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ABSTRACT

With the rapid proliferation of complex high-dimensional
biomedical data,anacuteneedexists for a comprehensive,
knowledge-based,domain-specific,user-friendly software
suitethatallowsinvestigators,in thehealthcaredisciplines,
to classifytheir datathroughthedetectionof novel or dis-
criminating featurestherein. The ClassificationCanvas is
an attemptto achieve thesegoalsin additionto providing
intuitivevisualcomputationandlogic construction.

In thispaperwedescribevariousdesignandimplemen-
tation issuessuchas: balancinguser(novice) friendliness
anddeveloper(experienced)utility, performanceversusmod-
ularity trade-offs, C++ and Java datasharingresponsibil-
ities, and creatinggraphical interfacesfor (user-supplied)
algorithm control.

1. INTRODUCTION

TheClassificationCanvas(CanClass)is asoftwaretool and
developerframework thatallows investigatorsin thehealth
caredisciplineto applycomplex classificationandotheral-
gorithmsin variouscombinations,in acommon,user-friendly
environment.

As analgorithm builder, CanClassallowstheplacement
of multiple algorithm modules (classifiers,pre- andpost-
processors)andtheirconnectionstoeachotherto formmore
complex systems. An intuitive visual layout paradigm is
employed to displayandmanipulate the network of mod-
ulesandtheir connections. Inter-module connectionsmay
be quite complex, allowing for typical programming con-
structssuchas loopsanddecisiontrees. All inter-module
datais tightly typedin a hierarchical, object-oriented, data
type tree. Configurationof module parameters is alsoper-
formedvisually, with immediatefeedback.

As adevelopmentenvironmentfor experienceddataan-
alysts,new datatypesmaybeaddedto thetypetreefor au-
tomaticmanagementby CanClass.Developerscanquickly
build graphicalinterfacesto theiralgorithmsusingCanClass’
suppliedproponent (property-aware components)graphic
tool kit and simplified programming interface. CanClass
is written in Java andC++ andoffers a sophisticateddata

model and an extensiblealgorithm and proponent frame-
work. Algorithmsmaybedevelopedin Java or C++. Plat-
form independenceismaintainedbystrictlyadhering toANSI
C++ for algorithmsandJava for therestof theapplication.

1.1. Application

CanClassdefinesageneralframework for modulesandmod-
ule interactionanddoesnot specifyanapplicationdomain.
Several modules were built to perform dataclassification
and framework testing. A genetic algorithm module was
developed to implement near-optimal region selectionfor
featurespacereduction[1]. The genetic algorithm module
connectsto anothermodule for fitnessfunction evaluation.
A linear discriminant analysis module was developed for
classification.FuzzyC-Meansclustering[2] andhalf-space
median[3] wereimplementedasmodules,andvalidatedfor
correctnessagainsttheir original implementations.Finally,
a setof general modules weredeveloped to dealwith the
bundleddatatypes. Thesemodules provide generic facil-
ities suchasdataloadingandsaving, matrix splicing and
merging, output generationandstatisticalfunctions.

2. USER FACILITIES

For theuser(non-developer), theClassificationCanvasfo-
cussesongiving theusermaximum control over themodule
systemwhile still retaining a simpleandconsistentinter-
face.

2.1. Maps and Modules

A CanClassmapcontainszeroormoremodules.Eachmod-
ule is definedasa self-contained algorithm andcontains a
collectionof zeroor moreslots. Slots may further be di-
videdinto input slotsandoutput slots,dependingonwhether
they takedataor produceit, respectively.

An input andoutput slot may be joined to form a slot
connection. Eachslot maybeconnectedto any number of
slotsof theoppositetype.

SlotsexchangeCanClassdataobjects. Eachinput slot
hasa queue of zeroor morepending dataobjects.Whenan



output slot sendsa dataobject, thatdataobject getsqueued
to eachinput slot that is attachedto it. Certaininput slots
maybedeemednecessaryfor moduleexecution. Onlywhen
all of theseinput slotshaveat leastonedataobject,will the
module fire (execute). After a modulefires,onedataobject
is consumedfrom thedataqueuesin eachinputslot.

Mapsnot only containmodules, but maybe treatedas
modules themselves. This allows theuserto build anduse
compoundmodulesfromothermodulesandnestthemwithin
new maps.By packagingmodulesintonew compoundmod-
ules,theuseris ableto makemorecomplex mapswith little
increasein apparentcomplexity.

2.2. Visual Display

To assistthe userin mapconstruction, CanClasspresents
themapvisually to theuser. Modulesarerepresentedasti-
tled blocks,whereasconnectionsbetweenmodulesarerep-
resentedby connecting lines(Fig. 1). Theuserinteractively
placesandconnectsmoduleson themap.Various windows
maybebroughtup to helpdebugandmonitor modulesand
dataasexecution progresses.

Eachmodules may optionally definea set of proper-
ties. Propertiesaretypically settingsor parameters thataf-
fect how themodule executes.Propertiesareimplemented
asslots,andmay be connectedto othermodulesas regu-
lar slots. In additionto regular connectionshowever, prop-
ertiesmay have their valuesset through a visual interface
presentedto the user. This allows the userto experiment
with various propertiesinteractively, with immediate feed-
back(Fig. 2).

2.3. Data Type Tree

Eachinput andoutput slot in CanClasshasan associated
datatype. This denoteswhattypeof datatheslot produces
(if it is anoutput slot)or accepts(if it is aninput slot). Can-
Classwill allow two slotsto beconnectedonly if their data
typesarecompatible (seebelow).

Internally, CanClassmaintainsadatatypetree(actually
anacyclic, directedgraph), with eachnodeof thistreerepre-
sentingonedatatype.Eachdatatypein this tree(excluding
thetop rootnode,void) hasoneor moreparents.

In this tree,eachnodeis considereda descendantof its
parents, andassuch,is saidto extendtheseparents.This
extension allows the datatype to be treatedas if it were
any of its parent datatypes(or any ancestor typefor that
matter).

CanClassconsiders two datatypesto becompatible if,
andonly if, thetwo datatypesareidentical, or if oneis an
ancestorof theotherwithin thetypetree.This fundamental
concept of inheritanceandpolymorphismis borrowedfrom
object-orientedmethodologyandallowsmodulesto operate
on datatypesthatweredevelopedaftertheir inception. By

Fig. 1. Connectedmodulesexample

simply defining what basedatatype a module needs,that
modulemay then operate on all descendantsof that type
withoutmodification.

3. DEVELOPMENT FRAMEWORK

CanClassallows developersto extend theframework along
threemajor areas;compound modules, typesand propo-
nents. By reusinggeneric components that alreadyexist
within CanClass,developersmayfocus ontheirapplication
specificrequirements.

3.1. Modules

A module in CanClassis definedasan algorithm that has
zeroor moredataslots.With theseslots,modulesexchange
datawith othermoduleswithin themap(Fig. 3). However,
everything except the module-specificcorealgorithms are
common to all modules andnaturally areabstractedfrom
themoduledeveloperandhandledby CanClass.

Thisabstractionletsthemoduledeveloperfocusonwrit-
ing thealgorithmspecificcodein theirmodule. Heusessev-
eralCanClassmethodsto extractinputdataandpostoutput
data.CanClassensures that input slotsmarkedasrequired
havedatabefore calling thecorealgorithm.

All CanClassdatatypesareimplementedaseitherJava
interfacesor baseclasses. This common object-oriented
practiceallows the actualdatatype internals to be hidden
fromthemoduledeveloperandpermitspolymorphism. Mod-



Fig. 2. Proponentsbuilt configurationscreenexample

ule developersoperateon their input andoutput datatypes
via theprescribedmethods for their respective interfaces.

CanClasscomeswith a bundle of useful and generic
modules.This includesmodulesthatload/savedatain vari-
ousformats(for example, in text for portability orbinary for
speed),print datato log andinteractively obtainusersup-
plied data.Finally, someof thesemodules perform generic
datamanipulation(for example,arraysplicingandmerging)
andothersperform standard statisticalfunctions. All these
modulesoperateonthebundleddatatypesanduser-defined
descendants.

In practice,it wasdetermined that for computationally
bound, numerical algorithms, Java proved to be too much
of a bottleneck. Even if native codecompilation was as-
sumed,arrayaccessboundschecking, pointeraccesscheck-
ing and lack of function in-lining proved to be, at times,
several timesslower whencompared to anequivalentC++
implementation[4].

CanClassof course,does not restrictthemodulewriter
from calling nativeroutinesfrom their algorithms. Native
routinesaresimply Java methods that are implementedin
a native operating systemlibrary (often compiledfrom C
or C++ source). TheJava Native Interface(JNI) is a library
binding standard, andC/C++API thatspecifieshow thevir-
tual machineandJNI library files interact. In practice,we
found theneedto convertmany of ournumerical algorithms
to C++ in orderto realizeacceptable module performance.

3.2. Types

CanClassstructuresdatatypesasatree,whereeachnodeof
this treerepresentsonedatatype(Fig. 4). All datatypesare
implemented aseitherJava interfaces or classes.Module
writersaddnew typesby extending anexistingdatatypeor
implementing oneof thedefinedinterfaces.
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Fig. 3. Simplifiedclassinheritanceandownershipdiagram
of modulesandmaps

Early in the developmentcycle, it was clear that the
datatypetreemustsupport multiple inheritance.For exam-
ple, a two-dimensionalarrayof floatsis botha descendant
of the two-dimensionalreal-number arrayclassandof the
one-dimensionalreal-numbervectorclass.In theinterestof
codereuse,however, the two-dimensionalfloat arrayclass
inheritsfrom theone-dimensional float vectorclass,which
inheritsonly from the one-dimensional real-numberarray
class. Sincecertainmodulesmayneedto acceptthemore
generictwo-dimensionalreal-numberarrayclass,the two-
dimensional floatarrayclassmustalsoinherit from that.

Modulewritersthenneedto registertheirtypewith Can-
Classby specifying wherein the CanClassdatatype tree
theirtypeshouldbeadded.CanClasswill theninsureconnection-
time typechecking, basedon its location in thetypetree.

3.3. Proponents

Proponents (“propertyawarecomponents”)arevisual,user
interfacecomponentsthataredesignedto control theprop-
ertiesof amodule. They allow for objects to setor gettheir
current value (which must be of a certainCanClassdata
typeor any descendant of thattype).

In Java, a proponent is definedasan interfacewith set
andgetmethods,thatoperateonthebasedatatype.We de-
fine it asan interface(andnot asa baseclass),becauseall
proponentswill haveto extendfrom anexistingvisualcom-
ponent class,but not necessarilythesameone. SinceJava
doesnot have multiple inheritance,we definea proponent
as an interface,sincethe visual componentsalreadyhave
baseclasses.

CanClassincludessetof generic proponentsthatoperate
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Fig. 4. SimplifiedCanClassmodule datatypeclasshierar-
chy

on thebundleddatatypes(Fig. 5). Module writersarefree
to make their own proponentsbasedon thesedatatypes,
eitherbyextendinganexistingproponent orbybuilding one
from scratch.

If a module writer builds one from the ground up, he
must implement the proponent interface,and if needbe,
convert thedatatypeto aform neededby thevisualcompo-
nent.Becauseproponentsarealsovalid visualcomponents,
module writersmayusethemto composelarger, morecom-
plex proponentsthatoperateon composite or simply more
complex datatypes.

If a module writer introducesa new datatype,hemust
alsomake at leastonenew proponentfor it. If hedoesnot,
thenthatdatatypemaynotbeusedasa property of a mod-
ule. In practicehowever, it wasfound that mostnew data
typestendedto be usedfor inter-module datatransferand
notasproperties.

Proponentinterfacecomplexity is limited only by the
Javavisualcomponenttoolkit (Swing). Thisgivesthemod-
uledeveloperfull powerto makeradicallynew andpossibly
complex interfacesasrequired.

Becausepropertyslotsarestill regular slotsattheircore,
they maybeconnectedto slotsin othermodulesin theusual
manner. This allows controller-like modules to be built.

Thesemodulescontrol thepropertiesof oneor more other
modules, by taking datafrom a file or by building a uni-
fied propertydialogscreenfrom proponentsandpresenting
themto theuser.
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Fig. 5. Simplifiedproponent classhierarchy

4. DISCUSSION

CanClassattemptsto balancetheneedsof themodule user
with thoseof the module developer. As a result, several
designtrade-offs hadto bemade.

4.1. User Interface

The conceptof modulesconnectingtheir input andoutput
slotsto othermodulesona mapwastakenfrom variousin-
ternalapplications. Thisschemeworkedquitewell in prac-
tice with most algorithm requirements. It wasdecidedto
keepthis interfacefor CanClass.Theinterfacepresentedto
the userdirectly mapsto objectsmanaged by the system.
This mapping allows theuserto control andmanipulatethe
mapandmodules in their natural form. Furthermore,we
have concludedthat theendusermustbegiven morecon-
trol over thefiring algorithm. Thefiring algorithm controls
modules execution, datapropagation, anddatacaching. As
mapsget morecomplex, it wasfound that for every auto-
matedfiring algorithm devised, asamplemapmaybefound
suchthat execution of the mapwould not run asexpected
underthatalgorithm. Exposing the userto thefiring algo-
rithm addsa little morecomplexity for theuser, but in the
end,it wasrequired to beableto get thedesiredexecution
for all maps.

Proponentsbenefitboth the mapuserand the module
developer. Themapusersgetusedto seeingthesame,con-
sistentsetof visualcomponentsin many modules.Module
developersgetasetof visualcomponentsthatthey mayuse
to quickly assembleconfigurationscreensfor theirmodules.

Overall, thegraphical interfacepresented to theuseris
functional andconsistent.Module-dependentpropertycon-
figurationscreensaremadeasconsistentaspossiblewith



proponents. All this wasdone with little or no impacton
thedeveloper’sview of thesystem.

4.2. Overall Design

After deciding on the coreclasslayout of maps,modules
andslots,therestof thesystemhadto bedesigned.Based
on this foundation, thedeveloper framework hadto bede-
signedto promotecodeanddesignreuse.

Becauseof thepopularityandsuccessof object-oriented
programming, and becausethe developmentof CanClass
wasdonein anobject-orientedlanguage,it wasdecidedthat
theCanClass’extensible areasshouldadhere to anobject-
orienteddesign.

The data type tree and baseproponentcollection are
both in an object-orientedhierarchy. All the typical ben-
efits of object-orientedprogramming; encapsulation, poly-
morphism andinheritance,areavailableto the module de-
veloper.

Decoupling the module configuration screensfrom the
modules themselves wasalsodeemedbeneficial. This was
doneusingproponents,andallowedreusingcommon visual
componentswith many modules.Thebenefit wasevidenced
with thedevelopment of thefirst few modulesthatrequired
thesamebasicproponents(editbox, file selector, etc).

Finally, all thecommon modulefunctions areencapsu-
latedin thecommon module class.Module developersare
thushiddenfrom thedetailsof datatransport, allowing for
different implementationsin thefuture. For example, mod-
ulesmaybespreadover many machinesin acomputational
cluster, or they may all be on the samemachine- neither
methods require codechangeby themodule writer.

4.3. Performance

When decoupling or partitioning a large algorithm into a
setof connectable,logicalmodules,onewill almostalways
tradesomeperformancefor thebenefitsof decoupling. This
occurs becausethenew modulesaremadeto bemoregen-
eral thantheir functional equivalentsin theolder, larger al-
gorithms. As thecommunicationbetweenmoduleshave to
go through themoregenericmechanismof CanClass’slots
anddatatypes,modules may no longer take advantage of
beingtightly coupled andpassingmessageswith complete
freedom.

The biggestchallenge facinga module developer who
wantsto converta largealgorithm to asetof CanClassmod-
ules is the partitioning scheme.Partitioning an algorithm
into many modules requires additional effort by the mod-
ule developer. More importantly, however, theratio of time
that CanClassspendsmoving databetweenbetweenmod-
ulesandthetimeactuallyspentrunning within eachmodule
increases.Thisis hardly desirable,but in exchange,usersof

themodulesarenow ableto swapoutcertainmoduleswith-
outswappingout thewholealgorithm.

At the otherendof the partitioning spectrum, module
developersbreaktheir algorithmsinto a few modules.This
maybedonerelatively quickly andallowsthemoduleusers
to reassemblethefull algorithm almostinstantly. Theusers
pay a price for this conveniencethough, asnow they may
not replace partsof thesystemwithout having to duplicate
otherparts. This occursbecausethepartsthey want to re-
placeareoftenbundledin thesamemodule with partsthey
donotwantto replace.

Ultimately, it is up to the moduledeveloperto decide
on the level of algorithm partitioning. The proper balance
mustbemetbetweenflexibility andperformance.In some
cases,module developersmay predict what partsof their
algorithms usersmaywant to replace.This mayaid in the
decisionprocess,andmayoftenbeusedasa guide for the
level of partitioning with theotherpartsof thealgorithm.

Somemodules may be bottlenecks for a map. These
maybemodules thatsimply operateon large datasets,op-
eratefrequently (becauseof a loop) or simply implement a
computationallyintensivealgorithm.

TheJavalanguage- evenif weassumeefficientruntime
bytecodecompilation - hassomepropertiesthatmakeit ill-
suitedfor suchcomputationallybound modules[4]. Array
accessbounds checking, pointeraccesschecking andlack
of function in-lining may, at times,make a Java algorithm
several timesslower thanthesamealgorithm implemented
in C++.

In anattemptto reducetheJavaperformancehit in these
modules, they shouldbe implementedin native, standard
C++ code.There is someinconvenienceto themodule de-
veloperashe hasto do JNI marshaling betweenJava and
C++,but afterthiscommoncodebridgeis setup,algorithm
developmentproceedsnormally, in C++.

The inter-module data-passingsystemof CanClassis
implemented in Java. Therefore,if two separate,C++ com-
putationally intensive modules arein a tight loop, all their
datacommunicationstill goesto Java for transport. This
mayprove to beanotherbottleneck in a map,especiallyif
the communicationtime to moduleexecution time ratio is
high.

Thereareseveral waysto dealwith theperformancehit
if Java-basedinter-modulecommunicationtime becomesa
bottleneck. Oneis to redotheinter-modulecommunication
usingC++andrelegateJavaonly to thegraphicaluserinter-
face.Another is to perhaps introducetheconcept of micro-
functions, thatmaybethoughtof asverysmallmodulesthat
donotgothroughthenormal slotconnectionsanddatatype
checkingsystemasnormal modulesdo.



5. CONCLUSION

In practice,the ClassificationCanvas hasturned out to be
veryuseful for ourinternal algorithms.Conceptsintroduced
by CanClass,suchasthedatatypetreeandproponentsys-
temdemonstratedtheir utility earlyin development. As ex-
pected,theseconcepts and ideaswere slightly refinedas
moremodulesandmapswerecreatedwith the tool. Input
fromusertestingalsocontributedtoseveralrefinements.On
thewholehowever, theoriginal object-oriented-like design
of the systeminternals aspresented to module developers
hasproveditself to bea solid foundationon which to build
morealgorithms.

The interface, as presentedto the module users,also
workedvery well. This cameasno surpriseastheconcept
wasborrowedfrom severalpasttoolsusedinternally.

CanClassrefinements arealwaysongoing. Two major
areasof notehowever, areusingproponents for visualdata
explorationandusingcomputerclustersfor parallelcompu-
tation.

Proponentsintroducedtheideaof data-awarevisualcom-
ponents that may be separatefrom the modules and their
associatedslots. This concept maybeexpandedto include
proponentsthataremoreinteractive with thehostmodule.
Proponentsmaythenbeusedto give liveoutput of thestate
of themoduleandof dataasit passesthroughit. Thiswould
allow for moregraphicalrepresentationof data,aidingusers
in their investigations.

Finally, modules in themapmaybespreadover a clus-
ter of workstations,for instancea Linux Beowulf cluster.
This would allow usersto take advantageof inexpensive
but powerful parallelization for their computationally in-
tensive modules. Module developerswould still have the
sameprogramminginterface, andwould not have to adjust
theirdevelopment in any wayto accommodatethenetwork.
CanClasswould beableto automatically move modulesto
various machinesthrough thenetwork to perform loadbal-
ancingand parallel processingwith userscontrolling this
processasneeded.
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