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Abstract

This paperdescribesPARDIS,a systemcontaining ex-
plicit supportfor interopembility of PARallel DIStributed
applications.PARDISis basedon the CommorObjectRe-
guestBroker Architectue (CORBA) [15]. Like CORBA,
it providesinteropemability betweerhetepngeneouscompo-
nentsby specifyingheir interfacesn a meta-languge, the
CORBA IDL, which can be translatedinto the language
of interacting components Howerer, PARDISextendsthe
CORBA objectmodelby introducingSPMD objectsrepre-
sentingdata-pallel computations.

SPMD objectsallow the requestbroker to interact di-
rectly with the distributedresoucesof a parallel applica-
tion. Thiscapabilityensuesrequesteliveryto all thecom-
puting threadsof a parallel applicationand allows the re-
guestbroker to transferdistributed argumentdirectly be-
tweenthe computingthreadsof the client and the server
To supportthis kind of argumenttransfer PARDISdefines
a distributed argumenttype — distributed sequence— a
genealizationof CORBA sequenceepresentinglistributed
datastructuesof parallel applications.

In this paperwe will give a brief descriptionof basic
componentnteractionin PARDISand give an accountof
therationaleandsupportfor SPMDobjectsanddistributed
sequencesWe will thendescribetwo waysof implement-
ing argumentransferin invocationson SPMDobjectsand
evaluateand compae their performance
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1. Intr oduction

Advancesin researchon network protocolsand band-
widths,andinnovationsin supercomputettesigrhavemade
practicalthedevelopmenof high-performancapplications
whoseprocessings distributed over several supercomput-
ers. Theseapplicationsmake use of the combinedcom-
putationalpower of severalresourceso increaseheir per
formance,and exploit the heterogeneityof diversearchi-
tecturesand software systemsby assigningselectedtasks
to platformswhich canbestsupportthem. Experience®f
the I-WAY [5] networking experimentdemonstratedhat
this way of approachindigh-performanceomputinghas
enormouspotential for solving importantscientific prob-
lems[?].

At the sametime anotherdevelopmentin distributed
object-orientedechnology the Common Object Request
Broker Architecture(CORBA) [15] hasmadeit possible
to seamlesslhyjintegrate heterogeneouslistributed objects
within one system. CORBA providesinteroperabilitybe-
tweendifferentcomponentsy specifyingtheir interfaces
in a meta-languagehe CORBA InterfaceDefinition Lan-
guage(IDL), whichis translatednto the languageof inter-
actingcomponentdy a compiler Codegeneratedn this
way may containcalls to a part of the frameawork called
the ObjectRequesBroker (ORB), which allows the inter-
acting objectsto locate eachother and containsnetwork
communicationlibraries providing network transportin a
distributeddomain.

High performanceapplicationscomposedf mary dis-
tributed, heterogeneousomponentave previously been
developedin an ad hoc fashiontrying to explicitly com-
bine differentcommunicatiorlibraries and languagesand
developingspecial-cas#ools. Systemsconstructedn this
way usuallyrequireextensize modificationsto the original
applicationcodeandresultin softwarewhich is comple,
and difficult to detug and maintain. Implementingthese
systemsrequiressubstantiakeffort on the part of the pro-



grammerandmakestuningandoptimizingthecodedifficult
andtime-consumingOur researchs basedon the stipula-
tion thatapplyingthe CORBA approactto distributedpar
allel computationswill enablethe programmeto develop
high-performancéeterogeneouscenariogjuickly andef-
ficiently.

In this paper we describeour initial experimentswith
PARDIS, a distributed systemwhich employs the key idea
of CORBA — interoperabilitthroughmeta-languagmter-
facesto implementinteractionof distributedparallelappli-
cations.PARDIS extendsthe CORBA objectmodelby the
notionof anSPMDobject SPMDobjectsallow therequest
brokerto interactdirectlywith thedistributedresourcesf a
parallelapplication takingadwantageof locality andmulti-
pleprocessingesourcesvhen&erpossible.To supportdis-
tributed argumenttransfer PARDIS introducesthe notion
of a distributedsequence— a generalizatiorof a CORBA
sequenceaepresentinglistributed datastructuresof inter-
actingparallelapplications.We will describetwo methods
of amgumenttransferusedin invocationson SPMD objects,
andshav how the application-l@el knowledgeof datadis-
tribution canbe employed to increasethe performanceof
operationinvocationon SPMD objects.

In brief, this papemalkesthefollowing contritutions:

¢ describeshebasicconceptainderlyingour vision of
aparallelapproachto CORBA andtheirinteraction

e presentswo methodf agumentransferin invoca-
tions madeon SPMD objectsandtheir performance
analysis

e demonstrateghat taking advantageof knowledge
aboutlocal datadistribution can bring performance
improvementevenin the presencef only onephys-
ical network link to supportcommunicatiorbetween
thedistributedlocationsof interactingobjects.

PARDIS is an on-goingproject. In its final shapeit is
meantto be fully interoperablewith vendorsuppliedim-
plementation®f CORBA.

2. SPMD Objects and Distrib uted Sequences

CORBA definesa framavork basedon the conceptof
a requestbroker, which delivers requestdrom clients to
objects definedasan encapsulatedntitiescapableof per
forming specificservices. CORBA doesnot specify how
an objectmay satisfya request.In particular if anobject
usesmorethanonecomputingresourcg henceforthcalled
a computingthread in processing requestthis factis in-
visibleto theclientandtherequesbroker, whichregardthe
objectasasingle,encapsulatedntity.

Thereis a classof serviceswhich can be efficiently
implementedoy a Single ProgramMultiple Data (SPMD)
computation— a collaborationof computingthreadsgach
of which is working on a similar task. Thosecomputations
arevery oftenassociateavith a distributedmemorymodel,
andsupportdistributeddatastructureslt maybe usefulfor
anobjectproviding suchserviceso make the existenceof
themultiple computingresourcesisible to therequesbro-
ker, sincethedistributedresourcegsanmake it necessaryo
deliver algumentvalues(or their parts)for onerequestto
differentdestinationsandinteractwith multiple resources
in deliveringtherequest.

PARDIS supportsthis notion by introducingSPMD ob-
jects which canbe definedasobjectsassociatedvith a set
of oneor morecomputingthreadsrisible to therequesbro-
ker, and are capableof satisfyingservicesf andonly if a
requesfor themis deliveredto all thecomputingthreads.

2.1 Programming with SPMD Objects — An Ex-
ample

Fromthe point of view of a systemdesignerprogram-
mingwith SPMDobjectss notcrucially differentfrom pro-
grammingwith CORBA objects.Considera simpleexam-
ple,in whichaprogrammewantsto build adistributedsce-
nario composedf two componentsa parallelapplication
A, computingsimplediffusion simulationon an arraydis-
tributed over the nodesA is executingon, and a parallel
applicationB, whichwants A to computediffusionon data
provided by B andto usethe result of this computation.
We will shov how to use PARDIS in orderto implement
this systemby makingapplicationA an SPMD object,and
applicationB its client.

As in CORBA, the first stepconsistsof specifyingan
interfaceto the object. In our example,applicationA will
performthe“dif fusion” service which takesasaninputar
gumentthe numberof diffusiontimestepsanda diffusion
arraywhichit laterreturns.An IDL interfaceto this object
wouldlook likethis:

interface diff_object {
void diffusion(in long timestep,
inout diff_array darray);
I3
In this specificationdiff _array is a distributed ar-

gumenttype; when deliveredto the sener, this agument
will bedistributedovertheaddresspace®f its computing
threadsaccordingto a previously specifiedtemplate. We
will discusdistributedsequencem detailin the next sec-
tion.

Basedonthis specificationtheIDL compilerwill gener
atestubstranslatingthe definitionsabove into thelanguage
of package(for exampleHPC++[3]), in which the client



andsener areimplemented.The stub codecontainscalls
to communicationibrariesprovidedby PARDIS. Linkedto
the objectsimplementationit allows therequesbrokerto
invoke methodsontheobject;theclientcanuseit to invoke
methodon remoteobjects.

For example, the C++ stub class generated for

diff _object will offerthefollowingfunctionalityonthe
client'sside:
class diff_object: public  PARDIS::Object{
static diff_object*

_bind(char* obj_name, char* host_name);
static diff_object*

_spmd_bind(char* obj_name,

char* host_name);
void diffusion(int, diff_array&);

void diffusion(int,
void diffusion_nb(int,
future<diff_array>&);
void diffusion_nb(int,
future<diff_array _nd>&);

diff_array_nd&);

Note that the diffusion operationis representedby
four methods: a method operatingon distributed argu-
ments(diff _array ), a methodoperatingon their non-
distributed versions (diff _array _nd) and their non-
blocking counterparts.The choiceof methoddependson
the kind of binding establishedo the objectimplementa-
tion asexplainedbelow.

Throughthis proxy, the client can make calls on pos-
sibly remoteobjects,implementedusing systemddifferent
from the client’s, asif they wereimplementedn termsof
theclient’'s packageandwithout the needto explicitly han-
dle their remotenessAll client B needsto do in orderto
requesthediffusionserviceis establisha binding between
anobjectproxy anda concretdmplementationandinvoke

thediffusion method:
diff_object* diff =
diff_object::_spmd_bind("example",

HOST1);
diff->diffusion(64, my_diff_array);

PARDIS providesa namingdomainfor objects. At the
time of binding the client hasto identify which particular
objectof a giventypeit wantsto work with; specifyinga
hostis optional. Therearetwo operationswvhich a parallel
client can useto establisha binding betweenthe client’s
stubrepresentingnobjectandtheobjectsimplementation:

e _spmd_bind is a collective form of bind; it hasto
be calledby all thecomputingthread=f a clientand
shouldbe usedby clientswishingto actasoneentity
in interactionswith objects.After _spmd_bind , ev-
ery invocationto the objectmustbe calledby all the

threadgshatparticipatedn the bind call, andwill re-

sult making one requeston the object. If a request
operateson distributed arguments,a proxy method
using distributed mappingshouldbe used. It is as-
sumedthat all threadswill invoke the requestwith

identicalvaluesof non-distritutedargumentgsuchas
timesteps  in thisexample).

e _bind is non-collectve and always establishe®ne
binding per thread, so invoking it from all threads
of a parallelprogramwould establishmultiple bind-
ings eitherto the sameobject,or to differentobjects
of the sametype dependingon argumentgo _bind .
After this form of bind, proxy methodsusing non-
distributed mappingof distributedargumentsshould
beuseditheinvocationsarenon-collectve. Thiskind
of interactioncanbe usefulto parallelclientswhich
wantto interactin parallelwith multiple distributed
objects.

On the sener’s side, PARDIS usesthe CORBA C++
mappingthroughinheritance[15] to invoke operationson
the object. All the programmeiof the sener needsto do,
is provide the implementatiorof an objectcomputingdif-
fusion simulation,and instantiatethat object. In the case
of both the client and the sener the generatedtub code
containsall the codenecessaryo performargumentmar
shaling.

As theexampleof theclient’s stubshavs, PARDIS sup-
portsnon-blockinginvocationgreturningfutures(similar to
ABC++ futures[14]) asits “out” arguments. This allows
theclientto useremoteresourcesoncurrentlywith its own,
andprovidesthe programmewith anelegantway of repre-
sentingresultswhich are not yet available. PARDIS also
allows the sener to interruptits computationin orderto
processoutstandingrequests;full discussionof theseca-
pabilitiesis beyondthe scopeof this paper for detailsrefer
to[13].

Principlesappliedin this simplescenariccanbe usedto
constructmorecomple interactionscomposeaf multiple
parallelapplicationsaswell asunits visualizingor other
wise monitoring their progresg(see[13] for an example).
Interoperabilitywith CORBA will eventuallyenablePAR-
DIS to integratemary existing systemdasedon this tech-
nology:.

2.2 Distributed Sequences

In orderto make full useof interactionwith SPMD ob-
jectsin adistributedervironment the programmeneeddo
be ableto defineand manipulateargumentdatastructures
distributedovertheaddresspace®f thecomputingthreads
of an SPMD object. At this time, PARDIS providesone



suchstructure,a generalizatiorof the CORBA sequence,
calledadistributedsequence.

The distributed sequencdrom the examplein the pre-
ceedingsectioncanbedefinedin IDL as

typedef  dsequence<double,1024,(BLOCK,BLOCK)>
diff_array;

This definition representsa bounded distributed se-
guenceof 1024element®f typedouble , uniformly block-
wise distributedon the client’s aswell asthe sener’s side.
In this definition, double can be replacedby ary non-
distributedtypedefinedin IDL, rangingfrom basictypesto
comple userdefinedtypessuchasarrays structurer in-
terfaces Boththelengthanddistribution areoptionalin the
definitionof thesequencel_eaving thedistribution unspec-
ified allows interactingobjectsto tradesequencesf differ-
entdistributionsatclientandsener, andproviding run-time
lengthspecificationsllows the objectsto grow andshrink
sequencebetweerinteractions.

For parallel C++ programsbuilt directly on top of run-
time systemlibraries(ratherthanbuilt in termsof a paral-
lel C++ package)a sequencés mappedto a classwhich
behaeslik e adistributedone-dimensionadrraywith addi-
tional lengthanddistribution parametersin a style similar
to CORBA sequencenapping. The codefragmentbelow
shavs an examplefunctionality of codegeneratedor se-
guenceof doubleswith nofixedlengthor distribution:

/NIDL
typedef dsequence<double> ds_double;
/IC++
class ds_double{
public:
ds_double();
ds_double(unsigned int length,
DistTempl* dist = default);
[[¥+* conversion constructor:
ds_double(unsigned int local_length,
double* data,

Boolean release=FALSE);
ds_double(const ds_double& s);
“ds_double();
ds_double& operator=(const ds_double& s);
unsigned int length() const;
void length(unsigned int len);
double_proxy  operator[] (int  index);
void redistribute(DistTempl* dist);

double* local_data();
unsigned int local_length();

operator[] provides accesso the elementsof the
sequencavith locationtranspareng It is currentlyan er-
ror to acceselementbeyond the value of the lengthof a

sequence.The length of an unboundedsequencecan be
changedat run-time using the length  method;if a se-
guenceis shrunk,the dataabove the lengthvalue will be
discardedjf a sequencés lengthenednew elementswill
be addedto the ownershipof the computingthreadwhich
ownedthelastelementof the old sequenceThe program-
mer can usethe redistribute methodto redistribute
elementof asequencavhosedistributionis not preset.

At present,it is assumedhat mostinvocationsof the
methodson the sequencavill be SPMD-style thatis they
will be called collectively by all the computingthreads.
This assumptiorwas madein orderto provide interoper
ability with packagedasedon run-timesystemswhich do
not include supportfor global pointersand cannothandle
asynchronousccesgo an arbitrary contet. In later ver-
sions,PARDIS will supporttwo run-timesysteminterfaces
capturingthe functionality of messagepassingand one-
sidedrun-timesystemsawhich will allow usto take advan-
tageof thesetwo stylesin our mapping.

Althoughthedistributedsequencefferslimited support
for remotedataaccessits main purposeis to be usedasa
containerfor data,not provide its managementThe con-
versionconstructoasspecifiedn themappinglallows the
programmeto createa sequencéasedn his or hermem-
ory managemenschemewith no dataownership. Simi-
larly, thelocalacces®perationsanbeusedto corvertase-
quenceo the programmersnemorymanagemergcheme.

An “in” argumentbntheclient’'s sidemustsetthelength
anddistribution of a distributed sequencdeforeit canbe
used. An “out” argument(represente@sa managedype
[15]) shouldbeinitialized by a distribution templatebefore
calling the operationwhich returnsit; otherwisea uniform
blockwisedistribution will beassumedThedistribution of
returnvalueds alwaysassumedo beblockwise.Thesener
cansetthedistribution of adistributedsequenchichis an
“in” parameteto ary of its operationsbeforeregistering;
otherwise the distribution for that sequencevill defaultto
uniform blockwise.

An alternatve to the default distribution is provided by
the PARDIS::Proportions object,which canbe con-
structedby proportionarray or numbers(up to a point).
For example,if thedistribution of diffusion ~ _array in
operationdiffusion of thediffusion  _object from
previous exampleis not predefinedthe sener canspecify
it by performingthe following assignmenprior to object
registration:

_diff_object_sk::diffusion_myarray =
new DistTempl(Proportions(2,4,2,4));

This will causethe elementf agumentmyarray to
bedistributedovertheaddresspace®f thread, 1, 2 and
3in proportions2:4:2:4whenthe diffusionoperationis in-
voked.

The experimentalmappingdescribedhere, althoughit



provideseasyintegrationwith PARDIS to ary data-parallel
applicationimplementedn C++,is notyetafully satishc-
tory solution.For atruly seamlestegration,thesequence
will mapdirectly to constructpresentn the programmers
packaggsuchasfor exampledistributedvectorin HPC++
PSTLI[3]). We arecurrentlyworking on formulatingdirect
mappinggor theHPC++PSTLandPOOMA[1] libraries.

2.3 GeneralDesignComponentsof PARDIS

PARDIS is adistributedsoftwaresystenmconsistingf an
IDL compiler communicationlibraries, object repository
databaseandfacilitiesresponsibldor locatingandactivat-
ing objects. Therelationshipbetweerthesecomponentss
depictedn figurel. Asin otherCORBA implementations,
thelDL compilertranslateshespecification®f objectsnto
“stub” codecontainingcallsto communicationdibrariesand
generatingequestso locatingandactivatingagents.

IDL
specification

compiler

client’'s server’s
application client’s server's application

and package and package

stub

client’'s

RTS PARDIS ORB

Figure 1. Interaction of main components of
PARDIS: the shaded areas in the picture de-
note the PARDIS run-time system interface .

In orderto provide supportfor interactionwith SPMD
objectsanddistributedsequenceRARDIS mayneedto is-
suecalls to the run-time systemunderlyinga parallel ap-
plication. A genericrun-time systeminterface hasthere-
fore beenbuilt into PARDIS librariesandmayalsobeused
by the compilergeneratedcstubs. To date only one run-
time systeminterface hasbeenspecified;it encompasses
thefunctionality of message-passitiprariesandhasbeen
testedusingapplicationdasedn MPI [7] andthe Tulip [2]
run-timesystem.In the future PARDIS will provide anal-
ternative run-time systeminterfacecapturingthe function-
ality of themoreflexible one-sidedun-timesystems.

3. Two Methods of Distributed Argument
Transfer — Experimental Performance

We have investigatedtwo methodsof implementing
transferof distributed argumentsin invocationsmadeon

SPMD object. This sectiondescribesur experimentsand
theirresults.

3.1 Hardware and Description of Experiment

In theexperimentdescribedelor we measurghetime
of invocationmadeby a clientexecutingon aa4-nodeSGl
Onyx R44000n an SPMD objectexecutingon a 10-node
SGIPCR8000. The network transferis conductedover a
155 MB/s ATM link usingthe LAN Emulationprotocol.
During the experiments,the machinesas well asthe link
werededicated.

Both the client and the sener were relying on the
MPICH [12] (v 1.0.12,compiledto use sharedmemory)
implementationof MPI [7] for their internal communica-
tion. Althoughthehardwarewe usedsupportsharednem-
ory, our experimentswere basedon a distributed memory
model. The currentversionof PARDIS usesNexusLiteto
provide network transport;sincewe do not usethe asyn-
chronousfeaturesof Nexus, no threadsadditionalto the
implementatiorof client and sener are spavned, andthe
sendsandrecevesfor large datasizesarein practicesyn-
chronousoperationsReferto [10] for detailson Nexusim-
plementation.

In orderto bring out the asymmetryof interaction(dif-
ferentnumberof interactingprocessest client andsener,
anddifferenthardware)in our invocationswve wereinclud-
ing one“in” argumentsentonly fromtheclientto thesener.
Both client and sener assumeuniform blockwisedistribu-
tion of the sequenceThe performancenalysiswasbased
onaverage®btainedover 1000blockinginvocationsonthe
sener. We would lik e to stresghattheresultsgivenin this
sectionareonly intendedto show relative performanceof
the two methods. PARDIS is still underdevelopmentand
no optimizationshave yet beenapplied.

3.2 Centralized Argument Transfer

In this methodof argumenttransfer the SPMD object
malkes available only one network connectionto clients.
This connectionis waitedon by one of the SPMD threads
which we will subsequentlgall a communicatinghread
All other computingthreadsare communicatingwith this
threadthroughthe PARDIS interfaceto the run-time sys-
temunderlyingthe objectimplementationSimilarly, a par
allel client alsodesignates communicatinghreadwhich
handlegequestandtheirarguments.

On invocation,the computingthreadsof the client first
synchronizemarshabigumentandthentherequests sent
to the sener asone message.The communicatinghread
of sener recevvesthe request,unmarshalsargumentsand
performsthe requestaftertheinvocationthe sener’'s com-
puting threadssynchronizeand the communicatinghread



informs the client of the completionstatusof the request.
Thedistributedargumentsaregatheredcaindscatteredy the

communicatinghreadsof the client and sener as part of

themarshalingor unmarshalingprocesgseefigure2). This

processs performedby PARDIS usingthe interfaceto the

run-timesystemandis invisible to the programmer

* ?

: o

[ ‘e
client server

Figure 2. Centraliz ed Argument Transfer: the
dotted lines show run-time system comm u-
nication taking place during argument mar-
shaling and unmar shaling, the thic k black line
shows network transf er.

The main advantageof centralizedargumenttransferis
its simplicity andfor this reasonit is often usedin hand-
codedsolutionsto inte-MPP communicationIn our expe-
rience,it is alsothe mostpracticalmethodof communica-
tion with parallelapplicationsxecutingon front-endbased
architecturesuchasT3D.

Let¢. denotetime of invocationandargumentransferin
thecentralizednethod.It canthenbedescribeds:

te = tga,theT(n) +itp +tr +ty + tscatter(m)

wheret,, is the time of packingthe data,t,, is thetime
of receving and unpackingthe data,tr denotesthe time
from the beginning of the sendoperationto the endof the
receve operationandn andm arethenumbersof comput-
ing threadsof the client and sener respectiely. We will
investigatehow thesetimes influencethe total invocation
time in differentconfigurationof clientandsener. In our
measuremenige alsoincludedthetimeit tookto complete
theproces®f sendinghesequencasit provedto influence
theresults(t,s,; denotedime of packingandsendingtime
of packingis constant) Sinceit is lik ely thatinvocationson
SPMDobjectswill mostofteninvolvetransferringargear-
gumentswewill concentraten evaluatingtheefficiency of
this methodfor arelatively largesequenceomposeaf 217
of elementf typedouble.Tablel summarizesheresults.

The resultsshawv thatthe increasein the time of invo-
cationis accountedor by two main factors: the cost of
gatherandscatter(t,qtner andtscqaster N the tableabove)
andby theincreasen time of sendandreceve (t,¢, and
t,,) asthe numberof computingthreadson eithersidegoes
up. Sinceexactly the sameoperationsareinvolvedin pack-

ing, sendingandreceving the messag@achtime, we hy-
pothesizehatthe latter effect is dueto scheduleinterfer
ence.lt appearshatthecomputingthreadsaredescheduled
on issuingsystemcalls and that increasingthe numberof
computingthreadsdecreasethe probability thata particu-
lar threadwill bescheduledtarny time. Communicatioral-
waystakesplacebetweera particularpair of threadsandis
synchronous$or largedatasizes sothis behaior will cause
thetime of sendto increaseleadingalsoto theincreaseof
total invocationtime. However, evenassuminghatthis ef-
fectcouldbeeliminatedfrom thetimesof gatherandscat-
terwe canseethatthetime of agumentransfemwould still
grow with thenumberof client's andsener’sresources.

3.3 Multi-P ort ArgumentTransfer

In orderto enablemulti-port argumenttransfer each
computinghreadof the SPMDobjectopensanetwork con-
nectionon a separategort. Theseconnectionshecomea
partof objectreferencdor this particularobjectandareac-
cessibleto clientswantingto connect. Similarly, parallel
clientsalso openmultiple connectionspne per thread,so
thateachcomputingthreadof the client cancommunicate
directly with eachthreadof thesener.

In the centralizedmethod ,argumenttransferis a part of
the invocationmessageall informationassociatedvith a
requestis sentin one message However, sendingthe in-
vocationto every computingthreadinsteadof having only
onethreadbroadcasit to otherscouldleadto contentiorbe-
tweendifferentinvoking clients (aswithin the sameobject
somethreadsmightaccepinvocationfrom oneclientwhile
othersacceptinvocationfrom anotherresultingin calling
differentmethods).In this methodwe will thereforesepa-
ratetheinvocationfrom the argumenttransfer Theinvoca-
tion heademill be deliveredusingthe centralizedmethod
asabove, anduponits receiptthe computingthreadswill
await agumentransferon network ports. As in the caseof
the centralizedmethod the client’s threadssynchronizeon
makingtheinvocationandthe sener’s threadsynchronize
aftertheinvocationis completed.

\:

[
._::______)o
L ]
client server

Figure 3. Multi-P ort Argument Transfer

Transferringthe agumentsfrom eachthreadmay in-
volve sendinghemto morethenonedestination(seefigure
3). Basedoninformationprovidedby the ORB, theclient's



n=1 n=2 n=4
tgather =0.74 tgather = 33.6 tgather =43.2
m tc tp&s tu tscatter tc tp&s tu tscatter tc tp&s tu tscatter
1| 417 | 380 | 16.7 0.2 497 421 | 171 0.2 571 | 486 | 15.9 0.2
2 | 442) 382 | 205| 213 529 | 430 | 20.3| 20.2 634 | 528 | 20 18.9
4 | 451 | 385 | 21.1 25 538 | 433 | 21.2| 24.6 685 | 571 | 21.1| 255
8 | 461 | 394 | 21.8| 25.8 552 | 446 | 21.7| 26.2 697 | 577 | 21.6| 26.7

Table 1. Time of invocation using the centraliz ed method of argument transfer. m is the number of
server's processes, n is the number of client’s processes, the time is given in milliseconds.

threaddfirst calculateto which of the sener’s threadsthey
shouldsenddata. Eachthreadthen marshalsthe part of
datait owns, and sendsit. The sener’s threadsreceve
all the datatransfersassociatedvith a given requestand
unmarshathemaccordingto informationcontainedn the
transferheader Timing invocation and argumenttrans-
fer of this methodon a sequenceof 2'7 of elementsof
type doubleis summarizedin table 2. Here, the times
of send,unpackingandreceve, and packing(marshaling)
(tsend, tw @andt, respectiely) representhe maximumover
all threadsinvolved; time of post-invocationsynchroniza-
tion (tezit_parrier) COMesfrom thecommunicatinghread.

n=1

m tmp tp tsend tu tewit_barrz'er

1 | 420| 37.2| 338 | 235 0.03

2 | 417 | 38.4| 348 | 18.3 165

4 1408 | 35.1| 347 | 8.1 256

8 | 412 | 30.9| 356 | 35 307
n=2

m tmp tp tsend tu tem‘t_barrier

1| 431| 159| 361 | 23.6 0.03

2 | 425| 16.4| 358 | 12.6 3.9

4 | 412 17 352 | 75 169

8 | 393|16.4| 336 | 35 240
n=4

m tmp tp tsend tu tezit_barrier

1 |367| 13.1| 285 | 25.8 0.03

2 | 376 | 13.8| 298 | 13.5 3.9

4 | 368 | 134| 296 | 6.4 8.3

8 | 336 13.1| 261 | 34 129

Table 2. Time of invocation using the multi-
port method of argument transfer. m is the
number of server's processes, n is the num-
ber of client’s processes, the time is given in
milliseconds.

Theseresultsindicatethattwo sendoperationsnitiated
by separateomputingthreadsof the client arecompleted

atroughlythe sametime onthe sener’s side. For example,
thetime spentin exit barrierfor n = 1, m = 2 corresponds
to roughly half of the sendoperationwhich meanghatthe
sendsweresequentializedWhenn = 2,m = 2 however,
the threadsare nearly synchronizedn the post-irvocation
barrierwhichmeanghatthey completedeceve operations
atroughlythe sametime. We verifiedthis behaior for dif-
ferentcasesdy comparingheamountof time differentpro-
cesse®f the sener spentin the barrierand concludethat
datatransferfrom two separatecomputingthreadsof the
clientdid nothappersequentiallybut wasinterleaved.

This fact helpsexplain the decreasén the time of send
aswe increasethe numberof threadsat client and sener
beyonda certainthreshold We assumethatit is moreprob-
ablethat any of a numberof threadswill be scheduledo
receve or sendthanthata particular threadwill be sched-
uled (this behaior holdstill m or n exceedthe capacityof
the machines).If this assumptions correctandmorethan
onesendoperationis in progressatthe sametime, thenthe
higherprobability of thesendingor receving processeing
scheduledvill resultin quicker responseo the sendoper
ation and decreaseoverall sendtime. Note that the time
of sendinitially increasesswe begin to increase¢henum-
berof client'sandsener’sthreadsvhichwe attributeto the
schedulemterferencewhichcausedimilarbehaior in the
centralizednethod.

Finally, theresultsshaw thatthetime of packingandun-
packingfor ary giventhreaddecreaseasn andm increase,
sinceeachthreadbecomegesponsibldor smallerchunks
of data. Further theseoperationsare performedn parallel
to at leastsomedegree(for packing: comparecaseswvhen
n = 1,m = 1 andn = 2,m = 1; for unpacking: note
thatwhenn = 2,m = 2 thetime spentin barrieris 3.9
ms while thetime of unpackingis 12.6 ms) andthuscon-
tributeto theoveralldecreasé invocationtime. We expect
thatthis effectwill beamplifiedin casesvhichrequiredata
translation(not presentn our experimentspr moresophis-
ticatedmarshaling.Note that this methodallows usto use
thefull processingapabilityof clientandsener for argu-
menttransfer

Overall, we can describethe time of invocationin the



multi-portmethodas

tmp = tp(n) + t7 + ty(m)

Sincet, andt, decreas@sn andm increaset is rea-
sonableto assumehatin the absencef otherfactorst,,,
will decreasevith theincreaseof resource®n client'sand
sener’sside.

In all the casesshavn above the sequencean always
be divided very efficiently (only the minimum numberof
sendsin eachcase),andall the threadsof the sender(the
client) are sendingthe sameamountof data,so thatnone
arefasterthan others. Experimentsshav that caseswhen
thesequencés split unevenly areof comparablefficiency
(for examplefor n = 3 andm = 5 in the sameexperiment
thetiming of theinvocationwas370milliseconds).

3.4. Comparison

So far we consideredhe behaior of the two methods
in the context of fixed agumentsize and changingclient
andsener configurations.The graphbelov compareghe
effective bandwidthof an“in” argumentransferincluding
all the invocationoverhead for differentdatasizesin the
mostpowerful client-sener configurationconsideredn =
4 andm = 8).

centralized vs multi-port
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Figure 4. Performance of centraliz ed versus
multi-por t method of argument transf er con-
figured atn =4, m =38

The multi-port methodpeaksat 26.7 MB/s for sequence
of length2'7 doubles.The highestbandwidthfor the cen-
tralized methodis 12.27 MB/s for sequencef length2!6
doubles Thedataindicateghatfor smalldatasizestheper
formanceof both methodss nearlythe same,andthat for

large datasizesthe multi-port methodsignificantlyoutper
formsthe centralizedmethod. This relationshipis similar
for other configurations;althoughinvocationtimes of the
multi-port methodfluctuate,we have not found a casein
which it would underperfornthe centralizednethod.

From the experimentalresultsit is evident that these
methodsbehae differently with the increaseof resources
on eitherclient’s or sener’s side. In the caseof the cen-
tralizedmethod,the time of algumenttransfergrows with
theincreasef computationafesourcestclientandsener,
asthe time of both gatherand scattergrows. In the case
of multi-port transferhowever, the time decreasebecause
we take advantageboth of datalocality (communicatioris
direct, no needfor gatherandscatter)andemplgy the full
computationapower of clientandsenerin parallelfor data
marshalingand other communicatiorprocessing.Further
in the particularhardwareconfiguratiorusedin this experi-
ment,the multi-port methodallowed usto betterutilize the
network link by reducingthe scheduleinterference.

4. RelatedWork

Many researchertave investigatedhe designand ef-
ficiengy of tools and ervironmentsallowing the program-
mer to build distributed high-performancesystems. This
researctprimarily centerson two areas:multimethodrun-
time systemsandmetacomputingrnvironments.

Multimethod run-time systems suchas Nexus [8] and
Horus[17], integratediversetransporimechanismandpro-
tocolsunderoneinterface. This allows the programmeto
treatacollectionof supercomputersonnectedby anetwork
asonevirtual metacomputeknowing thatthe mostoptimal
communicatiormethodwill be appliedto communication
betweenany two nodesof this virtual machine. This low-
level approachalthoughvery effective for mary applica-
tions, still requiresthe programmeto write his or hercode
in termsof theinterfaceto a givenrun-timesystem.n con-
trast,our approachdoesnotinterferewith therun-timesys-
temor packageaisedby agivenapplicatiorwhichallowsthe
programmeto chooseaun-timesystemnterfacebestsuited
to hisor herneedsAs aconsequencéheprogrammedoes
not needto rewrite the applicationcodeand canreuseal-
readyexisting componentén building meta-applications.

Large-scalemetacomputingervironmentssuch as Le-
gion [11], Globus [9] or WWVM [6] focuson providing
interoperabilityof mary diversecomponentsThey address
problemsof scheduling)/O systemscomponentompila-
tion andresourcemanagementNetSohe [4] providesin-
terfacesto standardscientifictools suchasMatlabandal-
lows client-serer interactionbetweencomputingunits. It
also attemptsto load-balancets applications. Our focus
is different; we aretrying to provide explicit abstractions
gearedspecificallytowardsinteroperabilityof parallel ob-



jectsratherthendevelopanernvironmentintegratingdiverse
componentskar from attemptingto incorporateall of their

featuresPARDIS could exist asoneof the communication
subsystemsh theernvironmentsmentionedabove.

Activeresearclis alsobeingdoneon optimizingthe per
formanceof CORBA for high-speechetworks. The TAO
project [16] focuseson developing a high-performance,
real-timeORB providing quality of serviceguaranteesyp-
timizing the performancenf network interfacingand ORB
components. This researchis concernedmainly with in-
creasingperformancédy optimizingthe architecturacom-
ponentof CORBA, notbyintroducingnewn concept®nthe
level of objectmodel.

5. Conclusionsand Futur e Work

In this paperwe have introducedthe conceptof SPMD
objects and simple distributed argument structures, dis-
tributed sequencesywhich supportit. SPMD objectsand
distributedsequencearedesignedo provide the program-
merof parallelobjectswith aneasyandefficientway of in-
tegrating his or herapplicationsinto a heterogeneouslis-
tributed ervironment. Theseconceptswere implemented
in PARDIS, a systembasedon CORBA designprinciples
whichin its final versionwill supportinteroperabilitywith
CORBA.

We have alsopresentedwo differentmethodsof imple-
mentingargumentransferin methodinvocationson SPMD
objectscontainingdistributedarguments.Resultsobtained
using the multi-port methodshaw that by exploiting data
locality in differentcomputingthreadsof clientandsener,
andemploying all the availablecomputingpower for argu-
menttransferprocessingijt is possibleto reducethe time
of operationinvocationon SPMD objectsevenin the pres-
enceof only one network connectionbetweenclient and
sener. Further avery desirablecharacteristiof the multi-
portmethodis thatthetime of agumenttransferdecreases
with the increaseof computationatesource®f client and
sener. This shawvs that SPMD objectsare not only useful
fromthepointof view of programmecornveniencebut also
provide an efficient solution for communicationbetween
distributedparallelobjects.

Our mostimmediateplansfocuson investigatingdiffer-
ent stratgies of distributed argumenttransferin different
hardware configurationsand under different assumptions
aboutargumendistribution. Oncethesdassuesareresohed,
we planto continueour work on direct mappingstrategjies
for concretepackagesuchasHPC++andPOOMA. This
will enableus to testthe capabilitiesof PARDIS on real
world applicationsand provide insightinto the designof
otherdistributedargumentstructures.
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