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HomeCapabilitiesPerformanceDocumentationDownloadPapersContributorsSupportOverviewAggregateRemoteMemoryCopyInterface(ARMCI)isawidelyportablehighYperformanceRemoteMemoryAccess(RMA)communicationlibrary.It'smajorcapabilitiesandcharacteristicsinclude:blockingandnonblockingdatatransferoperationsaggregationofsmalldatatransfersintolargermessagestoreducesensitivitytonetworklatencyregisteroriginateddatatransfersatomicandsynchronizationoperationsmemorymanagmentoperationsProcessorGroupsGlobalproceducecalls(prototype)weaklyconsistentmemorymodelInadditiontotheRMAinterfaces,ARMCIincludesasmallsetofcollectivemessageYpassingoperationsincludingbroadcast,reduce,allreduce,barrier.TheseoperationsmightbeimplementedaswrapperstoMPIbutalsoonsomeplatformswhenimplementedindependentlycandeliverperformancecompetitivetoMPI.ARMCIreliesonamessageYpassinglibrary(e.g.,MPI)forprocesscreationandmanagmentoftheexecutionenvironment.TheprogrammercanusemessageYpassingcallsalongwithARMCIcalls.BlockingandNonrblockingDataTransferOperationsAgetoperationtransfersdatafromtheremoteprocessmemory(source)tothecallingprocesslocalmemory(destination).Aputoperationtransfersdatafromthelocalmemoryofthecallingprocess(source)tothememoryofaremoteprocess(destination).ThenonYblockingAPI,isderivedfromtheblockinginterfacebyaddingahandleargumentthatidentifiesaninstanceofthenonYblockingrequest.AllthenonYblockingtransferfunctionsareprototypedtoworkastransferswithboth"explicit"and"implicithandle".Itstoresimportantinformationabouttheinitiateddatatransfer.Thedescriptorisimplementedasanabstractdatatype.ThisismotivatedbyasimplerimplementationsothatadatatransferdescriptorcanbestoredandmanagedintheapplicationratherintheARMCIlibraryspace.IfaNULLvalueispassedtotheargumentrepresentingahandle(thusrepresenting"implicithandle"),thefunctiondoesanimplicithandlenonYblockingtransfer.Arequestdatastructureembeddedinthehandleshouldnotbecopiedintheapplication.Uponcompletionofthedatatransfer,handlecanbereused.Ahandlecanbeusedtorepresentmultipleoperationsofthesametype(i.e.,allputsorallgets).Suchhandleisanaggregatehandle.Underneath,ARMCIcombinesmultiplerequestsandprocessesthemasasinglemessage(actuallybycallingARMCI_PutV/GetV/AccV).Anexplicthandleshouldbeinitializedusingthefollowingmacro,beforeitisusedinanynonYblockingoperation.Itisinitializedasfollows:ARMCI_INIT_HANDLE(armci_hdl_t*nb_handle)NonblockingoperationsinARMCIallowuserotinitiateaoneYsidedcallandthenreturncontroltotheuserprogram.Thedatatransferiscompletedlocallybycallingawaitoperation.Waitingonanonblockingputoperationassureswasinjectedintothenetworkandtheuserbuffercanbenowreused.Bothincaseofblockingandnonblockingstoreoperations,toaccessthemodifieddatasafelyfromothernodesprogrammerhastocallanARMCI_Fencecallfirst.ARMCI_Fencecompletesdatatransfersontheremoteside.Unliketheblockingoperation,thenonblockingoperationsareNOTordered.Coalescingsmallmessages(tradinglatencyforbandwidth)Aggregationofrequestsisanothermechanismforimprovinglatencytolerance.Multiplenonblockingdatatransfers(put/get)requestscanbeaggregatedintoasingledatatransferoperationinordertoimprovethedatatransferrate.Especially,iftherearemultipledatatransferrequestsofsmallmessagesizes,aggregatingthoserequestsintoasinglelargerequestreducesthelatency,thusimprovingperformance.Thistechniqueisuniqueinitsabilitytosustainhighbandwidthutilizationandenableshighthroughput.Eachoftheserequestscanbeofdifferentsizeandindependentofdatatype.Theaggregatedatatransferoperationisalsoindependentofthetypeofput/getoperationi.e.itcanbeacombinationofregular,stridedorvectorput/getoperations.Therearetwotypesofaggregationavailable:1)explicitaggregation,wherethemultiplerequestsarecombinedbytheuserthroughtheuseofstridedorgeneralizedI/Ovectordatadescriptor,and2)implicitaggregation,wherethecombiningindividualrequestsisperformedbyARMCI.
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theuseofstridedorgeneralizedI/Ovectordatadescriptor,and2)implicitaggregation,wherethecombiningindividualrequestsisperformedbyARMCI.SparsematrixYvectormultiplicationbenchmarkillustratesthislightYweightcapabilityinARMCI.Inthisbenchmark,oneofthesparsematricesfromHarwellYBoeingcollectionisused.Insteadofgatheringtheentirevector,eachprocesscachesthevectorelementscorrespondingtothenonYzeroelementcolumnsofitslocallyownedsparsematrix.Whenaggregationisenabled,allthegetcallscorrespondingtoasingleprocessorisaggregatedintoasinglerequest,thusreducingtheoveralllatencyandimprovingthedatatransferrate.

HarwellYBoeingSparseMatrixPerformanceinIA64LinuxclusterYMyrinetInterconnectRegisterOriginatedDataTransferRegisterYmemoryoperations(value_put/value_get)transferavaluestoredinaregisteroflocalprocesstoremoteprocessmemory(destination),byavoidingtheoverheadofpassingthroughthebuffermanagementlayer(localmemorysubYsystem).AtomicOperationsInadditiontothedatatransferoperations,twotypesofatomicoperationsareprovided:accumulateandreadrmodify_write.Theaccumulateoperationissimilartoput,exceptinsteadofoverwritingtheremotememorylocationitatomicallyupdatestheremotedata.Inparticularitaddsacontentofthelocalmemory(scaledaspecifiedfactor)tothedataintheremotelocation.AccumulateworksonintegerandfloatingYpointdatatypesincludingcomplexnumbers.Thedatatypeisspecifiedbytheappropriateargumentinaccumulate:ARMCI_ACC_INT,ARMCI_ACC_LNG,ARMCI_ACC_FLT,ARMCI_ACC_DBL,ARMCI_ACC_CPL,ARMCI_ACC_DCPLforint,long,float,double,complexanddoublecomplextypes.Tomaximizeperformance,ARMCIdoesnotspecifywhichprocesswillperformthecomputations.AnothertypeofatomicoperationsavailableisreadYmodifyYwrite.Therearetwotypesofoperatorsforthatoperationsupported:fetchYandYaddandswap.ThefetchYandYaddcombinesthespecifiedinteger(intorlong)valuewiththecorrespondingintegervalueattheremotememorylocationandreturnstheoriginalvaluefoundatthatlocation.Thisoperationcanbeusedtoimplementsharedcountersandothersynchronizationmechanisms.Thedatatypearespecifiedbyselectionoftheappropriateargument:ARMCI_FETCH_AND_ADDforintorARMCI_FETCH_AND_ADD_LONGforthelongdatatype.Theswapoperationswapsthecontentofremotememorylocationwiththespecifiedlocalintegervalue.Theoperationissupportedforintandlongdatatypes.MutexesandLocksARMCIsupportsdistributedmutexoperations.TheusercancreateasetsofmutexesassociatedwithaspecifiedprocessanduselockingoperationsARMCI_Lock/ARMCI_Unlockonindividualmutexesinthatset.MemoryallocationForperformancereasons,ARMCIoperationsrequiretheremotedatatobeallocatedusingtheprovidedmemoryallocationfunction,ARMCI_Malloc.ThisrequirementallowsARMCItousethetypeofmemorythatallowsfastestaccess(e.g.,sharedmemoryonSMPclusters).Inaddition,thelibraryprovidesamemoryallocatorforlocalmemoryARMCI_Malloc_local.Althoughitisnotrequiredtousethatinterfaceforallocatingcommunicationbuffers,onsomeplatforms(e.g.,MyrinetorInfinibandclusters)therecouldbesubstantialperformancebenefitsachieved.ThisisbecauseARMCI_Malloc_localattemptstoallocate"besttypeofmemory"fortheinterprocessorcommunication.ARMCI_Mallocisacollectivememoryallocator,whereasARMCI_Malloc_localworkslikethestandardmalloccall.AnotherimportantdifferencebetweenthesecallsisthatonlymemoryallocatedwithARMCI_Mallocisaccessiblefromotherprocessors.MemoryallocatedbyARMCI_Malloc_localisprivatetothegivenprocessor.ARMCI_Cleanupreleasesanysystemresources(likeSystemVshmemids)thatARMCIcanbeholding.Itisintendedtobeusedbeforeterminatingaprogram.ARMCI_ErrorcombinesthefunctionalityofARMCI_CleanupandMPI_Abort,anditprints(tostdoutandstderr)auserspecifiedmessagefollowedbyanintegercode.


