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A Parallel IMAGE Processing Server for Distributed Applications
A. Clemati$, D. D’Agostine?, A. Galizia*
?IMATI-CNR, Genwa, Italy

The useof parallellibrariesfor imageprocessings a commonpracticein theimplemenéation of
monolithic applicatiors. Nowadayshereis anincreasingnterestin moving towardsdistributedand
heterogeneouapplications alsoin the imageprocessingommuniy. The computatbnal Grid may
represenain adequatemiddleware supportandinfrastructureat this purpose.A problemof interest
in this contet is the interoperabilityandreuseof availableparallellibraries,possiblythrougha dy-
namicinteractionmodelthatpermitsto accommodatesquestrriving from heterogeneoudientsin
adistributedenvironment In thispapemwe presenPIMA (GE)?, aParallelIMA GE processingsEn-
ova sener obtainedwrappingup a legag/ codeparallellibrary. The parallelseneris implemented
usingCORBA andmaybeintegratedin Grid architectureThe PIMA (GE)? senerorganizatiorand
its interactionwith userrequestarediscussedEarly experimentalresultsare presented.

1. Introduction

In the eraof distributedand Grid computing[6], the conceptof library is evolving from a static

softwareentityto amoredynamc one.A library is oftenconsideredsa statictool, mainly designed
to be executedon anhomogeneouarchitecturan orderto developmonolithic applications Moving
towardsdistributed, dynamicand heterogeneousrvironments it is transformedn a component-
basedbundlethatcanbe accessedsinga sener basednteraction. This new entity canbe usedto
develop adaptve anddistributed applicationghat are designedusinga componenbasedapproach
andexecutedn a changingandheterogeneousrvironment It meanghatthe functionsperformed
by thelibrary areevolvedinto componerg, andanapplicationbecomes dynamiccomponentgon-
catenationgxecutedon an heterogeneouanddistributedinfrastructuresThe sener shouldbe able
to managamultiple requestperformedby differentdistributedclients.
The integration of parallellibrariesin heterogeneouand Grid-basedernvironmentis a topic of in-
terestin the scientificcommurity. The useof sequentiabndparallellibrariesis well assessetbr
numericalapplicatios [1], but alsoin otherfields like imageprocessingt is now possibeé to find
efficientandeffective libraries. Thesdlibrariespermitto speed-ughe developmentprocessandof-
ten provide optimized performance®n a wide rangeof target architectures.Their quality canbe
assessedsingawell definedsetof requirementshatpermitsto verify thelibrary effectiveressand
efficiengy. Theserequirementsnclude:

e easyof use,the mostcompellng needfor the usersis a simpleandnaturaltool to exploit the
operationsllowed, thereforea goodpointis representetdy a well designednterface;

e transparengto the parallelismandthe optimizationpolicy, it is essentiato providetoolsthat
shieldtheir userdrom theintrinsic compleities of parallelcomputatios;

e efficiengy, the usersshouldbe capableof obtainingsignificantperformancegainsin the most
commonimageprocessingperations;

e portability, it is essentiato ensureaxecutbnson differenttargetmachinesgspeciallywith the
new emepgingtechnologiesandarchitecture;
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e robustnessit is essentiato provide computatbnsthatareinsensiive to the variationsof the
dataandensurecorrectresults;

e scalability a well-designedsoftware architecturehasto increaseits performanceunderthe
differentusedtechnologiesespeciallywhenresourcesreadded;

e completenesghe usershave not the necessityof usingotherpackageselatedwith the ervi-
ronmentor the parallelism

Consideringthe level of quality andthe developnent costof imageprocessingarallellibrariesit
is a greatinteresttheir interoperabilityand reusein distributed and heterogeneousrvironments.
At this purposein therecentpastdifferenttechnologesandmethodobgieshave beendevelopedin
orderto obtaininteroperabiliy andreuseof legag/ code,oneof the bestsuitedmethodolog is code
encapsulatiofil 6], while a suitabletechnologyis representetly the CORBA frameawork [18].

Our goalis to permitinteroperabiliy andreuseof a parallelimageprocessindibrary in anhetero-
geneougnvironmentobtainingat the sametime a high level of flexibility anda dynamc behaiour
permitting to develop Client Sener imageprocessingpplicationghatexploit performancdigures
providedby anoptimizedparallellibrary andefficiently utilize theunderlyingdistributedinfrastruc-
ture.

To achieve this goalwe have designecandimplementedPIMA (GE)?, a Parallel IMA GE Process-
ing GEnova Sener [2], obtainedby wrappinganimageprocessindegag/ codeusingCORBA [3].
The computatimal kernelis provided by a C++/MPI-2 parallellibrary, exploiting the algorithmc
patterngthat characterizemageprocessingoperations.This library is consideredfor the purpose
of the definition of the sener asa legag/ code. In orderto permitcodeencapsulatiomn adequate
objecthierarchyis adoptedwithout ary actualchangeto the legag/ code;its aim is to drive the
definition of an adequateCORBA PIMA (GE)? Application Programmingdnterface ( API ). One
the mostimportantproblemin the designof theinternal PIMA (GE)? structureis the embeddig of
C++/MPI-2 computatios within a CORBA objectwith alimited overhead. Thefocusof the paper
is on this aspectandthe adopteddesignsolutiors andearly experimentakesultsare presentedit is
importantto noticethatour soluion is basedn standardCORBA implementaton, accordingo the
ObjectManagemenGroup,( OMG ) [11], specification.
Differentrelatedworksaddressesimilar goals.In thefield of imageprocessingnincreasingatten-
tion is paidto parallelprocessingln factwe find differentandactualexamplesof parallellibrary,
for exampleVSIPL++[9], ParHorug[15], PIPT[12]; they provide object-orientedmageprocessing
code,andensurehigh performancesxecutions. They are compliantwith the requirementslefined
in the list presentedabove in this Section. The useof CORBA in orderto wrap parallelapplica-
tions hasbeenconsideredn differentworks [4], [13], [5]; it is obtainedthroughthe definition of
CORBA compliantparallelobjectsandervironmens. Finally the problemof library integrationin
distributedandGrid basedarchitecturefiasbeenconsideredy differentprojectslike Netsohe [10]
andGrADS[8] .

In this paperwe shortlyoutlinethelibrary interfaceandthenwe provide a moredetaileddescription
of the PIMA (GE)? internalorganizatiorandbehaiour.

2. Parallel image processing library structure

The main goal of the PIMA (GE)? sener is the encapsulatiorf C++/MPI-2 parallellibrary in
orderto useit in adistributedenvironment. The library implementsa large setof the mostcommon
imageprocessingperationsaccordingto the classificatiorandthe organizatiornprovidedin Image
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Algebra,[14]. Thecomputatio is dataparallel,with a coordinatomprocessuringtheinitialization
andthel/O phasestheparallelismis transparento the userandtotally managedby thelibrary. Also
theoptimizationpolicy appliedin thelibrary is transparentthey arebothhiddenthroughasequential
API. Theoptimizatian policy is orientedto differentlevels: to performanopportuneananagementf
communicatio andmemoryoperationspgatadistribution is aimedto obtainload balancingamong
the MPI processesThe library itself is an ongoingwork, in fact other efforts are spentto obtain
anadaptve code[7]; we areinterestedn designingcodethat operateefficiently on differenttarget
architectures.

Focusingon the provided operationof the library, we cangroupthemin conceptuabbjects,that
arenotintendedo prescribehow anoperations performedout to underlinethe operationsimilarity
andto helpin the definition of an effective andefficient interface. The conceptuabbjectsallow an
easiemanagemertf thelibrary operationssincetheuseris nolongerinvolvedwith alargenumber
of functions,but he hasto considerand handlea small setof clearandwell-definedobjects. The
operationaregroupedogetherccordingo differentrules,suchasthenaturesimilarity, or thedata
structuregprocessedin thisway we outlinedin thelibrary codeeightobjects:I/O OperationsPoint
OperationsJmage Arithmetic, ReduceOperations, GeometricOperations NeighborhoodOpera-
tions,MorphologyOperationspifferentialOperationsWe considered hiddencodelevel, it is not
includedin thelibrary codeclassificationthelibrary hiddencodeis concernedvith themanagement
of secondaryatastructureswith the parallelismandthe optimizationpolicy.

3. Thelibrary hierarchy and the PIM A(GE)?* IDL interface

To allow a simpleandcoherentuseof thelibrary in a distributed environment,the mostrelevant
elements thedefinition of effective andflexible interfacesthatpermitthe developnentof efficient
imageprocessin@pplications|t canbeachievedthrougha naturalevolution from thelibrary legacy
codeto the PIMA (GE)? sener; for this reasonwe exploit the conceptuamodelintroducedin the
previous Section,and definea logical hierarchyof image processingoperationsand objects. Its
organizations presentedn Figurel. Theaim of the objecthierarchyis to drive the definitionof an
adequateCORRBA interface,andits InterfaceDescriptionLanguagg IDL ) basedmplementaton.
It representthe PIMA (GE)? Application Programmingdnterface( API ).

Library
InitLib Operations Closelib

Point Image Geometric Differential Convolution
Operations Arithmetic Operations Operations Operations

I—I—l

[one ] [meee) oo | [oon

IMAGE MATRIX KERNEL

Figurel. Overview of the PIMA (GE)? hierarchy
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3.1. The basic elements of the hierarchy

The basicelementsof the hierarchyare representedby the main datastructuresof the library:
IMA GE, usedto storeimages, KERNEL, usedto storecorvolution kernels;andMATRIX, usedto
storegeometrianatrices We relateto themfunctionsfor memorymanagement/O operationsand
genericoperationsvhenit is possiblefor exampleto transpos®r inverta MATRIX. In thisway we
obtainthreeobjectsrepresentinghe first layer of the PIM A(GE)? objecthierarchy;they already
include,asmethod, someof the objectsderivedby thelibrary classificatiorandpartof the hidden
library codelevel.

3.2. Theimage processing objects
The coreof the PIM A(GE)? sener is a setof five objects,obtainedby groupirg togetherthe
library objects,accordingto therulesalreadymentioned:

1. Point Operations Operationghat take in input only one IMA GE object,i.e. squareroot,
absolutevalue, sine, or a collective value,i.e. the maximum minimum pixel value of an
IMAGE;

2. Image Arithmetic Operationghattake in input two IMA GE objects,i.e. addition, product,
etc;

3. Geometric Operations Operationghattake in input one IMA GE objectandone MATRIX
object,i.e. rotation,translatio andscaling;

4. Convolution Operations Operationghattake in inputonelMA GE objectandoneKERNEL
object,for exampleinvolving a neighborhooaf eachpixel: percentilemedian.or combined
togethelby two binaryfunctions:Gaussiarcorvolution, erosiondilation.

5. Differential Operations Operationghattake in input one IMA GE and performdifferential
operatorsi.e. Hessiangradient,Laplacian.

4. Theserver internal structure

The maindifficulty in the sener designis dueto the presencef parallelismin the compuation.
It impoesthe managemenaf two differentenvironments:the CORBA framework (sener side)and
the MPI library (legagy codeside). They areaimedto managedifferentkind of problems,there-
fore thereis not a standardschemao allow their cooperationln fact CORBA wasbornto develop
mainly sequentiabpplicationshenceit doesnot supportintrinsic compatiblity with any kind of
parallelervironment.We decidedo usea standardCORBA specification;TAO [17] , andlook for a
way allowing the executian of the parallelcomputatiorinsidea CORBA object.
To achieve this goalwe designatec procesdo performspecifictasks.We took advantagefrom the
presencef the coordinatorMPI processduring the initializationandl/O phasesthis processacts
asthe gatevay thatcoordinateshe two ervironmens, allowing a cooperatre computatbn. It hasa
dual positionin the softwarearchitecturejn factit will be atthe sametime a CORBA anda MPI
processOnthe CORBA side,it hasto actvatethe ORB andto performasa CORBA sener; atthe
samdimeit is alsooneof thespavnedMPI processesndit hasto manageheparallelcompuation.
It performsasan MPI procesghatis ableto interactwith the CORBA environment,collectingthe
clientrequestsandmanaginghe parallelcomputatio in a properlyway; i.e. invoking the services
requiredfrom the clientswith their properparametersThis solution is possiblebecauseactingas
a CORBA sener, the designatgrocessknows the Client requirement&ndis ableto communcate
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themto the othersMPI processesln this way it coordinategshe computationand givesbackthe
informationto the Clients. This solutiondoesnot requiremodificatiors to the legag/ code,sinceit
exploits the presencef the coordinatorMPI processduringthe initializationand1/O phases.The
behaior is presentedhn the Figure?2.

Anotherimportantfeatureof the PIMA(GE)? sener organizatim is concernedvith dataman-

1
Client Side Server Side

|

‘ Worker 1 ‘

Figure2. The CORBA-MPI interaction

agement.In orderto minimize the overheadntroducedin the wrappingphasea goodpointis to
improvetheexploitationof theenvironmentthroughthe developmentof servicesorientedio thedata
transferandsmartstratgiesin the communicatio channelmanagementA considerablemprove-
mentin the computatios is broughtif dataare managedy the mostpropertools, asan example
large sizedatatransferacrossa distributedenvironmentcanbe moreefficiently accomplishedising
optimized FTP protocolsinsteadof the ORB channel. Providing optimized datatransferservices
alsoleadsto a clearseparatiorbetweermovement,accessandprocessingf data. This pointrepre-
sentsa key elemenin the exploitationof a distributedarchitecture.

At this aim we remarkthat an applicationcalls a pipelire of library functionsactingon the same
data,with the samedegreeof parallelism. This remarkpermitsto assumehat a sequencef op-
erationsrequiredby the client, may be performedentirely on the sener on the setof imagesthat
aredistributed onceandkepton the parallelnodestill the endof the pipeline, thusavoiding useless
movenentof large datathroughthe ORB channel.In orderto forcethistypeof interactionbetween
theclientandthe sener, we implementedhe senerin suchaway that:

e The sener executesa sequencef operationsssuedby the client as somekind of atomic
action, in the sensethat the parallel context and datadistribution to parallel nodesremain
unchangedluringthewholesequence;

e Theclient-sererinteractioninsidea sequencef imageoperationss limitedto theexchange
of symbolc identifierof images.

It is importantto noticethattheseimplenmentationstrateg)y doesnot introduceheary dependencies
in theclientcode.Theonly aspecthattheclienthasto take in considerations thatit hasto interact
with a CORBA sener. An exampleis providedin the next Section.

5. Client-Server interaction example code

The Client codelooks lik e that of a procesghat usesstandardCORBA serviceand standardi-
braryroutines;in factthe policy appliedto allow MPI-CORBA compatibiity is totally hiddento the
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Clientandmanagedy PIMA (GE)? sener. Theoptimizatia policy is embeddedh thesener code
aswell, andalsotheuseof the symbolc identifiersis managedy the sener andit is not perceved
by theclients.

As it happensaisinga specificdomainlibrary, it is necessaryo invoke theinitializationandclosure
services.Nothing moreis required. To performa selectedoperationon animage,the Client has
to relateanintegervalueto it, with a normaldeclarationjn the examplecodebelow it is the only
oneperformed.Thedeclaredntegeridentifiesits uniquecorresponderitnageduringall the Client-
Sener sessionandit correspondso the symbolc identifier usedto minimize the useof the ORB
channel.

Theexampleof Clientcodeshawvs thetransparencandeasyof useof PIMA (GE)? services.

Client code

int main(int argc, char* argv[]) {

CORBA: : ORB var orb = CORBA::ORB_init (argc, argv,"");
std::string ior; std::ifstreamis(argv[1l]); std::getline(is, ior);
CORBA: : Obj ect _var obj = orb->string to object(ior.c_str());

/1 get the pinmage object reference
LI B: : Oper azi oni _var pimge = LIB:: Operazioni::_narrow(obj.in());

/Il declaration of the integer value used to identify an inag
CORBA: : Long origlng, reslny;

pi mage- >l nitLib();

[linplicit association of the integer origlng to the inage
/lstored in the file "nying"

pi mage- >r eadl mageFronti |l e_C("nyi ng", ori gl ng) ;

pi mage- >get di mensi on(ori gl ng, i MV dth, inmHei ght, inDepth);

[linplicit association of the integer reslng to a new i mage
pi mage- >cr eat el mage_C(i MmN dt h, i nHei ght,inDepth, reslng);

pi mage->rotlng(ldlng, resling, 60, LINEAR, O, p);
pi mage- >refl ect | ng(resl ng, doX, doY);

pi mage- >writ el nageToFil e_C(reslng, "nyresult");

pi mage- >del et el mage_C(ori gl ng) ;

pi mage- >del et el mage_C(r esl ng) ;

pi mage- >C oseli b();

or b->destroy();

return 0; }

6. Experimental results

The experimentalresultswe obtainedshov a reasonableverheaddue to the presenceof the
CORBA framework. We carried out testsaimedto assesshe performanceof the PIMA (GE)?
senercomparedvith theparallellibrary, andto evaluatethe benefitobtainedoy minimizing theuse
of the ORB communicationchannelduringtheinvocatian of aPIMA (GE)? servicessequenceand
in orderto transferdatafrom the client to the sener. The applicationusedfor thetestsis aimedto
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the detectionof linear structurein animage. In all the caseghe parallelexecutionervironmentis
a Linux clusterwith eightnodesinterconnectedy a Gigabit switchedEthernet,andeachnodeis
equippedwith a 2.66 GHz Pentiumprocessqr512 Mbytesof RAM andtwo EIDE disksinterface
in RAID 0. Theclientis a PCthatis locatedon the samelocal areanetwork, in orderto be able
to evaluateoverheadshataredueto our softwareinfrastructureandlimit otherpossiblesourcesof
overheads.

Thetestsasserthatthe CORBA set-uptimeis afixedvalue(aboutl-2 secondsn our experiments),
and doesnot dependon the numberof parallelMPI processesWhenthe interactionbetweenthe
clientandthe sener is goingto grow, we have a performancealegradationdueto a moreconsistent
useof the ORB communcation channel;but applyingthe symbdic identifiers stratgy the over-
headis quite limited especiallyfor compug intensve applications. Using symbolicidentifiersis a
stratgyy thatleadsto a fairly unvariedspeed-uperformanceComparingthe speedup of the appli-
cationperformedwith thelibrary functionsandoneobtainedmplemening the applicationwith the
PIMA(GE)? serviceswe obtainedthatthe variationof the speed-ugs around1.3%; experimental
resultsareplottedin Figure3(a).

From the datatransferpoint of view, we prove that definitely betterperformanceare obtainedex-
ploiting FTP protocols in factthe executon time usingthe ORB channelis abouttwice of the one
obtainendusingthe ftp protocol. This behaior is indipendenfrom the datasize,accordingto the
resultspresentedn Figure3(b).

6+ 2501
9 2004
4+
150+
Speed-up 34 Seconds
100+
24
4 50-
BLibrary TrTP 0
2 3 4 6 8 200M 100M 50M 30M
OPIMA(GE)2 CORB
No. of process Data size
(a) Speeddp compaisons (b) Datatransferservicessomparisons

Figure3. Graphicsreportingthe comparisorbetweerthe speed-upf thelibrary andPIMA (GE)?,
theleft one,andthe comparisorbetweerthe dataservicestheright one

7. Conclusion

An approachto high performancdegag/ codeencapsulationn a grid-orientedervironmentis
presentedyve describecawayto reuseanMPI-basedarallelimageprocessingdibrary in distributed
ervironment,using CORBA without modificationsto the OMG standard. Also the legag/ code
had no modifications. To allow the cohesistencef CORBA and MPI ervironment, we exploit
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the presenceof a the coordinatorMPI processduring the initialization and I/O phases.In order
to reducethe overheadintroducedin the wrapping,the PIMA (GE)? sener architecturehasbeen
improved with morespecificdatatransferservices.This stepalsoallowed the useof an optimized
ORB channeimanagemerttratayy.
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