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Abstract

Dueto thedevelopmenbf several new technolagiescon-
cerning high speednetworks,one can get PC clustes for
intensivecomputingat a low price. Parallel program-
mingervironmentsnusttake into accountthe hetepgeneity
of workstationnetworksinto their communicatiorkernels.
New technolagiesmustbe easilyintegratedinto suc envi-
ronments.The LANDA-HSNproject hasbeendesignedor
an efficientuseof theavailableresouces(network,proces-
sor memory).Thispaperdescribeghemetanismsandthe
implementatiorof its communicatiorkernel on SMP hosts
andthroughinterconnectiometworks.Thecontribution of
this paperis to proposea flexible and efficientcommunica-
tion kernel.

1 Introduction

Dueto thedevelopmenbf severalnew technologiegon-
cerninghigh speednetworks, one can get PC clustersfor
intensive computingat a low price. Parallel programming
ervironmentsmusttake into accountthe heterogeneityof
workstation networks into their communicationkernels.
New technologiesnustbe easilyintegratedinto suchervi-
ronmentsThe LAND A-HSN projecthasbeendesignedor
anefficientuseof the availableresourcegnetwork, proces-
sor, memory).This paperdescribeshe mechanismandthe
implementatiorof its communicatiorkernelon SMP hosts
andthroughinterconnectiometworks. The contribution of
this paperis to proposea flexible andefficient communica-
tion kernel. The very interestingprice/ performanceatio
malkesclustersof workstationoftendedicatedo beparallel
machinesIndeed suchamachineoffersavery high poten-
tial power. They appeaiin thetop 5000f themostpowerful
machinegthereare24 of themin june,99)[7].

Becausethe networks are often slow, that sort of parallel
machineis generallyusedfor "coarsegrain” algorithms.

However, this handicapis partly hiddenby the latesthigh-
speednetwork hardware (SCI[9], ATM [21], Myrinet [5],
MPC [3]). Thiskind of network will soonreachhigh per
formances.

Thework presentedn this paperdealswith the conception
of anew communicatiorkernelin the LANDA [16](Local
AreaNetwork for DistributedApplications)ervironmentto
implementhigh speedcommunication®n thesenetworks.
The LANDA projectwasstartedin 1989to build ageneral
parallel ervironmenton top of clusters. It was createdby
the OFPteamat LAAS laboratory(Laboratoired’Analyse
etd’ArchitecturedesSysemes).

The LANDA software has a completeervironmentwith
graphicalinterfaces(trace,load, dynamicstate)andallows
to runandmonitor parallelapplications.Thewhole system
is implementedn top of a setof daemonsunningon each
workstationof the virtual machine. This organizational-
lows a globalview of the machine particularlyits load and
its availability. The heterogeneityandthe structureof the
network andits architecturearetransparento the LAND A
user Tasksof a parallelapplicationcommunicateria mes-
sagepassingandtasklocalizationis transparento theuser
The control provided by LANDA is closeto an operating
systemif we consideiits globalview of thevirtual machine.
Thecommunicatiorsystemimplementedn thereleases of
LANDA, called LANDA-HSN (High SpeedNetwork), is
basedon an optimal use of the computerarchitectureand
network resourcesilt is basedn the separatiorof themes-
sagesnto two parts: headeranddata. The objective of the
new communicatiorsystermis to distributeandoptimizethe
mailboxsystemin orderto optimizecommunicatioropera-
tions.

LANDA is coupled with the Network-Analyser system
which allows to analyzeand predictthe network and host
loads.Network-Analyseris anobsenationtool (CPUload,
processestates,input/output, global traffic and point to
point communicationsjhatgivesall significantload infor-
mationsandis alsoa decisiontool that computesoptimal
messageouting tablesand task allocationstrateies [12].



Network-Analyser provides a library which can be used
by all systemgLANDA [16] communicatiorkernel,PVM
[20]) to getinformations.

In the following sections,we focus on the communica-
tion model that we are designingin LANDA-HSN. We
will first describethe virtual machinearchitecturedefined
in LANDA. Thenwe describethe communicatiorschemes
betweentaskson SMP hostsand throughinterconnection
networks. We concludeby giving the first resultson our
myrinetcluster

2 Redated work

Numbersof projectsconcerningPC clustersare devel-
opedthroughoutthe world. Oneof the well known project
is Beowulf in GoddardSpaceFlight Center(1994) with
PCsrunning Linux, but mary othersexist: LOKI (Los
AlamosNationalLaboratory),Hyglac (Caltech/JPL)PopC
(MATRA Syseme et Information), NOW (University of
California, Berkeley). Moreover, numberof parallel pro-
grammingervironmentwerefirst designedor local work-
stationnetworks or parallel machines. Several program-
ming paradigmsare available: automaticparallelization
(HPF [1]), direct messaggpassing(PVM [20], MPI [4],
LANDA [16]), sharedmemory(OpenMP[6]), writing in
memory(VIA [8]). It is thennaturalto usetheseenviron-
mentson clustersalthoughthey arenotdirectly designedor
them. However, clustersare often built with very different
communicatiorhardwaresandprotocolswhichimpliesthat
communicatiorlayersanduserlibrarieshave to beadapted
to obtainthe highestthroughput.Hence,a particularcom-
municationlayer for eachprotocolis necessarybut these
layershave to be genericenoughto be easilyintegratedin
anheterogeneousivironment,andflexible enoughsoasto
avoid re-writing thewholelibrary every time a new type of
network appearsLAND A-HSN proposedo integratesuch
features Otherernvironmentdike MP_MPICH [13] or PM2
[17] with Madeleing[11] alsodo this.

3 LANDA-HSN Architecture
3.1 Virtual machine model

A virtual parallel machinemay have a complex archi-
tecture (figure 1), due to the heterogeneityof the hard-
ware: workstation,cluster parallelcomputer Interconnec-
tion networks may be alsoheterogeneoudopology, speed,
protocol). If onewantsto use suchan architectureeffi-
ciently, a good knowledgeof the architectures required.
LANDA takesinto accountthreelevels of network inter-
connectiorinsidea parallelvirtual machine

e Physicallevel (hub,bus, switch)andphysicalconnec-
tions (portnumber).

e Interfacelevel whichis theview thattheoperatingsys-
temshas(network interfacenames).

o Network level which concernghelink betweenhosts
andnetworks, or networks andnetworks.

This accuratedescriptionallows the LANDA kernelto
manageefficiently communications. The physical level
givesinformationsto createtheroutingtables thetwo other
levels give enoughinformationsto be able to spreadthe
tasksover the networks so that resourcesare usedas ef-
ficiently as possible. Moreover, the Network level allows
paralleltasksto berun on differentsites.
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Figure 1. Architecture of the virtual parallel
machine as viewed by LANDA

3.2 Communication Model

3.21 Dynamic Message routing

Thecommunicationmodelis basednthemessage-passing
paradigm. Messagesre cut into two differentparts: the
headerandthe data. Headersare alwaysstoredin the host
recever heademailbox. Datacanbe storedanywherein
the virtual machine thus avoiding multiple copiesof data
in caseof collective communicationsSeparatiorof header
anddataalsoallows to chooseamongseveral communica-
tion modelsaccordingto the messagestoragepolicy.

With severalmemorylocationsthe communicatiorsystem
canbe partially or totally distributed. In this case,several



routing policiesarepossible. The threebasicrouting poli-
ciesarethefollowing:

e Dataarealwayssentto therecever'shost.
e Dataalwaysstayonthesenders host.

e Dataarestoredon a lessloadednode (differentfrom
sendernddestination).

These different routing policies allow a better network
bandwidthutilization for remotecommunicatiordepending
on the load of the workstationnetwork. The routing poli-
cies can also be usedfor local communicationin caseof
localmemorylack. We arestudyingdynamicroutingstrate-
giestakinginto accountealtimeloadof thewholemachine
[15]. The Network-Analysersystemwill bein chage to
give realtime measure$o LANDA in orderto changedy-
namicallymessageoutingtables.

3.22 Communication library

A high-level library, called centrallibrary (figure 2), im-

plementsall basic mechanismsand functionsto manage
communicationgparallelprogramsandthevirtual machine.
Thecentrallibrary offersevery functionality neededo im-

plementthe high level libraries: PVM [20], MPI [4] [14],

VIA [8]. A sharedmemoryallocationmechanismallow-

ing zero-coyy local communicatioris alsoprovidedby this

library.

user application
VIA ‘ PVM ‘

central library interface

MPI ‘ graphical interface

message box ‘ virtual machine ‘ parallel application

media communication
network protocol‘ shared memorJ/TCP/IP‘ Myrinet GM | MPC
memory management and synchronisation mechanism

Figure 2. Landa architecture

3.23 Kernel communication library

High-level communicationlayers are built on top of the
mediacommunicationlayer Thus arny kind of hardware
canbetransparentiyusedthroughit. For eachcommunica-
tion, LANDA chooseghe besthardwarelink accordingto
the datapriority. LANDA definesseveral communication

types:
e kernelmanagementommunication

e userdatacommunication

e urgentcommunication

The interface of the media communicationlayer pro-
vides differentfunctions concerningcommunicationlinks
or channels.Apart from the 'open’ and'close’ functions,
we have blockingandnon-blocking'read’ and’write’, and
we areplanningto usecall-backfunctionsto tell the avail-
ability of the datafrom oneor morechannels.Thefigure 3
shavsthelower layersthatthe mediacommunicatiorayer
dependon. Eachoneis representedby a class(in object
programminglanguage). The mediacommunicatiorclass
is a setof channelclasses. The channelclassoffers vir-
tual methodshatarereally implementedy eachparticular
hardware’s class. Thusit is easyto addandusenew com-
municationhardware.

channel_tcp

channel_gm_myrinet ‘

‘ media}‘—{ channel

Figure 3. Communication class

4 Principlefor local communication
4.1 Design

We have decidedto use sharedmemory (SHM) and
semaphoregor local communicationsbetweenprocesses
onthesamemultiprocessohost,for thefollowing reasons:

e We may have only onerecever perhostfor a particu-
lar communicatiormedium(eg: GM/Myrinet), sothe
datamustbe able to be sharedbetweenall the pro-
cesses.

e Zero-coly communicatiorbetweentwo or more pro-
cessess possible.

So far mmap()-edsharedmemoryand IPC-semaphores
areused. However, the software hasto be independenof
systemmechanisms.So we have wrappersthat allow to
changethe underlyingsystemcalls accordingto the archi-
tectures capabilities- for instancethreads mutexes can-
not be sharedbetweenprocessesn Linux, sowe uselPC
semaphoresyhereasve canusethemon Solaristo enhance
performances.The figure 4 shows a 'ping-pong’ perfor
mancecomparisorusingsemaphor®r mutex for synchro-
nisationunderSolaris.
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4.2 Memory management

The objectie is to createa sharedmemory as easily
usableasthelocal memorywith someusefultoolsto share
databetweentwo or more processesThis meansthatary
processcan ask for a sharedmemory chunk of ary size
atary time. To be ableto provide this service,we usean
externalmemoryallocatorsincewe cannotusethe system
allocatorfor the sharedmemoryseggmentswe create. This
allocatorwas madeby Doug Lea and is available on the
Internet[2]. This allocatoris the oneusedby the Gnu-Libc
on Linux. It hasbeenslightly modifiedfor LANDA to be
usablein adistributedernvironment.

To sharedatabetweenprocesse# the sharedmemory
we usewhatwe call a buffer. A buffer is a structurethat
containsa pointerto the datathemselesin memory and
some informations about them, particularly a reference
counter We needto know the numberof referencedo
thesedatafrom all the processessothatthe datareleased
by a processare not freed from the memory if other
processesccesso them. Consequentlythe buffer is the
only structureusedby all the communicationfunctions.
However, using shareddataimplies that they have to be
read-onlyby all thereceving processes.

The landasystemclassedor local communicationare
organizedasshown in figure5.

e Class 'sembase’handles semaphorescreation and
management

e Class’'mallocore’ handlesDoug Lea’s malloc (mal-
loc/free)

e Class'shmchunk’handlesallocationandmanagement

‘ mallocore M

1 1

Figure 5. class organization for local comm u-
nication

of sharedmemorysegments

e Class’baseshm’ groupa list of shmchunkclassand
thesemaphoreslass

e Classcomm.shm’implementghecirculararrays(see
in next section)

4.3 Local communication using shared memory

Each local processhas a circular array usedto store
buffer referenceghat comefrom ary otherlocal process.
Whena processeedgo readdatafrom the sharednemory
link, buffer referencearereadfrom this circulararray then
storedin local memoryusinga differentlist for eachdiffer-
entsender
The reasonwhy we usecircular buffersto temporarysave
thebufferreferencess thatthis structurds veryfastto man-
age,andwe do notwantthe sendergo spendtime in man-
agingotherprocessedata.

When dataare small enoughto fit in a single communi-
cation, headerand dataare groupedin the samememory
chunk. This allows makinglesscommunicationsit will be
particularlyusefulin interhostscommunicationsilt is also
asolutionto keepcommunicatiodateng low.

In theexampleonfigure 6, Task2 sendsa messagéo Task
1. First,themessagés eithercopiedinto or directly created
in sharednemory thena headethatdescribeshe commu-
nicationis built. T2 communicatiorwork consistsonly in

puttinga referenceo thosedatain T1'scirculararray The
semaphorsemantids usedto protectandsynchronizethe
processesT 1 thenreadghereferencen thecirculararray

possiblyputthemin its own listsif thedataarenotinterest-
ing for now, andthenreadsthemfrom the sharednemory

5 Remote communication

5.1 Design

Communicationbetweenremotehostsis doneusing a
daemorcalled”communicatiordaemon”(CD). In general,
thereis oneCD peruserandperhost.A CD mustbeshared
by the variousapplicationsof users. It is also possibleto
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have only one CD for all userson a host. This providesa
solutionto thelimitation imposedby somecommunication
hardware(Myrinet/GM, MPC).

Sendinga messageas doneby variousrequestmecha-
nismto the destinationtask’s CD (i.e. the CD runningon
the samenode). Onecandistinguish4 differentcaseqfig-
ure7):

e Headerand dataare storedon the destinationtask’s
host,andthelatteris directly reachable.

e Headerand dataare storedon the destinationtask’s
host, but this hostis not directly reachable.Thenthe
network view of the virtual machinemustbe usedto
sendthe messagdérom CD to CD until thedestination
CD.

o Headeiis storedon the destinatiortask’s host,but the
dataarestoredelsavhere.

e Like the previous case,but with hostsnot directly
reachable.

The sendertask always reachesthe destinationtask’s
CD to senda messageTherecever taskreadsthe header
onits CD, andthenreadsdatathroughthe specifiedCD.

5.2 Programming structure

Thecommunicatiormechanisndepend®nthenetwork.
For examplefor TCP (figure 8), thetaskT1 callsthe MPI
function MPI_send. This function calls the centrallibrary
mediasend()unction. A bufferandaheademarebuild. The
datasentdon't needto be post-processeid bothsendemand

Figure 7. Communication Mechanisms

T1
user code MPI_send(data, ..., dest, ...)

central library (media] M_send(buffer, header, task, type_comm)

channel_tcp C_send(buffer, header, CD)
Host A
cb TCP
M_read(buffer, header, ...)
channel_tcp C_read(buffer, header)=
channel_shm C_send(header, T2)

T2

user code MPI_Recv(data, ..., dest, ...)

central library (media] M_read(buffer, header, task]

channel_shm C_read(buffer, headery

channel_shm C_read(buffer, data)

Host B

Figure 8. Communication over TCP

receversarehomogeneoustherwisehecentrallibrary ex-
tractsthe characteristicef the recevertaskandthetype of
communication.After this, it usesthe classmediato send
the message The mediachooseghe bestchannelfor this
communicatiorand sendsthe messageo the remoteCD.
The CD on the hostB is waiting for messagesn its me-
dia, thatis to sayonall the possiblechannelsThe CD then
readsthe messagevith aread()functionof the channebir-
tual classwhich is implementedby a channel’hardware”
classandputthemin sharedmemory A headetto thelocal
taskis thengivento T2 usinga send()of the channelshm
class. Whenthe task T2 asksfor the messageby using
MPI_Recv(),it usesthe centrallibrary andthe mediaclass.



5.3 Myrinet Implementation

531 Useof GM library

GM is oneof the message-passirgystemfor Myrinet net-
works [10] [18] [19]. The GM systemincludesa driver,
Myrinet-interfacecontrolprogramanetwork mappingpro-
gram,andthe GM API. Thesystemprovidesa 560 Mbits/s
bandwidthbetweentwo P1I-233 with a 38uslateng. GM
featuresnclude:

e Concurrentprotecteduserlevel accesso theMyrinet
interface.

e Reliable,ordereddelivery of messages.
e Scalabilityto thousand®f nodes.

e Verylow host-CPUutilization.

e Two priority levels: low andhigh

Sendandreceive aredoneusingtokens.Sendinga mes-
sageatagivenpriority canonly bedoneif the sendeiowns
atokenfor thatportandpriority. Whenthemessagés sent,
the senderfree the token. As sendsare non-blocking,the
senderecevesaneventtotell it thatthesentmessagebave
really beensent. Receving a messagef a givensizeand
agivenpriority canonly be doneif the recever ownsato-
ken matchingtheseconditions. A communicationis done
asfollows: the recever asksfor a messag®f a givensize
after having resened a buffer. The sendersendsthe mes-
sageandwhenthereceverrecevesit, anacknavledgment
is sentto thesender

5.3.2 Design

GM’s communicationmechanisnneedsa more comple
channeklass.The communicatiorkernelmustgive empty
buffersin DMA memoryto GM beforeapplicationstarts.
Thesebuffers have a fixed length. This meansthatthe re-
ceiver mustknow beforethe applicationstarts,the size of
the buffer it will receive. Yet, this is not alwaystrue, and
thereare problemsif one needsto sendlarger messages.
Currently we have two solutionsfor that:

e sggmentthemessagénto chunksof the correctsize

e sendarequesfor the sizeneededthensendthe mes-
sage

Anotherproblemstill remainsfor eventmanagementn
orderto not slov down communicationsthe senderdoes
not wait for the "receve” event. A threadhasbeenim-
plementedo managetheseeventsandis in chage to re-
transmitthe messaged necessaryThis threadhasa small
activity sincemessagearenearlyneverlost by Myrinet.

CD
media M_read(buffer, header, ...)

channel_shm C_read(buffer, headery

channel_gm_myrinet C_send(buffer, header, T2)

T SHM
user code MPI_send(data, ..., dest, ...)
central library M_send(buffer, header, task, type_commm)
channel_shm| C_send(buffer, header, CD) 17—
Host A
cD myrinet
media M_read(buffer, header, ...)
channel_tcp C_read(buffer, header)~
channel_shm C_send(header, T2)
T2
user code MPI_Recv(data, ..., dest, ...)
central library (media) M_read(buffer, header, task SHM
channel_shm C_read(buffer, headers
channel_shm C_read(buffer, data)
Host B

Figure 9. Communication over myrinet

Concerning Myrinet, the communicationmechanism
with CDsis different(figure 9) becausef thelimited num-
berof GM communicatiorports. CDsarethe Myrinet gate-
ways for every taskson the samehost. Whena task T1
sendsthe messageit mustuseits local CD. The commu-
nication betweenthe task and the CD is done using the
sharememoryandthe channelshm class. Thenthe local
CD readsthe headerandforwardsit andthe datato there-
moteCD usingMyrinet.

6 Experimentsand results
6.1 Experimental Platform

Thetestplatform (figure 1) is madeof 2 clusters.There
are 4 dual Intel-PII-233 using 100MbpsEthernetTCP/IP
network andGM/Myrinet (boardPCI32C-Lanai4]5] with
linux installedin the first cluster The secondclusterhas
2 Intel-PII-233 connectedy a 100MbpsEthernetTCP/IP
network and a MPC [3] network. We will have 6 more
PCsin the MPC network by the end of the year These
computerareconnectedo the LAAS network.

The first goal for LANDA is that the communication
library makesan efficient useof the GM/Myrinet network.
The managemenbf several computersiteswill be done
usingan Origin-2000parallelmachinelocatedoutsideour
lab. Thelink will be TCP/IPandATM.



Currently the testsaredoneon the low level communi-
cationlayers.

6.2 Local communication

The proposedestsarea simple”ping-pong”which uses
thelandalow layers. Thetestsareintendedto evaluatethe
objects’overhead.

In thetestnamed'2-copiestest”, buffersarecopiedfrom
senderdocal memoryto receier local memorythroughthe
sharedmemory In the testnamed’l-copy test”, thereis
only onecopy whenthe messagés sentor received, since
it is possibleto work directly in sharedmemory When
dynamicallocationis used,buffers areallocatedandfreed
ateachdataexchangeausingthe shm-malloc/fredunctions.

Thehorizontalaxisis thesizeof the exchangedlata,the
vertical axis is the communicationthroughputin Mbits/s.
Thethroughputis the sumof the bufferssizes(sentandre-
ceived)divided by thetestduration.All thetestsarerunon
adual-pentiumll-233Mhz.

e In figure 10, we have madeavery simple”ping-pong”
testusingsemaphorandmemcpy() only, to checkthe
overheadf theclasses.

e In figure 11, we shaw the efficiengy improvementif
only onecoypy is doneduringthedataexchangethatis
to saythat eitherthe senderor the recever is directly
working in the sharednemorybeforeor aftercommu-
nicating.
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Figure 10. Librar y overhead

The figure 10 shavs that somework hasto be doneto
reducethe library lateng. With high-speednetworks, it
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Figure 11. 1 copy vs 2 copies

is preferableto communicatewith small buffers, particu-
larly for fine grain algorithms. The figure 11 shows that
it is worth usingdirectly sharedmemoryinsteadof copy-

ing datato local memory The library allows the userto

work indifferently in local or sharedmemory thanksto

the sharedmalloc/freefunctions. For instance,on Linux

systemswith muchmemory it is possibleto createshared
memorychunkswith a very large size: the maximumsize
of allocablesharedmemorycanbe dynamicallysetin the
linux kernel.

6.3 Myrinet Communication

The goal of following testsis to evaluatethe weight of
thelibrary itself. Thetestprogramsare on the samelevel
asthe medialayer. A ping-pongis donebetweertwo pro-
cessegachon ahostconnectedo the Myrinet switch. The
cunves(figure 12) comparethe two policiesdescribedear
lier. Thesizeof thebuffersis 16KB for theresenationpol-
icy.

It is difficult to evaluatethe protocolweightfrom these
results. The bestthroughputis 415 Mbps. Reseration
is interestingfor big messagesbecausethe overheadof
segmentingandre-assemblingnary smallmessages too
high. On the contrary segmentationis preferablefor small
messagesbecausethe time neededto createa memory
chunkin DMA memoryis too long. The real throughput
thatthe LANDA library will offerwill belowerbecaus¢he
heademanagemernis nottakeninto accounin thistest.

7 Conclusion and Future Work

In this paper we have describedhe nev LANDA-HSN
communicationkernel that allows to take into account
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Figure 12. Communication over Myrinet

se/eral communicationprotocolsand the multiprocessing
capabilities of SMP computers. The most interesting
featureof this communicationkernelis its resourceman-
agemengbilities: network routing, datastorageselection,
sharednemory

The low layers of this communicationkernel are imple-
mented. We have shown that they are efficient both for
local communicationon SMP nodes and for network
communicationon a Myrinet network. Higher layersare
being written. A big part of the remainingsoftware will
comefrom the previousversionsof LANDA.

A partof ourwork now focusesontheintegrationof new
resourcenanagemerdlgorithms:

e multi-sitemanagement.

e multi-applicationmanagemengvirtual machineshar
ing).

e loadbalancingby dataredistrikution.
e adaptverouting.

Our PC clusterswill be usedto run applicationslike
Bayesiarfiltering, imagesynthesisglectromagnetisrand
paralleldatabases.
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