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ABSTRACT

With the proliferation of high-dmension& biomedi-
cal data,an acuteneedexistsfor a compeheive user
friendly softwae suite that allows investigdors, in the
hedth care disciplines,to classifytheir datathrouch the
detectio of discriminatingfeatues. Scopia is a soft-
ware initiative that attemptsto achieve thesegoals in
addtion to providing intuitive visual computdion, logic
corstructionandparallel execution In this paper wede-
scribethearchitecture of Scojir a, andvariousdesignand
implemetation issueghat surfacedduring develogment.

Keywords. BiomedichDataAnalysis Softwae Engneer
ing, Parallel Computatio.

1. INTRODUCTION

As analgorithm builder, Scopiraallows the placemenof
multiple algorithmmodudesandtheir conrectionsto each
othe to form compgex systems.An intuitive visual lay-
out paradign is employed to displayandmaripulatethe
network of modiulesandtheir conrections.Intermodule
comectionsmay be quite comple, allowing for typicd
programning constretssuchasloopsanddecisiontrees.
All intermodule dataaretightly typedin a hierardical,
object-oriented datatype tree. Configuation of mod-
ule paranetersis alsoperfomedvisually with immediate
feedack.

After testing,the systemof modues maybe mapped
onto a clusterof compuersto betterutilize processing
power while deceasingexecution time. Modues need
not be aware of this networking - Scopia transpagntly
providesthis service. Nevertheless Scopia providesan
interfacefor develgpersto optiondly contrd pardlelism
attheintra-malulelevel.

As a develgpmentervironmen for expelienceddata
analysts, Scopirafacilitatesthe creationof new modules,
datatypesand functions that integrate seamlesslywith
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existing services.Develgpersmay quicky build graghi-
calinterfacedo theiralgorithns usingScopiras supplied
userinterfacetool kit andsimplified programmirg inter
face.

Scopirais written completdy in C++, with major
focus on ANSI compliarce, proper designand maxi-
mumefficiency. Targetedat Linux deskt@sandclusters,
Scopirais usableonmary UNIX variarts andmayutilize
mary specializechigh perfomancecomplers.

1.1. Application

Scopiradefinesa genera frameavork for modules and
moduleinteractionand doesnot specify an apgication
domain.

Severalmoduleswerebuilt to perfom dataclassifica-
tion andframework testing. Theseinclude: A genetical-
gorithmmodule to implemen nearoptimal region selec-
tion for featurespacereductin[1]. A regularizedmulti-
layer percepton, Profile Analysis, principle compmnen
analysis,linear discriminan analysis,fuzzy c-meas[2]
clustering andhalf-spae mediafi3] modues.

A setof generbmodueswerealsodevelopedto deal
with the bunded datatypes. Thesemoddes provide
genericfacilities suchas dataloading and saving, ma-
trix splicing and memging, outpu generatio and statis-
tical functions.

2. USERFACILITIES

For the user(non-develope), Scopirafocuseson giving
theusermaximum contrd over themodule systemwhile
still maintaininga straighforward and consistentinter
face.

2.1. Mapsand Modules

A Scopiramap contairs zero or more modues. Each
moduleis definedasa self-contaired algoithm andcon-



tainsa collectionof zeroor moreslots. Slotsmayfurther
bedividedinto input slotsandoutput slots,depenéhg on
whether they take dataor prodiceit, respectiely.

An input andoutputslot maybejoinedto form a slot
comection. Eachslot may be conrectedto ary nunber
of slotsof the oppositetype.

SlotsexchangeScopiradataobjects. Eachinput slot
hasa queueof zeroor morependng dataobjects.When
an output slot sendsa dataobject, that dataobjectgets
queuedto eachinput slot thatis attachedo it. Certain
input slotsmay be deemecdhecessaryor modue execu-
tion. Only whenall of theseinput slotshave at leastone
dataobject,will themodue fire (execue). After amodule
fires, onedataobjectis consuned from the dataquetes
within eachinputslot.

2.2. Visual Display

To assistthe userin mapconstrution, a visual interface
may be used. Modules are representedas titled icons,
wheleasconrectionshetweemmodules arerepresetedby
comectinglines (Fig. 1). The userinteractvely places
andconnectsnoduesonthemap.Various windovs may
be browht up to help delug and monita modues and
dataasexecutian progresses.

Eachmodulesmay optiondly definea setof proper
ties. Propertiesaretypically settingsor paranetersthat
affect how the modue executes. Propeties areimple-
merted asslots,andmay be conrectedto othermodues
asregular slots. In additionto reguar comectionshow-
ever, propertiesmay have their valuessetthrough a vi-
sualinterfacepresentedo the user This allows the user
to experimentwith various propertiesinteractvely, with
immedatefeedtack.

[ftpAdarun map - active] @000

load-data print-data

save-data

- | ~

Fig. 1. Visualmapdisplay
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2.3. Scripting

The more adeptusermay usethe provided scriptinglan-
guageto autonate the processof map constriction and
executin. Thescriptinglanglageprovidesfull accesgo
the Scopia system allowing the userto assemblanod-
ules,setpropertiesandexecue maps.Mapscreatedwith
the visualinterfacemayalsobeloadedinto the scripting
system.This allows the userto detug mapsvisually, and
thenautomateheir runsin batchesnoninteractiely.

For the application develgper, Scopia may be em-
beddeddirectly within anapplicatio. The Scopiracore
is itself a sharedlibrary with a straightbrward, object-
orientedinterfacethanmay be linked with ary applica-
tion. The visual display and scripting applicatiors use
Scopirain this manner This allows unlimited customiza-
tion possibilitieswith regardto visual front endsandin-
formatian processingautanation.

3. DEVELOPMENT FRAMEWORK

Scopiraallows developersto exterd theframework along
four major areas;commpundmodudes, datatypes,func-
tionsandpraponerts. Developersthenpackag theseex-
tensiondn a Scopirakit for distribution.

3.1. Modules

An algorithmkerrel is the basicimplementationof a par
ticular algorithmor opemtion. A modulecontainsa ker-
nel, stateinformation and dataslots. With theseslots,
modulesxchamgedatawith othermoduleswithin amap.

This abstractioriets the modue developer focus on
writing the algorithmspecifickerrels for their modules.
He usessererd Scopiramethoddo extrad inputdataand
postoutpu data. Scopirahandledatatranspeot anden-
sureghatinput slotsmarkedasrequired have databefore
callingthecorealgorithm.

Scopiracomeswith a bunde of useful and generic
modules. This includes modues that load/sae datain
variousformas, print datato log andinteractizely obtain
usersupplieddata. Finally, someof thesemodues per
form genericdatamanipuation (for examge, arraysplic-
ing andmeiging) andothersperfom comman statistical
and mathemécal functions. All thesemodues operate
onthebundleddatatypesanduserddineddescendas.



3.2. DataTypes

Eachinput andoutputslotis associatedvith a datatype.
Thisdenotesvhattype of datathe slot prodiwces(for out-
put slots)or acceptgfor input slots). Scopirawill allow
two slotsto beconnetedonly if their datatypesarecom-
patible (seebelow).

Interrally, Scopiramaintairs a data typetree (actu-
ally an agyclic, directedgraph), with eachnode of this
tree representingone datatype Eachdatatype in this
tree (excludingthe top root nocke, void) hasoneor more
parents.

In this tree,eachnock is consideredh descendnt of
its parentsandassuch,is saidto exterd theseparerts.
This extensia allows the datatype to be treatedasif it
wereary of its parentdatatypes(or anyancestor typefor
thatmatter).

Scopiraconsiderdwo datatypesto be conpatibleif,
andonly if, thetwo datatypesareidentical,or if oneis an
ancestoof theotherwithin thetypetree. Thisfundamen-
tal concep of inheritarce andpolymorphismis borraved
from object-aientedmethoalogy andallows moduesto
opeate on datatypesthat were developedafter their in-
ceptim. By simplydefiningwhatbasedatatypeamodule
need, that modue maythenopenteon all descendas
of thattypewithout modfication.

Eachdatatype presetedto the usermapsdirectly to
a C++ class. Modue developersthat wish to introduce
new typesto the system,may simply register their type
with Scopiraby specifyirg wherein the Scopiradatatype
treetheir type shoud be added Scopirawill theninsure
comectiontime type checkng, basedon its locationin
thetypetree.

Scopiratakesadwantae of the genericprogramning
facilities of the C++ languageby usingtemplateclasses
to make up thebaseof mostof its coredatatypes.Devel-
opeas mayeasilycreatesimilar structureof new typesby
simply instantiatingthesetemplateclasses.

3.3. Micro Functions

Micro functionsarestandardC++ functionsthatarereg-
istered and managd by Scopira. An algoithm that
does notrequite theinterfaceor state-leepingfeatuesof
Scopia modules may be implemened as a micro func-
tion. This is particularly bereficial to algaithms that
will becalled,pertapsveryfrequently, from within other
modules. Calling a micro function is direct, with less
overheadthansendimy the dataout through output slots.
The primary goal of micro functiors is perfamance.
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By bypassingScopia’s datatranspet andeventschedul-
ing mectanisms,micro functions incur very little over
head.In fact,usingamicrofunctionwithin amodue suf-
fersonly onepointerindirection of performarce pendty,
compaedto calling anamedunctiondirectly.

3.4. Proponents

Proponets (“property aware compnents”) are visual,
userinterfacecompmnentghataredesignedo contrd the
propetiesof amodue. They allow theuserto inspectyi-
sualizeandpossiblysetthe propertiesinteractvely, from
within thegraghical userinterface.

Propmentsoperateon a module’s data,and not the
moduleitself. This decapling allows proponers to be
usedonavarietyof moddes,andcorversely allows mod-
ulesto selectfrom apod of proponentsto build theircon-
figurationscreens.

Scopiraincludesa setof genericproponertts that op-
erateonthebundlel datatypes(Fig. 2), aswell aspropo-
nentsthatvisualizedatain anoutpu-only fashion.

Modue writers are free to make their own propo-
nents, either by exterding an existing proponentor by
building onefrom scratch.Propmentinterfacecomplec-
ity is limited only by the graghical userinterfacetoolkit
provided by the system.This gives themodue developer
full power to male radically new and possiblycompex
interfaces.

Ir)( [reqion-ga - Froperties]

Random Generator Seed

SO00

_| Explictly specify seed: |D

Hypothese pool size: 10

Elite size: Z

Max features fram a hypothesis: (10

MNumhber of Generations: 10

Probahility of cross aver: 0.66
Prabahility of Mutation: 0.001

Prefered minumum range lenngth: |3

Prefered maximum range lenngth: |40

QK | Cancel |

Fig. 2. configuationscreerbuilt with propaents

3.5. User Front Ends

ThecompleteScopiraengire coreis compled intoashared
corelibrary. Thislibrary exposesastraightfoward,object-
orientedinterfaceto mapconstructio andmanipulation.



This allows C and C++ developersto embedScopirain
their applicatiors. This ability naturally extends to ary
languagethat may call C fundions - suchlangwagesin-
clude Java, PerlandPython The visual mapeditingin-
terfaceandscriptingsystemarebothimplementé in this
mamer.

4. SYSTEM ARCHITECTURE

The Scopia frame work is desigred to be moduar,
pottable, adaptale anddistributed. This was achieved
throughvarious softwareengineeing techniqes.

4.1. CoreDesign

Scopiais dividedinto threelarge softwarecompaments:
theengire core,thefront ends,andthe backendcompu-
tationkits.

Theengire coreis thecental coordnatorof aScopira
system.t is respomiblefor loadirg, maintainirg andex-
ecutirg modudeswithin maps.Theenginemanagsinter-
module datatranspor aswell asdatacleanup.

The engire has three, run-time selectableevert
schediing schemes. Theseschedules decide which,
whee andwhenmodueswill run, possiblyin parallel.

Theuni-threadschedler runseverts sequetially, us-
ing only one operatiny systemthread The multi-thread
schedler attemptgo maxinize a multi-CPUmachire by
pardleling modue executian on a single machne. The
network-aware schedler mana@s a collection of sepa-
rate machinesconrectedvia a network, eachwith ary
nunber of proessors. This schedulemay partition a
mapover thesenetwork nodestransparstly, without re-
quiring ary specialprogammingby the module devel-
ope.

The engire core manags kits. A kit may contain
ary numbe of developer suppliedmodde kerrels, mi-
cro functions, datatypesandgraphical proponers. Kits
are implenmentedas sharedcode libraries, dynamically
loaded at runtime and selectedby the user They may
be develogpedanddistributedindependentlyfrom theen-
gineandtherestof Scopia.

Finally, thefront endsinteractwith theenginethrouch
its exposed,object-aientedinterface. Theinteractve vi-
sualmapeditorandscriptingsystemsiothusethis inter-
faceto manipuate andexecue maps.Customfront ends
may be built in a straightforward manneywith no need
to rekuild ary partof Scopira.
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4.2. Portable

Scopirafollows standardsoftware engireeringmethod
to maxinize codeportability.

Platformdepemnlentcodelik e the threadandnetwork
commuricationsystemsareencapsulatedithin objeds.
Any changsrequiedto thesesystemdor new platforims
or compilersneedonly be madeto theseobjects.

Theonly externd routinesusedby the Scopiraengine
coreandstandardits arethoseprovidedby the Standard
C++ library andthe systemlevel C libraries. Becausef
this, it is quitestraightfowardto porttheengne coreand
kits to otherplatforms.

Thevisualfront enddepeids onthe GTK+ graghical
userinterface library. Thislibrary is portableto all UNIX
platforms - with a betaWin32 port. The scriptfront end
usesthe GUILE/Schemesystemwhichis portable to all
UNIX platforms. Portalility to Win32is assuredatleast
via the Cygwin tools.

To maintainclean,portalle codethroughou thevar
ious developmentphasesof the project, Scopirais rou-
tinely compiledandtesteduncer vaiiouscomglers. Cur-
rently, this list includes GNU C++, PGl C++ andIntel
C++.

4.3. Generic Programming

Scopiraattemptsto introduceasllittle overheador indi-
rectionto themodulesaspossiblewhile still providing a
convenient, objectoriented type-safeinterface. Unnec-
essaryslow dovns mayhave a notablecostwhendealing
with mapsthatrunfor long periods of time overacluster
of machines. Perfomanceimprovements may increase
the throwghputof a clusterandthusdecrease¢he needto
purchaemorenodes.

Onetechnigie Scopirausesto achieve perfamance
gainsis to follow the C++ useof geneic templatesThis
in-lining and specializednstantiatios of constructsfor
exactly the typesrequiral gives the developer the exad
objectshe needswithout the needfor indiredion, com-
mon baseclassespr forcing everyoneto usethe same
simpledatatypes.For instancewith genericclassesde-
velopes arenot forced to work with doube typeswhen
they wantthe smallerfloattypes.

4.4. Parallelism

Scopirasuppots parallelexecutionat two levels.
At theintermodulelevel, Scopiatranspaentlysched-
ulesandexecuesmodilessimultaneosly. Scopiradoes



this by selectinga comhbnation of modues to execute
from the currert run queuethatwould maxmize the cur

rentstateof freeprocessorsAll thisis donetranspagently
to themodue developer

At the intra-nodulelevel, Scopiraprovidesan MPI-
likeinterfacethatallowsmoduesto requestandusemary
processoravithin the context of their execion. This al-
lows modulesto beparallelizedwvithout having to bebro-
kenup into smallerunits. Unlike MPI, Scopiramay in-
herantly serializemary of its datatypes,thusremaoving
mary of theerra prore low level datatranspat callsthat
MPI requires.

Throughait bothlevels, Scopiraconstantlymaintairs
and moritors the amouwnt of processingresouces, con-
stantly attemptimg to maximize computationalthrough-
put.

5. DEVELOPMENT ISSUES

5.1. Module Granularity

Whendecouwling or partitioning a large algoithm into a
setof conrectable logical modues, onewill almostal-
waystradesomeperformarce for the benefitsof deca-
pling. This occus becasethe nev moduesaremadeto
be more generalthantheir functioral equivalerts in the
older, largeralgoithms. As the communicationbetween
moduleshave to gothrowghthe moregenericmechanism
of Scopiga’s slotsanddatatypes,moduesmaynolonger
take adventageof beingtightly coupledandpassingnes-
sageswith completefreecom.

Thebiggestchalleng facingamodule developerwho
wantsto convertalargealgorithmto asetof Scopiamod-
ulesis thepartitioning schemePartitioninganalgoiithm
into mary moddesrequiresaddtional effort by themod-
ule developer More impartantly, however, the ratio of
time that Scopia spend moving databetweenmodues
andthe time actually spentrunnirng within eachmodule
increases.Thisis hardlydesirableputin exchamge,users
of themodulesarenow ableto swapout certainmodues
without swappingoutthewholealgoithm.

At the otherend of the partitioning spectrum mod-
ule developers breaktheir algoiithms into a few mod-
ules. This maybedonerelatively quickly andallows the
module usersto reassembléhefull algorithmalmostin-
stantly Theuserspayapricefor this corveniencehoud,
asnow they may not replacepartsof the systemwithout
having to duplicateotherparts. This occus becasethe
partsthey wantto replaceare oftenbunded in the same
module with partsthey do notwantto replae.
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Ultimately, it is up to themodule developerto decide
on the level of algorittm partitioring. The proper bal-
ancemustbe met betweenflexibility and perfamance.
In somecasesmodule developeramaypredct whatparts
of their algoiithms usersmaywantto replace.This may
aid in the decisionprocessand may often be usedasa
guidefor the level of partitioring with the otherpartsof
thealgoiithm.

Alternatively, developersmay chocse to implemen
common straightfoward algaithms notasmodules, but
insteadasmicro functions.

5.2. Polymorphism and Generics

C++ offers both extensie polymorptic objecteriented
facilities as well as extensve genericabilities via tem-
plates.Oftenthoudht asconplementingeachother they
are,in fact,opposingparadgms.

Run-timepolymorphismis achieved through the use
of virtual method in pre-definedclasseslf a metha or
objectwouldlik e to opeateon anunknown class thenit
mustat leastspecifythe basenterface of virtual method
thatthe classmustimplement. Whenit opeateson this
classall virtual methodcallswill gothroud theirvirtual
methodtable andbe bourcedto the real, final method.
This level of indirectionis the cost of having rurnrtime
polymaphism.

Generigprogammirg is aform of compiletime poly-
morphism. Entire classesandmethodsaredevelopedto
operateon unkrown types- requring thesetypesto fol-
low a certainform. This form dictateswhatmethals, op-
eratorsand other charateristicsthe unkrown type must
supply However, unlike runtime polymorghism, these
requirenentsmay be fulfilled not only by virtual meth-
ods, but alsoby friend functiors, operates andstandard
operatos. This couging of type and genericalgoiithm
is dore completelyat compiletime, resolvirg in no run-
timeindirectionscosts.Thepriceof this perfamanceand
type-safetyis of courseyun-time polymorphism.

Scopiraattemptsa balancebetweenthesetwo para-
digms. For perfamance,all datatypesand core algo-
rithmsaregerericandtemplate-lased However, themod-
ulespresentedo the usermusthave bewell defined vir-
tual interfaces.Therebre, mary modues opeateon the
mostpopular datatypesandthe genericonesare explic-
itly instantiatedbn similar popuar datatypes.The popu-
lar datatypesseneasahighe level commonground. For
systemswhereit is not possibleto useor corvertto these
popula datatypes,developersmay explicitly instantiate
thealgoithmsasneeed.



5.3. C++ Programming

The C++ programning languageis relatively large and
conplex. Its flexibility andpower, usedimproperly, may
beagred sourceof errasanddevelopercorfusion. Mod-
ern C++ progamslike Scopiratake full adwantageof
mary languagefacilities, mary of which wereonly stan-
dardzedor implementedin comglers quiterecertly.

Scopiraallows legacy algorithms - thatis, algorithirs
developedin traditional C, but not specificallyin Scopira
- to be useddirectly in Scopira. Eachlegecy algoithm
need cornvertercodethatcornvertsScopiradatainput and
output to andfrom theformatrequred by the algoiithm.
The Scopirascheduliig systemwill also take carenot
to executetwo instancef a legag/ modulein parallel.
Scopia doesthis becausehe legacy algorithm may be
using global variabes for its stateinformation, making
pardlel execttionimpossible.

Developersalsohave the optionof keepingtheir data
mockl andstill take advantageof Scopiras intermodule
pardlelism. They do this by making sureall the state
informationfor their algorithm maybe encapulatedin a
classwhichin turnmaybeinstantiatecandcontrolledby
Scopia.

Finally, developersmaytake thefull plungeandcon-
vett their algoithms to usethe Scopiradatamodé and
corealgorithms.

Most corealgorittms anddatastructuesaregeneric
structueswithin various C++ namespacesand encair-
agetheuseof autopointeisandrefelencecountirg. Name
spacesllow for morelogical codeorganization andre-
duaee namingconflicts. Auto pointersandrefelencecount-
ing helpto delug andmanag dynamic memory Rather
thanhaving directaccesso thedata,developersmustuse
valious accesdunctiors to readand manipulate the en-
capsulted data. StandardC++ methal in-lining tech-
niques reducethe cost of type-safeaccessmethals to
zero- thatis, addirg no overeadat all. During dehug
builds, theseaccesanethals do range checling. Devel-
opesaccustomedio C arrays will find theseclassedast,
corvenien andstraightforward. Variows vecta andma-
trix classesalsohave method thatallow directaccesgo
theC-arraydatum.

Interrally, wefoundthatnon-C++progammersnade
thetransitionto C++ gradually, but steadily Thekey to
this seemgo be a goodsetof existing, similar codethey
mayreferto, combinedwith straightfeward doaumenta-
tion explaining the relevant partsof the datamodé.
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6. CONCLUSION

In practice,the Scopirahasturned out to be very use-
ful for our interral algorithns. Conceptsntrodwced by
Scopira,suchasthe datatypetreeandproponert system
demorstratedtheir utility earlyin develgpment. As ex-
pectedthesecon@ptsandideaswereslightly refinedas
moremoduesandmapswerecreatedvith thetool. Input
from usertestingalsocontributedto severalrefinemets.
On the whole however, the original objed-orientedlike
designof the systeminterrals as preseted to module
developershasproveditself to be a solid foundationon
whichto build morealgoiithms.

Theinterface,aspresentedo the moduleusers,also
workedverywell. Thiscameashosurpiseastheconcep
wasbhomrowedfrom several pasttoolsusedinterrally[4].

Futureplansfor developmert includeimplemetting
morealgorithms,optimizing thosethatcurrentlyexistand
tuning the parallel scheduliig engine. Algorithms and
datatypesfrom otherdomans would alsobeworthwtile
to test.
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