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1 INTRODUCTION

Recentprogressin distributedobject technologyhasenabledsoftwareapplicationsto be devel-
opedanddeployed easilysuchthatobjectsor componentscanwork togetheracrossboundaries
of the network, differentoperatingsystems,anddifferentlanguages.A distributedobjectis not
necessarilya completeapplicationbut rathera reusable,self-containedpieceof software that
cooperateswith otherobjectsin a plug-and-playfashionvia a well-definedinterface.TheCom-
monObjectRequestBrokerArchitecture(CORBA), amiddlewarestandarddefinedby theObject
ManagementGroup(OMG)[9], usestheInterfaceDefinition Language(IDL) to specifysuchan
interfacefor a transparentcommunicationbetweendistributedobjects.SinceIDL canbemapped
to any programminglanguage,suchasC++, Java, Smalltalk,etc., existing applicationscanbe
integratedinto anew applicationandhencethetaskof codere-writing andsoftwaremaintenance
canbereduced.

In OMG’s objectmodel,an object is an encapsulatedentity with a distinct immutableidentity
whoseservicescanbeaccessedonly throughinterfacesdefinedin IDL[16]. Clientsissuethere-
queststo objectsto performserviceson their behalf. The implementationandlocationof each
objectarehiddenfrom therequestingclient. Communicationbetweenclientsandobjectsis pro-
vided by the Object RequestBroker (ORB), a key componentof CORBA architecture.Upon
compilingIDL file, ORB generatesthestubandtheskeletonthroughwhich a client caninvokea
methodon a server object,which canbeon thesamemachineor acrossa network. TheORB is
responsiblefor findinganobjectthatcanimplementtherequest,passingit theparameters,invok-
ing its method,andreturningtheresultsto theclient. In this process,theclient doesnot have to
beawareof wheretheobjectis located,its programminglanguage,its operatingsystem,or any
othersystemaspectsthatarenotpartof anobjectsinterface.
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Sinceits inception,CORBA hasbeenwidely acceptedasthemiddlewarestandardfor distributed
objectcomputing. It relievesdistributedapplicationdevelopersof cumbersometaskof dealing
with issuesdueto the heterogeneouscomputingenvironments.It providesa standard-basedin-
terfaceto facilitatetransparentexchangeof managementinformationfor computerandcommuni-
cationnetwork[6, 12]. TeleMed[5] is aneffort to demonstratetheuseof a multimediaelectronic
medicalrecordover a wide areanetwork. It is designedasa distributedobjectsystemin which
the varioushealthcarecomponentsaredealtwith asobjectsanddistributedvia the CORBA s-
tandard.CORBA-baseddistributedobjecttechnologyis consideredthekey to integratinglegacy
applicationsin highly dynamicbusinessenvironments[15]. Industry-specificstorieson success-
ful applicationsof CORBA arereportedin OMG website.OMG’sDomainTechnicalCommittee
(DTC) aimsat developingdomain-specificCORBA servicesandtechnologiesin variousindus-
tries.

Many scientificapplicationsin aerodynamicsandsolidmechanicsarewrittenin Fortran.Refitting
theselegacy Fortrancodeswith CORBA objectscanincreasethecodereusability. For example,
scientistscouldlink their specificapplicationsto anobjectifiedvintageFortranprogramssuchas
Partial Dif ferentialEquation(PDE)solversin a plug-and-playfashion.Many standaloneFortran
applicationsdevelopedto analyzetheperformanceof anindividualcomponentof theengineering
systemcanbe convertedto CORBA objectsandthenbe combinedwith otherobjectsto design
theentiresystem.Thework in [8] attemptsto provide a collaborative designandsimulationen-
vironmentbasedon this concept.A CORBA- basedsoftwareenvironmentis developedin [13] to
coupletwo independentlydevelopedcodeswritten in FortranandC++ in modelinga thermome-
chanicalproblem.A computationallyintensive Fortranapplicationcanalsobedecomposedinto
severalpieces,madeinto CORBA objects,anddistributedover severalmachinesto speedup the
computation.Unfortunately, CORBA IDL to Fortranmappinghasnot beenproposedandthere
seemsto benodirectmethodof generatingCORBA objectsfrom Fortranwithouthaving to resort
to manuallywriting C/C++wrappers.

In this paper, wepresentanefficientmethodologyto integrateapplicationswritten in Fortraninto
adistributedobjectframework. Issuesandstrategiesregardingtheconversionanddecomposition
of Fortrancodesinto CORBA objectsarediscussed.Our goal is to keepthe Fortrancodesun-
modifiedasmuchaspossible.To reducetheprogrammingeffort in codewrapping,wedesignand
implementa conversiontool which takestheFortranapplicationprogramasinput andgenerates
C/C++headerfile andIDL file. We alsoevaluatetheperformanceof theclient-server computing
andidentify possibleoverheads.

2 METHODOLOGY

Onemethodof wrappingalegacy applicationis to encapsulatetheentirelegacy codesinto asingle
object.Programmersonly needto provideaserverwhich invokesthewrappedlegacy-codeobject
whenreceiving a requestfrom a client. This straightforward methodis suitablefor small-scale
applicationswhich only haveonemoduleor entity.
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Figure1: FunctionalDiagramof f2CORBA conversiontool

For acomplicatedapplications,analternativemethodwhichweareinterestedin is to decompose
the codesinto differentfunction modulesandwrap eachmoduleinto a distributedobject. This
methodcanincreasethecodeusabilitybecauseeachdistributedobjectcanbeinvokedby different
applicationsasa plug-and-playsoftwarecomponent.Figure1 shows theconversionanddecom-
positionmechanismwe proposed.Our objective is to keepmodificationof the Fortransource
codesto the minimum. The conversiontool takesthe Fortranapplicationprogramasinput and
helpsprogrammersgenerateC/C++headerfile andIDL file for wrappingtheFortrancode.

In our currentenvironment,programmersstill needto determineby themselveshow to decom-
posethelegacy applicationinto severalreusablecomponentsbasedon thecohesionandcoupling
factorsamongthefunctionsandsubroutines.In thefuture,weplanto addananalyzertool to help
programmersextractobjectsfrom legacy codes.Earlierstudiesin objectextractioncanbefound
in [2] andin [10]. This topic is beyondthescopeof thepaper.
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Most Fortranapplicationsusethe COMMON block to facilitatethe transferof large amountof
variablesamongseveralfunctions.TheCOMMON blocksplaythesimilarroleof globalvariables
usedin C. In theCORBA-compliantprogrammingenvironment,globalvariablescannotbeused
to passvaluesbetweenobjects.Oneapproachto dealingwith suchproblemis to put theCOM-
MON variablesinto theparameterlist. This requiresa lot of modificationof theFortransource
codewhich violatesour designconsideration.Our approachis to extract theCOMMON blocks
andconvert theminto astructure-typedattributein C++. Throughtheattributes,eachcomponent
caninitialize thevariablesandreturnthecomputationresultbackto theclient. With our conver-
siontool, programmingeffort canbegreatlyreducedbecausefunctionheadings,types,andeven
theCOMMON blockshavebeenconvertedto C++ andIDL styles.

3 IMPLEMENTATION ISSUES

Theconversiontool weproposedin theprevioussectionconsistsof aparserandacodegenerator.
Theparserconstructstheparsingtreesfrom the input Fortrancodesandthegeneratortranslates
thetreesinto theC++/IDL codes.Insteadof writing a languagetranslatorfrom thebeginning,we
implementedthe conversiontool basedon an existing Fortran-to-Cconvertercalledf2c[4]. We
chosethef2c packagebecauseit is opensourceandhasbeenwidely usedin theacademicareas.

The f2c programtranslatesthe Fortran77 codesto the C codes. Sinceour goal is to wrap the
Fortrancodesandprovide theinterfacefor boththeclient andtheserver, weonly needto usef2c
to extractandtranslatethecodesof datatypes,variabledeclarations,andfunctionheadings.The
function bodiesandstatementsareno intereststo us. However, the codesconvertedby f2c do
not totally meettheIDL syntacticrequirements.For example,IDL requiresa tagin thestructure
type,while C doesnot. Unfortunately, f2c translatesa FortranCOMMON block into a structure
variablein C withouta tag.Furthermore,thestructuretagcanbeusedasatypeto definestructure
variablesin IDL. In C, it hasto put the keyword struct in front of the tag and this kind of
declarationis notallowedin IDL.

Becauseof thedifferencebetweenC andIDL, programmersneedto manuallyedit thecodesfrom
f2c. This inconveniency for programmersmotivatedus to modify the f2c program.We addeda
few codesin f2c to generatethetagfor a structure.Figure2 shows anexampleof Fortrancodes
with thedeclarationsof theCOMMON blockscgcon anddisp. Thecorrespondingcodesin IDL
whicharetranslatedby ourmodifiedf2c programareshown in Figure3.

Like theexampleshown in Figure2, mostFortranapplicationshave severalCOMMON blocks.
After decomposingtheapplicationinto a few CORBA objects,theproblemof passingthestruc-
turevariables(i.e COMMON blocks)amongserversneedsto besolved.Our currentapproachis
to mergeall of thestructuresinto anotherstructure(eg. lu tag in Figure3) anduseanattribute
(eg. lu all in Figure3) to facilitatedatatransfer.

Theabove approachis basedon theassumptionthateachserver needsto accessall of theCOM-
MON blocks. However, a certainserver may accesspartsof them. Currently, we areaddinga
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integer nx, ny, nz
integer nx0, ny0, nz0
...
double precision dxi, deta, dzeta
double precision tx1, tx2, tx3
double precision ty1, ty2, ty3
...
common/cgcon/ dxi, deta, dzeta,
> tx1, tx2, tx3,
> ty1, ty2, ty3, ...
> nx, ny, nz,
> nx0, ny0, nz0,
...
double precision dx1, dx2, dx3, dx4, dx5
double precision dy1, dy2, dy3, dy4, dy5
...
common/disp/ dx1,dx2,dx3,dx4,dx5,
> dy1,dy2,dy3,dy4,dy5,
...

Figure2: OriginalFortranCodeswith CommonBlock Variables

struct cgcon_tag {
double dxi, deta, dzeta, tx1, tx2, tx3, ty1, ty2, ty3, ... ;
integer nx, ny, nz, nx0, ny0, nz0, ... ;

} ;
struct disp_tag {

double dx1, dx2, dx3, dx4, dx5, dy1, dy2, dy3, dy4, dy5, ... ;
} ;
...
struct lu_tag {

cgcon_tag cgcon_;
disp_tag disp_;
...

} ;
interface Lu1 {

attribute lu_tag lu_all;
void lu1_comp();

} ;
interface Lu2 {

attribute lu_tag lu_all;
void lu2_comp();

} ;

Figure3: ConvertedCodesin IDL
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Figure4: A Window Tool for StructureVariableSelection

GUI interfaceto easethe conversiontask. Programmerscansimply click on an item to select
a structurevariablefrom a list box to be a memberin a structure-typedattribute (seeFigure4).
To implementthe GUI interface,we areusingthe tool Tcl/Tk [11] becauseof it’ s availability
andportability. Tcl/Tk canbedownloadedfrom thewebandhasbeenportedon mostoperating
systemplatformssuchasUNIX, NT, andMacintosh.Furthermore,mostprogrammerscanlearn
thefundamentalsof Tcl/Tk andwrite Tcl/Tk scriptprogramsto do realwork in a few days.

WehavetestedsuccessfullytheproposedconversionmethodologyondifferentCORBA packages:
VisiBrokerC++ [7] andMICO[1]. Becauseof availability andportability, wepreferusingMICO
ratherthanVisiBroker C++. For example,VisiBroker C++, a commericalsoftwareworth $2-3K,
only workswith SparcworksC++compileronSunSparc/Ultraplatforms.MICO, apublicdomain
ORB with completeCORBA compliantimplementation,relieson the GNU packageandhence
canbeportedeasilyto any platformssuchasSolaris,LINUX, WindowsNT, etc.

4 PERFORMANCE MEASUREMENTS

In order to investigatethe overheadproducedin distributedobjectcomputing,we selectedthe
LU andthe BT benchmarksfrom the NAS Parallel Benchmarks(NPB) suite[3]. Thesebench-
marksweredevisedby theNumericalAerodynamicsSimulation(NAS) programat NASA Ames
ResearchCenter. It hasbeenwidely usedto studythe performanceof parallelcomputing. For
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BenchmarkLU Traditional 1 Client - 2 Servers
Comp. Total Binding Comp. Comm. Total

SunUltra 2.99 3.05 0.046 2.99 0.33 3.37
PCLinux 1.51 1.58 0.019 1.51 0.19 1.72

Table1: Breakdown of ElapsedTime for runningtheClient-ServerBenchmarkLU

BenchmarkBT Traditional 1 Client - 2 Servers
Comp. Total Binding Comp. Comm. Total

SunUltra 6.99 7.25 0.047 6.99 2.12 9.16
PCLinux 4.16 4.35 0.019 4.16 1.38 5.73

Table2: Breakdown of ElapsedTime for runningtheClient-Server BenchmarkBT

example,we usedthebenchmarksto evaluatetheperformanceof a clusterof 32 Intel P6work-
stationswhichareconnectedby atwo-level tree-structurenetwork[14]. TheNPB2.3benchmarks
areasetof eightproblemswhichconsistsof fivekernelswhichhighlightspecificareasof machine
performance,andthreepseudo-applicationswhichsimulatecomputationalfluid dynamics(CFD).
Webriefly describetheLU andtheBT benchmarksbelow.

� Application LU solvesa finite differencediscretizationof the 3-D compressibleNavier-
Stokesequationsbyusingasymmetricsuccessiveover-relaxation(SSOR)numericalscheme.

� Application BT is basedon Beam-Warming approximatefactorizationwhich decouples
the x , y, andz dimensions,resultingin threesetsof narrow-banded,regularly structured
systemsof linearequations.

We usedthe sample-sizeserialversionof the LU andthe BT benchmarks(NPB2.3-serial)and
decomposedeachbenchmarkinto two serverobjects.Theclientneedsto contactthesetwoservers
oneaftertheotherto accomplishthetask.Theexperimentswereperformedonapairof SunUltra
(170MHz,128MB)runningSolaris2.6,andalsoonapairof Intel P6(400MHz,512MB)running
Linux 2.2.12.Theclientandserver is connectedthrougha 100BaseTLAN.

Table1 andTable2 show the breakdown of the elapsedtime for running the benchmarksLU
andBT, respectively. For the purposeof comparison,we alsoran the original programs. The
resultshows that the time for servicebinding is small. However, thecommunicationoverheads,
includingthetimefor marshalingandunmarshalingdata,betweentheclientandtheserverscannot
beignored.
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5 CONCLUSION

Many scientificapplicationsin aerodynamicsandsolidmechanicsarewrittenin Fortran.Refitting
theselegacy Fortrancodeswith CORBA objectscanincreasethecodereusability. In this paper,
we have presenteda methodologyto integrateFortranlegacy programsinto a distributedobject
framework. Issuesandstrategiesregardingthe conversionanddecompositionof Fortrancodes
into CORBA objectshave beendiscussed.We alsohave implementeda conversiontool which
takes the Fortran applicationprogramas input and generatesC/C++ headerfile and IDL file.
Tediousprogrammingtasksfor wrappingthe codescanthereforebe reduced.In the future,we
planto addmoreuser-friendly GUI interfacesandto provideananalyzertool to helpprogrammers
easilyextractobjectsfrom legacy applications.
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