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ABSTRACT

With the rapid prdiferation of comple high-dmensiona
biomedcal data,an acuteneedexists for acomprdensve,
knowledge-lased,domainspecific, userfriendly software
suitethatallowsinvestigaors,in thehealthcaredisciplines,
to classifytheir datathroughthe detectionof novel or dis-
criminatirg featurestherein The ClassificationCarvasis
an attemptto achieve thesegoalsin additionto providing
intuitive visualcompuationandlogic corstruction.

In this papermwe describevariousdesignandimplenmen-
tation issuessuchas: balancinguser(novice) friendiness
anddeveloper(expetiencedutility, perfaomanceversusnod
ularity tradeeffs, C++ and Java datasharingresponsibil-
ities, and creatinggraphical interfacesfor (usersuppied)
algorithm contiol.

1. INTRODUCTION

TheClassificatiorCarnvas(CanClass)s a softwaretool and
developerframenork thatallows investigatorsin the health
caredisciplineto applycomple classificatiorandotheral-
gorithmsin variouscombinaions,in acomman, userfriendly
ervironmen.

As analgoithm builder, CanClassllows theplacemen
of multiple algoritrm modules (classifiers,pre- and post-
processorsiandtheirconnectimsto eachotherto formmore
compex systems. An intuitive visual layout paradign is
employed to display and manipulate the network of mod-
ulesandtheir connetions. Inter-maodule conrectionsmay
be quite comple, allowing for typical progammirg con-
structssuchasloopsanddecisiontrees. All inter-module
datais tightly typedin a hierarclical, objectoriented data
typetree. Configuation of module parametesis alsoper
formedvisually, with immediatefeedbak.

As adevelogpmentervironmentfor experierceddataan-
alysts,new datatypesmaybeaddedto thetypetreefor au-
tomaticmanagerantby CanClassDeveloperscanquickly
build graphicalinterfacego theiralgorithms usingCanClass’
suppliedpropment (property-avare compaents)graphic
tool kit and simplified progammiry interface. CanClass
is written in Java and C++ and offers a sophisticatedlata

model and an extensiblealgorithm and proponentframe-
work. Algorithms may be developedin Java or C++. Plat-
formindependerceis maintaine by strictly adheingto ANSI
C++ for algoiithmsandJava for therestof theapplication

1.1. Application

CanClasslefinesageneraframework for moduesandmod-
ule interactionanddoesnot specifyanapplicationdomain

Several modudes were built to perfam dataclassification
and framework testing. A gengic algorithm module was
developed to implemen nearoptimal region selectionfor

featurespaceredwction[1]. The geretic algorithm module

connectdo anothemodule for fitnessfunction evaluation

A linear discrimirant analysis module was develgped for

classification.Fuzzy C-MeansclusteringR] andhalf-space
medianB] wereimplementedasmodues, andvalidatedfor

correctressagainstheir original implementations.Finally,

a setof geneal modues were developedto dealwith the

bundleddatatypes. Thesemodules provide gereric facil-

ities suchas dataloading and saving, matrix splicing and
melging, outpu geneationandstatisticalfunctiors.

2. USER FACILITIES

For the user(non-developer) the ClassificationCarvasfo-
cusse®ngiving theusermaximum contiol over themodule
systemwhile still retainirg a simple and consistentinter-
face.

2.1. Mapsand Modules

A CanClassnapcontaingeroor moremodues. Eachmod
ule is definedas a self-contaimd algorithm and contairs a
collectionof zeroor moreslots. Slots may further be di-
videdinto inpu slotsandoutput slots,dependingonwhether
they take dataor produceit, respectidy.

An input andoutpu slot may be joinedto form a slot
connectio. Eachslot maybe comectedto ary numter of
slotsof the oppositetype.

SlotsexchangeCanClasslataobjeds. Eachinput slot
hasaquete of zeroor morependng dataobjects.Whenan



outpu slot sendsa dataobjed, thatdataobject getsqueted
to eachinput slot thatis attachedo it. Certaininput slots
maybedeeme necessarfor modue execttion. Only when
all of theseinput slotshave atleastonedataobject,will the
modue fire (exeaite). After amodulefires, onedataobjed
is consunedfrom the dataquelesin eachinputslot.

Mapsnot only containmodues, but may be treatedas
moduesthemseles. This allows the userto build anduse
commpundmoduesfrom othermoddesandnestthemwithin
new maps.By packaingmodulesinto nev compmpundmod-
ules,theuseris ableto make more complex mapswith little
increasen appaentcompgexity.

2.2. Visual Display

To assistthe userin map constrution, CanClasgresents
themapvisually to theuser Modues arerepresentedasti-
tled blocks, whereasconrectionsbetweermodulesarerep-
resentedby conneting lines(Fig. 1). Theuserinteractvely
placesandconnectsnoduesonthe map.Various windows
may be broughtup to helpdehug andmoritor modiulesand
dataasexecuion progesses.

Each modues may optionally define a set of proper
ties. Propeties aretypically settingsor parametes thataf-
fect how the modue executes. Progertiesareimplemented
asslots, and may be conrectedto othermodules as regu-
lar slots. In additionto regular conrectionshowever, prop-
ertiesmay have their values setthroudh a visual interface
presentedo the user This allows the userto expeliment
with various propertiesinteractvely, with immedate feed-
back(Fig. 2).

2.3. DataTypeTree

Eachinput and outpu slot in CanClasshasan associated
datatype. This dendeswhattype of datathe slot produces
(if it is anoutpu slot) or acceptsif it is aninput slot). Can-

Classwill allow two slotsto be conrectedonly if their data

typesarecompdible (seebelaw).

Intemally, CanClassnaintairs a datatypetree(actually
anagyclic, directedgraph), with eachnodeof thistreerepre-
sentingonedatatype. Eachdatatypein thistree(excluding
thetop rootnode, void) hasoneor moreparents.

In this tree,eachnodeis consideed a descendntof its
parerts, andassuch,is saidto extendtheseparents. This
extensia allows the datatype to be treatedasif it were
ary of its paren datatypes(or any ancestor typefor that
matte).

CanClasgonsides two datatypesto be compatible if,
andonly if, thetwo datatypesareidenticd, or if oneis an
ancestopf the otherwithin thetypetree. This fundanental
concep of inheritarceandpolymorphismis borrowedfrom
object-aientedmethowlogy andallows modulesto operate
on datatypesthatweredevelopedaftertheirinception By
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Fig. 1. Connectednoduesexamge

simply defining what basedatatype a modue needs that
modulemay then opeate on all descendntsof that type
without modfication.

3. DEVELOPMENT FRAMEWORK

CanClassllows developersto exterd the framavork along
three major areas;compaind modues, typesand propo-
nents. By reusinggeneic compneris that alreadyexist
within CanClassgdevdlopersmayfocus ontheirapplicatio
specificrequrements.

3.1. Modules

A modde in CanClasss definedasan algoithm that has
zeroor more dataslots. With theseslots,moduesexchange
datawith othermoduleswithin the map(Fig. 3). However,
everything exceptthe modue-specificcore algorithns are
comma to all modudes and naturdly are abstractedrom
themodule developerandhanded by CanClass.

Thisabstractioetsthemodule developerfocusonwrit-
ing thealgorithm specificcodein theirmodule. Heusesser-
eralCanClassnethoddo extractinput dataandpostoutput
data. CanClassnsurs thatinput slotsmarkedasrequired
have databefore calling the corealgorithm

All CanClasgslatatypesareimplenmentedaseitherJava
interfacesor baseclasses. This comnon object-aiented
practiceallows the actualdatatype interrals to be hidden
fromthemodule developerandpermitspolymorphism. Mod-
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ule developersoperateon their input andoutpu datatypes
via the prescribednethod for their respectie interfaces.

CanClasscomeswith a bundle of useful and generic
modues. This includesmoduesthatload/s&e datain vari-
ousformats (for exampe, in text for portability or binary for
speed) print datato log andinteradively obtainusersup-
plied data.Finally, someof thesemodules perfam generic
datamanipulation(for exanple,arraysplicingandmermging)
andothersperfam standad statisticalfundions. All these
moduesopeateonthebundleddatatypesanduserdefined
descendnts.

In practice,it wasdeternined thatfor computationally
bourd, numerical algorittms, Java proved to be too much
of a bottlereck. Evenif native codecompilation was as-
sumedarrayacces$®ourdschecking pointeraccessheck-
ing and lack of fundion in-lining proved to be, at times,
severaltimesslower whencompaedto an equivalentC++
implemertation[4.

CanClas®f course,does not restrictthe modulewriter
from calling nativeroutinesfrom their algotithms. Native
routines are simply Java methals that are implementedin
a native operding systemlibrary (often compiledfrom C
or C++ source) The Java Native Interface(JNI) is alibrary
binding standardandC/C++API thatspecifiehow thevir-
tual machineand JNI library files interact. In practice,we
found theneedto corvertmary of ournumeical algorithns
to C++in orderto realizeacceptale module performarce.

3.2. Types

CanClasstructureglatatypesasatree,whereeachnodeof
thistreerepresentsnedatatype (Fig. 4). All datatypesare
implemened as either Java interfaces or classes.Module
writersaddnew typesby extendng anexisting datatype or
implemering oneof thedefinedinterfaces.
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Fig. 3. Simplified classinheiitanceandowneship diagam
of moddesandmaps

Early in the developmentcycle, it was clear that the
datatypetreemustsuppat multiple inheiitance.For exam
ple, a two-dimensionalarrayof floatsis both a descendnt
of the two-dimersionalreal-nunber array classand of the
one-dmensionakeal-nunbervectorclass.In theinterestof
codereuse however, the two-dimersionalfloat arrayclass
inheritsfrom the one-dmension&float vectorclass,which
inherits only from the one-dmension& real-number array
class. Sincecertainmodiules may needto acceptthe more
generictwo-dimersionalreal-rumberarray class,the two-
dimensionl floatarrayclassmustalsoinheiit from that.

Modue writersthenneedo registertheirtypewith Can-
Classby specifying wherein the CanClasdatatype tree

theirtypeshouldbeadded CanClassvill theninsureconnetion-

time typechecling, basednits locatian in thetypetree.

3.3. Proponents

Proponetts (“propertyawarecompmnents”)arevisual,user
interfacecompamentsthataredesignedo cortrol the prop
ertiesof amodue. They allow for objeds to setor gettheir
current value (which mustbe of a certain CanClassdata
typeor ary descendarof thattype).

In Java, a proponet is definedasan interfacewith set
andgetmethals,thatopeateonthe basedatatype. We de-
fine it asaninterface(andnot asa baseclass),becausaill
propmentswill haveto extendfrom anexisting visualcom-
ponert class,but not necessarilthe sameone. SinceJava
doesnot have multiple inheiitance,we definea proponent
as an interface, sincethe visual componentsalreadyhave
baseclasses.

CanClaséncludessetof geneic propmentsthatopeaate
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onthebundled datatypes(Fig. 5). Modue writersarefree
to malke their own propmentsbasedon thesedatatypes,
eitherby extendirg anexisting proponett or by building one
from scratch.

If a module writer builds one from the ground up, he
mustimplemen the proponentinterface, and if needbe,
corvertthedatatypeto aform neededy thevisualcompo-
nent.Becausgropmentsarealsovalid visualcompaents,
modue writersmayusethemto compselarger morecom-
plex proponentsthat operateon compgite or simply more
compex datatypes.

If a modue writer introducesa new datatype, he must
alsomalke atleastonenew proponentfor it. If hedoesnot,
thenthatdatatype maynotbe usedasa property of amod-
ule. In practicehowever, it wasfound that mostnew data
typestendedto be usedfor intermodule datatransferand
notaspraperties.

Promnentinterface comgexity is limited only by the
Javavisualcomponenttoolkit (Swing) This givesthemod-
ule developerfull powerto make radicallynew andpossibly
comgex interfacesasrequired.

Becaus@ropertyslotsarestill reguar slotsattheircore,
they maybeconrectedto slotsin othermodulesin theusual
manrer. This allows contrdler-like modues to be built.

Thesemodulescontrd the propertiesof oneor more other
modules, by taking datafrom a file or by building a uni-
fied property dialogscreerfrom proponentsandpresentig

themto theuser
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4. DISCUSSION

CanClasattemptgo balancehe needsof the modue user
with thoseof the module developer. As a result, several
designtrade-dfs hadto bemade.

4.1. User Interface

The conceptof modules conrectingtheir input and output
slotsto othermoduleson a mapwastakenfrom variousin-
ternalapplicatiors. This schemevorkedquitewell in prac-
tice with mostalgoiithm requrements. It was decidedto
keepthisinterfacefor CanClassTheinterfacepresentedo
the userdirectly mapsto objectsmanagd by the system.
This mappirg allows theuserto contrd andmanipuatethe
map and modues in their natual form. Furthemore, we
have condudedthat the endusermustbe given morecon-
trol overthefiring algoithm. Thefiring algorithm contrds
modules execttion, datapropagatian, anddatacaching As
mapsget more comgex, it wasfound thatfor every auto-
matedfiring algoiithm devised asamplemapmaybefound
suchthat exection of the mapwould not run as expeded
underthatalgorithm Expasingthe userto thefiring algo-
rithm addsa little morecomgpexity for the user but in the
end,it wasrequirel to be ableto getthe desiredexecution
for all maps.

Propmentshenefitboth the map userand the module
developer Themapusersgetusedto seeingthesamecon-
sistentsetof visualcompmentsin mary modules. Module
developersgeta setof visualcompnentghatthey mayuse
to quicky assembleonfiguationscreengor theirmodules.

Overall, the graphcal interfacepresetedto the useris
functioral andconsistentModue-depedentpropertycon-
figuration screensare madeas consistentas possiblewith



propnents. All this was dore with little or no impacton
thedevelogper's view of the system.

4.2. Overall Design

After decidirg on the core classlayout of maps,modues
andslots, therestof the systemhadto be designed.Based
on this foundation the developer framevork hadto be de-
signedto pronote codeanddesignreuse.

Becaus®f thepopularity andsuccessf objectoriented
progammirg, and becausehe developmentof CanClass
wasdore in anobject-agientedlanguage it wasdecidedhat
the CanClass’extersible areasshouldadhee to an object-
orienteddesign.

The datatype tree and basepropnentcollection are
bothin an object-otfentedhierachy. All the typical ben-
efits of objectorientedprogramming; encapsulatio, poly-
morphism andinheritarce, are availableto the module de-
veloper.

Decoupling the module configuation screendgrom the
moduesthemseles wasalsodeemedendicial. Thiswas
doneusingproponerts, andallowedreusingcomman visual
commnentsvith mary modues. Thebendit waseviderced
with thedevelopmert of thefirst few moduesthatrequred
the samebasicproponents(editbox, file selectoyetc).

Finally, all thecomma modulefunctiors areencapsu-
latedin the comnon module class.Modue developersare
thushidden from the detailsof datatranspat, allowing for
differentimplementationdn the future. For exampge, mod-
ulesmaybe spreadver mary machnesin acompuational
cluster or they may all be on the samemachine- neither
method requile codechangeby the modue writer.

4.3. Performance

When decaupling or partitioning a large algorithm into a
setof conrectableogical modules,onewill almostalways
tradesomeperiormarcefor theberefitsof decouging. This
occus becasethe new modulesaremadeto be moregen-
eralthantheir fundional equvalentsin the older, larger al-
gorithms. As the comnunicationbetweemmodileshave to
go through the moregenericmechanisnof CanClassslots
anddatatypes,modues may no longe take adwantaye of
beingtightly couged andpassingnessagewith complete
freedam.

The biggestchalleng facinga module developer who
wantsto corvertalarge algoiithm to asetof CanClassnod-
ulesis the partitioning scheme. Partitioning an algotithm
into mary modulesrequires additinal effort by the mod-
ule devdloper. More impottantly, however, theratio of time
that CanClassspendsnoving databetweenbetweermod-
ulesandthetime actuallyspentrunnirg within eachmodule
increasesThisis hardy desirablebutin exchange,usersof

themodulesarenow ableto swapoutcertainmoduleswith-
outswappingoutthewholealgoritim.

At the otherend of the partitioning spectrmm, module
developersbreaktheir algorithmsinto a few modules. This
maybedore relatively quickly andallows themodule users
to reassembléhefull algorithm almostinstantly Theusers
pay a price for this corveniencethoudh, asnow they may
not replae partsof the systemwithout having to dudicate
otherparts. This occursbecasethe partsthey wantto re-
placeareoftenbundledin the samemodue with partsthey
do notwantto replace

Ultimately, it is up to the moduledeveloperto decide
on the level of algoithm partitioning. The proper balance
mustbe metbetweerflexibility andperfamance.In some
casesmodue developersmay predct what partsof their
algorithrs usersmaywantto replace.This may aid in the
decisionproaess,andmay oftenbe usedasa guide for the
level of partitionirg with the otherpartsof the algoiithm.

Somemodues may be bottleneck for a map. These
may be modues that simply opeateon large datasets,op-
eratefrequently (becaseof aloop) or simplyimplemen a
compuationallyintensie algorithm.

TheJavalanguage- evenif weassumefficientruntime
bytecodecomjplation - hassomepropertiesthatmaleit ill-
suitedfor suchcomputationallybourd modules[4. Array
accesshourds checkng, pointeraccesscheckng andlack
of fundion in-lining may, at times, make a Java algorithm
severaltimesslower thanthe samealgorithm implemerted
in C++.

In anattempto reduceheJavaperfamancehit in these
modules, they shouldbe implementedin native, standad
C++ code. Thee is someincornvenienceo the modue de-
veloperas he hasto do JNI marshéing betweenJava and
C++, but afterthis comnon cock bridgeis setup, algorithm
developmentproceedsomally, in C++.

The intermodule datapassingsystemof CanClasss
implementd in Java. Therebre,if two separateC++com-
putationdly intensive modules arein a tight loop, all their
datacomnunicationstill goesto Java for transpot. This
may prove to be anotherbottlenek in a map, especiallyif
the communicationtime to moduleexeaution time ratio is
high.

Thereareseveral waysto dealwith the perfomancehit
if Java-basedntermaodule communicationtime beconesa
bottleneck Oneis to redotheintermodule communication
usingC++andrelegae Javaonly to thegraphical userinter-
face.Anotheris to perhag introduce the concep of micro-
functionsthatmaybethoughtof asvery smallmoduesthat
donotgothroughthenormal slot conrectionsanddatatype
checkingsystemasnormal moduesdo.



5. CONCLUSION

In practice,the Classiftation Carvas hasturred out to be
veryusefu for ourinternd algoiithms. Conceptsntroduced
by CanClasssuchasthe datatypetreeandpropamentsys-
temdemastratedheir utility earlyin developmern. As ex-

pected,theseconcets and ideaswere slightly refinedas
moremodulesand mapswere createdwith thetool. Input

fromusertestingalsocontritutedto severalrefinenents.On
thewhole however, the original object-orientedlik e design
of the systeminterrals as presentd to module developers
hasproveditself to be a solid foundationon which to build

morealgorithns.

The interface as presentedo the modue users,also
workedvery well. This cameasno surgise asthe concep
wasborrowedfrom seseral pasttoolsusedinternally

CanClasgefinemats are always ongoing. Two major
areasof notehowever, areusingproponerts for visualdata
explorationandusingcompuer clustergfor parallelcompu-
tation.

Promnentsntroducedtheideaof data-avare visualcom-
ponents that may be separatdrom the modules and their
associatedlots. This concep may be expardedto include
proponentsthat are moreinteractize with the hostmodule.
Propmentsmaythenbeusedto give live outpu of thestate
of themodule andof dataasit passeshrowhit. Thiswould
allow for moregraghicalrepresentatiorof data,aidingusers
in theirinvestigaions.

Finally, modudesin the mapmaybe spreacver a clus-
ter of workstations,for instancea Linux Beowulf cluster
This would allow usersto take advartage of inexpersive
but powerful pardlelization for their computationally in-
tensive modues. Modue developerswould still have the
sameprogamminginterface andwould not have to adjust
theirdevelopmenin any way to accomnodatethenetwork.
CanClassvould be ableto automaically move modulesto
various machiresthroud the network to performloadbal-
ancingand parallel processingwith userscontrdling this
processasneectd.
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