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Abstract

Handlinggroupsof processess a desirablecharacteristién mary parallelanddistributedapplicationspeingused

for providing performanceandavailability. In this paperwe presenthe groupcommunicatiorservicedeveloped

for the DECK programmingervironment,shaving how it wasimplementedandanalyzingits performance.
Keywords: groupcommunicationgdistributedenvironments clustercomputing.

1 Intr oduction

For agreatnumberof parallelanddistributedapplicationsgroupsof processearefrequentlyneeded
to provide collectve communicatiorfacilities in orderto allow a setof distributedtasksto exchange
data. This kind of facility is supportedoy communicatiorgroupmechanismshatoffer resourcegor an
applicationto controla setof processethatareconcurrentlyrunningwithin a groupcontext.

DECK (Distributed Execution and Communication Kernel) [BAR98,BARO0Q] is alibrary for parallel
programmingon clustersof PCsthatforeseesheavailability of asetof specializedservicesamongthem
groupcommunicationto be usedasdemandedby the applications.

The major contribution of the work presentedn this paperis the designand implementationof a
groupcommunicatiorservicefor the DECK library. The goalof this serviceis to sene asabasicsetof
functionsto allow theuserto creatdats own protocolfor collective communicationIn thisway;, this basic
serviceprovidesprimitivesfor groupmanagemerandcommunicatioramongthe groupmembers.

This paperis organizedasfollows: section2 presentsomerelatedworksin termsof programming
librariesthat provide groupcommunicationsection3 presentgshe DECK environment,shaving its in-
ternal organizationand provided resourcessection4 presentsand explains the group communication
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service;in section5 it is shavn the performanceesultsobtainedusingthe proposedservice andfinally
section6 present®ur conclusionsandcurrentdirections.

2 Relatedwork

Althoughlibrariesfor parallelanddistributedprogrammingarecommonnowadaysthe furnishment
of group communicationare not deeplyexplored by theselibrariesas expected. Due to this reasona
smallnumberof communicatioriibrariesprovide this facility, suchasMPIl andPVM.

Thereareseveralimplementation®f the MPI (Message Passing Interface) standardMPI194], such
asMPICH [WOR99]andLAM [OHI96], which are currently usedto the developmentof paralleland
distributedapplications.

The MPI standarddefinesa setof collectve communicationprimitivesthat are usedfor message
exchangewithin agroupof MPI processesyhereall processebelongto thisgroup. Theseprimitivesuse
theconcepbf communicators, whichdefineghesetof processesvolvedin acollectve communication.
Besidesgeachnodeis identifiedby a rank andthe usercanspecifya nodeto senda messageroviding
its rank. Figurel shows thefunctionsusedfor groupcommunicationn MPI.

int MPlI Bcast (*buf, count, datatype, root, comm;

int MPI Scatter(*sbuf, scount, stype, *rbuf, rcount, rtype, root, conm;
int MPlI _Gat her (*sbuf, scount, stype, *rbuf, rcount, rtype, root, comm;
int MPlI _All gather(*sbuf, scount, stype, *rbuf, rcount, rtype, com;

int MPlI Barrier(comm;

Figurel: MPI collectve communicatiorfunctions.

Thesefunctionsareexecutedwithin thecontext of thecommunicatopasse@saparamete(commin
theexamples) All functionshave buffersfor sending/receing data;however, in thecaseof thebroadcast
function,thereis only onebuffer, astheprocesaill only sendor receve data.Theidentificationof which
procesawill senddatain the broadcastindscatterfunctionsis the root parameterit alsoindicatesthe
procesghatwill receve dataon a gatherfunction. Therearealsoparametersor specifingthe datatype
andhow mary itemsof this datatypewill betransmitted.

The MPlI Bcast functionsendsdatato all membersof a specificgroup. MPl _Scat t er splitsa
messag@andsendsts partsto thegroupmemberswhereadWPl _Gat her doestheopposite:it collects
partsof a messagdrom the group membersand passthem to the root process. MPI _Al | gat her
is similar to MPI _Gat her , however all processeseceve the whole message.The MPl Barri er
functionblocksthe calleruntil all groupmembersave calledit; thenthecall returnsatary procesonly
afterall groupmemberdave enteredhecall.

PVM (Parallel Virtual Machine) [GEI94] alsoprovidesseveral functionsfor groupcommunication,
asshownin Figure?2.



i nt pvmbcast (char *group, int nsgtag);

int pvmntast(int *tids, int ntask, int nsgtag);

int pvmgather(int count, int datatype, int nsgtag, char *group,
int root);

int pvmscatter(void *result, void *data, int count, int dtype,
int megtag, char *group, int root);

int pvmreduce(void *func, void *data, int count, int dtype,
int nmegtag, char *group, int root);

int pvmbarrier(char *group, int count);

Figure2: PVM groupcommunicatiorprimitives.

Thefunctionpvmbcast asynchronouslyproadcasts messagetoredin the active sendbuffer to
all memberof the group. The contentof the messageanbe distinguishedy the parametemsgtag. In
PVM 3.2 andlater, the broadcastnessagés not sentbackto the sender

pvmntast multicastsamessagestoredin the active sendbuffer to ntask tasksspecifiedn thetids
array Themessagés notsentto thecallerevenif its tid is in tids. As in the broadcastthe contentof the
messageanbedistinguishedy the parametemsgtag.

In thefunctionpvmagat her , aspecificmemberof thegrouprecevesmessageBom eachmember
of thegroupandgatherghesemessagemto asinglearray Thefunctionpvmscat t er isusedto send
to eachmembetrof agroupasectionof anarrayfrom a specificmemberof thegroup. Thesefunctionsare
frequentlyusedto distributework to andcollectresultsfrom a groupof taskswithin a PVM application.

Thefunctionpvmr educe performsglobaloperationssuchasm n, nax andsum overall tasks
in agroup. All groupmemberscall this primitive with their local dataandthe resultof the reduction
operationappear®ntheroottaskroot, identifiedby its tid within thegroup.

The function pvmbar ri er blocksthe calling processuntil count membersof the group have
calledit. The count agumentis requiredbecauseasPVM supportdynamicallygroupmanagementt
is possiblethe non-participatiorof amembeitaskin apvmbarri er () call, sincethenumberof tasks
to synchronizas passedsa parameter

An importantcharacteristioof PVM is thatis possiblefor a task not belongingto a groupto use
collective communicatiorfunctionsfor sendandreceve data.For example,a PVM taskcanbroadcasa
messag¢o all memberf agroup,eventhoughit maynot belongto thatgroup.

Besideghesefunctions,both PVM andMPI provide functionsfor groupmanagementllowing the
userto specifythe creationanddestructiornof a group,aswell asincludeor remove membergo/from a

group.



3 The DECK ervironment

DECK (Distributed Execution and Communication Kernel) is a library for paralleland distributed
programmingover clusterbasedarchitectures.It is composedf a runtime systemand an userAPI
which providesa setof abstractiongndmorespecializedservicesusedasdemandedby theapplications.
A DECK applicationrunsin a SPMD style, in which thereis a copy of the applicationprocesgor each
nodein thecluster

Internally, DECK is divided in two layers, one called uDECK, which directly interactswith the
underlyinghardwareandoperatingsystemandaservicelayer, wheremoreelaboratdacilities(including
groupcommunicationpremadeavailable. Figure3 shavs thelayeredstructureof DECK.

RCD naming FT group sched services

thread semaph msg mbox shmem uDECK

Figure3: Internalstructureof DECK.

uDECK is the platform-dependemartof DECK. This layerimplementshe basicabstractiongro-
vided within the environment: threads, semaphores, messages, mailboxes and shared segments. Each
of theseabstractionss treatedby the applicationasan objectand hasassociategbrimitivesfor proper
manipulation.

Messagesanbe postedto or retrievedfrom mailboxes. Only the creatorof a mailboxis allowedto
retrieve messagefom it, but any otherthreadknowing themailboxcanpostto it. To usea mailbox,the
creatormustregisterit in anamingsener. Therearetwo waysto obtainamailboxaddressfetchingit in
thenameseneror receving it in amessage.

Reagardingthe namingserviceof the DECK's upperlayer, thereis a namesener runningasa dedi-
catedthreadonthefirst nodewithin thecluster whichis responsibldor registeringmailboxes. Thename
seneris automaticallyexecutedvhentheapplicationstartsandhasa well-known mailboxto allow other
thread€o communicatewith it.

Theupperlayeris responsibleéo provide a setof servicesvhichareplatform-independergndimple-
mentedon top of thebasicabstractionprovidedin the uDECK layer. Thislayerforeseesheimplemen-
tation of servicessuchasfault tolerance)oadbalancing,jnter-clustercommunicatiofRCD) andgroup
communicationIn this scopeof thiswork, only thelatterwill bediscussed.

The maingoalin the designof DECK wasuseit asthe communicatioribrary for DPC++[SILO0O0],
which is a distributed object-orientedanguagethat will use the group communicationservicefrom



DECK to provide load balancingandvisualizationfacilities. With the constantuseof clustersas plat-
formsfor parallelanddistributedprogrammingwe have changedhe designof DECK in orderto addi-
tionally provide resourcegor generaluse.

The currentimplementationof DECK runs on Unix, using PthreadqIEE95] and a soclet-based
mechanisnfor communication.Futureimplementationsill run over differentnetwork devices, such
asMyrinet [BOD95] andSCI[IEE92] andwill usecommunicatiorprotocols,suchasBIP [PRY98] and
SISCI[GIA98], specificfor thesenetworks. Thesharednemoryabstractions not currentlyprovidedby
DECK, sinceit depend®ontheimplementatioron top of SCI.

4 The group communication serice

Thegroupcommunicatiorservicehasa Client/Senersemantic.Thereis asenerfor eachgroupwho
keepdatarelatedto the groupcontext andexecutesoperationgequestedby the membergclients)of the
group. In this way, a memberof the groupdoesnot sendor receve datadirectly to anothermember;all
communicationn thegroupcontext is doneby thegroupsener.

Figure4 shows the groupcommunicatiorfunctionsfor DECK, which areexplainedin the next sec-
tions.

nt deck groupcreate (deck groupt *g, char *gnane, int nmn);

nt deck_group_destroy (deck_groupt *Q);

nt deck_groupjoin (deck groupt *g, deck.nboxt *nb, char *nane);
nt deck_group.l eave (deck_groupt *Q);

nt deck_group_bcast (deck_groupt *g, deck_.msg_t *nsQ);

i
i
i
i
i
i nt deck_groupsync (deck groupt *g);

Figure4: DECK functionsfor groupcommunication.

4.1 Group creationand destruction

Whenagroupis createdalocalthreads launchednthemachindromwheredeck _gr oup_cr eat e()
function was called. This threadis the groupsener andit holdsa list of mailboxesfrom processesr
threadsthat belongto this group. Thereis no messag@assingn the group creationprocessasit in-
volvesjust the creationof a new thread. The groupsener createsa mailbox andbindsit with the name
of the groupto be ableto receve servicerequests.The parameterare the group object (that will be
returnedto the new member) the nameof thegroup(to allow othersprocesses/threads join thegroup)
andthe minimum numberof memberdghe groupmusthave to start. This lastparameters needto avoid
broadcastbeforeall membershave enteredhegroup.

Whenthedeck _gr oup_destroy() functionis called,amessageequestingheendof thatgroup
is sentto thegroupsener. Thegroupsenerwaitsall broadcastto bedoneandexits, returningamessage



to theonewhorequestedhe groupdestructiorto indicatethe succes®f the operation It workslik e join
and leave functions,requiringonly two messages.The only parametethis function hasis the group
objectthatrepresentshe groupto bedestryed.

4.2 Join and leave operations

Using the groupname,thedeck _gr oup_j oi n() functionfetchesthe groupsener mailbox and
postsa join requestto it. The mailbox passedas parametemwill be addedin the group sener list of
mailboxes. The sener returnsanidentificationnumberfor that memberthroughthe groupobject. The
join function involvespassingwo messagesasshown in figure 5. The mailbox passedasa parameter
is the oneto wherebroadcastsvill be sent.In thisway, broadcastethessagesanberetrievednormally
from thatmailbox,usingthe basicDECK functiondeck _nbox retrv() .

The deck_gr oup_l eave() function sendsa leave requestto the group sener, with the iden-
tification numberfrom the group object passedas parameter The group sener removes the mailbox
associateavith thatid numberandreturnsa codefor the succes®f this operation.This s similarto the
deck_group_j oi n() functionasit alsoinvolvesjusttwo messagegigureb).

join / leave

return

Figure5: Schematiof join andleave functions.

4.3 Broadcast

Thejoin/leave functionsonly addor remove mailboxesfrom thelist mantainedn the groupsener.
Whena broadcasts requestedanotherthreadon the samenodewherethe group sener is runningis
createdo handleit. Thisis doneto avoid locking thegroupsener duringthe broadcastTo executethis
function,it will bepassed + nunber of nenbers messagessshovnin figure6. Thisfunction
hasasparametershe groupobjectto whichthemessageavill be sentandthe messagéself.

4.4 Synchronization

Duringadeck_group_sync() function,thecallingthreadcommunicatesvith the groupsener.
Thegroupsener marksthe correspondingnailbox aswaiting for synchronizatiorandchecksthe other
ones.Whenall themailboxeson thelist weremarked, it releasesll groupmemberdy returninga mes-
sageto eachof them. The numberof messagepassedn synchronizations 2 x nunber of mem
ber s , asshavnin figure7.



Figure6: Messagexchangefor broascast.

-
return return

Figure7: Messageassingduringsynchronization.

5 Performanceevaluation

This sectionshavs a preliminaryperformancevaluationof the proposedyroupcommunicatiorser
vice.

Theanalysiswasmadein a4-nodePC basedclusterconnectedy the FastEthernetcommunication
network. Eachnodeis a Dual PentiumPro at 200 MHz with 64 MB of main memory The operating
systemis Linux, kernel2.2.10with gcc version2.91.60(egcs-1.1.1).

Onetest performedwith this servicewas the evaluationof the broadcastunction. It was made
to illustrate the impact causedby the numberof membersn a group on the lateng of the broadcast
function. The measuredesultsare presentedn figure 8. As comparisonthe sametestwasperformed
for the MPICH, version1.1.2.

To generatehe presentedesultsthe programcallsthe functiondeck gr oup_bcast () followed
by the functiondeck gr oup_sync() 500times,andthencalculateshe balancednean. Time has
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Figure8: Lateng for deck _gr oup_bcast () .

beenmeasuredvith get ti meof day() function. It wasneededo synchronizethe groupto mark-
ing the time as DECK usesthreadsto realizebroadcasts.The programwas run with messagesary-
ing from 1 to 32768bytes. For the MPICH program,the equialentfunctionsMPl Bcast () and
MPI Barrier() wereused.

As shavnin figure 8, the performancef deck _gr oup_bcast () in conjunctionwith thefunction
deck_group_sync() ispraticallylinearfor messagewith morethanl KB, dependingopnthenumber
of membersn thegroupandon messagsize.

We canseein figure 9 that DECK hasa reasonablg@erformancevhen comparedvith MPICH —
aroundof 0.5 msslower for messagesntil 2 KB andaroundof 1 msfor larger messagesThis is due
two reasonsi) DECK centralizesall broadcasmessages a sener who keepsthe groupstatusandii)
eachtime a broadcasts required,a new threadis createdandit will not run until gettingthe processor
onthegroupsener.

6 Conclusion

This work haspresentedhe developmeniof a groupcommunicatiorservicethatwasplannedto the
DECK library, in orderto extendsits suitability to supportdifferentkinds of applicationsspeciallythe
onesinvolving dataparallelism.

Regardingthe DPC++languagethe groupcommunicatiorserviceis currentlyusedasa basicpro-
tocol to the developmentof load balancingmechanismsneedecdeachtime a distributedobjectmustbe
allocatedwithin the cluster;andto supportdelug andvisualizationfacilities. Also, DECK will usethis
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Figure9: DECK andMPICH latenciedor a2 membergroup.

serviceto develop a clustermanagemenservice,allowing the userto have a centralizedview of the
clustersresources.

The achievable performanceof the servicewas quite satishctorywhencomparedo MPI, evenre-
gardingits multithreadedbehaiour, which tendsto increasethe overheadduring messagédroadcasts
sincenew threadanustbe created Also, MPI haspresentedomeproblemswith a4-membegroupthat
dery moreaccurateests.

The currentwork involvesa “fine-tuning” in the groupcommunicatiorprotocol,in orderto increase
its performanceandtheadditionof moreelaborateaollective communicatiorfunctions,suchasscat -

t er andgat her . ReggardingDPC++,theloadbalancingmechanisms in developmenusingthis basic
group communicatiorprotocolto allow the distributed objectsto exchangedataabouttheir workloads
duringthe objectcreationprocess.
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