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Abstract

The Nord Modularmusicsynthesisesystemcomprisesa standaloner
ray of digital signal processorgprogrammedy a data ow visual lan-
gauageand supportedby a visual programmingervironmentthat runs
on commodityhardware. A crucial differencebetweenthe Nord Mod-
ular andtraditionalmodularsynthesizerss that eachNord modulecan
be positionedindividually, whereaphysicalanaloguesignalprocessing
unitsaretypically installedin x edracks.We have usedinformationvi-
sualisatiortechniquedo investigatethe layoutsand programmingstyle
of 1,051Nord ModularprogramsWe foundthatalthoughmodulescould
be positionedfreely within a program particulartypesof moduleswere
generallyfoundin sterotypicalocations.

Keywomds: SoftwareVisualisation CorpusAnalysis.

1 Intr oduction

Domain-speci cdata ow visual programminganguages
are now commonplacethroughoutthe 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-Pipe$Hagen,199Q, andthe

visual programminganguageunderlyingthe Nord Mod-

ular synthesizefClavia DMI AB, 1999.

The Nord Modular synthesizesystem by Clavia AB
of Swedenjs a digital (re)creationof the traditionalana-
loguemodularsynthesizesystemsommonin the 1970s.
A traditional modular synthesizerconsistsof a number
of modulessuchasvoltagecontrolledoscillators(VCO),
voltagecontrolled Iters (VCF), ervelopegenerator¢EG)
andlow-frequeng oscillators(LFO) x edin positionto a
rack and connectedogetherusing “patch cords” to pro-
ducesounds.

Figure 1 shavs a very basic Nord Modular patch.
This comprisesfour modules: an input module named
Keyboardl,an oscillator (OscB1),an ernvelopegenerator
(ADSR-Env1) and an outputmodule (2 outputsl). Fig-
ure 2 shavs amorecomplex patch.

The Nord Modular systemincludesapproximatelya
hundreddifferenttypesof modules,ncluding oscillators,

Iters, clocks,andsoon: a patchgenerallyusesaround
20 modules. Module positionsare constrainedo one of
four columnsandaboutthirty rows without scrolling: all
modulesareonecolumnwide, but differentmoduleshave
differentheights.
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Figurel: A SimpleModularPatch

1.1 Nord Modular Programming

Patchesare producedusing a programmingervironment
calledthe Nord Modular Editor*. Usingthe Modular Ed-
itor is differentfrom usinga physicalanaloguemodular
systemin a numberof importantways. The mostcritical
is thatprogramminganaloguesystemss embodiedn the
physicalworld, connectingphysicalpatchcablego physi-
calmoduleswhereasn the Nord this experiencads recre-
atedin softwarefor general-purposeomputers.Because
the Nord is a software simulation of a modularsynthe-
sizer someconstraintaredifferent. In a physicalmodu-
lar synthesizerusersarerestrictedto a certainnumberof
modulesof agiventype;if you run of outoscillators,you
mustdo without or buy a nev module.In the Nord Mod-
ular, patchesarelimited by theamountof DSPprocessing
power: you canchooseto tradeoff oscillatorsagainst|-
tersor ervelopegeneratorshut only up to a x ed limit.
Crucially, userscanchoosethe layout of the modulesin
aNord modularpatch,whereagphysicalmodulepositions
are x edin atraditionalmodularsynthesizer

As well as providing the interfacefor usersto create
andedit patchesthe Modular Editor alsoallows patches
to be storedinto standardle systemsUnlike mary other
synthesizersyherepatchinformationis only availableen-
codedin MIDI SystemExclusive formats,the Nord Mod-
ular patchesarestoredin standardASCIl les (oneof the
adwantage®f asystenthatreliesoncommoditycomputer
support). This le formatis quite simple,and hasbeen
designedo be easyto exchangebetweernModular users.

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



Figure2: A More Complec Patch

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

1.2 The Nord Corpus

The easewith which patchescanbe archived andshared
has meantthat mary Modular usershave madepatches
available; the manufcturer 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 ary other visual programming
language. In this paper we apply programvisualisa-
tion techniquego the Nord Modular programminglan-

guageto analysethe choiceandlayoutof moduleswithin

patchespreviouswork hasinvestigated/isualisingwhole

patchesand the vectorsof the patch cords within then
[Noble andBiddle,2003. The corpususedin this pa-

percontains467 patchesuppliedwith the Nord Modular
(“FactoryPatches”)plus 584 usercontritutedpatches’.

2 Module Choice

We begin this investigationby consideringhe numberof
modulesof eachtypethatarechoserby programmergor
usein patchesFigure 3 shavsthenumberof timesmod-
ules of eachcateyory are usedacrossthe corpus. From
this visualisation,we canreadily seethat every patchin-
cludesoneinput and one outputmodule (in fact, a few
patchesmustinclude morethanone outputmodule: the
extragridline shaovsonemoduleperpatch).Many patches
mustinclude several oscillators,envelopegeneratorsand

2The*“V3.0 FactoryPatches’and“V3.0 Contrituted Patches’areavailablefor
downloadfrom http://www.clavia.se/nordmodular
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Figure3: Module Cateyories

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

We canalsoshow the numberof timesary particular
moduleis used.Eachpointin Figure4 representanindi-
vidual module(colour-codedto the modulecateyoriesin
Figure3). In this gure it canbe seenthatmoduleutilisa-
tionis rougly exponential. Themostcommonlyusedmod-
ules(top down in the upperright of the diagram)arethe
ADSR ervelopegeneratagrthe mixer, the standarcutput
module thecontrolmixer, andthekeyboardinputmodule.



Figure4: Module Utilisation
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Figure5: Module Utilisation vs. Module Power

2.1 Module Power

Differentmodulesrequiredifferentamountsof DSP pro-

cessingpower. Sincethe Nord Modular hardware hasa
x ed amountof power available (one,four, or eight Mo-

torola 56000DSPsdependinguponthe model) Figure 5

visualisesa modules power requirementgonthe  axis)
againstits utilisation (onthe axisasin Figure4). This

gure shows that mostmoduleshave low power require-
ments,including thosemodulesthat are usedmost fre-

quently (closeto the axis). Moduleswith very high

power requirementgsuchasthevocoder lter bank,sine
bank, phaserand drum synthesizerreadingright to left

alongthe axis) are usedinfrequently Note all these
high-paver modulesactuallycombinethefeaturesof sev-

erallesspowerful modules.

2.2 Module Size

As shaowvn in Figure 1, different modulesare different
sizes,n particular while all have the samewidth different
moduleshave differentheights.We hypothesizedhatthe
larger the modulethe more DSP power it would require.
Figure6 plotsmoduleheight(onthe axis)versuspower
(againon the axis), andillustatesthat this hypothesis
holdson alargescale:biggermodulesgenerallyconsume
more power than smallermodules. The largestmodules
are the drum synth and note sequence(size 9) and the
sine bank (size 10); the most power-hungry module,the
vocoderis size8. Note alsothatthe smallestmoduleoc-
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Figure6: ModuleHeightvs. Module Power

cupiestwo rows (size2) andthe next largestmoduleis is
oneanda half timesaslarge (size3). Thereareno sizel
modules.

3 Module Layout

As well asvisualisingprogrammets choiceof modules,
wealsoanalysednodules'layout— theirpositionsin pro-
grams.Figure7 shavs the “real estateutilisation” for the
rst vecolumnsand fty rowsfor all patchesn thecor-
pus. This imageis anapproximatiorto printing all 1,051
corpuspatchesonto acetatesandthenplacingall the ac-
etatednto alargestack. Thetop left of theimageis dark,
thus almostevery patchincludesa modulein that posi-
tion: the bottomandright of theimageis light, because
few patcheshave moduleghere.

This diagramillustratesseveral large-scalefeaturesof
Modular patches. First, most modulesare positionedto
thetop andto the left of the patchlayouts,andmostsub-
stantiallyto thetop. Secondpatchesrelongerthanwide
— the gure is drawn with the sameaspectatio usedby
the modulareditor (16:1). This impliesthatmodularpro-
grammerspreferto scroll vertically, ratherthanhorizon-
tally, asthe editor displaysfour columnsandaboutforty
rowsona1024x768pixel screenthreecolumnsandthiry
rows on a 800x600screenandtwo columnsandtwenty
rows on a 640x480screen. (Subsequenteal estatedia-
gramswill becroppedo the rst threecolumnsandthirty-

Ve rows).

Third, the image shavs prominentbandingafter the
fourthrow from thetop: ever odd-numberedow is darker
(moreoftenoccupied)thanthe evennumberedows. We
hypothesizethat programmersgreat modulesas if their
sizewasalwaysa naturalmultiple of the sizeof the small-
estmodulesthatis, size2 (seeFigure 6), andlay themout
on animaginedgrid whererows are doubleheight, with
anaspectratio of 16:2ratherthan16:1. Odd sizedmod-
uleswill be undersizedn this grid, leaving a gapof one
(Nord) row betweenthe end of one moduleandthe start
of the next. Testingthis hypothesisvould requiresome
kind of interactionwith Modular progrmamerssuchasa
usabilityevaulationor questionnairewhile acorpusstudy
is excellentfor nding sucheffects,by its natureit cannot
verify explanationgor them.

3.1 Module Position

We have alsoconsideredhe positionsoccupiedby partic-
ular categoriesof modules. Figure 8 shavs similar dia-
grams(draw with an 8:1 aspectratio), eachdisplayinga
particularmoduletype.

From this gure, we canseethat input modulesare
tightly clusteredalongthe top row, andthe next two loca-
tions of the leftmostcolumn,but rarely appearelsavhere
(input modulesare mostly sizetwo). Oscillatorsarecen-
tred at the top left, however are more often positionedin
theleft column(presumablyustundertheinputmodules).



Figure7: RealEstateUtilisation

Low frequeng oscillatorsalsoappeaprimarily in theleft-
mostcolumn,eitherundertheinput modulesor underthe
oscillators,further down. Note thatthe two top left posi-
tions are only occupiedby input modules,oscillators,or
LFOs.

The Nord documentationtreats sequencemodules
(seq) as specialkinds of LFOs, however we have anal-
ysedthemseparatelyCertainlythey arepositionedliffer-
ently, mostly in the right column, ratherthanon the left.
Filters, meanwhile,aremostlyin the centercolumnat at
the top. Envelopegeneratorsare mostly to the top right
of patches— comparedwith other modules, ervelope
generatorsand audio modulesappearwidely distributed
throughoutpatches Mix er modulesare alsoquite widely
distributed (althoughnot asmuchasaudiomodules)and
tendtowardsthe middle of theleft column. Outputmod-
ulesappeaiin theright columntowardsthe bottomof the
patch.

3.2 Location Use

Figure 9 is a complementaryisualisationto Figure 8,
shaving the aggreyate use made of eachlocationin a
patch. Colour codingandorderis againtaken from Fig-
ure 3. We seethatthe two top left positionsarequite dis-
tinctly occupiedby input moduleswith therestof thetop
of the left andmiddle rows occupiedprimarly by oscilla-
torsandLFOs. Filters are predominanin the middle of
the secondcolumn, ervelopegeneratorst the top of the
third, andoutputmodulesarelower down.

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, 2004,
LabView [BarothandHartsough,1995 NI, 2004, VEE
[Helsel, 1997, CAPRE, [Hansen1997, and MAX

[Cycling'74, 2001, Desainetal.,1993, as well as the
Nord Modular patch language[Clavia DMI AB, 1999.
Giventhis widespreadpracticalacceptanceit is perhaps
surprisingthat there has beenlittle standaloneresearch
on visualisingprogramsin theselanguage®or analysing
thekindsof programghesdanguagesreacutallyusedto
write.

Most researchon visualisation of visual programs
is generallysubsumedwith researchon the visual pro-
gramming ernvironmentsthemseles — indeed, one of
the reasondor the software visualisationresearchcom-
munity moving away from data ow languagesis that
the execution of these programsis not easyto visu-
alise. Rather following Sketchpad[Sutherland]1963
once again, mary modern (non-data on) visual lan-
guagesincorporatedynamic visualisationsdirectly into
the programming model, so that whenever a pro-
gram runs it is visualised: Toontalk [Kahn,1994,
AgentsheetgRepenningandSumney1995, 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 visualisationtechnigesto support test-
ing of Forms/3 programs[Rothermeletal.,200d, and
GrundyandHoskinghave appliedsomeprogramvisual-
isationtechniquego softwareengineeringnodellinglan-
guagegGrundyandHosking,200Q Grundyetal., 19964
— in one case, successfullyvisualising a “gedanlen”
notation that was never designed to be executed
[GrundyandHosking,1995.

Probablybecausamostvisual languagesio not have
a large user base,the practice of the visual languages
communityhasbeento adoptempirical usability evalua-
tionsto understandhow languagesireused,or to measure
the effectivenessof individual small detailsof language
designs[Rothermeletal.,200Q Blackwell,2001], or re-
searchersayparticipatan programmingommunitie<o
evaluatetheiruseof langauge§Carroll andRosson 1987,
Nardi, 1993.
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Figure9: Module Cateyory by Position

Becausethey are time consuming,usability evalua-
tions and participant obsenation are generally limited
to tensof subjectsworking on tens of programs. Sur
veys can provide information from mary more sub-
jects, but sureys cannotengagewith actual programs,
only programmersopinionsand beliefs abouttheir pro-
grams[Whitley andBlackwell,2001. Probablyclosest
in spirit to our work is the empirical analysisof spread-
sheet programs, where accountantsor auditors work
througha corpusto identify featuresof programs,such
as cell error rates [Panko,199§. 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, drawving on literary criti-
sism[KernigharandPlaugey1974 Skublicsetal., 1994
or the patternsmnovementBeck, 1997 for models.

In comparisorwith usability evaluationor participant
obsenation, an approachbasedon corpusanalysisre-
quiresasampleof severalhundredf programsput does
notrequiredetailedanalysisof theprocesdy whichthose
programswere written. Corpusanalysisis bestsuitedto
investigatingheparole [de Saussurel91§ of alanguage
— theway it is usedin practice— while othertechniques
canprovide morespeci ¢ informationaboutthe designof
languagegshemseles. Corpusanalysishasthe problem
of biasin the selectionof the corpus:humanstudieshave
analagougroblemswith the selectionof testsubjects.

5 Discussionand Conclusion

In this paperwe have appliedprogramvisualisatiorto the
data ow visual languagefor the Nord Modular synthe-
sizer to investigatanoduleschoiceandlayoutin Modular
patches.

Consideringhe choiceof moduleswithin patcheswe
found oscillatorsand mixers are usedseveral timesin a
patch,while sequencerand logic cateyory modulesare
usedrarely. Eachpatchgenerallyhasoneinput andone
outputmodule. Regardlessof modulecatayory, modules
which impose high processingloads are usedless fre-
guentlythanlower power modules.

Consideringhelayoutof thosemoduleswe foundthat
patchegendto belongandthin, promotingverticalrather
thanhorizontalscrolling,andpossiblylaid outonan16:2
grid. Within a patch,modulestendto be placedtowards
thetopleft, with theabsolutdopleft positiontypically oc-
cupiedby aninputmodule.Oscillatorsandifos areplaced
to the left andbelowv them,with lters, ervelopegenera-
torsandmixersin the middle of the patch. Outputmod-
ulesareplacedtowardsthebottomright. This tallieswith
our previouswork on cabledirectionin modularpatches,
which found that cablesgenerally o wed rightwardsand
downwards[Noble andBiddle, 2003.

The key technicaladvantageallowing us to produce
thesevisualisationsandto performcorpusanalysisn par
ticular, is thatthe Nord Modularpatch les arestoredin a
simple ASCII format. Performinga similar analysison
mary other visual languageswvould be much more dif-
cult, becausave would rst have hadto parsea much
morecomple binary le.

Wedoneedo notethattheseresultsaresomavhatpre-



liminary. EachNord Modularprogramactuallyconsistof
two separat@atchareas— apolyphonicvoicearea(PVA)

wheremodulesareduplicatedfor polyphonicpatchesand
a commonvoice area(CVA) which is sharedacrossall

polyphonicvoices.For technicalreasonglueto the Mod-
ular patch le format, our currenttools analyseonly the
polyphonicvoicearea.We planto extendourtoolsto anal-
ysebothareasput do not expectthis to markedly impact
our results.

We plan further visualisationwork on Nord Modular
programs:indeed,there seemsquite somescopefor re-
searchsinceonly a smallamountof standaloneisualisa-
tion hasbeenperformedupondata ow visuallanguages,
andvery little corpusanalysishasperformeduponvisual
langauge®f ary type. We planto analysethe useof sec-
ondarynotation,particularlythe namesprogrammerss-
signto modules. We would like to experimentwith pro-
viding automaticlayout supportfor modules(to reogan-
ise patchego minimisecablelengthandcablecrossings)
andwith programslicing (sothatall the modulesproduc-
ing one part of a patchcould be automaticallyextracted
from a patchmaking multiple sounds).Finally, we hope
to extendthiswork to analysemary morepatches.
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