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Abstract

TheNord Modularmusicsynthesisersystemcomprisesastandalonear-
ray of digital signal processorsprogrammedby a data�ow visual lan-
gauageandsupportedby a visual programmingenvironmentthat runs
on commodityhardware. A crucial differencebetweenthe Nord Mod-
ular andtraditionalmodularsynthesizersis that eachNord modulecan
bepositionedindividually, whereasphysicalanaloguesignalprocessing
unitsaretypically installedin �x edracks.Wehave usedinformationvi-
sualisationtechniquesto investigatethe layoutsandprogrammingstyle
of 1,051NordModularprograms.Wefoundthatalthoughmodulescould
bepositionedfreely within a program,particulartypesof moduleswere
generallyfoundin sterotypicallocations.
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1 Intr oduction

Domain-speci�cdata�ow visual programminglanguages
are now commonplacethroughout the world of com-
puting. Even in just one domain, computer music,
several data�ow visual languageshave beensuccessful
as productsover relatively long terms, including Max
[Cycling '74, 2001], Bars-n-Pipes[Hagen,1990], andthe
visual programminglanguageunderlyingtheNord Mod-
ular synthesizer[Clavia DMI AB, 1999].

The Nord Modularsynthesizersystem,by Clavia AB
of Sweden,is a digital (re)creationof the traditionalana-
loguemodularsynthesizersystemscommonin the1970s.
A traditional modular synthesizerconsistsof a number
of modulessuchasvoltagecontrolledoscillators(VCO),
voltagecontrolled�lters (VCF),envelopegenerators(EG)
andlow-frequency oscillators(LFO) �x edin positionto a
rack andconnectedtogetherusing“patch cords” to pro-
ducesounds.

Figure 1 shows a very basic Nord Modular patch.
This comprisesfour modules: an input module named
Keyboard1,an oscillator(OscB1),an envelopegenerator
(ADSR-Env1) and an output module(2 outputs1). Fig-
ure2 showsamorecomplex patch.

The Nord Modular systemincludesapproximatelya
hundreddifferenttypesof modules,includingoscillators,
�lters, clocks,andso on: a patchgenerallyusesaround
20 modules.Module positionsareconstrainedto oneof
four columnsandaboutthirty rows without scrolling: all
modulesareonecolumnwide,but differentmoduleshave
differentheights.
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Figure1: A SimpleModularPatch

1.1 Nord Modular Programming

Patchesareproducedusinga programmingenvironment
calledtheNord ModularEditor1. UsingtheModularEd-
itor is different from usinga physicalanaloguemodular
systemin a numberof importantways. Themostcritical
is thatprogramminganaloguesystemsis embodiedin the
physicalworld, connectingphysicalpatchcablesto physi-
calmodules,whereasin theNord thisexperienceis recre-
atedin softwarefor general-purposecomputers.Because
the Nord is a software simulationof a modularsynthe-
sizer, someconstraintsaredifferent. In a physicalmodu-
lar synthesizer, usersarerestrictedto a certainnumberof
modulesof a giventype;if you run of outoscillators,you
mustdo without or buy a new module.In theNord Mod-
ular, patchesarelimited by theamountof DSPprocessing
power: you canchooseto tradeoff oscillatorsagainst�l-
tersor envelopegenerators,but only up to a �x ed limit.
Crucially, userscanchoosethe layout of the modulesin
aNordmodularpatch,whereasphysicalmodulepositions
are�x edin a traditionalmodularsynthesizer.

As well asproviding the interfacefor usersto create
andedit patches,the Modular Editor alsoallows patches
to bestoredinto standard�le systems.Unlikemany other
synthesizers,wherepatchinformationisonlyavailableen-
codedin MIDI SystemExclusive formats,theNord Mod-
ularpatchesarestoredin standardASCII �les (oneof the
advantagesof asystemthatreliesoncommoditycomputer
support). This �le format is quite simple,andhasbeen
designedto beeasyto exchangebetweenModularusers.

1The Nord Modular Editor is available for download free from
http://www.clavia.se/nordmodular.



Figure2: A More Complex Patch

For example,on a web page,a textual link (or snapshot
imageof a patchin theEditor) canbelinkedto thepatch
�le. Clicking on the patchwill thenautomaticallyopen
thepatch�le in theeditorandloadit into a Modularsyn-
thesizer, assumingoneis attached.

1.2 The Nord Corpus

The easewith which patchescanbe archivedandshared
hasmeantthat many Modular usershave madepatches
available; the manufacturer, Clavia, also collects user-
contributed programson their web site. This ensures
there is a readymadecorpus of publically available
Modular patchesfor visualisationand analysis,proba-
bly more so than with any other visual programming
language. In this paper, we apply programvisualisa-
tion techniquesto the Nord Modular programminglan-
guageto analysethechoiceandlayoutof moduleswithin
patches:previouswork hasinvestigatedvisualisingwhole
patchesand the vectorsof the patch cords within then
[Noble andBiddle,2002]. The corpususedin this pa-
percontains467patchessuppliedwith theNord Modular
(“FactoryPatches”)plus584usercontributedpatches2.

2 Module Choice

We begin this investigationby consideringthenumberof
modulesof eachtypethatarechosenby programmersfor
usein patches.Figure 3 showsthenumberof timesmod-
ules of eachcategory areusedacrossthe corpus. From
this visualisation,we canreadilyseethatevery patchin-
cludesone input and one output module(in fact, a few
patchesmust includemorethanoneoutputmodule: the
extragridlineshowsonemoduleperpatch).Many patches
mustincludeseveral oscillators,envelopegeneratorsand

2The“V3.0 FactoryPatches”and“V3.0 ContributedPatches”areavailablefor
downloadfrom http://www.clavia.se/nordmodular
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Figure3: ModuleCategories

mixers,with relatively feweraudioandcontrol(ctrl) mod-
ules.Sequencer(seq)andlogic modulesarecomparitively
underutilised.

We canalsoshow the numberof timesany particular
moduleis used.Eachpoint in Figure4 representsanindi-
vidual module(colour-codedto themodulecategoriesin
Figure3). In this �gure it canbeseenthatmoduleutilisa-
tion is rouglyexponential.Themostcommonlyusedmod-
ules(top down in theupperright of thediagram)arethe
ADSR envelopegenerator, themixer, thestandardoutput
module,thecontrolmixer, andthekeyboardinputmodule.



Figure4: ModuleUtilisation

Figure5: ModuleUtilisation vs. ModulePower

2.1 Module Power

Differentmodulesrequiredifferentamountsof DSPpro-
cessingpower. Sincethe Nord Modular hardwarehasa
�x ed amountof power available(one,four, or eightMo-
torola 56000DSPsdependinguponthe model)Figure5
visualisesa module's power requirements(on the � axis)
againstits utilisation (on the � axis asin Figure4). This
�gure shows that mostmoduleshave low power require-
ments,including thosemodulesthat are usedmost fre-
quently (close to the � axis). Moduleswith very high
power requirements(suchasthevocoder, �lter bank,sine
bank, phaserand drum synthesizer, readingright to left
along the � axis) are usedinfrequently. Note all these
high-powermodulesactuallycombinethefeaturesof sev-
eral lesspowerful modules.

2.2 Module Size

As shown in Figure 1, different modulesare different
sizes,in particular, while all havethesamewidth different
moduleshave differentheights.We hypothesizedthatthe
larger themodulethe moreDSPpower it would require.
Figure6 plotsmoduleheight(on the � axis)versuspower
(againon the � axis), and illustatesthat this hypothesis
holdsona largescale:biggermodulesgenerallyconsume
morepower thansmallermodules. The largestmodules
are the drum synth and note sequencer(size 9) and the
sinebank(size10); the mostpower-hungrymodule,the
vocoder, is size8. Notealsothat thesmallestmoduleoc-
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Figure6: ModuleHeightvs. ModulePower

cupiestwo rows (size2) andthenext largestmoduleis is
oneanda half timesaslarge(size3). Thereareno size1
modules.

3 Module Layout

As well asvisualisingprogrammer's choiceof modules,
wealsoanalysedmodules'layout— theirpositionsin pro-
grams.Figure7 shows the“real estateutilisation” for the
�rst � ve columnsand�fty rows for all patchesin thecor-
pus.This imageis anapproximationto printing all 1,051
corpuspatchesonto acetatesandthenplacingall the ac-
etatesinto a largestack.Thetop left of theimageis dark,
thus almostevery patchincludesa modulein that posi-
tion: the bottomandright of the imageis light, because
few patcheshavemodulesthere.

This diagramillustratesseveral large-scalefeaturesof
Modular patches.First, most modulesarepositionedto
thetop andto the left of thepatchlayouts,andmostsub-
stantiallyto thetop. Second,patchesarelongerthanwide
— the�gure is drawn with thesameaspectratio usedby
themodulareditor (16:1). This impliesthatmodularpro-
grammerspreferto scroll vertically, ratherthanhorizon-
tally, asthe editordisplaysfour columnsandaboutforty
rowsona1024x768pixel screen,threecolumnsandthiry
rows on a 800x600screen,andtwo columnsandtwenty
rows on a 640x480screen. (Subsequentreal estatedia-
gramswill becroppedto the�rst threecolumnsandthirty-
� ve rows).

Third, the imageshows prominentbandingafter the
fourthrow from thetop: everodd-numberedrow is darker
(moreoftenoccupied)thantheevennumberedrows. We
hypothesizethat programmerstreat modulesas if their
sizewasalwaysanaturalmultipleof thesizeof thesmall-
estmodules,thatis, size2 (seeFigure 6),andlay themout
on an imaginedgrid whererows aredoubleheight,with
anaspectratio of 16:2 ratherthan16:1. Oddsizedmod-
uleswill be undersizedin this grid, leaving a gapof one
(Nord) row betweenthe endof onemoduleandthestart
of the next. Testingthis hypothesiswould requiresome
kind of interactionwith Modularprogrmamers,suchasa
usabilityevaulationor questionnaire:while acorpusstudy
is excellentfor �nding sucheffects,by its natureit cannot
verify explanationsfor them.

3.1 Module Position

Wehavealsoconsideredthepositionsoccupiedby partic-
ular categoriesof modules.Figure 8 shows similar dia-
grams(draw with an 8:1 aspectratio), eachdisplayinga
particularmoduletype.

From this �gure, we can seethat input modulesare
tightly clusteredalongthetop row, andthenext two loca-
tionsof the leftmostcolumn,but rarelyappearelsewhere
(input modulesaremostlysizetwo). Oscillatorsarecen-
tredat the top left, however aremoreoftenpositionedin
theleft column(presumablyjustundertheinputmodules).



Figure7: RealEstateUtilisation

Low frequency oscillatorsalsoappearprimarily in theleft-
mostcolumn,eitherundertheinput modulesor underthe
oscillators,furtherdown. Note that thetwo top left posi-
tions areonly occupiedby input modules,oscillators,or
LFOs.

The Nord documentationtreats sequencermodules
(seq)as specialkinds of LFOs, however we have anal-
ysedthemseparately. Certainlythey arepositioneddiffer-
ently, mostly in the right column,ratherthanon the left.
Filters,meanwhile,aremostly in thecentercolumnat at
the top. Envelopegeneratorsaremostly to the top right
of patches— comparedwith other modules,envelope
generatorsand audio modulesappearwidely distributed
throughoutpatches.Mixer modulesarealsoquitewidely
distributed(althoughnot asmuchasaudiomodules)and
tendtowardsthemiddleof the left column. Outputmod-
ulesappearin theright columntowardsthebottomof the
patch.

3.2 Location Use

Figure 9 is a complementaryvisualisationto Figure 8,
showing the aggregateuse madeof each location in a
patch. Colour codingandorderis againtaken from Fig-
ure3. We seethatthetwo top left positionsarequitedis-
tinctly occupiedby inputmodules,with therestof thetop
of the left andmiddle rows occupiedprimarly by oscilla-
tors andLFOs. Filters arepredominantin the middle of
the secondcolumn,envelopegeneratorsat the top of the
third, andoutputmodulesarelowerdown.

4 RelatedWork

Data�ow visual languagesare arguably the most com-
mon form of visual language,and there are a num-
ber of commercial systems based upon such lan-
guages, including the IRIS Explorer [NAG, 2000],
LabView [BarothandHartsough,1995, NI, 2000], VEE
[Helsel,1997], CAPRE, [Hansen,1997], and MAX

[Cycling '74, 2001, Desainet al., 1993], as well as the
Nord Modular patch language[Clavia DMI AB, 1999].
Given this widespreadpracticalacceptance,it is perhaps
surprisingthat there hasbeenlittle standaloneresearch
on visualisingprogramsin theselanguagesor analysing
thekindsof programstheselanguagesareacutallyusedto
write.

Most researchon visualisation of visual programs
is generallysubsumedwith researchon the visual pro-
grammingenvironmentsthemselves — indeed, one of
the reasonsfor the software visualisationresearchcom-
munity moving away from data�ow languagesis that
the execution of these programsis not easy to visu-
alise. Rather, following Sketchpad[Sutherland,1963]
once again, many modern (non-data�ow) visual lan-
guagesincorporatedynamic visualisationsdirectly into
the programming model, so that whenever a pro-
gram runs it is visualised: Toontalk [Kahn,1996],
Agentsheets[RepenningandSumner, 1995], and VIPR
[Citrin etal., 1998] are just three examplesof this ap-
proach.

There has been some work on specialisedvisuali-
sation of visual programs,however. Burnett has ap-
plied software visualisation techniqesto support test-
ing of Forms/3 programs[Rothermelet al., 2000], and
GrundyandHoskinghave appliedsomeprogramvisual-
isationtechniquesto softwareengineeringmodellinglan-
guages[GrundyandHosking,2000, Grundyetal., 1996]
— in one case,successfullyvisualising a “gedanken”
notation that was never designed to be executed
[GrundyandHosking,1995].

Probablybecausemostvisual languagesdo not have
a large user base,the practiceof the visual languages
communityhasbeento adoptempiricalusability evalua-
tionsto understandhow languagesareused,or to measure
the effectivenessof individual small detailsof language
designs[Rothermelet al., 2000, Blackwell,2001], or re-
searchersmayparticipatein programmingcommunitiesto
evaluatetheiruseof langauges[Carroll andRosson,1987,
Nardi,1993].
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Figure9: ModuleCategoryby Position

Becausethey are time consuming,usability evalua-
tions and participant observation are generally limited
to tensof subjectsworking on tensof programs. Sur-
veys can provide information from many more sub-
jects, but surveys cannotengagewith actual programs,
only programmers'opinionsandbeliefsabouttheir pro-
grams[Whitley andBlackwell,2001]. Probablyclosest
in spirit to our work is the empiricalanalysisof spread-
sheet programs, where accountantsor auditors work
througha corpusto identify featuresof programs,such
as cell error rates [Panko, 1998]. In the mainstream
textual languagecommunity, analysesof programsare
carried out mainly to improve implementations: anal-
yses and critiques of programmingstyle are generally
based on single examples, drawing on literary criti-
sism[KernighanandPlauger, 1974, Skublicsetal., 1996]
or thepatternsmovement[Beck,1997] for models.

In comparisonwith usabilityevaluationor participant
observation, an approachbasedon corpusanalysisre-
quiresasampleof severalhundredsof programs,but does
not requiredetailedanalysisof theprocessby whichthose
programswerewritten. Corpusanalysisis bestsuitedto
investigatingtheparole[deSaussure,1916] of a language
— theway it is usedin practice— while othertechniques
canprovidemorespeci�c informationaboutthedesignof
languagesthemselves. Corpusanalysishasthe problem
of biasin theselectionof thecorpus:humanstudieshave
analagousproblemswith theselectionof testsubjects.

5 Discussionand Conclusion

In thispaperwehaveappliedprogramvisualisationto the
data�ow visual languagefor the Nord Modular synthe-
sizer, to investigatemoduleschoiceandlayoutin Modular
patches.

Consideringthechoiceof moduleswithin patches,we
found oscillatorsandmixersareusedseveral times in a
patch,while sequencersand logic category modulesare
usedrarely. Eachpatchgenerallyhasoneinput andone
outputmodule. Regardlessof modulecategory, modules
which imposehigh processingloads are used less fre-
quentlythanlowerpowermodules.

Consideringthelayoutof thosemodules,wefoundthat
patchestendto belongandthin, promotingverticalrather
thanhorizontalscrolling,andpossiblylaid outonan16:2
grid. Within a patch,modulestendto be placedtowards
thetopleft, with theabsolutetopleft positiontypicallyoc-
cupiedby aninputmodule.Oscillatorsandlfos areplaced
to the left andbelow them,with �lters, envelopegenera-
torsandmixersin the middleof the patch. Outputmod-
ulesareplacedtowardsthebottomright. This tallieswith
our previouswork on cabledirectionin modularpatches,
which found that cablesgenerally�o wed rightwardsand
downwards[NobleandBiddle,2002].

The key technicaladvantageallowing us to produce
thesevisualisations,andto performcorpusanalysisin par-
ticular, is thattheNordModularpatch�les arestoredin a
simple ASCII format. Performinga similar analysison
many other visual languageswould be much more dif-
�cult, becausewe would �rst have hadto parsea much
morecomplex binary�le.

Wedoneedto notethattheseresultsaresomewhatpre-



liminary. EachNordModularprogramactuallyconsistsof
two separatepatchareas— apolyphonicvoicearea(PVA)
wheremodulesareduplicatedfor polyphonicpatchesand
a commonvoice area(CVA) which is sharedacrossall
polyphonicvoices.For technicalreasonsdueto theMod-
ular patch�le format, our currenttools analyseonly the
polyphonicvoicearea.Weplantoextendourtoolstoanal-
ysebothareas,but do not expectthis to markedly impact
our results.

We plan further visualisationwork on Nord Modular
programs:indeed,thereseemsquite somescopefor re-
searchsinceonly a smallamountof standalonevisualisa-
tion hasbeenperformedupondata�ow visual languages,
andvery little corpusanalysishasperformeduponvisual
langaugesof any type. We planto analysetheuseof sec-
ondarynotation,particularlythe namesprogrammersas-
sign to modules.We would like to experimentwith pro-
viding automaticlayoutsupportfor modules(to reorgan-
isepatchesto minimisecablelengthandcablecrossings)
andwith programslicing (sothatall themodulesproduc-
ing onepart of a patchcould be automaticallyextracted
from a patchmakingmultiple sounds).Finally, we hope
to extendthiswork to analysemany morepatches.
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