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1INTRODUCTION

Recentprogressan distributed objecttechnologyhasenabledsoftware applicationsto be devel-
opedanddeployed easily suchthat objectsor componentsanwork togetheracrossboundaries
of the network, differentoperatingsystemsanddifferentlanguagesA distributedobjectis not
necessarilya completeapplicationbut rathera reusable self-containedpiece of software that
cooperatesvith otherobjectsin a plug-and-playfashionvia a well-definedinterface. The Com-
monObjectRequesBroker Architecture(CORBA), amiddlewvarestandardiefinedby the Object
ManagemenGroup (OMG)[9], usesthe InterfaceDefinition Languag€gIDL) to specifysuchan
interfacefor atransparentommunicatiorbetweendistributedobjects.SincelDL canbe mapped
to any programminglanguage suchas C++, Java, Smalltalk, etc., existing applicationscan be
integratedinto a new applicationandhencethetaskof codere-writing andsoftwaremaintenance
canbereduced.

In OMG'’s objectmodel, an objectis an encapsulate@ntity with a distinctimmutableidentity
whoseservicescanbe accessednly throughinterfacesdefinedin IDL[16]. Clientsissuethere-
gueststo objectsto performserviceson their behalf. The implementatiorand locationof each
objectarehiddenfrom the requestingclient. Communicatiorbetweerclientsandobjectsis pro-
vided by the Object RequestBroker (ORB), a key componentof CORBA architecture. Upon
compilingIDL file, ORB generateshe stubandthe skeletonthroughwhich a client caninvoke a
methodon a sener object,which canbe on the samemachineor acrossa network. The ORB is
responsibldor finding anobjectthatcanimplementtherequestpassingt the parametersanvok-
ing its method,andreturningthe resultsto the client. In this processthe client doesnot have to
be awareof wherethe objectis located,its programminganguagejts operatingsystem,or ary
othersystemaspectshatarenot partof anobjectsinterface.
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Sinceits inception,CORBA hasbeenwidely acceptedsthe middlewvarestandardor distributed
objectcomputing. It relievesdistributedapplicationdevelopersof cumbersomeask of dealing
with issuesdueto the heterogeneousomputingernvironments. It providesa standard-baseith-
terfaceto facilitatetransparenéxchangeof managemerninformationfor computeandcommuni-
cationnetwork[6, 12]. TeleMed[] is aneffort to demonstratéhe useof a multimediaelectronic
medicalrecordover a wide areanetwork. It is designedasa distributedobjectsystemin which
the varioushealthcarecomponentsre dealtwith as objectsand distributedvia the CORBA s-
tandard. CORBA-baseddistributedobjecttechnologyis consideredhe key to integratinglegacy
applicationsn highly dynamicbusinessrnvironmentg15]. Industry-specificstorieson success-
ful applicationsof CORBA arereportedn OMG website. OMG’s DomainTechnicalCommittee
(DTC) aimsat developingdomain-specificCORBA servicesandtechnologiesn variousindus-
tries.

Many scientificapplicationsn aerodynamicandsolid mechanicsrewrittenin Fortran. Refitting

theselegagy Fortrancodeswith CORBA objectscanincreasethe codereusability For example,
scientistscouldlink their specificapplicationgo anobjectifiedvintageFortranprogramssuchas
Partial DifferentialEquation(PDE) solversin a plug-and-playfashion.Many standalond-ortran

applicationglevelopedto analyzethe performancef anindividual componenbf theengineering
systemcanbe cornvertedto CORBA objectsandthenbe combinedwith otherobjectsto design
the entiresystem.Thework in [8] attemptgo provide a collaboratve designandsimulationen-

vironmentbasedn this concept A CORBA- basedsoftwareenvironmentis developedin [13] to

coupletwo independentlydevelopedcodeswritten in FortranandC++ in modelingathermome-
chanicalproblem. A computationallyintensive Fortranapplicationcanalsobe decomposethto

several piecesmadeinto CORBA objects,anddistributedover severalmachinedo speedup the

computation.Unfortunately CORBA IDL to Fortranmappinghasnot beenproposedandthere
seemso benodirectmethodof generatingCORBA objectsfrom Fortranwithout having to resort
to manuallywriting C/C++wrappers.

In this paperwe presentanefficient methodologyto integrateapplicationswritten in Fortraninto
adistributedobjectframavork. Issuesandstrateyiesregardingthe corversionanddecomposition
of Fortrancodesinto CORBA objectsarediscussed.Our goal is to keepthe Fortrancodesun-
modifiedasmuchaspossible.To reducethe programmingeffort in codewrapping,we designand
implementa corversiontool which takesthe Fortranapplicationprogramasinput andgenerates
C/C++headeffile andIDL file. We alsoevaluatethe performanceof the client-sener computing
andidentify possibleoverheads.

2METHODOLOGY

Onemethodof wrappingalegacg applicationis to encapsulatéheentirelegag/ codesnto asingle

object.Programmersnly needto provide asenerwhichinvokesthewrappedegadg/-codeobject

whenreceving a requestfrom a client. This straightforvard methodis suitablefor small-scale
applicationswvhich only have onemoduleor entity.
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Figurel: FunctionalDiagramof f2CORBA corversiontool

For acomplicatedapplicationsanalternatve methodwhich we areinterestedn is to decompose
the codesinto differentfunction modulesandwrap eachmoduleinto a distributed object. This
methodcanincreasahecodeusabilitybecauseachdistributedobjectcanbeinvokedby different
applicationsasa plug-and-playsoftwarecomponentFigurel shows the corversionanddecom-
position mechanismwe proposed. Our objectie is to keepmodificationof the Fortransource
codesto the minimum. The corversiontool takesthe Fortranapplicationprogramasinput and
helpsprogrammergenerateC/C++headeffile andIDL file for wrappingthe Fortrancode.

In our currentervironment,programmersstill needto determineby themseleshow to decom-
posethelegag/ applicationinto severalreusableeomponentdasedn the cohesiorandcoupling
factorsamongthefunctionsandsubroutinesin thefuture,we planto addananalyzeitool to help
programmergxtractobjectsfrom legag/ codes.Earlier studiesin objectextractioncanbe found
in [2] andin [10]. Thistopicis beyondthescopeof the paper

3



Most Fortranapplicationsusethe COMMON block to facilitate the transferof large amountof
variablesamongseveralfunctions. The COMMON blocksplaythesimilarrole of globalvariables
usedin C. In the CORBA-compliantprogrammingernvironment,globalvariablescannot be used
to passvaluesbetweenobjects. Oneapproacho dealingwith suchproblemis to putthe COM-
MON variablesinto the parametefist. This requiresa lot of modificationof the Fortransource
codewhich violatesour designconsideration Our approachs to extractthe COMMON blocks
andcorverttheminto a structure-typedttributein C++. Throughthe attributes,eachcomponent
caninitialize the variablesandreturnthe computatiorresultbackto the client. With our corver
siontool, programmingeffort canbe greatlyreducedbecausdunction headingstypes,andeven
the COMMON blockshave beencorvertedto C++andIDL styles.

3IMPLEMENTATION ISSUES

Thecorversiontool we proposedn the previoussectionconsistof a parseranda codegeneratar
The parserconstructghe parsingtreesfrom the input Fortrancodesandthe generatotranslates
thetreesinto the C++/IDL codes.Insteadof writing alanguagdranslatoifrom the beginning,we
implementedhe conversiontool basedon an existing Fortran-to-Ccorvertercalledf2c[4]. We
chosethef2c packagebecausét is opensourceandhasbeenwidely usedin theacademiareas.

The f2c programtranslateghe Fortran 77 codesto the C codes. Sinceour goal is to wrap the
Fortrancodesandprovide theinterfacefor boththeclientandthe sener, we only needto usef2c

to extractandtranslatethe codesof datatypes,variabledeclarationsandfunction headings.The
function bodiesand statementsre no intereststo us. However, the codescorvertedby f2c do

not totally meetthe IDL syntacticrequirementsFor example,IDL requiresatagin the structure
type, while C doesnot. Unfortunately f2c translatesa FortranCOMMON block into a structure
variablein C withoutatag. Furthermorethestructuretagcanbe usedasatypeto definestructure
variablesin IDL. In C, it hasto put the keyword st ruct in front of the tag and this kind of

declarationis notallowedin IDL.

Becausef thedifferencebetweerC andIDL, programmersieedtio manuallyeditthe codesdrom
f2c. Thisincornvenieng for programmersnotivatedus to modify the f2c program. We addeda
few codesin f2c to generateghe tagfor a structure.Figure2 shavs anexampleof Fortrancodes
with thedeclaration®f the COMMON blockscgcon anddi sp. Thecorrespondingodesn IDL
which aretranslatedy our modifiedf2c programareshowvn in Figure3.

Like the exampleshowvn in Figure2, mostFortranapplicationshave several COMMON blocks.
After decomposinghe applicationinto afew CORBA objects,the problemof passinghe struc-
turevariableg(i.e COMMON blocks)amongsenersneeddo be solved. Our currentapproachs
to meigeall of thestructuresnto anotheistructurg(eg. | u_t ag in Figure3) anduseanat t ri but e
(eg.lu_al | in Figure3) to facilitatedatatransfer

Theabove approachs basedon the assumptiorthateachsener needso accessll of the COM-
MON blocks. However, a certainsener may accesgartsof them. Currently we areaddinga
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integer nx, ny, nz
i nteger nx0, ny0, nz0

doubl e precision dxi, deta, dzeta
double precision tx1, tx2, tx3
double precision tyl, ty2, ty3

comon/ cgcon/ dxi, deta, dzeta
tx1, tx2, tx3,
tyl, ty2, tys3,
nx, ny, nz,
nx0, ny0, nzO0,

V V V V

doubl e precision dx1, dx2, dx3, dx4, dx5
doubl e precision dyl, dy2, dy3, dy4, dy5

conmon/ di sp/  dx1, dx2, dx3, dx4, dx5
> dyl, dy2, dy3, dy4, dy5

Figure2: Original FortranCodeswith CommonBlock Variables

struct cgcon_tag {
doubl e dxi, deta, dzeta, tx1, tx2, tx3, tyl, ty2, ty3
integer nx, ny, nz, nx0, ny0, nz0, ... ;
b
struct disp_tag {
doubl e dx1, dx2, dx3, dx4, dx5, dyl, dy2, dy3, dy4, dy5, ... ;
b

struct lu_tag {
cgcon_tag cgcon_;
disp_tag disp_;

b

interface Lul {

attribute lu tag lu_ all
void lul_comp();

b
interface Lu2 {

attribute lu_tag lu_all
void lu2_com();

b
Figure3: CorvertedCodesn IDL
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Figure4: A Window Tool for StructureVariableSelection

GUI interfaceto easethe corversiontask. Programmergan simply click on an item to select
a structurevariablefrom a list box to be a memberin a structure-typedttribute (seeFigure4).

To implementthe GUI interface,we are usingthe tool Tcl/Tk [11] becauseof it’s availability

andportability. Tcl/Tk canbe downloadedfrom the web andhasbeenportedon mostoperating
systemplatformssuchasUNIX, NT, andMacintosh. Furthermoremostprogrammerganlearn
thefundamental®f Tcl/Tk andwrite Tcl/Tk scriptprogramdo dorealwork in afew days.

We havetestedsuccessfullyheproposedonversionmethodologyndifferentCORBA packages:
VisiBroker C++[7] andMICO[1]. Becausef availability andportability, we preferusingMICO
ratherthanVisiBroker C++. For example,VisiBroker C++, a commericakoftwareworth $2-3K,
only workswith SparcverksC++compileron SunSparc/Ultrgplatforms.MICO, apublicdomain
ORB with completeCORBA compliantimplementationyelieson the GNU packageandhence
canbeportedeasilyto any platformssuchasSolaris,LINUX, Windows NT, etc.

4 PERFORMANCE MEASUREMENTS

In orderto investigatethe overheadproducedin distributed objectcomputing,we selectedhe
LU andthe BT benchmarkgrom the NAS Parallel BenchmarkgNPB) suite[J. Thesebench-
marksweredevisedby the NumericalAerodynamicsSimulation(NAS) programat NASA Ames
ResearclCenter It hasbeenwidely usedto studythe performanceof parallelcomputing. For
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Benchmark.U Traditional 1 Client- 2 Seners

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

Tablel: Breakdavn of ElapsedTlime for runningthe Client-Sener Benchmark_U

BenchmarkBT | Traditional 1 Client- 2 Seners
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: Breakdavn of ElapsedTlime for runningthe Client-Sener BenchmarkBT

example,we usedthe benchmarkgo evaluatethe performanceof a clusterof 32 Intel P6 work-
stationswhich areconnectedby atwo-level tree-structur@etwork[14]. TheNPB 2.3benchmarks
areasetof eightproblemswhich consistof five kernelswhich highlight specificareasof machine
performanceandthreepseudo-applicationshich simulatecomputationafluid dynamics(CFD).
We briefly describehe LU andthe BT benchmark®elow.

e Application LU solvesa finite differencediscretizationof the 3-D compressibléNavier-
Stokesequationdy usingasymmetricsuccessie over-relaxation'SSORumericakscheme.

e Application BT is basedon Beam-Warming approximatefactorizationwhich decouples
thex, y, andz dimensionsresultingin threesetsof narrav-bandedregularly structured
systemsf linearequations.

We usedthe sample-sizeserial versionof the LU andthe BT benchmarkgNPB2.3-serial)and
decomposedachbenchmarknto two senerobjects.Theclientneedgo contactthesetwo seners
oneaftertheotherto accomplisithetask. Theexperimentsvereperformedon a pair of SunUltra
(170MHz,128MB) runningSolaris2.6,andalsoon a pair of Intel P6 (400MHz,512MB) running
Linux 2.2.12.Theclientandseneris connectedhrougha 100BaseT_AN.

Table 1 and Table 2 showv the breakdavn of the elapsedime for runningthe benchmarkd.U
and BT, respectiely. For the purposeof comparisonwe alsoran the original programs. The
resultshows thatthe time for servicebindingis small. However, the communicatioroverheads,

includingthetime for marshalingandunmarshalinglata betweertheclientandthesenerscannot
beignored.



5 CONCLUSION

Many scientificapplicationsn aerodynamicandsolid mechanicarewrittenin Fortran. Refitting
theselegag/ Fortrancodeswith CORBA objectscanincreasehe codereusability In this paper
we have presented methodologyto integrateFortranlegag/ programsinto a distributed object
framework. Issuesand stratgiesregardingthe corversionand decompositiorof Fortrancodes
into CORBA objectshave beendiscussed.We also have implementeda cornversiontool which
takes the Fortran applicationprogramas input and generatesC/C++ headerfile and IDL file.
Tediousprogrammingtasksfor wrappingthe codescanthereforebe reduced.In the future, we
planto addmoreuserfriendly GUI interfacesandto provide ananalyzettool to helpprogrammers
easilyextractobjectsfrom legagy applications.
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