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GA_INITIALIZEvoidGA_Initialize()AllocateandinitializeinternaldatastructuresinGlobalArrays.Thisisacollectiveoperation.GA_INITIALIZE_LTDvoidGA_Initialize_ltd(size_tlimit)limitamountofmemoryinbytesperprocess[input]Allocateandinitializeinternaldatastructuresandsetlimitformemoryusedinglobalarrays.Thelimitisperprocess:itistheamountofmemorythatthegivenprocessorcancontributetocollectiveallocationofglobalarrays.ItdoesnotincludetemporarystoragethatGAmightbeallocating(andreleasing)duringexecutionofaparticularoperation.*limit<0means"allowunlimitedmemoryusage"inwhichcasethisoperationisequivalenttoGA_initialize.Thisisacollectiveoperation.GA_PGROUP_CREATEintGA_Pgroup_create(int*list,intsize)list[size] listofprocessorIDsingroup[input]size numberofprocessorsingroup[input]Thiscommandisusedtocreateaprocessorgroup.Atpresent,itmustbeinvokedbyallprocessorsinthecurrentdefaultprocessorgroup.Thelistofprocessorsusetheindexingschemeofthedefaultprocessorgroup.Ifthedefaultprocessorgroupistheworldgroup,thentheseindicesaretheusualprocessorindices.Thisfunctionreturnsaprocessgrouphandlethatcanbeusedtoreferencethisgroupbyotherfunctions.Thisisacollectiveoperationonthedefaultprocessorgroup.GA_PGROUP_DESTROYintGA_Pgroup_destroy(intp_handle)p_handle processorgrouphandle[input]Thiscommandisusedtofreeupaprocessorgrouphandle.Itreturns0iftheprocessorgrouphandlewasnotpreviouslyactive.Thisisacollectiveoperationonthedefaultprocessorgroup.GA_PGROUP_SET_DEFAULTvoidGA_Pgroup_set_default(intp_handle)p_handle processorgrouphandle[input]Thisfunctioncanbeusedtoresetthedefaultprocessorgrouponacollectionofprocessors.Allprocessorsinthegroupreferencedbyp_handlemustmakeacalltothisfunction.Anystandardglobalarraycallthatismadeafterresettingthedefaultprocessorgroupwillberestrictedtoprocessorsinthatgroup.GlobalarraysthatarecreatedafterresettingthedefaultprocessorgroupwillonlybedefinedonthatgroupandglobaloperationssuchasGA_SyncorGA_Igopwillbe
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restrictedtoprocessorsinthatgroup.TheGA_Pgroup_set_defaultcallcanbeusedtorapidlyconvertlargeapplications,writtenwithGA,intoroutinesthatrunonprocessorgroups.ThedefaultprocessorgroupcanbeoverriddenbyusingGAcallsthatrequireanexplicitgrouphandleasoneofthearguments.Thisisacollectiveoperationonthegrouprepresentedbythehandlep_handle.NGA_CREATEintNGA_Create(inttype,intndim,intdims[],char*array_name,intchunk[])array_name�auniquecharacterstring [input]type�datatype(MT_F_DBL,MT_F_INT,MT_F_DCPL)[input]ndim�numberofarraydimensions [input]dims[ndim]�arrayofdimensions [input]chunk[ndim]�arrayofchunks,eachelementspecifiesminimumsizethatgivendimensionsshouldbechunkedupinto[input]Createsanndim dimensionalarrayusingtheregulardistributionmodelandreturnsintegerhandlerepresentingthearray.Thearraycanbedistributedevenlyornot.Thecontroloverthedistributionisaccomplishedbyspecifyingchunk(block)sizeforallorsomeofarraydimensions.Forexample,fora2 dimensionalarray,settingchunk[0]=dim[0]givesdistributionbyverticalstrips(chunk[0]*dims[0]);settingchunk[1]=dim[1]givesdistributionbyhorizontalstrips(chunk[1]*dims[1]).Actualchunkswillbemodifiedsothattheyareatleastthesizeoftheminimumandeachprocesshaseitherzerooronechunk.Specifyingchunk[i]as<1willcausethatdimensiontobedistributedevenly.Asaconvenience,whenchunkisspecifiedasNULL,theentirearrayisdistributedevenly.Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.NGA_CREATE_CONFIGintNGA_Create_config(inttype,intndim,intdims[],char*array_name,intchunk[],intp_handle)array_name�auniquecharacterstring [input]type�datatype(MT_F_DBL,MT_F_INT,MT_F_DCPL)[input]ndim�numberofarraydimensions [input]dims[ndim]�arrayofdimensions [input]chunk[ndim]�arrayofchunks,eachelementspecifiesminimumsizethatgivendimensionsshouldbechunkedupinto[input]p_handle�processorlisthandle [input]Createsanndim dimensionalarrayusingtheregulardistributionmodelbutwithanexplicitlyspecifiedprocessorlisthandleandreturnsanintegerhandlerepresentingthearray.ThiscallisessentiallythesameastheNGA_Createcall,exceptfortheprocessorlisthandlep_handle.Itcanbeusedtocreatemirroredarrays.Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.NGA_CREATE_GHOSTSintNGA_Create_ghosts(inttype,intndim,intdims[],intwidth[],char*array_name,intchunk[])array_name�auniquecharacterstring [input]type�datatype(MT_DBL,MT_INT,MT_DCPL)[input]ndim�numberofarraydimensions [input]dims[ndim]�arrayofdimensions [input]
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width[ndim]�arrayofghostcellwidths [input]chunk[ndim]�arrayofchunks,eachelementspecifiesminimumsizethatgivendimensionsshouldbechunkedupinto [input]Createsanndim dimensionalarraywithalayerofghostcellsaroundthevisibledataoneachprocessorusingtheregulardistributionmodelandreturnsanintegerhandlerepresentingthearray.Thearraycanbedistributedevenlyornotevenly.Thecontroloverthedistributionisaccomplishedbyspecifyingchunk(block)sizeforallorsomeofthearraydimensions.Forexample,fora2 dimensionalarray,settingchunk(1)=dim(1)givesdistributionbyverticalstrips(chunk(1)*dims(1));settingchunk(2)=dim(2)givesdistributionbyhorizontalstrips(chunk(2)*dims(2)).Actualchunkswillbemodifiedsothattheyareatleastthesizeoftheminimumandeachprocesshaseitherzerooronechunk.Specifyingchunk(i)as<1willcausethatdimension(i th)tobedistributedevenly.Thewidthoftheghostcelllayerineachdimensionisspecifiedusingthearraywidth().Thelocaldataoftheglobalarrayresidingoneachprocessorwillhavealayerwidth[n]ghostscellswideoneithersideofthevisibledataalongthedimensionn.Returnvalue:anon zeroarrayhandlemeansthecallwassuccessful.Thisisacollectiveoperation.NGA_CREATE_GHOSTS_CONFIGintNGA_Create_ghosts_config(inttype,intndim,intdims[],intwidth[],char*array_name,intchunk[],intp_handle)array_name�auniquecharacterstring [input]type�datatype(MT_DBL,MT_INT,MT_DCPL)[input]ndim�numberofarraydimensions [input]dims[ndim]�arrayofdimensions [input]width[ndim]�arrayofghostcellwidths [input]chunk[ndim]�arrayofchunks,eachelementspecifiesminimumsizethatgivendimensionsshouldbechunkedupinto [input]p_handle�processorlisthandleCreatesanndim dimensionalarraywithalayerofghostcellsaroundthevisibledataoneachprocessorusingtheregulardistributionmodelandanexplicitlyspecifiedprocessorlistandreturnsanintegerhandlerepresentingthearray.ThiscallisessentiallythesameastheNGA_Create_ghostscall,exceptfortheprocessorlisthandlep_handle.Itcanbeusedtocreatemirroredarrays.Returnvalue:anon zeroarrayhandlemeansthecallwassuccessful.Thisisacollectiveoperation.NGA_CREATE_IRREGintNGA_Create_irreg(inttype,intndim,intdims[],char*array_name,intblock[],intmap[])array_name�auniquecharacterstring [input]type�MAdatatype(MT_F_DBL,MT_F_INT,MT_F_DCPL)[input]ndim�numberofarraydimensions [input]dims�arrayofdimensionvalues [input]nblock[ndim]�no.ofblockseachdimensionisdividedinto[input]map[s]�startingindexforforeachblock;thesizesisasumallelementsofnblockarray[input]Createsanarraybyfollowingtheuser specifieddistributionandreturnsintegerhandlerepresentingthearray.ThedistributionisspecifiedasaCartesianproductofdistributionsforeachdimension.Thearrayindicesstartat0.Forexample,thefollowingfiguredemonstratesdistributionofa2 dimensionalarray8x10on6(ormore)processors.nblock[2]={3,2},thesizeofmaparrayiss=5andarraymapcontainsthefollowingelementsmap={0,2,6,0,5}.Thedistributionisnonuniformbecause,P1andP4get20elementseachandprocessorsP0,P2,P3,andP5only10elementseach.
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55P0P32P1P44P2P52Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.NGA_CREATE_IRREG_CONFIGintNGA_Create_irreg_config(inttype,intndim,intdims[],char*array_name,intblock[],intmap[],intp_handle)array_name�auniquecharacterstring [input]type�MAdatatype(MT_F_DBL,MT_F_INT,MT_F_DCPL)[input]ndim�numberofarraydimensions [input]dims�arrayofdimensionvalues [input]nblock[ndim]�no.ofblockseachdimensionisdividedinto[input]map[s]�startingindexforforeachblock;thesizesisasumallelementsofnblockarray[input]p_handle�processorlisthandleCreatesanarraybyfollowingtheuser specifieddistributionandanexplicitlyspecifiedprocessorlisthandleandreturnsanintegerhandlerepresentingthearray.ThiscallisessentiallythesameastheNGA_Create_irregcall,exceptfortheprocessorlisthandlep_handle.Itcanbeusedtocreatemirroredarrays.Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.NGA_CREATE_GHOST_IRREGintNGA_Create_ghost_irreg(inttype,intndim,intdims[],width[],char*array_name,map[],nblock[])array_name�auniquecharacterstring [input]type�datatype(MT_DBL,MT_INT,MT_DCPL)[input]ndim�numberofarraydimensions [input]dims[ndim]�arrayofdimensions [input]width[ndim]�arrayofghostcellwidths [input]nblock[ndim]�no.ofblockseachdimensionisdividedinto[input]map[s]�startingindexforforeachblock;thesizesisasumofallelementsofnblockarray[input]Createsanarraywithghostcellsbyfollowingtheuser specifieddistributionandreturnsintegerhandlerepresentingthearray.ThedistributionisspecifiedasaCartesianproductofdistributionsforeachdimension.Forexample,thefollowingfiguredemonstratesdistributionofa2 dimensionalarray8x10on6(ormore)processors.nblock(2)={3,2},thesizeofmaparrayiss=5andarraymapcontainsthefollowingelementsmap={1,3,7,1,6}.Thedistributionisnonuniformbecause,P1andP4get20elementseachandprocessorsP0,P2,P3,andP5only10elementseach.55P0P32
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P1P44P2P52Thearraywidth[]isusedtocontrolthewidthoftheghostcellboundaryaroundthevisibledataoneachprocessor.Thelocaldataoftheglobalarrayresidingoneachprocessorwillhavealayerwidth[n]ghostscellswideoneithersideofthevisibledataalongthedimensionn.Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.NGA_CREATE_GHOSTS_IRREG_CONFIGintNGA_Create_ghost_irreg_config(inttype,intndim,intdims[],width[],char*array_name,map[],nblock[],intp_handle)array_name�auniquecharacterstring [input]type�datatype(MT_DBL,MT_INT,MT_DCPL)[input]ndim�numberofarraydimensions [input]dims[ndim]�arrayofdimensions [input]width[ndim]�arrayofghostcellwidths [input]nblock[ndim]�no.ofblockseachdimensionisdividedinto[input]map[s]�startingindexforforeachblock;thesizesisasumofallelementsofnblockarray[input]p_handle�processorlisthandle [input][Createsanarraywithghostcellsbyfollowingtheuser specifieddistributionandreturnsintegerhandlerepresentingthearray.ThiscallisessentiallythesameastheNGA_Create_ghosts_irregcall,exceptfortheprocessorlisthandlep_handle.Itcanbeusedtocreatemirroredarrays.Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.GA_CREATE_HANDLEintGA_Create_handle()Thisfunctionreturnsaglobalarrayhandlethatcanthenbeusedtocreateanewglobalarray.ThisispartofanewAPIforcreatingglobalarraysthatisdesignedtoreplacetheoldinterfacebuiltaroundtheNGA_Create_xxxcalls.ThesequenceofoperationsistobeginwithacalltoGA_Greate_handletogetanewarrayhandle.Theattributesofthearray,suchasdimension,size,type,etc.canthenbesetusingsuccessivecallstotheGA_Set_xxxsubroutines.Whenallarrayattributeshavebeenset,theGA_Allocatesubroutineiscalledandtheglobalarrayisactuallycreatedandmemoryforitisallocated.Thisisacollectiveoperation.GA_SET_ARRAY_NAMEvoidGA_Set_array_name(intg_a,char*name)g_a [input]name�arrayname [input]ThisfunctioncanbeusedtoassignauniquecharacterstringnametoaglobalarrayhandlethatwasobtainedusingtheGA_Create_handlefunction.
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Thisisacollectiveoperation.GA_SET_DATAvoidGA_Set_data(intg_a,intndim,intdims[],inttype)g_a [input]ndim�dimensionofglobalarray [input]dims[]�dimensionsofglobalarray [input]type�datatypeofglobalarray [input]Thisfunctioncanbeusedtosetthearraydimension,thecoordinatedimensions,andthedatatypeassignedtoaglobalarrayhandleobtainedusingtheGA_Create_handlefunction.Thisisacollectiveoperation.GA_SET_IRREG_DISTRvoidGA_Set_irreg_distr(intg_a,intmapc[],intnblock[])g_a [input]mapc[s]�startingindexforeachblock;thesizesisthesumofallelementsofthearraynblock [input]nblock[ndim]�numberofblocksthateachdimensionisdividedinto [input]ThisfunctioncanbeusedtopartitionthearraydataamongtheindividualprocessorsforaglobalarrayhandleobtainedusingtheGA_Create_handlefunction.ThedistributionisspecifiedasaCartesianproductofdistributionsforeachdimension.Forexample,thefollowingfiguredemonstratesdistributionofa2 dimensionalarray8x10on6(ormore)processors.nblock(2)={3,2},thesizeofmapcarrayiss=5andarraymapccontainsthefollowingelementsmapc={1,3,7,1,6}.Thedistributionisnonuniformbecause,P1andP4get20elementseachandprocessorsP0,P2,P3,andP5only10elementseach.55P0P32P1P44P2P52Thearraywidth()isusedtocontrolthewidthoftheghostcellboundaryaroundthevisibledataoneachprocessor.Thelocaldataoftheglobalarrayresidingoneachprocessorwillhavealayerwidth(n)ghostscellswideoneithersideofthevisibledataalongthedimensionn.Thisisacollectiveoperation.GA_SET_PGROUPvoidGA_Set_pgroup(intg_a,intp_handle)g_a [input]p_handleprocessorgrouphandle[input]ThisfunctioncanbeusedtosettheprocessorconfigurationassignedtoaglobalarrayhandlethatwasobtainedusingtheGA_Create_handlefunction.Itcanbeusedtocreatemirroredarraysby
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usingthemirroredarrayprocessorconfigurationinthisfunctioncall.Itcanalsobeusedtocreateanarrayonaprocessorgroupbyusingaprocessorgrouphandleinthiscall.Thisisacollectiveoperation.GA_SET_GHOSTSvoidGA_Set_ghosts(intg_a,intwidth[])g_a [input]width[ndim]�arrayofghostcellwidths[input]ThisfunctioncanbeusedtosettheghostcellwidthsforaglobalarrayhandlethatwasobtainedusingtheGA_Create_handlefunction.Theghostscellswidthsindicatehowmanyghostcellsareusedtopadthelocallyheldarraydataalongeachdimension.Thepaddingcanbesetindependentlyforeachcoordinatedimension.Thisisacollectiveoperation.GA_SET_CHUNKvoidGA_Set_chunk(intg_a,intchunk[])g_a [input]chunk[]�arrayofchunkwidths[input]ThisfunctionisusedtosetthechunkarrayforaglobalarrayhandlethatwasobtainedusingtheGA_Create_handlefunction.Thechunkarrayisusedtodeterminetheminimumnumberofarrayelementsassignedtoeachprocessoralongeachcoordinatedirection.Thisisacollectiveoperation.GA_SET_BLOCK_CYCLICvoidGA_Set_block_cyclic(intg_a,intdims[])g_a�globalarrayhandle[input]dims[]�arrayofblockdimensions[input]Thissubroutineisusedtocreateaglobalarraywithasimpleblock cyclicdatadistribution.Thearrayisbrokenupintoblocksofsizedimsandeachblockisnumberedsequentiallyusingacolumnmajorindexingscheme.Theblocksarethenassignedinasimpleround robinfashiontoprocessors.Thisisillustratedinthefigurebelowforanarraycontaining25blocksdistributedon4processors.Blocksattheedgeofthearraymaybesmallerthantheblocksizespecifiedindims.Intheexamplebelow,blocks4,9,14,19,20,21,22,23,and24mightbesmallerthatntheremainingblocks.Mostglobalarrayoperationsareinsensitivetowhetherornotablock cyclicdatadistributionisused,althoughperformancemaybeslowerinsomecasesiftheglobalarrayisusingablock cyclicdatadistribution.Individualdatablockscanbeaccessesedusingtheblock cyclicaccessfunctions.



Tue31Mar200904:31:31PMPDThttp://www.emsl.pnl.gov/docs/global/c_nga_ops.html

0P05P110P215P320P01P16P211P316P021P12P27P312P017P122P23P38P013P118P223P34P09P114P219P324P4Thisisacollectiveoperation.GA_SET_BLOCK_CYCLIC_PROC_GRIDvoidGA_Set_block_cyclic(intg_a,intdims[],intproc_grid[])g_a�globalarrayhandle[input]dims[]�arrayofblockdimensions[input]proc_grid[]�processorgriddimensions[input]ThissubroutineisusedtocreateaglobalarraywithaSCALAPACK typeblockcyclicdatadistribution.Theuserspecifiesthedimensionsoftheprocessorgridinthearrayproc_grid.Theproductoftheprocessorgriddimensionsmustequalthenumberoftotalnumberofprocessorsandthenumberofdimensionsintheprocessorgridmustbethesameasthenumberofdimensionsintheglobalarray.Thedatablocksaremappedontotheprocessorgridinacyclicmanneralongeachoftheprocessorgridaxes.Thisisillustratedbelowforanarrayconsistingof25datablocksdisributedon6processors.The6processorsareconfiguredina3by2processorgrid.Blocksattheedgeofthearraymaybesmallerthantheblocksizespecifiedindims.Mostglobalarrayoperationsareinsensitivetowhetherornotablock cyclicdatadistributionisused,althoughperformancemaybeslowerinsomecasesiftheglobalarrayisusingablock cyclicdatadistribution.Individualdatablockscanbeaccessesedusingtheblock cyclicaccessfunctions.(0,0)P0(0,1)P3(0,0)P0(0,1)P3(0,0)P0(1,0)P1(1,1)P4(1,0)P1(1,1)P4(1,0)P1(2,0)P2(2,1)P5(2,0)P2(2,1)P5(2,0)P2(0,0)P0(0,1)P3(0,0)P0(0,1)P3(0,0)P0(1,0)P1(1,1)P4(1,0)P1(1,1)P4(1.0)P1Thisisacollectiveoperation.GA_ALLOCATEintGA_Allocate(intg_a)g_a [input]ThisfunctionallocatesthememoryfortheglobalarrayhandleoriginallyobtainedusingtheGA_Create_handlefunction.Ataminimum,theGA_Set_datafunctionmustbecalledbeforethememoryisallocated.OtherGA_Set_xxxfunctionscanalsobecalledbeforeinvokingthisfunction.Thisisacollectiveoperation.
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GA_UPDATE_GHOSTSvoidGA_Update_ghosts(intg_a)Thiscallupdatestheghostcellregionsoneachprocessorwiththecorrespondingneighbordatafromotherprocessors.Theoperationassumesthatalldataiswrappedaroundusingperiodicboundarydatasothatghostcelldatathatgoesbeyoundanarrayboundaryiswrappedaroundtotheotherendofthearray.TheGA_Update_ghostscallcontainstwoGA_Synccallsbeforeandaftertheactualupdateoperation.Forsomeapplicationsthesecallsmaybeunecessary,ifsotheycanberemovedusingtheGA_Mask_syncsubroutine.Thisisacollectiveoperation.NGA_UPDATE_GHOST_DIRintNGA_Update_ghost_dir(intg_a,intdimension,intidir,intcflag)g_a [input]dimension�arraydimensionthatistobeupdated[input]idir�directionofupdate(+/�1)[input]cflag�flag(0/1)toincludecornersinupdate[input]Thisfunctioncanbeusedtoupdatetheghostcellsalongindividualdirections.Itisdesignedforalgorithmsthatcanoverlapupdateswithcomputation.Thevariabledimensionindicateswhichcoordinatedirectionistobeupdated(e.g.dimension=1wouldcorrespondtotheyaxisinatwoorthreedimensionalsystem),thevariableidircantakethevalues+/ 1andindicateswhetherthesidethatistobeupdatedliesinthepositiveornegativedirection,andcflagindicateswhetherornotthecornersonthesidebeingupdatedaretobeincludedintheupdate.ThefollowingcallswouldbeequivalenttoacalltoGA_Update_ghostsfora2 dimensionalsystem:status=NGA_Update_ghost_dir(g_a,0,�1,1);status=NGA_Update_ghost_dir(g_a,0,1,1);status=NGA_Update_ghost_dir(g_a,1,�1,0);status=NGA_Update_ghost_dir(g_a,1,1,0);Thevariablecflagissetequalto1(ornon zero)inthefirsttwocallssothatthecornerghostcellsareupdate,itissetequalto0inthesecondtwocallstoavoidredundantupdatesofthecorners.Notethatupdatingtheghostscellsusingseveralindependentcallstothenga_update_ghost_dirfunctionsisgenerallynotasefficientasusingGA_Update_ghostsunlesstheindividualcallscanbeeffectivelyoverlappedwithcomputation.Thisisacollectiveoperation.GA_HAS_GHOSTSintGA_Has_ghosts(intg_a)Thisfunctionreturns1iftheglobalarrayhassomedimensionsforwhichtheghostcellwidthisgreaterthanzero,itreturns0otherwise.Thisisacollectiveoperation.NGA_ACCESS_GHOSTSvoidNGA_Access_ghosts(intg_a,intdims[],void*ptr,intld[])g_a [input]dims[ndim]�arrayofdimensionsoflocalpatch,includingghostcells [output]ptr�returnsanindexcorrespondingtotheorigintheglobalarraypatchheldlocallyontheprocessor [output]ld[ndim�1]�physicaldimenstionsofthelocalarraypatch,includingghostcells [output]
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Providesaccesstothelocalpatchoftheglobalarray.Returnsleadingdimensionldandandpointerforthedata.Thisroutinewillprovideaccesstotheghostcelldataresidingoneachprocessor.CallstoNGA_Access_ghostsshouldnormallyfollowacalltoNGA_Distributionthatreturnscoordinatesofthevisibledatapatchassociatedwithaprocessor.Youneedtomakesurethatthecoordinatesofthepatcharevalid(testvaluesreturnedfromNGA_Distribution).Youcanonlyaccesslocaldata.Thisisalocaloperation.NGA_ACCESS_GHOST_ELEMENTvoidNGA_Access_ghost_element(intg_a,void*ptr,intsubscript[],intld[])g_a [input]index�indexpointingtolocationofelementindexedbysubscript[] [output]subscript[ndim]�arrayofintegersthatindexdesiredelement [input]ld[ndim�1]�arrayofstridesforlocaldatapatch.Theseincludeghostcellwidths.[output]Thisfunctioncanbeusedtoreturnapointertoanydataelementinthelocallyheldportionoftheglobalarrayandcanbeusedtodirectlyaccessghostcelldata.Thearraysubscriptreferstothelocalindexoftheelementrelativetotheoriginofthelocalpatch(whichisassumedtobeindexedby(0,0,...)).Thisisalocaloperation.GA_TOTAL_BLOCKSintGA_Total_blocks(intg_a)g_a [input]Thisfunctionreturnsthetotalnumberofblockscontainedinaglobalarraywithablock cyclicdatadistribution.Thisisalocaloperation.GA_GET_BLOCK_INFOvoidGA_Get_block_info(intg_a,intnum_blocks[],intblock_dims[])g_a [input]num_blocks[ndim]�numberofblocksalongeachaxis[output]block_dims[ndim]�dimensionsofblock[output]Thissubroutinereturnsinformationabouttheblock cyclicdistributionassociatedwithglobalarrayg_a.Thenumberofblocksalongeachofthearrayaxesarereturnedinthearraynum_blocksandthedimensionsoftheindividualblocks,specifiedintheGA_Set_block_cyclicorGA_Set_block_cyclic_proc_gridsubroutines,arereturnedinblock_dims.Thisisalocalfunction.GA_DUPLICATEintGA_Duplicate(intg_a,char*array_name)array_name�acharacterstring [input]g_a�integerhandleforreferencearray[input]Createsanewarraybyapplyingallthepropertiesofanotherexistingarray.Itreturnsarrayhandle.Returnvalue:anon zeroarrayhandlemeansthecallwassuccesful.Thisisacollectiveoperation.
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GA_DESTROYvoidGA_Destroy(intg_a)g_a�arrayhandle[input]Deallocatesthearrayandfreesanyassociatedresources.Thisisacollectiveoperation.GA_TERMINATEvoidGA_Terminate()Deleteallactivearraysanddestroyinternaldatastructures.Thisisacollectiveoperation.GA_SYNCvoidGA_Sync()Synchronizeprocesses(abarrier)andensurethatallGAoperationscompleted.Thisisacollectiveoperation.GA_MASK_SYNCvoidGA_Mask_sync(intfirst,intlast)first�mask(0/1)forpriorinternalsynchronization[input]last�mask(0/1)forpostinternalsynchronization[input]Thissubroutinecanbeusedtoremovesynchronizationcallsfromaroundcollectiveoperations.Settingtheparameterfirst=.false.removesthesynchronizationpriortothecollectiveoperation,settinglast=.false.removesthesynchronizationcallafterthecollectiveoperation.Thiscallisapplicabletoallcollectiveoperations.Itmostbeinvokedbeforeeachcollectiveoperation.Thisisacollectiveoperation.GA_ZEROvoidGA_Zero(intg_a)g_a�arrayhandle[input]Setsvalueofallelementsinthearraytozero.Thisisacollectiveoperation.GA_FILLvoidGA_Fill(intg_a,void*value)g_a�arrayhandle[input]value�pointertothevalueofappropriatetype(double/DoubleComplex/long)thatmatchesarraytypeAssignasinglevaluetoallelementsinthearray.Thisisacollectiveoperation.
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GA_DOTintGA_Idot(intg_a,intg_b)longGA_Ldot(intg_a,intg_b)floatGA_Fdot(intg_a,intg_b)doubleGA_Ddot(intg_a,intg_b)DoubleComplexGA_Zdot(intg_a,intg_b)g_a,g_b�arrayhandles [input]Computestheelement wisedotproductofthetwoarrayswhichmustbeofthesametypesandsamenumberofelements.returnvalue=SUM_ija(i,j)*b(i,j)Thisisacollectiveoperation.GA_SCALEvoidGA_Scale(intg_a,void*value)g_a�arrayhandle [input]value�pointertothevalueofappropriatetype(double/DoubleComplex/long)thatmatchesarraytype [input]Scalesanarraybytheconstants.Notethatthelibraryisunabletodetecterrorswhenthepointedvalueisofdifferenttypethanthearray.Thisisacollectiveoperation.GA_ADDvoidGA_Add(void*alpha,intg_a,void*beta,intg_b,intg_c)g_a,g_b,g_c �arrayhandles[input]double/complex/int*alpha�scalefactor[input]double/complex/int*beta�scalefactor[input]Thearrays(whichmustbethesameshapeandidenticallyaligned)areaddedtogetherelement wisec=alpha*a+beta*b.Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_COPYvoidGA_Copy(intg_a,intg_b)g_a,g_b�arrayhandles[input]Copieselementsinarrayrepresentedbyg_aintothearrayrepresentedbyg_b.Thearraysmustbethesametype,shape,andidenticallyaligned.Thisisacollectiveoperation.GA_SET_MEMORY_LIMITvoidGA_Set_memory_limit(size_tlimit)limit�theamountofmemoryinbytesperprocess[input]



Tue31Mar200904:31:31PMPDThttp://www.emsl.pnl.gov/docs/global/c_nga_ops.html

Setstheamountofmemorytobeused(inbytes)perprocessThisisalocaloperation.GA_GETvoidNGA_Get(intg_a,intlo[],inthi[],void*buf,intld[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatagoes [output]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]Copiesdatafromglobalarraysectiontothelocalarraybuffer.Thelocalarrayisassumedtobehavethesamenumberofdimensionsastheglobalarray.Anydetectedinconsitencies/errorsintheinputargumentsarefatal.Example:Forga_getoperationtransferingdatafromthe[10:14,0:4]sectionof2 dimensional15x10globalarrayintolocalbuffer5x10arraywehave:lo={10,0},hi={14,4},ld={10}
15510 10Thisisaone sidedoperation.
GA_PERIODIC_GETvoidNGA_Periodic_get(intg_a,intlo[],inthi[],void*buf,intld[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatagoes [output]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]Sameasnga_getexcepttheindicescanextendbeyondthearrayboundary/dimensionsinwhichcasethelibrarywrapsthemaround.Thisisaone sidedoperation.GA_STRIDED_GETvoidNGA_Strided_get(intg_a,intlo[],inthi[],intskip[],void*buf,intld[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]
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hi[ndim]�arrayofendingindicesforglobalarraysection [input]skip[ndim]�arrayofstridesforeachdimension [input]buf�pointertothelocalbufferarraywherethedatagoes [output]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]ThisoperationisthesameasNGA_Get,exceptthatthevaluescorrespondingtodimensionninbufcorrespondtoeveryskip[n]valuesoftheglobalarrayg_a.Thisisaone sidedoperation.GA_PUTvoidNGA_Put(intg_a,intlo[],inthi[],void*buf,intld[])g_a�globalarrayhandle [output]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatais [input]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]Copiesdatafromlocalarraybuffertotheglobalarraysection.Thelocalarrayisassumedtobehavethesamenumberofdimensionsastheglobalarray.Anydetectedinconsitencies/errorsininputargumentsarefatal.Thisisaone sidedoperation.GA_PERIODIC_PUTvoidNGA_Periodic_put(intg_a,intlo[],inthi[],void*buf,intld[])g_a�globalarrayhandle [output]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatais [input]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]Sameasnga_putexcepttheindicescanextendbeyondthearrayboundary/dimensionsinwhichcasethelibrarywrapsthemaround.Thisisaone sidedoperation.GA_STRIDED_PUTvoidNGA_Strided_put(intg_a,intlo[],inthi[],intskip[],void*buf,intld[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]skip[ndim]�arrayofstridesforeachdimension [input]buf�pointertothelocalbufferarraywherethedatagoes [output]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]ThisoperationisthesameasNGA_Put,exceptthatthevaluescorrespondingtodimensionninbufarecopiedtoeveryskip[n]valuesoftheglobalarrayg_a.Thisisaone sidedoperation.GA_ACCvoidNGA_Acc(intg_a,intlo[],inthi[],void*buf,intld[],void*alpha)g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection [input]hi[ndim]�arrayofendingindicesforarraysection [input]buf�pointertothelocalbufferarray [input]
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ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]double/DoubleComplex/long*alphascalefactor [input]Combinesdatafromlocalarraybufferwithdataintheglobalarraysection.Thelocalarrayisassumedtobehavethesamenumberofdimensionsastheglobalarray.globalarraysection(lo[],hi[])+=*alpha*bufferThisisaone sidedandatomicoperation.GA_PERIODIC_ACCvoidNGA_Periodic_acc(intg_a,intlo[],inthi[],void*buf,intld[],void*alpha)g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection [input]hi[ndim]�arrayofendingindicesforarraysection [input]buf�pointertothelocalbufferarray [input]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]double/DoubleComplex/long*alphascalefactor [input]Sameasnga_accexcepttheindicescanextendbeyondthearrayboundary/dimensionsinwhichcasethelibrarywrapsthemaround.Thisisaone sidedandatomicoperation.GA_STRIDED_ACCvoidNGA_Strided_acc(intg_a,intlo[],inthi[],intskip[],void*buf,intld[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]skip[ndim]�arrayofstridesforeachdimension [input]buf�pointertothelocalbufferarraywherethedatagoes [output]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]double/DoublComplex/long*alphascalefactor [input]ThisoperationisthesameasNGA_Acc,exceptthatthevaluescorrespondingtodimensionninbufareaccumulatedtoeveryskip[n]valuesoftheglobalarrayg_a.Thisisaone sidedoperation.GA_DISTRIBUTIONvoidNGA_Distribution(intg_a,intiproc,intlo[],inthi[])g_a�arrayhandle [input]iproc�processnumber [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection[input]hi[ndim]�arrayofendingindicesforarraysection[input]Ifnoarrayelementsareownedbyprocessiproc,therangeisreturnedaslo[]=0andhi[]=ë1foralldimensions.Thisoperationislocal.GA_COMPARE_DISTRintGA_Compare_distr(intg_a,intg_b)g_a,g_b�arrayhandles[input]Comparesdistributionsoftwoglobalarrays.Returns0ifdistributionsareidenticaland1whentheyarenot.Thisisacollectiveoperation.



Tue31Mar200904:31:31PMPDThttp://www.emsl.pnl.gov/docs/global/c_nga_ops.html

GA_ACCESSvoidNGA_Access(intg_a,intlo[],inthi[],void*ptr,intld[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection[input]hi[ndim]�arrayofendingindicesforarraysection[input]ptr�pointstolocationoffirstelementinpatch[output]ld[ndim�1]�leadingdimensionsforthepacthelements[output]Providesaccesstothespecifiedpatchofaglobalarray.Returnsarrayofleadingdimensionsldandapointertothefirstelementinthepatch.Thisroutineallowstoaccessdirectly,inplaceelementsinthelocalsectionofaglobalarray.ItusefulforwritingnewGAoperations.Acalltoga_accessnormallyfollowsapreviouscalltoga_distributionthatreturnscoordinatesofthepatchassociatedwithaprocessor.Youneedtomakesurethatthecoordinatesofthepatcharevalid(testvaluesreturnedfromga_distribution).Eachcalltoga_accesshastobefollowedbyacalltoeitherga_releaseorga_release_update.Youcanaccessinthisfashiononlylocaldata.Sincethedataissharedwithotherprocesses,youneedtoconsiderissuesofmutualexclusion.Thisoperationislocal.GA_ACCESS_BLOCK_SEGMENTvoidNGA_Access_block_segment(intg_a,intproc,void*ptr,intlen)g_a�arrayhandle [input]proc�processorID [input]ptr�pointertolocallyhelddata[output]len�lengthofdataonprocessor[output]Thisfunctioncanbeusedtogainaccesstotheallthelocallyhelddataonaparticularprocessorthatisassociatedwithablock cyclicdistributedarray.Oncetheindexhasbeenreturned,localdatacanbeaccessedasdescribedinthedocumentationforNGA_Access.Theparameterlenisthenumberofdataelementsthatareheldlocally.Thedatainsidethissegmenthasalotofadditionalstructuresothisfunctionisnotgenerallyusefultodevelopers.ItisprimarilyusedinsidetheGAlibrarytoimplementotherGAroutines.Eachcalltoga_access_block_segmentshouldbefollowedbyacalltoeitherNGA_Release_block_segmentorNGA_Release_update_block_segment.Thisisalocaloperation.GA_ACCESS_BLOCKvoidNGA_Access_block(intg_a,intidx,intindex,intld[])g_a�arrayhandle [input]ndim�numberofarraydimensionsidx�blockindex [input]index�pointertolocallyheldblock[output]ld[ndim�1]�arrayofleadingdimensions[output]Thisfunctioncanbeusedtogaindirectaccesstothedatarepresentedbyasingleblockinaglobalarraywithablock cyclicdatadistribution.Theindexidxistheindexoftheblockinthearrayassumingthatblocksarenumberedsequentiallyinacolumn majororder.Aquickwayofdeterminingwhetherablockwithindexidxisheldlocallyonaprocessoristocalculatewhethermod(idx,nproc)equalstheprocessorID,wherenprocisthetotalnumberofprocessors.Oncetheindexhasbeenreturned,localdatacanbeaccessedasdescribedinthedocumentationforNGA_Access.Eachcalltoga_access_blockshouldbefollowedbyacalltoeitherNGA_Release_blockorNGA_Release_update_block.Thisisalocaloperation.
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GA_ACCESS_BLOCK_GRIDvoidNGA_Access_block_grid(intg_a,intsubscript[],void*ptr,intld[])g_a�arrayhandle [input]ndim�numberofarraydimensionssubscript[ndim]�subscriptofblockinarray[input]ptr�pointertolocallyheldbloc[output]ld[ndim�1]�arrayofleadingdimensions[output]ThisfunctioncanbeusedtogaindirectaccesstothedatarepresentedbyasingleblockinaglobalarraywithaSCALAPACKblock cyclicdatadistributionthatisbasedonanunderlyingprocessorgrid.Thesubscriptarraycontainsthesubscriptoftheblockinthearrayofblocks.Thissubscriptisbasedonthelocationoftheblockinagrid,eachofwhosedimensionsisequaltothenumberofblocksthatfitalongthatdimension.Oncetheindexhasbeenreturned,localdatacanbeaccessedasdescribedinthedocumentationforNGA_Access.Eachcalltoga_access_block_gridshouldbefollowedbyacalltoeitherNGA_Release_block_gridorNGA_Release_update_block_grid.Thisisalocaloperation.GA_RELEASEvoidNGA_Release(intg_a,intlo[],inthi[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection[input]hi[ndim]�arrayofendingindicesforarraysection[input]Releasesaccesstoaglobalarraywhenthedatawasreadonly.Yourcodeshouldlooklike:NGA_Distribution(g_a,myproc,lo,hi);NGA_Access(g_a,lo,hi,&ptr,ld);<operateonthedatareferencedbyptr>GA_Release(g_a,lo,hi);NOTE:seerestrictionsspecifiedforga_accessThisoperationislocal.GA_RELEASE_UPDATEvoidNGA_Release_update(intg_a,intlo[],inthi[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection[input]hi[ndim]�arrayofendingindicesforarraysection[input]Releasesaccesstothedata.Itmustbeusedifthedatawasaccessedforwriting.NOTE:seerestrictionsspecifiedforga_access.Thisoperationislocal.GA_RELEASE_BLOCKvoidNGA_Release_block(intg_a,intindex)g_a�arrayhandle [input]index�blockindex [input]
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Releasesaccesstotheblockofdataspecifiedbytheintegerindexwhendatawasaccessedasreadonly.Thisisonlyapplicabletoblock cyclicdatadistributionscreatedusingthesimpleblock cyclicdistribution.Thisisalocaloperation.GA_RELEASE_UPDATE_BLOCKvoidNGA_Release_update_block(intg_a,intindex)g_a�arrayhandle [input]index�blockindex [input]Releasesaccesstotheblockofdataspecifiedbytheintegerindexwhendatawasaccessedinread writemode.Thisisonlyapplicabletoblock cyclicdatadistributionscreatedusingthesimpleblock cyclicdistribution.Thisisalocaloperation.GA_RELEASE_BLOCK_GRIDvoidNGA_Release_block_grid(intg_a,intsubscript[])g_a�arrayhandle [input]ndim�numberofdimensionsoftheglobalarraysubscript[ndim]�indicesofblockinarray [input]Releasesaccesstotheblockofdataspecifiedbythesubscriptarraywhendatawasaccessedasreadonly.Thisisonlyapplicabletoblock cyclicdatadistributionscreatedusingtheSCALAPACKdatadistribution.Thisisalocaloperation.GA_RELEASE_UPDATE_BLOCK_GRIDvoidNGA_Release_update_block_grid(intg_a,intsubscript[])g_a�arrayhandle [input]ndim�numberofdimensionsoftheglobalarraysubscript[ndim]�indicesofblockinarray [input]Releasesaccesstotheblockofdataspecifiedbythesubscriptarraywhendatawasaccessedinread writemode.Thisisonlyapplicabletoblock cyclicdatadistributionscreatedusingtheSCALAPACKdatadistribution.Thisisalocaloperation.GA_RELEASE_BLOCK_SEGMENTvoidNGA_Release_block_segment(intg_a,intiproc)g_a�arrayhandle [input]iproc�processorID [input]Releasesaccesstotheblockoflocallyhelddataforablock cyclicarray,whendatawasaccessedasread only.Thisisalocaloperation.GA_RELEASE_UPDATE_BLOCK_SEGMENTvoidNGA_Release_block_segment(intg_a,intiproc)g_a�arrayhandle [input]iproc�processorID [input]Releasesaccesstotheblockoflocallyhelddataforablock cyclicarray,whendatawasaccessedasread only.Thisisalocaloperation.GA_READ_INClongNGA_Read_inc(intg_a,intsubscript[],longinc)
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g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraysubscript[ndim]�subscriptarrayforthereferencedelement[input]Atomicallyreadandincrementanelementinanintegerarray.*BEGINCRITICALSECTION*old_value=a(subscript)a(subscript)+=inc*ENDCRITICALSECTION*returnold_valueThisisaone sidedandatomicoperation.GA_SCATTERvoidNGA_Scatter(intg_a,void*v,int*subsArray[],intn)g_a �globalarrayhandle [input]n �numberofelements [input]v[n] �arraycontainingvalues [input]ndim �numberofarraydimensionssubsArray[n][ndim]�arrayofsubscriptsforeachelement[input]Scattersarrayelementsintoaglobalarray.Thecontentsoftheinputarrays(v,subscrArray)arepreserved,buttheircontentsmightbe(consistently)shuffledonreturn.for(k=0;k<=n;k++){a[subsArray[k][0]][subsArray[k][1]][subsArray[k][2]]...=v[k];}Thisisaone sidedoperation.GA_GATHERvoidNGA_Gather(intg_a,void*v,int*subsArray[],intn)g_a �globalarrayhandle [input]n �numberofelements [input]v[n] �arraycontainingvalues [input]ndim �numberofarraydimensionssubsArray[n][ndim]�arrayofsubscriptsforeachelement[input]Gathersarrayelementsfromaglobalarrayintoalocalarray.Thecontentsoftheinputarrays(v,subscrArray)arepreserved,buttheircontentsmightbe(consistently)shuffledonreturn.for(k=0;k<=n;k++){v[k]=a[subsArray[k][0]][subsArray[k][1]][subsArray[k][2]]...;}Thisisaone sidedoperation.GA_SCATTER_ACCvoidNGA_Scatter_acc(intg_a,void*v,int*subsArray[],intn,void*alpha)g_a �globalarrayhandle [input]n �numberofelements [input]v[n] �arraycontainingvalues [input]ndim �numberofarraydimensionssubsArray[n][ndim]�arrayofsubscriptsforeachelement[input]alpha �multiplicativefactor [input]Scattersarrayelementsfromalocalarrayintoaglobalarray.Addsvaluesfromthelocalarraytoexistingvaluesintheglobalarrayaftermultiplyingbyalpha.Thecontentsoftheinputarrays(v,subscrArray)arepreserved,buttheircontentsmightbe(consistently)shuffledonreturn.
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for(k=0;k<=n;k++){v[k]=a[subsArray[k][0]][subsArray[k][1]][subsArray[k][2]]...;}Thisisaone sidedoperation.GA_ERRORvoidGA_Error(char*message,intcode)message�stringtoprint[input]code�codetoprint[input]Tobecalledincaseofanerror.Printanerrormessageandanintegervaluethatrepresentserrorcode.Releasessomesystemresources.Thisistherequiredwayofabortingtheprogramexecution.Thisoperationislocal.GA_LOCATEintNGA_Locate(intg_a,intsubscript[])g_aarrayhandle[input]subscript[ndim]elementsubscript[output]ReturninownertheGAcomputeprocessidthat'owns'thedata.Ifanyelementofsubscript[]isoutofbounds" 1"isreturned.Thisoperationislocal.GA_LOCATE_REGIONintNGA_Locate_region(intg_a,intlo[],inthi[],intmap[],intprocs[])g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforarraysection[input]hi[ndim]�arrayofendingindicesforarraysection[input]map[][2*ndim]�arraywithmappinginformation [output]procs[nproc]�listofprocessesthatownapartofarraysection[output]ReturnthelistoftheGAprocessesidthat'own'thedata.Partsofthespecifiedpatchmightbeactually'owned'byseveralprocesses.Iflo/hiareoutofbounds"0"isreturned,otherwisereturnvalueisequaltothenumberofprocessesthatholdthedata.map[i][0:ndim�1]�lo[i]map[i][ndim:2*ndim�1]�hi[i]procs[i] �processoridthatownsdatainpatchlo[i]:hi[i]Thisoperationislocal.GA_INQUIREvoidNGA_Inquire(intg_a,int*type,int*ndim,intdims[])g_a�arrayhandle [input]type�datatype [output]ndim�numberofdimensions[output]dims�arrayofdimensions[output]Returnsdatatypeanddimensionsofthearray.Thisoperationislocal.GA_INQUIRE_MEMORYsize_tGA_Inquire_memory()
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Returnsamountofmemory(inbytes)usedintheallocatedglobalarraysonthecallingprocessor.Thisoperationislocal.GA_INQUIRE_NAMEchar*GA_Inquire_name(intg_a)g_a�arrayhandle [input]Returnsthenameofanarrayrepresentedbythehandleg_a.Thisoperationislocal.GA_NDIMintGA_Ndim(intg_a)g_a�arrayhandle [input]Returnsthenumberofdimensionsinarrayrepresentedbythehandleg_a.Thisoperationislocal.GA_NBLOCKvoidGA_Nblock(intg_a,intnblock[])g_a�arrayhandle [input]nblock[ndim]�numberofpartitionsforeachdimension[output]Givenadistributionofanarrayrepresentedbythehandleg_a,returnsthenumberofpartitionsofeacharraydimension.Thisoperationislocal.GA_MEMORY_AVAILsize_tGA_Memory_avail()Returnsamountofmemory(inbytes)leftforallocationofnewglobalarraysonthecallingprocessor.Note:IfGA_uses_mareturnstrue,thenGA_Memory_availreturnsthelesseroftheamountavailableundertheGAlimitandtheamountavailablefromMA(accordingtoma_inquire_availoperation).IfnoGAlimithasbeenset,itreturnswhatMAsaysisavailable.If(!GA_Uses_ma()&&!GA_Memory_limited())returns<0,indicatingthattheboundoncurrentlyavailablememorycannotbedetermined.Thisoperationislocal.GA_USES_MAintGA_Uses_ma()Returns"1"ifmemoryinglobalarrayscomesfromtheMemoryAllocator(MA)."0"meansthatmemorycomesfromanothersource,forexampleSystemVsharedmemoryisused.Thisoperationislocal.GA_MEMORY_LIMITEDintGA_Memory_limited()IndicatesiflimitissetonmemoryusageinGlobalArraysonthecallingprocessor."1"means"yes","0"means"no".Thisoperationislocal.
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GA_PROC_TOPOLOGYvoidNGA_Proc_topology(intg_a,intproc,intcoordinates[])g_aarrayhandle [input]ndimnumberofarraydimensionsprocprocessid [input]coordinates[ndim]coordinatesinprocessorgrid[output]Basedonthedistributionofanarrayassociatedwithhandleg_a,determinescoordinatesofthespecifiedprocessorinthevirtualprocessorgridcorrespondingtothedistributionofarrayg_a.Thenumberingstartsfrom0.Thevaluesof 1meansthattheprocessordoesn't'own'anysectionofarrayrepresentedbyg_a.Thisoperationislocal.GA_PRINT_FILEvoidGA_Print_file(FILE*file,intg_a)file�filepointer[input]g_a�arrayhandle[input]Printsanentirearraytoafile.Thisisacollectiveoperation.GA_PRINT_PATCHvoidNGA_Print_patch(intg_a,intlo[],inthi[],intpretty)g_a�arrayhandle [input]lo[],hi[]�coordinatesofthepatch[input]intpretty�formattingflag[input]Printsapatchofg_aarraytothestandardoutput.Ifprettyhasthevalue0thenoutputisprintedinadensefashion.Ifprettyhasthevalue1thenoutputisformattedandrows/columnslabeled.Thisisacollectiveoperation.GA_PRINTvoidGA_Print(intg_a)g_a�arrayhandle[input]Printsanentirearraytothestandardoutput.Thisisacollectiveoperation.GA_PRINT_STATSvoidGA_Print_stats()Thisnon collective(MIMD)operationprintsinformationabout:numberofcallstotheGAcreate/duplicate,destroy,get,put,scatter,gather,andread_and_incoperationstotalamountofdatamovedintheGAprimitiveoperationsamountofdatamovedinGAprimitiveoperationstologicalyremotelocationsmaximummemoryconsumptioninglobalarrays,andnumberofrequestsservicedintheinterrupt drivenimplementationsbythecallingprocess.
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Thisoperationislocal.GA_PRINT_DISTRIBUTIONvoidGA_Print_distribution(intg_a)g_a�arrayhandle[input]Printsthearraydistribution.Thisisacollectiveoperation.GA_CHECK_HANDLEvoidGA_Check_handle(intg_a,char*string)g_a�arrayhandle[input]string�messagestring[input]Checkthattheglobalarrayhandleg_aisvalid...ifnotcallga_errorwiththestringprovidedandsomemoreinfo.Thisoperationislocal.GA_INIT_FENCEvoidGA_Init_fence()Initializestracingofcompletionstatusofdatamovementoperations.Thisoperationislocal.GA_FENCEvoidGA_Fence()BlocksthecallingprocessuntilallthedatatransferscorrespondingtoGAoperationscalledafterga_init_fencecomplete.Forexample,sincega_putmightreturnbeforethedatareachesthefinaldestination,ga_init_fenceandga_fenceallowprocesstowaituntilthedatatranferisfullycompleted:ga_init_fence();ga_put(g_a,...);ga_fence();ga_fencemustbecalledafterga_init_fence.Abarrier,ga_sync,assurescompletionofalldatatransfersandimplicitlycancelsalloutstandingga_init_fencecalls.ga_init_fenceandga_fencemustbeusedinpairs,multiplecallstoga_fencerequirethesamenumberofcorrespondingga_init_fencecalls.ga_init_fence/ga_fencepairscanbenested.ga_fenceworksformultipleGAoperations.Forexample:ga_init_fence();ga_put(g_a,...);ga_scatter(g_a,...);ga_put(g_b,...);ga_fence();Thecallingprocesswillbeblockeduntildatamovementsinitiatedbytwocallstoga_putandonega_scattercomplete.GA_CREATE_MUTEXESintGA_Create_mutexes(intnumber)number�numberofmutexesinmutexarray[input]
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Createsasetcontainingthenumberofmutexes.Returns0iftheopereationsucceededor1whenfailed.MutexisasimplesynchronizationobjectusedtoprotectCriticalSections.Onlyonesetofmutexescanexistatatime.Arrayofmutexescanbecreatedanddestroyedasmanytimesasneeded.Mutexesarenumbered:0,...,number 1.Thisisacollectiveoperation.GA_DESTROY_MUTEXESintGA_Destroy_mutexes()Destroysthesetofmutexescreatedwithga_create_mutexes.Returns0iftheoperationsucceededor1whenfailed.Thisisacollectiveoperation.GA_LOCKvoidGA_Lock(intmutex)mutex�mutexobjectid[input]Locksamutexobjectidentifiedbythemutexnumber.Itisafatalerrorforaprocesstoattempttolockamutexwhichwasalreadylockedbythisprocess.GA_UNLOCKvoidGA_Unlock(intmutex)mutex�mutexobjectid[input]Unlocksamutexobjectidentifiedbythemutexnumber.Itisafatalerrorforaprocesstoattempttounlockamutexwhichhasnotbeenlockedbythisprocess.GA_NODEIDintGA_Nodeid()ReturnstheGAprocessid(0,...,ga_Nnodes() 1)oftherequestingcomputeprocess.Thisoperationislocal.GA_NNODESintGA_Nnodes()ReturnsthenumberoftheGAcompute(user)processes.Thisoperationislocal.GA_GEMMvoidGA_Dgemm(charta,chartb,intm,intn,intk,doublealpha,intg_a,intg_b,doublebeta,intg_c)voidGA_Sgemm(charta,chartb,intm,intn,intk,floatalpha,intg_a,intg_b,floatbeta,intg_c)voidGA_Zgemm(charta,chartb,intm,intn,intk,DoubleComplexalpha,intg_a,intg_b,DoubleComplexbeta,intg_c)g_a,g_b,�handlestoinputarrays [input]g_c�handlestooutputarray [output]ta,tb�transposeoperators [input]m�numberofrowsofop(A)andofmatrixC[input]
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n�numberofcolumnsofop(B)andofmatrixC[input]k�numberofcolumnsofop(A)androwsofmatrixop(B)[input]alpha,beta�scalefactors [input]Performsoneofthematrix matrixoperations:C:=alpha*op(A)*op(B)+beta*C,whereop(X)isoneofop(X)=Xorop(X)=X',alphaandbetaarescalars,andA,BandCarematrices,withop(A)anmbykmatrix,op(B)akbynmatrixandCanmbynmatrix.Onentry,transaspecifiestheformofop(A)tobeusedinthematrixmultiplicationasfollows:ta='N'or'n',op(A)=A.ta='T'or't',op(A)=A'.Thisisacollectiveoperation.GA_COPY_PATCHvoidNGA_Copy_patch(char*trans,intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[])trans �transposeoperator[input]g_a,g_b �arrayhandles[input]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]Copieselementsinapatchofonearrayintoanotherone.Thepatchesofarraysmaybeofdifferentshapesbutmusthavethesamenumberofelements.Patchesmustbenonoverlapping(ifg_a=g_b).trans='N'or'n'meansthatthetransposeoperatorshouldnotbeapplied.trans='T'or't'meansthattransposeoperatorshouldbeapplied.Thisisacollectiveoperation.GA_DOT_PATCHdoubleNGA_Ddot_patch(intg_a,charta,intalo[],intahi[],intg_b,chartb,intblo[],intbhi[])longNGA_Idot_patch(intg_a,charta,intalo[],intahi[],intg_b,chartb,intblo[],intbhi[])DoubleComplexNGA_Zdot_patch(intg_a,charta,intalo[],intahi[],intg_b,chartb,intblo[],intbhi[])g_a,g_b�arrayhandles[input]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]ta,tb �transposeflags[input]Computestheelement wisedotproductofthetwo(possiblytransposed)patcheswhichmustbeofthesametypeandhavethesamenumberofelements.Thisisacollectiveoperation.GA_MATMUL_PATCHvoidGA_Matmul_patch(chartransa,chartransb,void*alpha,void*beta,intg_a,intailo,intaihi,intajlo,intajhi,intg_b,intbilo,intbihi,intbjlo,intbjhi,intg_c,intcilo,intcihi,intcjlo,intcjhi)g_a,g_b,g_carrayhandles[input]ailo,aihi,ajlo,ajhipatchofg_a[input]
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bilo,bihi,bjlo,bjhipatchofg_b[input]cilo,cihi,cjlo,cjhipatchofg_c[input]alpha,betascalefactors[input]transa,transbtransposeoperators[input]ga_matmul_patchisapatchversionofga_dgemm:C[cilo:cihi,cjlo:cjhi]:=alpha*AA[ailo:aihi,ajlo:ajhi]*BB[bilo:bihi,bjlo:bjhi])+beta*C[cilo:cihi,cjlo:cjhi],whereAA=op(A),BB=op(B),andop(X)isoneofop(X)=Xorop(X)=X',Validvaluesfortransposearguments:'n','N','t','T'.ItworksforbothdoubleandDoubleComplexdatatape.Thisisacollectiveoperation.NGA_MATMUL_PATCHvoidNGA_Matmul_patch(chartransa,chartransb,void*alpha,void*beta,intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[])g_a,g_b,g_carrayhandles[input]alo,ahipatchofg_a[input]blo,bhipatchofg_b[input]clo,chipatchofg_c[input]alpha,betascalefactors[input]transa,transbtransposeoperators[input]nga_matmul_patchisan dimensionalpatchversionofga_dgemm:C[clo[]:chi[]]:=alpha*AA[alo[]:ahi[]]*BB[blo[]:bhi[]])+beta*C[clo[]:chi[]],whereAA=op(A),BB=op(B),andop(X)isoneofop(X)=Xorop(X)=X',Validvaluesfortransposearguments:'n','N','t','T'.ItworksforbothdoubleandDoubleComplexdatatape.Thisisacollectiveoperation.GA_ADD_PATCHvoidNGA_Add_patch(void*alpha,intg_a,intalo[],intahi[],void*beta,intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[])g_a,g_b,g_carrayhandles[input]alo[],ahi[]patchofg_a[input]blo[],bhi[]patchofg_b[input]clo[],chi[]patchofg_c[input]alpha,betascalefactors[input]Patchesofarrays(whichmusthavethesamenumberofelements)areaddedtogetherelement wise.c[][]=alpha*a[][]+beta*b[][].Thisisacollectiveoperation.GA_FILL_PATCH
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voidNGA_Fill_patch(intg_a,intlo[],inthi[],void*val)g_a arrayhandles[input]lo[],hi[] patchofg_a[input]val valuetofill[input]Fillthepatchofg_awithvalueof'val'Thisisacollectiveoperation.GA_ZERO_PATCHvoidNGA_Zero_patch(intg_a,intlo[],inthi[])g_a arrayhandles[input]lo[],hi[] patchofg_a[input]Setalltheelementsinthepatchtozero.Thisisacollectiveoperation.GA_SCALE_PATCHvoidNGA_Scale_patch(intg_a,intlo[],inthi[],void*val)g_a arrayhandles[input]lo[],hi[] patchofg_a[input]val scalefactor[input]Scaleanarraybythefactor'val'Thisisacollectiveoperation.GA_BRDCSTvoidGA_Brdcst(void*buf,intlenbuf,introot)lenbuf�lengthofbuffer(bytes)[input]buf[lenbuf]�data [input/output]root�rootprocess[input]Broadcastfromprocessroottoallotherprocessesamessageoflengthlenbuf.Thisisoperationisprovidedonlyforconveniencepurposes:itisavailableregardlessofthemessage passinglibrarythatGAisrunningwith.Thisisacollectiveoperation.GA_DGOPvoidGA_Dgop(doublex[],intn,char*op)n�numberofelements[input]x[n]�arrayofelements[input/output]op�operator [input]DoubleGlobalOPeration.X(1:N)isavectorpresentoneachprocess.DGOP'sums'elementsofXaccrossallnodesusingthecommutativeoperatorOP.Theresultisbroadcasttoallnodes.Supportedoperationsinclude'+','*','max','min','absmax','absmin'.Theuseoflowerecaseforoperatorsisnecessary.Thisisoperationisprovidedonlyforconveniencepurposes:itisavailableregardlessofthemessage passinglibrarythatGAisrunningwith.
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Thisisacollectiveoperation.GA_IGOPvoidGA_Igop(longx[],intn,char*op)n�numberofelements[input]x[n]�arrayofelements[input/output]op�operator [input]IntegerGlobalOPeration.Theinteger(morepreciselylong)versionofga_dgopdescribedabove,alsoincludethebitwiseORoperation.Thisisoperationisprovidedonlyforconveniencepurposes:itisavailableregardlessofthemessage passinglibrarythatGAisrunningwith.Thisisacollectiveoperation.GA_LGOPvoidGA_Lgop(longx[],intn,char*op)n�numberofelements[input]x[n]�arrayofelements[input/output]op�operator [input]LongGlobalOPeration.Thelongversionofga_dgopdescribedabove,alsoincludethebitwiseORoperation.Thisisoperationisprovidedonlyforconveniencepurposes:itisavailableregardlessofthemessage passinglibrarythatGAisrunningwith.Thisisacollectiveoperation.GA_CLUSTER_NNODESintGA_Cluster_nnodes()Thisfunctionsreturnsthetotalnumberofnodesthattheprogramisrunningon.OnSMParchitectures,thiswillbelessthanorequaltothetotalnumberofprocessors.Thisisalocaloperation.GA_CLUSTER_NODEIDintGA_Cluster_nodeid()ThisfunctionreturnsthenodeIDoftheprocess.OnSMParchitectureswithmorethanoneprocessorpernode,severalprocessesmayreturnthesamenodeid.Thisisalocaloperation.GA_CLUSTER_PROC_NODEIDintGA_Cluster_proc_nodeid(intproc)ThisfunctionreturnsthenodeIDofthespecifiedprocessproc.OnSMParchitectureswithmorethanoneprocessorpernode,severalprocessesmayreturnthesamenodeid.Thisisalocaloperation.
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GA_CLUSTER_NPROCSintGA_Cluster_nprocs(intinode)inode [input]Thisfunctionreturnsthenumberofprocessorsavailableonnodeinode.Thisisalocaloperation.GA_CLUSTER_PROCIDintGA_Cluster_procid(intinode,intiproc)inode,iproc[input]Thisfunctionreturnstheprocessoridassociatedwithnodeinodeandthelocalprocessoridiproc.IfnodeinodehasNprocessors,thenthevalueofiprocliesbetween0andN 1.Thisisalocaloperation.GA_DIAGvoidGA_Diag(intg_a,intg_s,intg_v,void*eval)g_a�Matrixtodiagonalize[input]g_s�Metric [input]g_v�Globalmatrixtoreturnevecs[output]eval�Localarraytoreturnevals[output]Solvethegeneralizedeigen valueproblemreturningalleigen vectorsandvaluesinascendingorder.Theinputmatricesarenotoverwrittenordestroyed.Thisisacollectiveoperation.GA_DIAG_REUSEvoidGA_Diag_reuse(intcontrol,intg_a,intg_s,intg_v,void*eval)control�Controlflag [input]g_a�Matrixtodiagonalize[input]g_s�Metric [input]g_v�Globalmatrixtoreturnevecs[output]eval�Localarraytoreturnevals[output]Solvethegeneralizedeigen valueproblemreturningalleigen vectorsandvaluesinascendingorder.RecommendedforREPEATEDcallsifg_sisunchanged.Valuesofthecontrolflag:valueaction/purpose0indicatesfirstcalltotheeigensolver>0consecutivecalls(reusesfactoredg_s)<0onlyerasesfactorizedg_s;g_vandevalunchanged(shouldbecalledafterprevioususeifanothereigenproblem,i.e.,differentg_aandg_s,istobesolved)Theinputmatricesarenotdestroyed.Thisisacollectiveoperation.GA_DIAG_STD



Tue31Mar200904:31:31PMPDThttp://www.emsl.pnl.gov/docs/global/c_nga_ops.html

voidGA_Diag_std(intg_a,intg_v,void*eval)g_a�Matrixtodiagonalize[input]g_v�Globalmatrixtoreturnevecs[output]eval�Localarraytoreturnevals[output]Solvethestandard(non generalized)eigenvalueproblemreturningalleigenvectorsandvaluesintheascendingorder.Theinputmatrixisneitheroverwrittennordestroyed.Thisisacollectiveoperation.GA_LLT_SOLVEintGA_Llt_solve(intg_a,intg_b)g_a�coefficientmatrix[input]g_b�rhs/solutionmatrix[output]SolvesasystemoflinearequationsA*X=BusingtheCholeskyfactorizationofanNxNdoubleprecisionsymmetricpositivedefinitematrixA(epresentedbyhandleg_a).OnsuccessfulexitBwillcontainthesolutionX.Itreturns:=0:successfulexit>0:theleadingminorofthisorderisnotpositivedefiniteandthefactorizationcouldnotbecompletedThisisacollectiveoperation.GA_LU_SOLVEvoidGA_Lu_solve(chartrans,intg_a,intg_b)trans�transposeornottranspose[input]g_a�coefficientmatrix[input]g_b�rhs/solutionmatrix[output]Solvethesystemoflinearequationsop(A)X=BbasedontheLUfactorization.op(A)=AorA'dependingontheparametertrans:trans='N'or'n'meansthatthetransposeoperatorshouldnotbeapplied.trans='T'or't'meansthatthetransposeoperatorshouldbeapplied.MatrixAisageneralrealmatrix.MatrixBcontainspossiblymultiplerhsvectors.Thearrayassociatedwiththehandleg_bisoverwrittenbythesolutionmatrixX.Thisisacollectiveoperation.GA_SOLVEintGA_solve(intg_a,intg_b)g_a�coefficientmatrix[input]g_b�rhs/solutionmatrix[output]Solvesasystemoflinearequations
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A*X=BItfirstwillcalltheCholeskyfactorizationroutineand,ifsucessfully,willsolvethesystemwiththeCholeskysolver.IfCholeskywillbenotbeabletofactorizeA,thenitwillcalltheLUfactorizationroutineandwillsolvethesystemwithforward/backwardsubstitution.OnexitBwillcontainthesolutionX.Itreturns=0:Choleskyfactoriztionwassuccesful>0:theleadingminorofthisorderisnotpositivedefinite,CholeskyfactorizationcouldnotbecompletedandLUfactoriztionwasusedThisisacollectiveoperation.GA_SPD_INVERTintGA_Spd_invert(intg_a)g_a�matrix[input/output]ItcomputestheinverseofadoubleprecisionusingtheCholeskyfactorizationofaNxNdoubleprecisionsymmetricpositivedefinitematrixAstoredintheglobalarrayrepresentedbyg_a.Onsuccessfulexit,Awillcontaintheinverse.Itreturns=0:successfulexit>0:theleadingminorofthisorderisnotpositivedefiniteandthefactorizationcouldnotbecompleted<0:itreturnstheindexiofthe(i,i)elementofthefactorL/UthatiszeroandtheinversecouldnotbecomputedThisisacollectiveoperation.GA_SELECT_ELEMvoidNGA_Select_elem(intg_a,char*op,void*val,intindex[])g_a�arrayhandleControl [input]op�operator{"min","max"}[input]val�addresswherevalueshouldbestored[output]index[ndim]�arrayindexfortheselectedelement[output]Returnsthevalueandindexforanelementthatisselectedbythespecifiedoperatorinaglobalarraycorrespondingtog_ahandle.Thisisacollectiveoperation.GA_SUMMARIZEvoidGA_Summarize(intverbose)verbose�Iftrueprintdistributioninfo[input]Printsinfoaboutallocatedarrays.GA_SYMMETRIZEvoidGA_Symmetrize(intg_a)
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g_a[input]SymmetrizesmatrixArepresentedwithhandleg_a:A:=.5*(A+A').Thisisacollectiveoperation.GA_TRANSPOSEvoidGA_Transpose(intg_a,intg_b)g_a�originalmatrix[input]g_b�solutionmatrix[output]Transposesamatrix:B=A',whereAandBarerepresentedbyhandlesg_aandg_b.Thisisacollectiveoperation.GA_ABS_VALUEvoidGA_Abs_value(intg_a)g_a�arrayhandle [input]Takeelement wiseabsolutevalueofthearray.Thisisacollectiveoperation.GA_ABS_VALUE_PATCHvoidGA_Abs_value_patch(intg_a,intlo[],inthi[])g_a�arrayhandle [input]lo[],hi[]�g_apatchcoordinates[input]Takeelement wiseabsolutevalueofthepatch.Thisisacollectiveoperation.GA_ADD_CONSTANTvoidGA_Add_constant(intg_a,void*alpha)g_a �arrayhandle[input]double/complex/int/long/float*alpha�addedvalue[input]Addtheconstantpointedbyalphatoeachelementofthearray.Thisisacollectiveoperation.GA_ADD_CONSTANT_PATCHvoidGA_Add_constant_patch(intg_a,intlo[],inthi[],void*alpha)g_a �arrayhandle[input]lo[],hi[] �patchcoordinates[input]double/complex/int/long/float*alpha�addedvalue[input]Addtheconstantpointedbyalphatoeachelementofthepatch.Thisisacollectiveoperation.GA_RECIP
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voidGA_Recip(intg_a)g_a�arrayhandle [input]Takeelement wisereciprocalofthearray.Thisisacollectiveoperation.GA_RECIP_PATCHvoidGA_Recip_patch(intg_a,intlo[],inthi[])g_a�arrayhandle[input]lo[],hi[]�patchcoordinates[input]Takeelement wisereciprocalofthepatch.Thisisacollectiveoperation.GA_ELEM_MULTIPLYvoidGA_Elem_multiply(intg_a,intg_b,intg_c)g_a,g_b�arrayhandles [input]g_c�arrayhandle [output]Computestheelement wiseproductofthetwoarrayswhichmustbeofthesametypesandsamenumberofelements.Fortwo dimensionalarrays,c(i,j)=a(i,j)*b(i,j)Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_ELEM_MULTIPLY_PATCHvoidGA_Elem_multiply_patch(intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[])g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]clo[],chi[]�g_cpatchcoordinates[output]Computestheelement wiseproductofthetwopatcheswhichmustbeofthesametypesandsamenumberofelements.Fortwo dimensionalarrays,c(i,j)=a(i,j)*b(i,j)Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_ELEM_DIVIDEvoidGA_Elem_divide(intg_a,intg_b,intg_c)g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]Computestheelement wisequotientofthetwoarrayswhichmustbeofthesametypesandsamenumberofelements.Fortwo dimensionalarrays,
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c(i,j)=a(i,j)/b(i,j)Theresult(c)mayreplaceoneoftheinputarrays(a/b).Ifoneoftheelementsofarrayg_biszero,thequotientfortheelementofg_cwillbesettoGA_NEGATIVE_INFINITY.Thisisacollectiveoperation.GA_ELEM_DIVIDE_PATCHvoidGA_Elem_divide_patch(intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[])g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]clo[],chi[]�g_cpatchcoordinates[output]Computestheelement wisequotientofthetwopatcheswhichmustbeofthesametypesandsamenumberofelements.Fortwo dimensionalarrays,c(i,j)=a(i,j)/b(i,j)Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_ELEM_MAXIMUMvoidGA_Elem_maximum(intg_a,intg_b,intg_c)g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]Computestheelement wisemaximumofthetwoarrayswhichmustbeofthesametypesandsamenumberofelements.Fortwodimensionalarrays,c(i,j)=max{a(i,j),b(i,j)}Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_ELEM_MAXIMUM_PATCHvoidGA_Elem_maximum_patch(intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[])g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]clo[],chi[]�g_cpatchcoordinates[output]Computestheelement wisemaximumofthetwopatcheswhichmustbeofthesametypesandsamenumberofelements.Fortwo dimensionalofnoncomplexarrays,c(i,j)=max{a(i,j),b(i,j)}Ifthedatatypeiscomplex,thenc(i,j).real=max{|a(i,j)|,|b(i,j)|}whilec(i,j).image=0.
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Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_ELEM_MINIMUMvoidGA_Elem_minimum(intg_a,intg_b,intg_c)g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]Computestheelement wiseminimumofthetwoarrayswhichmustbeofthesametypesandsamenumberofelements.Fortwodimensionalarrays,c(i,j)=min{a(i,j),b(i,j)}Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_ELEM_MINIMUM_PATCHvoidGA_Elem_minimum_patch(intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[])g_a,g_b�arrayhandles [input]g_c �arrayhandle [output]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]clo[],chi[]�g_cpatchcoordinates[output]Computestheelement wiseminimumofthetwopatcheswhichmustbeofthesametypesandsamenumberofelements.Fortwo dimensionalofnoncomplexarrays,c(i,j)=min{a(i,j),b(i,j)}Ifthedatatypeiscomplex,thenc(i,j).real=min{|a(i,j)|,|b(i,j)|}whilec(i,j).image=0.Theresult(c)mayreplaceoneoftheinputarrays(a/b).Thisisacollectiveoperation.GA_SHIFT_DIAGONALvoidGA_Shift_diagonal(intg_a,void*c)g_a �arrayhandle[input]double/complex/int/long/float�shiftvalue[input]Addsthisconstanttothediagonalelementsofthematrix.Thisisacollectiveoperation.GA_SET_DIAGONALvoidGA_Set_diagonal(intg_a,intg_v)g_a,g_v�arrayhandles [input]Setsthediagonalelementsofthismatrixg_awiththeelementsofthevectorg_v.Thisisacollectiveoperation.
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GA_ZERO_DIAGONALvoidGA_Zero_diagonal(intg_a)g_a�arrayhandle [input]Setsthediagonalelementsofthismatrixg_awithzeros.Thisisacollectiveoperation.GA_ADD_DIAGONALvoidGA_Add_diagonal(intg_a,intg_v)g_a,g_v�arrayhandles [input]Addstheelementsofthevectorg_vtothediagonalofthismatrixg_a.Thisisacollectiveoperation.GA_GET_DIAGvoidGA_Get_diag(intg_a,intg_v)g_a,g_v�arrayhandles [input]Insertsthediagonalelementsofthismatrixg_aintothevectorg_v.Thisisacollectiveoperation.GA_SCALE_ROWSvoidGA_Scale_rows(intg_a,intg_v)g_a,g_v�arrayhandles [input]Scalestherowsofthismatrixg_ausingthevectorg_v.Thisisacollectiveoperation.GA_SCALE_COLSvoidGA_Scale_cols(intg_a,intg_v)g_a,g_v�arrayhandles [input]Scalesthecolumnsofthismatrixg_ausingthevectorg_v.Thisisacollectiveoperation.GA_NORM1voidGA_norm1(intg_a,double*nm)g_a �arrayhandle [input]nm �matrix/vector1�normvalue[output]Computesthe1 normofthematrixorvectorg_a.Thisisacollectiveoperation.GA_NORM_INFINITYvoidGA_Norm_infinity(intg_a,double*nm)
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g_a �arrayhandle [input]nm �matrix/vectorinfinity�normvalue[output]Computesthe1 normofthematrixorvectorg_a.Thisisacollectiveoperation.GA_MEDIANvoidGA_Median(intg_a,intg_b,intg_c,intg_m)g_a,g_b,g_c�arrayhandles [input]g_m �arrayhandle [output]ComputesthecomponentwiseMedianofthreearraysg_a,g_b,andg_c,andstorestheresultinthisarrayg_m.Theresult(m)mayreplaceoneoftheinputarrays(a/b/c).Thisisacollectiveoperation.GA_MEDIAN_PATCHvoidGA_Median_patch(intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[],intg_c,intclo[],intchi[],intg_m,intmlo[],intmhi[])g_a,g_b,g_c�arrayhandles [input]g_m �arrayhandle [output]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]clo[],chi[]�g_cpatchcoordinates[input]mlo[],mhi[]�g_mpatchcoordinates[output]ComputesthecomponentwiseMedianofthreepatchesg_a,g_b,andg_c,andstorestheresultinthispatchg_m.Theresult(m)mayreplaceoneoftheinputpatches(a/b/c).Thisisacollectiveoperation.GA_STEP_MAXvoidGA_Step_max(intg_a,intg_b,double*step)g_a,g_b�arrayhandleswhereg_bisstepdirection[input]step �maximumstepsize [output]Calculatesthelargestmultipleofavectorg_bthatcanbeaddedtothisvectorg_awhilekeepingeachelementofthisvectornon negative.Thisisacollectiveoperation.GA_STEP_MAX2voidGA_Step_max2(intg_xx,intg_vv,intg_xxll,intg_xxuu,double*step2)g_xx �arrayhandle [input]g_vv �stepdirectionarrayhandle[input]g_xxll�lowerboundsarrayhandle[input]g_xxuu�upperboundsarrayhandle[input]step2�maximumstepsize[output]Calculatesthelargeststepsizethatshouldbeusedinaprojectedboundlinesearch.Thisisacollectiveoperation.GA_STEP_MAX_PATCHvoidGA_Step_max_patch(intg_a,intalo[],intahi[],intg_b,blo[],bhi[],double*step)
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g_a,g_b�arrayhandleswhereg_bisstepdirection[input]step�themaximumstep [output]Calculatesthelargestmultipleofavectorg_bthatcanbeaddedtothisvectorg_awhilekeepingeachelementofthisvectornon negative.Thisisacollectiveoperation.GA_STEP_MAX2_PATCHvoidGA_Step_max2_patch(intg_xx,intxxlo[],intxxhi[],g_vv,intvvlo[],intvvhi[],intg_xxll,intxxlllo[],intxxllhi[],intg_xxuu,intxxuulo[],intxxuuhi[],double*step2)g_xx �arrayhandle [input]g_vv �stepdirectionarrayhandle[input]g_xxll�lowerboundsarrayhandle[input]g_xxuu�upperboundsarrayhandle[input]step2�maximumstepsize[output]xxlo[],xxhi[]�g_xxpatchcoordinates[input]vvlo[],vvhi[]�g_vvpatchcoordinates[input]xxlllo[],xxllhi[]�g_xxllpatchcoordinates[input]xxuulo[],xxuuhi[]�g_xxuupatchcoordinates[output]Calculatesthelargeststepsizethatshouldbeusedinaprojectedboundlinesearch.Thisisacollectiveoperation.GA_PGROUP_GET_DEFAULTintGA_Pgroup_get_default()Thisfunctionwillreturnahandletothedefaultprocessorgroup,whichcanthenbeusedtocreateaglobalarrayusingoneoftheNGA_create_*_configorGA_Set_pgroupcalls.Thisisalocaloperation.GA_PGROUP_GET_MIRRORintGA_Pgroup_get_mirror()Thisfunctionwillreturnahandletothemirroredprocessorgroup,whichcanthenbeusedtocreateaglobalarrayusingoneoftheNGA_create_*_configorGA_Set_pgroupcalls.Thisisalocaloperation.GA_PGROUP_GET_WORLDintGA_Pgroup_get_world()Thisfunctionwillreturnahandletotheworldprocessorgroup,whichcanthenbeusedtocreateaglobalarrayusingoneoftheNGA_create_*_configorGA_Set_pgroupcalls.Thisisalocaloperation.GA_PGROUP_SYNCvoidGA_Pgroup_sync(intp_handle)p_handle processorgrouphandle[input]Thisoperationexecutesasynchronizationgroupacrosstheprocessorsintheprocessorgroupspecifiedbyp_handle.Nodesoutsidethisgroupareunaffected.
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Thisisacollectiveoperationontheprocessorgroupspecifiedbyp_handle.GA_PGROUP_BRDCSTvoidGA_Pgroup_brdcst(intp_handle,void*buf,intlenbuf,introot)p_handle processorgrouphandle[input]buf pointertobuffercontainingdata[input/output]lenbuf lengthofdata(inbytes)[input]root processorsendingmessage[input]Broadcastdatafromprocessorspecifiedbyroottoallotherprocessorsintheprocessorgroupspecifiedbyp_handle.Thelengthofthemessageinbytesisspecifiedbylenbuf.Theinitialandbroadcasteddatacanbefoundinthebufferspecifiedbythepointerbuf.Thisisacollectiveoperationontheprocessorgroupspecifiedbyp_handle.GA_PGROUP_DGOPvoidGA_Pgroup_dgop(intp_handle,doublebuf*,intn,char*op)p_handle processorgrouphandle[input]buf buffercontainingdata[input/output]n numberofelementsinx[input]op operationtobeperformed[input]buf[n]isadoubleprecisionarraypresentoneachprocessorintheprocessorgroupp_handle.TheGA_Pgroup_dgop'sums'allelementsinbuf[n]acrossallprocessorsinthegroupspecifiedbyp_handleusingthecommutativeoperationspecifiedbythecharacterstringop.Theresultisbroadcasttoallprocessorinp_handle.Allowedstringsare"+","*","max","min","absmax","absmin".Theuseoflowerecaseforoperatorsisnecessary.Thisisacollectiveoperationontheprocessorgroupspecifedbyp_handle.GA_PGROUP_IGOPvoidGA_Pgroup_igop(intp_handle,doublebuf*,intn,char*op)p_handle processorgrouphandle[input]buf buffercontainingdata[input/output]n numberofelementsinx[input]op operationtobeperformed[input]buf[n]isanintegerarraypresentoneachprocessorintheprocessorgroupp_handle.TheGA_Pgroup_igop'sums'allelementsinbuf[n]acrossallprocessorsinthegroupspecifiedbyp_handleusingthecommutativeoperationspecifiedbythecharacterstringop.Theresultisbroadcasttoallprocessorinp_handle.Allowedstringsare"+","*","max","min","absmax","absmin".Theuseoflowerecaseforoperatorsisnecessary.Thisisacollectiveoperationontheprocessorgroupspecifedbyp_handle.GA_PGROUP_LGOPvoidGA_Pgroup_lgop(intp_handle,doublebuf*,intn,char*op)p_handle processorgrouphandle[input]buf buffercontainingdata[input/output]n numberofelementsinx[input]op operationtobeperformed[input]buf[n]isalongintegerarraypresentoneachprocessorintheprocessorgroupp_handle.TheGA_Pgroup_lgop'sums'allelementsinbuf[n]acrossallprocessorsinthegroupspecifiedbyp_handleusingthecommutativeoperationspecifiedbythecharacterstringop.Theresultisbroadcasttoall
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processorinp_handle.Allowedstringsare"+","*","max","min","absmax","absmin".Theuseoflowerecaseforoperatorsisnecessary.Thisisacollectiveoperationontheprocessorgroupspecifedbyp_handle.GA_PGROUP_FGOPvoidGA_Pgroup_lgop(intp_handle,doublebuf*,intn,char*op)p_handle processorgrouphandle[input]buf buffercontainingdata[input/output]n numberofelementsinx[input]op operationtobeperformed[input]buf[n]isasingleprecisionarraypresentoneachprocessorintheprocessorgroupp_handle.TheGA_Pgroup_fgop'sums'allelementsinbuf[n]acrossallprocessorsinthegroupspecifiedbyp_handleusingthecommutativeoperationspecifiedbythecharacterstringop.Theresultisbroadcasttoallprocessorinp_handle.Allowedstringsare"+","*","max","min","absmax","absmin".Theuseoflowerecaseforoperatorsisnecessary.Thisisacollectiveoperationontheprocessorgroupspecifedbyp_handle.GA_PGROUP_NNODESintGA_Pgroup_nnodes(intp_handle)p_handle processorgrouphandle[input]Thisfunctionreturnsthenumberofprocessorscontainedinthegroupspecifiedbyp_handle.Thisisalocallocaloperation.GA_PGROUP_NODEIDintGA_Pgroup_nodeid(intp_handle)p_handle processorgrouphandle[input]Thisfunctionreturnstherelativeindexoftheprocessorintheprocessorgroupspecifiedbyp_handle.ThisindexwillgenerallydifferfromtheabsoluteprocessorindexreturnedbyGA_Nodeidiftheprocessorgroupisnottheworldgroup.Thisisalocaloperation.GA_MERGE_MIRROREDintGA_Merge_mirrored(intg_a)g_a arrayhandles[input]Thissubroutinemergesmirroredarraysbyaddingthecontentsofeacharrayacrossnodes.Theresultisthattheeachmirroredcopyofthearrayrepresentedbyg_aisthesumoftheindividualarraysbeforethemergeoperation.Afterthemerge,allmirroredarraysareequal.Thisisacollectiveoperation.GA_IS_MIRROREDintGA_Is_mirrored(intg_a)g_a arrayhandle[input]
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Thissubroutinechecksifthearrayismirroredarrayornot.Returns1ifitisamirroredarray,elsereturns0.Thisisalocaloperation.GA_MERGE_DISTR_PATCHintNGA_Merge_distr_patch(intg_a,intalo[],intahi[],intg_b,intblo[],intbhi[])g_a,g_b �arrayhandles[input]alo[],ahi[]�g_apatchcoordinates[input]blo[],bhi[]�g_bpatchcoordinates[input]Thisfunctionmergesallcopiesofapatchofamirroredarray(g_a)intoapatchinadistributedarray(g_b).Thisisacollectiveoperation.GA_NBGETvoidNGA_NbGet(intg_a,intlo[],inthi[],void*buf,intld[],ga_nbhdl_t*nbhandle)g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatagoes [output]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]nbhandle�pointertothenon�blockingrequesthandle [input]Non blockingversionoftheblockinggetoperation.Thegetoperationcanbecompletedlocallybymakingacalltothewait(e.g.NGA_NbWait)routine.Thisisanon blockingone sidedoperation.GA_NBPUTvoidNGA_NbPut(intg_a,intlo[],inthi[],void*buf,intld[],ga_nbhdl_t*nbhandle)g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatais [input]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]nbhandle�pointertothenon�blockingrequesthandle [input]Non blockingversionoftheblockingputoperation.Theputoperationcanbecompletedlocallybymakingacalltothewait(e.g.NGA_NbWait)routine.Thisisanon blockingone sidedoperation.GA_NBACCvoidNGA_NbAcc(intg_a,intlo[],inthi[],void*buf,intld[],void*alpha,ga_nbhdl_t*nbhandle)g_a�globalarrayhandle [input]ndim�numberofdimensionsoftheglobalarraylo[ndim]�arrayofstartingindicesforglobalarraysection [input]hi[ndim]�arrayofendingindicesforglobalarraysection [input]buf�pointertothelocalbufferarraywherethedatais [input]ld[ndim�1]�arrayspecifyingleadingdimensions/strides/extentsforbufferarray[input]
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double/DoubleComplex/long*alpha�scalefactor [input]nbhandle�pointertothenon�blockingrequesthandle [input]Non blockingversionoftheblockingaccumulateoperation.Theaccumulateoperationcanbecompletedlocallybymakingacalltothewait(e.g.NGA_NbWait)routine.Thisisanon blockingone sidedoperation.GA_NBWAITvoidNGA_NbWait(ga_nbhdl_t*nbhandle)nbhandle�pointertothenon�blockingrequesthandle [input]Thisfunctioncompletesanon blockingone sidedoperationlocally.Waitingonanonblockingputoranaccumulateoperationassuresthatdatawasinjectedintothenetworkandtheuserbuffercanbenowbereused.Completingagetoperationassuresdatahasarrivedintotheusermemoryandisreadyforuse.Waitoperationensuresonlylocalcompletion.Unliketheirblockingcounterparts,thenonblockingoperationsarenotorderedwithrespecttothedestination.Performancebeingonereason,theotherreasonisthatbyensuringorderingweincuradditionalandpossiblyunnecessaryoverheadonapplicationsthatdonotrequiretheiroperationstobeordered.Forcaseswhereorderingisnecessary,itcanbedonebycallingafenceoperation.Thefenceoperationisprovidedtotheusertoconfirmremotecompletionifneeded.GA_WTIMEdoubleGA_Wtime()Thisfunctionreturnawall(orelapsed)timeonthecallingprocessor.Returnstimeinsecondsrepresentingelapsedwall clocktimesinceanarbitrarytimeinthepast.Example:doublestarttime,endtime;starttime=GA_Wtime();....codesnippettobetimed....endtime=GA_Wtime();printf("Timetaken=%lfseconds\n",endtime�starttime);Thisisalocaloperation.Thisfunctionisonlyavailableinrelease4.1orgreater.GA_SET_DEBUGvoidGA_Set_debug(intdbg)dbg�valuetosetinternalflag[input]ThisfunctionsetsaninternalflagintheGAlibrarytoeithertrueorfalse.ThevalueofthisflagcanberecoveredatanytimeusingtheGA_Get_debugfunction.TheflagissettofalsewhenthetheGAlibraryisinitialized.Thiscanbeusefulinanumberofdebuggingsituations,especiallywhenexaminingthebehaviorofroutinesthatarecalledinmultiplelocationsinacode.Thisisalocaloperation.GA_GET_DEBUGintGA_Get_debug()ThisfunctionreturnsthevalueofaninternalflagintheGAlibrarywhosevaluecanbesetusingtheGA_Set_debugsubroutine.Thisisalocaloperation.
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GA_PATCH_ENUMvoidGA_Patch_enum(intg_a,intlo,inthi,intistart,intinc)g_a �arrayhandle [input]lo,hi�patchcoordinates [input]istart�startingvalueofenumeration[input]inc �incrementvalue [input]Thissubroutineenumeratesthevaluesofanarraybetweenelementsloandhistartingwiththevalueistartandincrementingeachsubsequentvaluebyinc.Thisoperationisonlyapplicableto1 dimensionalarrays.Anexampleofitsuseisshownbelow:GA_Patch_enum(g_a,1,n,7,2);g_a:7911131517192123...Thisisacollectiveoperation.GA_SCAN_ADDvoidGA_Scan_add(intg_src,intg_dest,intg_mask,intlo,inthi,intexcl)g_src�handleforsourcearray [input]g_dest�handlefordestinationarray [output]g_mask�handleforintegerarrayrepresentingmask[input]lo,hi,�lowandhighvaluesofrangeonwhichoperationisperformed [input]excl�valuetosignifyifmaskedvaluesareincludedininadd [input]Thisoperationwilladdsuccessiveelementsinasourcevectorg_srcandputtheresultsinadestinationvectorg_dest.Theadditionwillrestartbasedonthevaluesoftheintegermaskvectorg_mask.Thescanisperformedwithintherangespecifiedbytheintegervaluesloandhi.Notethatthisoperationcanonlybeappliedto1 dimensionalarrays.Theexclflagdetermineswhetherthesumstartswiththevalueinthesourcevectorcorrespondingtothelocationofa1inthemaskvector(excl=0)orwhetherthefirstvalueissetequalto0(excl=1).Someexamplesofthisoperationaregivenbelow.GA_Scan_add(g_src,g_dest,g_mask,1,n,0);g_mask:10000010100100110g_src:1234567891011121314151617g_dest:13610162171591930122539151633GA_Scan_add(g_src,g_dest,g_mask,1,n,1);g_mask:10000010100100110g_src:1234567891011121314151617g_dest:01361015070919012250016Thisisacollectiveoperation.GA_SCAN_COPYvoidGA_Scan_copy(intg_src,intg_dest,intg_mask,intlo,inthi)g_src�handleforsourcearray [input]g_dest�handlefordestinationarray [output]g_mask�handleforintegerarrayrepresentingmask[input]lo,hi,�lowandhighvaluesofrangeonwhichoperationisperformed [input]Thissubroutinedoesasegmentedscan copyofvaluesinthesourcearrayg_srcintoadestinationarrayg_destwithsegmentsdefinedbyvaluesintheintegermaskarrayg_mask.Thescan copyoperationisonlyappliedtotherangebetweentheloandhiindices.Thisoperationisrestricedto1 dimensionalarrays.Theresultingdestinationarraywillconsistofsegmentsofconsecutiveelementswiththesamevalue.AnexampleisshownbelowGA_Scan_copy(g_src,g_dest,g_mask,1,n);g_mask:10000010100100110
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g_src:1234567891011121314151617g_dest:11111177999121212151616Thisisacollectiveoperation.GA_PACKvoidGA_Pack(intg_src,intg_dest,intg_mask,intlo,inthi,int*icount)g_src�handleforsourcearray [input]g_dest�handlefordestinationarray [output]g_mask�handleforintegerarrayrepresentingmask[input]lo,hi,�lowandhighvaluesofrangeonwhichoperationisperformedinteger�numberofvaluesincompressedarray[output]Thepacksubroutineisdesignedtocompressthevaluesinthesourcevectorg_srcintoasmallerdestinationarrayg_destbasedonthevaluesinanintegermaskarrayg_mask.Thevaluesloandhidenotetherangeofelementsthatshouldbecompressedandicountisavariablethatonoutputliststhenumberofvaluesplacedinthecompressedarray.ThisoperationisthecomplementoftheGA_Unpackoperation.AnexampleisshownbelowGA_Pack(g_src,g_dest,g_mask,1,n,&icount);g_mask:10000010100100110g_src:1234567891011121314151617g_dest:179121516icount:6Thisisacollectiveoperation.GA_UNPACKvoidGA_Unpack(intg_src,intg_dest,intg_mask,intlo,inthi,int*icount)g_src�handleforsourcearray [input]g_dest�handlefordestinationarray [output]g_mask�handleforintegerarrayrepresentingmask[input]lo,hi,�lowandhighvaluesofrangeonwhichoperationisperformedinteger�numberofvaluesinuncompressedarray[output]Theunpacksubroutineisdesignedtoexpandthevaluesinthesourcevectorg_srcintoalargerdestinationarrayg_destbasedonthevaluesinanintegermaskarrayg_mask.Thevaluesloandhidenotetherangeofelementsthatshouldbecompressedandicountisavariablethatonoutputliststhenumberofvaluesplacedintheuncompressedarray.ThisoperationisthecomplementoftheGA_Packoperation.AnexampleisshownbelowGA_Unpack(g_src,g_dest,g_mask,1,n,&icount);g_src:179121516g_mask:10000010100100110g_dest:10000070900120015160icount:6Thisisacollectiveoperation.GA_LIST_NODEIDGA_MPI_COMMUNICATORobsoletefunctionsasofrelease3.0
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AdditionalExplanationsGlobalarraysaredistributedarrayobjectssupportedinamessage passingprogramthroughtheGAlibrarycalls.Theycanbecreated,destroyedandmanipulatedusingasetofGAoperations.AttributesofGAoperationsoneësided/independent accessesshared/remotedatawithouttheremoteprocess(dataowner)cooperation  unlikesend/receiveoperationsinMPIcollective  requiresallprocessestomakethecall,otherwisethecodewillhanglocal  operationislocaltoeachprocessanddoesnotrequirecommunicationatomic  operationhasmutualexclusionbuiltin:concurrentaccessestothesamedatawillbeserializednonëblocking Nonblockingoperationsinitiateacommunicationcallandthenreturncontroltotheapplication.Areturnfromanonblockingoperationcallindicatesamereinitiationofthedatatransferprocessandtheoperationcanbecompletedlocallybymakingacalltothewait(e.g.NGA_NbWait)routine.LanguageInteroperabilityGAprovidesCandFortraninterfacesinthesamemixed languageprogramtothesamearrayobjects.Becauseofthelanguageinteroperability,theCinterfaceisinfluencedbysomeoftheFortranconventions.Thesearethemajorconsiderations:Thesetofsupporteddatatypesislimitedtodouble,Integer(definedasinton32 bitandlongon64 bitplatforms),andDoubleComplex.DoubleComplexisdefinedasastructoftwodoublesholdingrealandimaginarypartsofcomplexnumbers.TheunderlyingdatalayoutusesFortranconvention(firstarraydimensionchangesfirst).ThisrequirestheGACinterfacetoswaporderofdimensionsandsubscriptsinfunctionargumentspassedthroughtheCinterfacetobeconsistentwiththeCviewofmultidimensionalarraylayoutandindexing.ThisconversionmakesGAmultidimensionalarrayslookconsistentwiththeCconventionsfordatalayoutoflocalmultidimensionalarraysatsmallextracost(afractionofamicrosecond)associatedwithcopyingarguments.However,theconversionisavoidedbybuildingthepackagewithUSE_FAPIflagsetwhichwouldchangethearrayaddressing/layoutconventionstofollowFortran.MemoryAllocationanUsageGAconsumesmemoryforstoringglobalarrays.Thememoryiseitherprivatetoeachprocessorshared.LocalmemoryisallocatedusingMA(MemoryAllocatorlibrary).AnytemporaryworkspaceGAisusingcomesfromastaticallyallocatedinternalpoolofmemoryorMA.ThisrequiresMAtobeinitilizedbeforeGA.HigherëdimensionalArrayAPIAllreleasesofGA<=2.4supportedonly2 dimensionalarrays.Sincerelease3.0arrayscanhaveupto7dimensions.Thislimitcanbeincreasedatcompiletime.Forbackwardcompatibilityreasons,theoriginalexplicitly2 dimensionalinterfaceshadtobepreserved.Therefore,someGAoperationshavetwoAPIsavailable.Theyareidentifiedwith"GA"or"NGA"prefixthatcorrespondtoeithertheold2 dimensionalorthenewarbitrary(N) dimensionalversion,respectively.NoteThisdocumentationdescribestheCAPIavailableintheversion3.0(orhigher)ofGA.


