchesthat make up the
CNMAT Spectral Tutorials, a tutor such as
DSP_Settingss usually only one patch. Within that
patch,however thereare multiple layersof information
(from aquick overviewto a more thoroughexplanation)
that anticipateuserswith differentneeds.The top level
containsmessageboxesthat userscan copy and paste
into their own work. Thesemessagesre organizedby
goal: efficiency, solid timing, etc. (seefigure 2). The
subpatches in a cluster near the of the main level are
entry points into detailed explanationsof the Max
ScheduleModesandthe possibilitiesfor DSP Settings.

® DSPSettings:http://cnmat.berkeley.edu/patch/2738



[ changing these settings p SampleRate
b Max Scheduler Modes

b Tour of DSP Status Window.

Double-elick on these for more
detailed information.

| usaually run with overdrive off, and vector sizes of 512

my everyday settings:

max presmpt 0
dsp takeover 0; | This iz 3 good compromise between effeciency and latency. If
dsp sigvs 512; the piece I'm working on doesn't work well, then | adjust

dsp iovs 512; things.

dsp sr 44100

optimize for Max - efficiency:

3 Overdrive puts Max events into 3 higer priority, but screen
max presmpt 1) | ypdates and checking the mouse are low prior ity

dsp takeover O

dep sigvs 2048 ;
dsp iovs 2048;
dep s+ 44100

optimize for DSP -- efficiency:

High vector sizes are ususlly more efficient for DSP, at the
cost of higher latency

3 This iz the same 33 the sbove setting
max preempt 1;

dsp takeover 0

dep sigvs 2048 ;
dsp iovs 2048;
dep s+ 44100

optimize for Max - solid timing:

High vector sizes are usually more efficient for DSP, but
some objects (like fiddle™) don't work properly

In addition to overdrive, putting the scheduler into Audio Interrupt locks Max events
to the audio clock. This should make them more acourate. The scheduler is only
serviced ance per signal vector, so these are set low for 2 smaller time granulsrity
Far even better timing, do all clocking in the audio domain

man preempt 1 ;
dep takeover 1
dsp sigys &4
dap iovs 64;
dsp sr 44100

[®] # view himl reference

Figure 2 DSP SettingsTutor

3.4.3. Tutor: set-tutof

By convention,many of MaxOsbuilt-in objectsaccepta
OsetOnessagethat sendsnew input into an object
without causingthe objectto outputin responseo the
input. This tutor is CNMATOscentrallocation for the
theoryand practiceof using C)set@essagqsl.t includes
simple examplesdemonstratinghe useof Oset@ low-
level terms,as well as practicalusesof Oset@o keep
multiple visualrepresentationsf the samedatain sync.
Whenever peoplen the CNMAT community discovera
newusefor thistechniquetheycanadd anotherexample
to this tutor; thusthe tutor gradually collectsmore and
more information and contributesto the institutional
memory.

3.5.Demos and Repertoire

The Democategoryis a collection of patchesthat are
goodat quickly exposingthe possibilitiesof a patchor
technique. Theinging-voicepatchis frequentlyusedin
this context.Unlike other categoriesthe demo category
is not exclusive;many modules,tutorials, and pieces
from therepertoirealsofunctionwell asdemos.
Repertoire includes finished pieceEmusic. It
is not enoughto ask OWhatanthis software do?OBy
presentingtechnologiesin an aestheticcontext, the
repertoireintegratedinto the Depot answersto the
guestion'OWhats this softwaregoodfor?0O

4. FUTURE WORK

For the first half-centuryof computermusic, we have
beenmappinga frontier where,to some extent, each
individual neededto be self-sufficient. CNMAT has
annuallyexperiencedhew groupsof studentstrying to
get startedand falling into the same pitfalls as their

! set-tutor: http://cnmat.berkeley.edu/2862

predecessoraiVe know there are solutions to these
problems,but some studentshave not beenable to
accesghem. Having new studentscomein and solve
the sameprogrammingproblemsagain and againis
productivefor neitherthem nor CNMAT. Operating
aloneonthe frontier will alwaysbe animportantmode
for some,but computermusicin generalis outgrowing
the phase where each compasrtsfrom nothing, and
entering a phaseherewe improve our aesthetiaesults
by learningfrom andusingpreviouswork.

One major technical advancewould be
automaticextractionof the list of all objectsthat a
patch uses. We could then use this information to
generateautomaticcross-referencethat could answer
questionslike Owhatare all the patchesin the MMJ
Depotthatrely on the multibuf patch?CCurrently, this
informationis enterecby hand.

Now that our basicinfrastructureis in place
and we have proven the valuetbfs work with a small
numberof examplesthe currenttaskis to assimilate
our existing pedagogicallyuseful softwareinto this
framework,thereby making that software usable by
studentsand the public outside of CNMAT. Future
studentsand researchersvill continueto add to the
Depot;thedynamicnatureof music technologyrequires
that the depotis never finished, but is similarly
dynamic. The ongoing processof contribution and
refinementwherestudentslearn by working with and
addingto the MMJ Depot, is part of the pedagogical
agendaat CNMAT. Through this processthe whole
Depot performsa mnemonicrole in the community,

representing the sum of many individualsO experiences.
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