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Theuseof parallellibrariesfor imageprocessingis a commonpracticein theimplementationof
monolithic applications. Nowadaysthereis anincreasinginterestin moving towardsdistributedand
heterogeneousapplicationsalsoin the imageprocessingcommunity. ThecomputationalGrid may
representanadequatemiddlewaresupportandinfrastructureat this purpose.A problemof interest
in this context is theinteroperabilityandreuseof availableparallellibraries,possiblythrougha dy-
namicinteractionmodelthatpermitsto accommodaterequestarriving from heterogeneousclientsin
adistributedenvironment. In thispaperwepresent

�������	��

�����
, aParallelIMAGEprocessingGEn-

ova server obtainedwrappingup a legacy codeparallellibrary. Theparallelserver is implemented
usingCORBA andmaybeintegratedin Grid architecture.The

�������	��

�����
serverorganizationand

its interactionwith userrequestsarediscussed.Earlyexperimentalresultsarepresented.

1. Introduction

In theeraof distributedandGrid computing[6], theconceptof library is evolving from a static
softwareentityto amoredynamic one.A library is oftenconsideredasastatictool,mainlydesigned
to beexecutedonanhomogeneousarchitecturein orderto developmonolithic applications.Moving
towardsdistributed,dynamicandheterogeneousenvironments, it is transformedin a component-
basedbundlethatcanbeaccessedusinga server basedinteraction.This new entity canbeusedto
developadaptive anddistributedapplicationsthataredesignedusinga componentbasedapproach
andexecutedin a changingandheterogeneousenvironment. It meansthat thefunctionsperformed
by thelibrary areevolvedinto components,andanapplicationbecomesadynamiccomponentscon-
catenation,executedon anheterogeneousanddistributedinfrastructures.Theserver shouldbeable
to managemultiple requestsperformedby differentdistributedclients.
The integration of parallel librariesin heterogeneousandGrid-basedenvironmentis a topic of in-
terestin the scientificcommunity. The useof sequentialandparallel librariesis well assessedfor
numericalapplications [1], but alsoin otherfields like imageprocessingit is now possible to find
efficient andeffective libraries.Theselibrariespermitto speed-upthedevelopmentprocessandof-
ten provide optimizedperformanceson a wide rangeof target architectures.Their quality canbe
assessedusinga well definedsetof requirementsthatpermitsto verify thelibrary effectivenessand
efficiency. Theserequirementsinclude:

� easyof use,themostcompelling needfor theusersis a simpleandnaturaltool to exploit the
operationsallowed,thereforeagoodpoint is representedby awell designedinterface;

� transparency to theparallelismandtheoptimizationpolicy, it is essentialto providetoolsthat
shieldtheir usersfrom theintrinsiccomplexitiesof parallelcomputations;

� efficiency, theusersshouldbecapableof obtainingsignificantperformancegainsin themost
commonimageprocessingoperations;

� portability, it is essentialto ensureexecutionsondifferenttargetmachines,especiallywith the
new emerging technologiesandarchitecture;
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� robustness,it is essentialto providecomputationsthatareinsensitive to thevariationsof the
dataandensurecorrectresults;

� scalability, a well-designedsoftwarearchitecturehasto increaseits performanceunderthe
differentusedtechnologies,especiallywhenresourcesareadded;

� completeness,theusershave not thenecessityof usingotherpackagesrelatedwith theenvi-
ronmentor theparallelism.

Consideringthe level of quality andthe development costof imageprocessingparallel librariesit
is a greatinteresttheir interoperabilityand reusein distributed andheterogeneousenvironments.
At this purposein therecentpastdifferenttechnologiesandmethodologieshave beendevelopedin
orderto obtaininteroperability andreuseof legacy code,oneof thebestsuitedmethodology is code
encapsulation[16], while asuitabletechnologyis representedby theCORBA framework [18].
Our goal is to permit interoperability andreuseof a parallelimageprocessinglibrary in anhetero-
geneousenvironmentobtainingat thesametime a high level of flexibili ty anda dynamic behaviour
permitting to developClient Server imageprocessingapplicationsthatexploit performancefigures
providedby anoptimizedparallellibrary andefficiently utilize theunderlyingdistributedinfrastruc-
ture.
To achieve this goalwe have designedandimplemented

����������
������
, a Parallel IMAGE Process-

ing GEnova Server [2], obtainedby wrappinganimageprocessinglegacy codeusingCORBA [3].
The computational kernel is provided by a C++/MPI-2 parallel library, exploiting the algorithmic
patternsthatcharacterizeimageprocessingoperations.This library is considered,for the purpose
of thedefinitionof theserver asa legacy code. In orderto permitcodeencapsulationanadequate
objecthierarchyis adoptedwithout any actualchangeto the legacy code; its aim is to drive the
definition of an adequateCORBA

�������	��
���� �
Application ProgrammingInterface( API ). One

themostimportantproblemin thedesignof theinternal
�������	��
���� �

structureis theembedding of
C++/MPI-2computations within a CORBA objectwith a limitedoverhead.Thefocusof thepaper
is on this aspectandtheadopteddesignsolutions andearlyexperimentalresultsarepresented.It is
importantto noticethatoursolution is basedonstandardCORBA implementation,accordingto the
ObjectManagementGroup,( OMG ) [11], specification.
Differentrelatedworksaddressessimilargoals.In thefield of imageprocessinganincreasingatten-
tion is paid to parallelprocessing.In factwe find differentandactualexamplesof parallellibrary,
for exampleVSIPL++ [9], ParHorus[15], PIPT[12]; they provideobject-orientedimageprocessing
code,andensurehigh performanceexecutions.They arecompliantwith the requirementsdefined
in the list presentedabove in this Section. The useof CORBA in order to wrap parallelapplica-
tions hasbeenconsideredin differentworks [4], [13], [5]; it is obtainedthroughthe definition of
CORBA compliantparallelobjectsandenvironments. Finally theproblemof library integration in
distributedandGrid basedarchitectureshasbeenconsideredby differentprojectslikeNetsolve [10]
andGrADS [8] .
In thispaperweshortlyoutlinethelibrary interfaceandthenweprovideamoredetaileddescription
of the

�������	��
������
internalorganizationandbehaviour.

2. Parallel image processing library structure

The main goal of the
����������
���� �

server is the encapsulationof C++/MPI-2 parallel library in
orderto useit in a distributedenvironment.Thelibrary implementsa largesetof themostcommon
imageprocessingoperations,accordingto theclassificationandtheorganizationprovidedin Image
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Algebra,[14]. Thecomputation is dataparallel,with a coordinatorprocessduringtheinitialization
andtheI/O phases;theparallelismis transparentto theuserandtotally managedby thelibrary. Also
theoptimizationpolicy appliedin thelibrary is transparent;they arebothhiddenthroughasequential
API. Theoptimization policy is orientedto differentlevels: to performanopportunemanagementof
communication andmemoryoperations;datadistribution is aimedto obtainloadbalancingamong
the MPI processes.The library itself is an ongoingwork, in fact otherefforts arespentto obtain
anadaptive code[7]; we areinterestedin designingcodethatoperateefficiently on differenttarget
architectures.
Focusingon the provided operationsof the library, we cangroupthemin conceptualobjects,that
arenot intendedto prescribehow anoperationis performedbut to underlinetheoperationsimilarity
andto helpin thedefinitionof aneffective andefficient interface.Theconceptualobjectsallow an
easiermanagementof thelibrary operations,sincetheuseris nolongerinvolvedwith alargenumber
of functions,but he hasto considerandhandlea small setof clearandwell-definedobjects. The
operationsaregroupedtogetheraccordingto differentrules,suchasthenaturesimilarity, or thedata
structuresprocessed.In thiswayweoutlinedin thelibrary codeeightobjects:I/O Operations,Point
Operations,ImageArithmetic, ReduceOperations,GeometricOperations,NeighborhoodOpera-
tions,MorphologyOperations,DifferentialOperations.We consideredahiddencodelevel, it is not
includedin thelibrary codeclassification;thelibrary hiddencodeis concernedwith themanagement
of secondarydatastructures,with theparallelismandtheoptimizationpolicy.

3. The library hierarchy and the �
����� �� 
!�� � IDL interface

To allow a simpleandcoherentuseof the library in a distributedenvironment,themostrelevant
elementis thedefinitionof effectiveandflexible interfaces,thatpermitthedevelopmentof efficient
imageprocessingapplications. It canbeachievedthroughanaturalevolution from thelibrary legacy
codeto the

�������	��

�����
server; for this reasonwe exploit theconceptualmodelintroducedin the

previous Section,anddefinea logical hierarchyof imageprocessingoperationsandobjects. Its
organizationis presentedin Figure1. Theaimof theobjecthierarchyis to drive thedefinitionof an
adequateCORBA interface,andits InterfaceDescriptionLanguage( IDL ) basedimplementation.
It representsthe

�������	��

�����
ApplicationProgrammingInterface( API ).

Figure1. Overview of the
����������
����"�

hierarchy
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3.1. The basic elements of the hierarchy
The basicelementsof the hierarchyare representedby the main datastructuresof the library:

IMAGE,usedto storeimages;KERNEL, usedto storeconvolution kernels;andMATRIX, usedto
storegeometricmatrices.Werelateto themfunctionsfor memorymanagement,I/O operations,and
genericoperationswhenit is possible,for exampleto transposeor invertaMATRIX. In thiswaywe
obtainthreeobjectsrepresentingthefirst layerof the ������� �# $!%�&� objecthierarchy;they already
include,asmethods,someof theobjectsderivedby thelibrary classificationandpartof thehidden
library codelevel.

3.2. The image processing objects
The coreof the �
����� �� 
!�� � server is a setof five objects,obtainedby grouping togetherthe

library objects,accordingto therulesalreadymentioned:

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

2. Image Arithmetic Operationsthat take in input two IMAGE objects,i.e. addition, product,
etc;

3. Geometric Operations Operationsthat take in input oneIMAGE objectandoneMATRIX
object,i.e. rotation,translation andscaling;

4. Convolution Operations Operationsthattake in inputoneIMAGE objectandoneKERNEL
object,for exampleinvolving a neighborhoodof eachpixel: percentile,median.or combined
togetherby two binaryfunctions:Gaussianconvolution, erosion,dilation.

5. Differential Operations Operationsthat take in input oneIMAGE andperformdifferential
operators,i.e. Hessian,gradient,Laplacian.

4. The server internal structure

Themaindifficulty in theserver designis dueto thepresenceof parallelismin thecomputation.
It imposesthemanagementof two differentenvironments:theCORBA framework (serverside)and
the MPI library (legacy codeside). They areaimedto managedifferentkind of problems,there-
fore thereis not a standardschemato allow their cooperation.In factCORBA wasbornto develop
mainly sequentialapplications,henceit doesnot supportintrinsic compatibility with any kind of
parallelenvironment.Wedecidedto useastandardCORBA specification,TAO [17] , andlook for a
wayallowing theexecution of theparallelcomputationinsideaCORBA object.
To achieve thisgoalwe designateda processto performspecifictasks.We tookadvantagefrom the
presenceof thecoordinatorMPI processduring the initializationandI/O phases;this processacts
asthegateway thatcoordinatesthetwo environments,allowing a cooperative computation. It hasa
dualpositionin the softwarearchitecture,in fact it will beat thesametime a CORBA anda MPI
process.On theCORBA side,it hasto activatetheORB andto performasa CORBA server; at the
sametimeit isalsooneof thespawnedMPI processes,andit hastomanagetheparallelcomputation.
It performsasanMPI processthat is ableto interactwith theCORBA environment,collectingthe
client requests,andmanagingtheparallelcomputation in a properlyway, i.e. invoking theservices
requiredfrom theclientswith their properparameters.This solution is possiblebecause,actingas
a CORBA server, thedesignateprocessknows theClient requirementsandis ableto communicate
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themto the othersMPI processes.In this way it coordinatesthe computationandgivesbackthe
informationto theClients. This solutiondoesnot requiremodifications to the legacy code,sinceit
exploits thepresenceof thecoordinatorMPI processduring the initializationandI/O phases.The
behavior is presentedin theFigure2.

Another importantfeatureof the
����������
������

server organization is concernedwith dataman-

....Client

CORBA

ORB ORB
Server Worker 1 Worker N

Client Side Server Side

MPI

Figure2. TheCORBA-MPI interaction

agement.In orderto minimize the overheadintroducedin the wrappingphase,a goodpoint is to
improvetheexploitationof theenvironmentthroughthedevelopmentof servicesorientedto thedata
transferandsmartstrategiesin thecommunication channelmanagement.A considerableimprove-
mentin the computations is broughtif dataaremanagedby the mostpropertools,asan example
largesizedatatransferacrossa distributedenvironmentcanbemoreefficiently accomplishedusing
optimizedFTP protocolsinsteadof the ORB channel.Providing optimized datatransferservices
alsoleadsto aclearseparationbetweenmovement,access,andprocessingof data.Thispoint repre-
sentsa key elementin theexploitationof adistributedarchitecture.
At this aim we remarkthat an applicationcalls a pipeline of library functionsactingon the same
data,with the samedegreeof parallelism. This remarkpermitsto assumethat a sequenceof op-
erationsrequiredby the client, may be performedentirely on the server on the setof imagesthat
aredistributedonceandkepton theparallelnodestill theendof thepipeline, thusavoiding useless
movementof largedatathroughtheORB channel.In orderto forcethis typeof interactionbetween
theclientandtheserver, we implementedtheserver in suchaway that:

� The server executesa sequenceof operationsissuedby the client as somekind of atomic
action, in the sensethat the parallel context and datadistribution to parallel nodesremain
unchangedduringthewholesequence;

� Theclient-server interactioninsidea sequenceof imageoperationsis limitedto theexchange
of symbolic identifierof images.

It is importantto noticethat theseimplementationstrategy doesnot introduceheavy dependencies
in theclientcode.Theonly aspectthattheclienthasto take in considerationis thatit hasto interact
with aCORBA server. An exampleis providedin thenext Section.

5. Client-Server interaction example code

The Client codelooks like that of a processthat usesstandardCORBA serviceandstandardli-
braryroutines;in factthepolicy appliedto allow MPI-CORBA compatibility is totally hiddento the
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Clientandmanagedby
����������
��'� �

server. Theoptimization policy is embeddedin theservercode
aswell, andalsotheuseof thesymbolic identifiersis managedby theserver andit is notperceived
by theclients.
As it happensusinga specificdomainlibrary, it is necessaryto invoke theinitializationandclosure
services.Nothing moreis required. To performa selectedoperationon an image,the Client has
to relatean integervalueto it, with a normaldeclaration;in theexamplecodebelow it is theonly
oneperformed.Thedeclaredintegeridentifiesits uniquecorrespondentimageduringall theClient-
Server session,andit correspondsto thesymbolic identifier usedto minimize theuseof the ORB
channel.
Theexampleof Clientcodeshows thetransparenceandeasyof useof

����������
������
services.

Client code

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

CORBA::ORB_var orb = CORBA::ORB_init (argc, argv,"");
std::string ior; std::ifstream is(argv[1]); std::getline(is, ior);
CORBA::Object_var obj = orb->string_to_object(ior.c_str());

//get the pimage object reference
LIB::Operazioni_var pimage = LIB::Operazioni::_narrow(obj.in());

//declaration of the integer value used to identify an imag
CORBA::Long origImg, resImg;

pimage->InitLib();

//implicit association of the integer origImg to the image
//stored in the file "myimg"
pimage->readImageFromFile_C("myimg",origImg);
pimage->getdimension(origImg,imWidth, imHeight, imDepth);

//implicit association of the integer resImg to a new image
pimage->createImage_C(imWidth, imHeight,imDepth, resImg);

pimage->rotImg(IdImg, resImg, 60, LINEAR, 0, p);
pimage->reflectImg(resImg,doX,doY);
pimage->writeImageToFile_C(resImg,"myresult");
pimage->deleteImage_C(origImg);
pimage->deleteImage_C(resImg);
pimage->CloseLib();

orb->destroy();

return 0; }

6. Experimental results

The experimentalresultswe obtainedshow a reasonableoverheaddue to the presenceof the
CORBA framework. We carriedout testsaimedto assessthe performanceof the

����������
���� �

servercomparedwith theparallellibrary, andto evaluatethebenefitobtainedby minimizing theuse
of theORB communicationchannel,duringtheinvocation of a

�������	��

�����
servicessequence,and

in orderto transferdatafrom theclient to theserver. Theapplicationusedfor thetestsis aimedto
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thedetectionof linearstructurein an image. In all thecasestheparallelexecutionenvironment is
a Linux clusterwith eight nodesinterconnectedby a Gigabit switchedEthernet,andeachnodeis
equippedwith a 2.66GHz Pentiumprocessor, 512Mbytesof RAM andtwo EIDE disksinterface
in RAID 0. The client is a PC that is locatedon the samelocal areanetwork, in order to be able
to evaluateoverheadsthataredueto our softwareinfrastructureandlimit otherpossiblesourcesof
overheads.
ThetestsassertthattheCORBA set-uptime is afixedvalue(about1-2secondsin ourexperiments),
anddoesnot dependon the numberof parallelMPI processes.Whenthe interactionbetweenthe
client andtheserver is goingto grow, we have a performancedegradationdueto a moreconsistent
useof the ORB communicationchannel;but applyingthe symbolic identifiers strategy the over-
headis quite limitedespeciallyfor compute intensive applications. Usingsymbolicidentifiersis a
strategy that leadsto a fairly unvariedspeed-upperformance.Comparingthespeedupof theappli-
cationperformedwith thelibrary functionsandoneobtainedimplementing theapplicationwith the����������
���� �

serviceswe obtainedthat thevariationof thespeed-upis around1.3%;experimental
resultsareplottedin Figure3(a).
From the datatransferpoint of view, we prove that definitely betterperformanceareobtainedex-
ploiting FTPprotocols; in fact theexecution time usingtheORB channelis abouttwice of theone
obtainendusingthe ftp protocol. This behavior is indipendentfrom thedatasize,accordingto the
resultspresentedin Figure3(b).

(a)Speed-upcomparisons (b) Datatransferservicescomparisons

Figure3. Graphicsreportingthecomparisonbetweenthespeed-upof thelibrary and
�������	��

�����

,
theleft one,andthecomparisonbetweenthedataservices,theright one

7. Conclusion

An approachto high performancelegacy codeencapsulationin a grid-orientedenvironmentis
presented;wedescribedawayto reuseanMPI-basedparallelimageprocessinglibrary in distributed
environment,using CORBA without modificationsto the OMG standard. Also the legacy code
had no modifications. To allow the cohesistenceof CORBA and MPI environment,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

�������	��

���&�
server architecturehasbeen

improvedwith morespecificdatatransferservices.This stepalsoallowedtheuseof anoptimized
ORB channelmanagementstrategy.
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