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Abstract

Handlinggroupsof processesis adesirablecharacteristicin many parallelanddistributedapplications,beingused
for providing performanceandavailability. In this paperwe presentthegroupcommunicationservicedeveloped
for theDECK programmingenvironment,showing how it wasimplementedandanalyzingits performance.
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1 Intr oduction

For agreatnumberof parallelanddistributedapplications,groupsof processesarefrequentlyneeded
to provide collective communicationfacilities in order to allow a setof distributedtasksto exchange
data.This kind of facility is supportedby communicationgroupmechanismsthatoffer resourcesfor an
applicationto controlasetof processesthatareconcurrentlyrunningwithin agroupcontext.

DECK (Distributed Execution and Communication Kernel) [BAR98,BAR00] is a library for parallel
programmingonclustersof PCsthatforeseestheavailability of asetof specializedservices,amongthem
groupcommunication,to beusedasdemandedby theapplications.

The major contribution of the work presentedin this paperis the designand implementationof a
groupcommunicationservicefor theDECK library. Thegoalof this serviceis to serve asa basicsetof
functionsto allow theuserto createits own protocolfor collectivecommunication.In thisway, thisbasic
serviceprovidesprimitivesfor groupmanagementandcommunicationamongthegroupmembers.

This paperis organizedasfollows: section2 presentssomerelatedworks in termsof programming
librariesthatprovide groupcommunication;section3 presentstheDECK environment,showing its in-
ternalorganizationandprovided resources;section4 presentsandexplains the groupcommunication
�
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service;in section5 it is shown theperformanceresultsobtainedusingtheproposedservice,andfinally
section6 presentsourconclusionsandcurrentdirections.

2 Relatedwork

Althoughlibrariesfor parallelanddistributedprogrammingarecommonnowadays,thefurnishment
of groupcommunicationarenot deeplyexploredby theselibrariesasexpected.Due to this reason,a
smallnumberof communicationlibrariesprovide this facility, suchasMPI andPVM.

Thereareseveral implementationsof theMPI (Message Passing Interface) standard[MPI94], such
asMPICH [WOR99] andLAM [OHI96], which arecurrentlyusedto the developmentof paralleland
distributedapplications.

The MPI standarddefinesa set of collective communicationprimitivesthat are usedfor message
exchangewithin agroupof MPI processes,whereall processesbelongto thisgroup.Theseprimitivesuse
theconceptof communicators, whichdefinesthesetof processesinvolvedin acollectivecommunication.
Besides,eachnodeis identifiedby a rank andtheusercanspecifya nodeto senda messageproviding
its rank.Figure1 shows thefunctionsusedfor groupcommunicationin MPI.

int MPI Bcast(*buf, count, datatype, root, comm);
int MPI Scatter(*sbuf, scount, stype, *rbuf, rcount, rtype, root, comm);
int MPI Gather(*sbuf, scount, stype, *rbuf, rcount, rtype, root, comm);
int MPI Allgather(*sbuf, scount, stype, *rbuf, rcount, rtype, comm);
int MPI Barrier(comm);

Figure1: MPI collectivecommunicationfunctions.

Thesefunctionsareexecutedwithin thecontext of thecommunicatorpassedasaparameter(comm in
theexamples).All functionshavebuffersfor sending/receivingdata;however, in thecaseof thebroadcast
function,thereis only onebuffer, astheprocesswill only sendor receivedata.Theidentificationof which
processwill senddatain the broadcastandscatterfunctionsis the root parameter;it alsoindicatesthe
processthatwill receive dataon a gatherfunction. Therearealsoparametersfor specifingthedatatype
andhow many itemsof this datatypewill betransmitted.

TheMPI Bcast functionsendsdatato all membersof a specificgroup. MPI Scatter splitsa
messageandsendsits partsto thegroupmembers;whereasMPI Gather doestheopposite:it collects
partsof a messagefrom the group membersand passthem to the root process. MPI Allgather
is similar to MPI Gather , however all processesreceive the whole message.The MPI Barrier
functionblocksthecalleruntil all groupmembershavecalledit; thenthecall returnsatany processonly
afterall groupmembershaveenteredthecall.

PVM (Parallel Virtual Machine) [GEI94] alsoprovidesseveral functionsfor groupcommunication,
asshown in Figure2.



int pvm bcast(char *group, int msgtag);
int pvm mcast(int *tids, int ntask, int msgtag);
int pvm gather(int count, int datatype, int msgtag, char *group,

int root);
int pvm scatter(void *result, void *data, int count, int dtype,

int msgtag, char *group, int root);
int pvm reduce(void *func, void *data, int count, int dtype,

int msgtag, char *group, int root);
int pvm barrier(char *group, int count);

Figure2: PVM groupcommunicationprimitives.

The functionpvm bcast asynchronouslybroadcastsa messagestoredin theactive sendbuffer to
all membersof thegroup.Thecontentof themessagecanbedistinguishedby theparametermsgtag. In
PVM 3.2andlater, thebroadcastmessageis not sentbackto thesender.

pvm mcast multicastsamessagestoredin theactivesendbuffer to ntask tasksspecifiedin the tids
array. Themessageis not sentto thecallerevenif its tid is in tids. As in thebroadcast,thecontentof the
messagecanbedistinguishedby theparametermsgtag.

In thefunctionpvm gather , aspecificmemberof thegroupreceivesmessagesfrom eachmember
of thegroupandgathersthesemessagesinto asinglearray. Thefunctionpvm scatter is usedto send
to eachmemberof agroupasectionof anarrayfrom aspecificmemberof thegroup.Thesefunctionsare
frequentlyusedto distributework to andcollectresultsfrom agroupof taskswithin aPVM application.

Thefunctionpvm reduce performsglobaloperations,suchasmin, max andsum overall tasks
in a group. All groupmemberscall this primitive with their local dataandthe resultof the reduction
operationappearson theroot taskroot, identifiedby its tid within thegroup.

The function pvm barrier blocks the calling processuntil count membersof the group have
calledit. Thecount argumentis requiredbecause,asPVM supportsdynamicallygroupmanagement,it
is possiblethenon-participationof amembertaskin apvm barrier() call, sincethenumberof tasks
to synchronizeis passedasaparameter.

An importantcharacteristicof PVM is that is possiblefor a task not belongingto a group to use
collectivecommunicationfunctionsfor sendandreceivedata.For example,aPVM taskcanbroadcasta
messageto all membersof agroup,eventhoughit maynotbelongto thatgroup.

Besidesthesefunctions,bothPVM andMPI provide functionsfor groupmanagement,allowing the
userto specifythecreationanddestructionof a group,aswell asincludeor remove membersto/from a
group.



3 The DECK envir onment

DECK (Distributed Execution and Communication Kernel) is a library for parallelanddistributed
programmingover cluster-basedarchitectures.It is composedof a runtime systemand an userAPI
whichprovidesasetof abstractionsandmorespecializedservicesusedasdemandedby theapplications.
A DECK applicationrunsin a SPMDstyle, in which thereis a copy of theapplicationprocessfor each
nodein thecluster.

Internally, DECK is divided in two layers,one called 
 DECK, which directly interactswith the
underlyinghardwareandoperatingsystem,andaservicelayer, wheremoreelaboratefacilities(including
groupcommunication)aremadeavailable.Figure3 showsthelayeredstructureof DECK.

thread semaph msg mbox shmem

RCD naming FT group sched

uDECK

services

Figure3: Internalstructureof DECK.


 DECK is theplatform-dependentpartof DECK. This layer implementsthebasicabstractionspro-
vided within the environment: threads, semaphores, messages, mailboxes and shared segments. Each
of theseabstractionsis treatedby the applicationasan objectandhasassociatedprimitivesfor proper
manipulation.

Messagescanbepostedto or retrievedfrom mailboxes.Only thecreatorof a mailboxis allowedto
retrievemessagesfrom it, but any otherthreadknowing themailboxcanpostto it. To useamailbox,the
creatormustregisterit in anamingserver. Therearetwo waysto obtainamailboxaddress:fetchingit in
thenameserveror receiving it in amessage.

Regardingthenamingserviceof theDECK´s upperlayer, thereis a nameserver runningasa dedi-
catedthreadonthefirst nodewithin thecluster, whichis responsiblefor registeringmailboxes.Thename
server is automaticallyexecutedwhentheapplicationstartsandhasawell-known mailboxto allow other
threadsto communicatewith it.

Theupperlayeris responsibleto provideasetof serviceswhichareplatform-independentandimple-
mentedon topof thebasicabstractionsprovidedin the 
 DECK layer. This layerforeseestheimplemen-
tationof servicessuchasfault tolerance,loadbalancing,inter-clustercommunication(RCD) andgroup
communication.In this scopeof thiswork, only thelatterwill bediscussed.

Themaingoal in thedesignof DECK wasuseit asthecommunicationlibrary for DPC++[SIL00],
which is a distributed object-orientedlanguagethat will use the group communicationservicefrom



DECK to provide load balancingandvisualizationfacilities. With the constantuseof clustersasplat-
formsfor parallelanddistributedprogramming,we have changedthedesignof DECK in orderto addi-
tionally provide resourcesfor generaluse.

The current implementationof DECK runs on Unix, using Pthreads[IEE95] and a socket-based
mechanismfor communication.Futureimplementationswill run over differentnetwork devices,such
asMyrinet [BOD95] andSCI [IEE92] andwill usecommunicationprotocols,suchasBIP [PRY98] and
SISCI[GIA98], specificfor thesenetworks.Thesharedmemoryabstractionis notcurrentlyprovidedby
DECK, sinceit dependson theimplementationon topof SCI.

4 The group communicationservice

ThegroupcommunicationservicehasaClient/Serversemantic.Thereis aserverfor eachgroupwho
keepsdatarelatedto thegroupcontext andexecutesoperationsrequestedby themembers(clients)of the
group. In this way, a memberof thegroupdoesnot sendor receive datadirectly to anothermember;all
communicationin thegroupcontext is doneby thegroupserver.

Figure4 shows thegroupcommunicationfunctionsfor DECK, which areexplainedin thenext sec-
tions.

int deck group create (deck group t *g, char *g name, int min);
int deck group destroy (deck group t *g);
int deck group join (deck group t *g, deck mbox t *mb, char *name);
int deck group leave (deck group t *g);
int deck group bcast (deck group t *g, deck msg t *msg);
int deck group sync (deck group t *g);

Figure4: DECK functionsfor groupcommunication.

4.1 Group creationand destruction

Whenagroupiscreated,alocalthreadis launchedonthemachinefromwheredeck group create()
function wascalled. This threadis the groupserver andit holdsa list of mailboxesfrom processesor
threadsthat belongto this group. Thereis no messagepassingin the groupcreationprocess,asit in-
volvesjust thecreationof a new thread.Thegroupserver createsa mailboxandbindsit with thename
of the groupto be able to receive servicerequests.The parametersare the groupobject (that will be
returnedto thenew member),thenameof thegroup(to allow othersprocesses/threadsto join thegroup)
andtheminimumnumberof membersthegroupmusthave to start.This lastparameteris needto avoid
broadcastsbeforeall membershaveenteredthegroup.

Whenthedeck group destroy() functionis called,amessagerequestingtheendof thatgroup
is sentto thegroupserver. Thegroupserverwaitsall broadcaststo bedoneandexits, returningamessage



to theonewhorequestedthegroupdestructionto indicatethesuccessof theoperation.It workslike join
and leave functions,requiringonly two messages.The only parameterthis function hasis the group
objectthatrepresentsthegroupto bedestroyed.

4.2 Join and leaveoperations

Using the groupname,thedeck group join() function fetchesthe groupserver mailbox and
postsa join requestto it. The mailbox passedasparameterwill be addedin the group server list of
mailboxes. Theserver returnsan identificationnumberfor thatmemberthroughthegroupobject. The
join function involvespassingtwo messages,asshown in figure5. Themailboxpassedasa parameter
is theoneto wherebroadcastswill besent.In this way, broadcastedmessagescanberetrievednormally
from thatmailbox,usingthebasicDECK functiondeck mbox retrv() .

The deck group leave() function sendsa leave requestto the group server, with the iden-
tification numberfrom the groupobjectpassedasparameter. The groupserver removes the mailbox
associatedwith that id numberandreturnsa codefor thesuccessof this operation.This is similar to the
deck group join() functionasit alsoinvolvesjust two messages(figure5).
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Figure5: Schematicof join andleave functions.

4.3 Broadcast

Thejoin/leave functionsonly addor remove mailboxesfrom the list mantainedon thegroupserver.
Whena broadcastis requested,anotherthreadon the samenodewherethe groupserver is runningis
createdto handleit. This is doneto avoid locking thegroupserver duringthebroadcast.To executethis
function,it will bepassed1 + number of members messages,asshown in figure6. This function
hasasparametersthegroupobjectto which themessagewill besentandthemessageitself.

4.4 Synchronization

During adeck group sync() function, thecalling threadcommunicateswith thegroupserver.
Thegroupserver marksthecorrespondingmailboxaswaiting for synchronizationandcheckstheother
ones.Whenall themailboxeson thelist weremarked,it releasesall groupmembersby returningames-
sageto eachof them.Thenumberof messagespassedon synchronizationis 2 x number of mem-
bers , asshown in figure7.
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Figure6: Messageexchangefor broascast.
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Figure7: Messagepassingduringsynchronization.

5 Performanceevaluation

This sectionshowsa preliminaryperformanceevaluationof theproposedgroupcommunicationser-
vice.

Theanalysiswasmadein a 4-nodePCbasedclusterconnectedby theFastEthernetcommunication
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).

One test performedwith this servicewas the evaluationof the broadcastfunction. It was made
to illustrate the impact causedby the numberof membersin a groupon the latency of the broadcast
function. Themeasuredresultsarepresentedin figure8. As comparison,thesametestwasperformed
for theMPICH, version1.1.2.

To generatethepresentedresults,theprogramcallsthefunctiondeck group bcast() followed
by the functiondeck group sync() 500 times,andthencalculatesthe balancedmean. Time has
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Figure8: Latency for deck group bcast() .

beenmeasuredwith gettimeofday() function. It wasneededto synchronizethe groupto mark-
ing the time asDECK usesthreadsto realizebroadcasts.The programwasrun with messagesvary-
ing from 1 to 32768bytes. For the MPICH program,the equivalent functionsMPI Bcast() and
MPI Barrier() wereused.

As shown in figure8, theperformanceof deck group bcast() in conjunctionwith thefunction
deck group sync() is praticallylinearfor messageswith morethan1 KB, dependingonthenumber
of membersin thegroupandonmessagesize.

We canseein figure 9 that DECK hasa reasonableperformancewhencomparedwith MPICH —
aroundof 0.5 msslower for messagesuntil 2 KB andaroundof 1 ms for larger messages.This is due
two reasons:i) DECK centralizesall broadcastmessagesin a server who keepsthegroupstatusandii)
eachtime a broadcastis required,a new threadis createdandit will not run until gettingtheprocessor
on thegroupserver.

6 Conclusion

This work haspresentedthedevelopmentof a groupcommunicationservicethatwasplannedto the
DECK library, in orderto extendsits suitability to supportdifferentkindsof applications,speciallythe
onesinvolving dataparallelism.

RegardingtheDPC++language,thegroupcommunicationserviceis currentlyusedasa basicpro-
tocol to thedevelopmentof loadbalancingmechanisms,neededeachtime a distributedobjectmustbe
allocatedwithin thecluster;andto supportdebug andvisualizationfacilities. Also, DECK will usethis
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Figure9: DECK andMPICH latenciesfor a2 membergroup.

serviceto develop a clustermanagementservice,allowing the userto have a centralizedview of the
cluster’s resources.

The achievableperformanceof the servicewasquite satisfactorywhencomparedto MPI, even re-
gardingits multithreadedbehaviour, which tendsto increasethe overheadduring messagebroadcasts
sincenew threadsmustbecreated.Also, MPI haspresentedsomeproblemswith a4-membergroupthat
deny moreaccuratetests.

Thecurrentwork involvesa “fine-tuning” in thegroupcommunicationprotocol,in orderto increase
its performance,andtheadditionof moreelaboratedcollectivecommunicationfunctions,suchasscat-
ter andgather . RegardingDPC++,theloadbalancingmechanismis in developmentusingthisbasic
groupcommunicationprotocolto allow the distributedobjectsto exchangedataabouttheir workloads
duringtheobjectcreationprocess.
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