ondateCNSFtheBergmarkDonna1993h,course,Ofbutsituation,wrote:e1 w1989par-togyhnoloprogram-parallelanalysis.executiontoinsta�.yparallelonES/9000,cessorhines.macols?toprogramparallelprogram sourcees describefullyhoptransformediscalled usuallyompiling cand cess prolinking aisresultrun the ;ersansw(testing correctness forand )debugging ed khEac1b).(Figpar-thetheifnotisparallelincomplex.eryparalleltheshouldyconcernedmoreprogram withs ctnesand e orre erformanctheusingols.1 .l.edu1 program? link? run � ? erformance- ? resultspublishProgrammingofrestructurers,analyzers,buildersprogramlibrariescompilers,debuggerstation,pro�lersmonitoring,ProgrammingarallelProgrammingllelaccurateolsUn-data.analyzerssourceforimprecisethisvingprogrammingparallelCNSF.the12tonewthenprogramybridolstoinstitutions.andprogramming,parallelthat�ndhsucunderstand,don’tI.IProgrammingarallelLanguages1programmingti�cymanortranFhasThereears,ytaxsynsource-to-sourcecompiler,2 libraries.run-timeStatusand CF),schedule and (PFAr-fromincreasedtheplatforms.cessingcluster. ThePvm pro parallelprogrammingparallelThe cluster.Pvm the onexecutables,ofen-fewexistesbutP4reasons.ariousKSR1. v forandserialcalls,libraryparticularlyisis KSRtcgmsg thetsimplemencesses. proPvm Unix runningthetofuture,the.memoryIB mainframe. dialectsortranone: totranstan-languagehine.macEvaluation: Undere�ortstandardsfore.thethiskingewExpress,aluatingcluster.the2 for raphical rogram t olsparallelecauseysathem. elye�ectiv.yStatus. entorldw(A graphics usually notlyalpro-graphicalt.elopmenEvaluation: UnderorCtargets HeNCEpvm programs, ortranouya hpvm whic fromgenerated.e3 3 ource nal and estructurers areetouseranalyzersSourcee.informativactuallyrestructurercategorythistax.syne-givwillandde.coStatuson reliedpf e wand ago earsptool ywnots. alent aThismainstreamed.from guidanceunderysahoice, ct athehangesIBM’saretiling).KSRBaseline acquiredge90 ore Likterac-inuse/defgraphs,king. hecge90 orforisde.cocluster. Theoltoe likt amessages. asdmp georderedeenas hpvm suc. systemsmessage-passinga generatepvm will HeNCEesendenciorkwcluster.theKSR1. in ap direc-parallele LikteUnlikt(withouthandkap yof binationt aand p comge orer-Univaluation.evIB mainframe. the Bothast-2 vautomaticallywillheacop. lot aAPFtheevit.useInvestigationeWit.in4 nal zers analysisontdi�erenellwhwhicparallel.inStatusfewerybutears,touseddata.programcluster. Thetracesystemthem.runKSR1. to ot"The \ro ep on andmissestoitheonsizes.lineIB mainframe. ofideaforth.andEvaluationhicalhierarcThe useful.mapi a maptsinstrumen.pf .yailable.anned arallel de.opro-parallelsinceearsAplatform.w.eloStatus. ssl and ck aapplica-intermsinof ded coimcs areh. switccolors and erprogramQCDdescohem-cages: kamber pac, istry computationalar, ced ofx-plor some, and generator,ecepp erand ,vermatrixparalleluse.canEvaluation: Underof foredKSR.the5 e uggers. writetermediateIBMthe(called aidiad debugginglotamatureeuse.orldStatusplatforms:parallelcluster. Theis itpvm cluster the. a ydisplah eacpvm will hdebugger. programourthe ofpvm ersion vtime,tuse on debuggerpvm Unix standardh"\attacde-parallelcalled that casen candebugger,cesses.proKSR1. running tocalled debuggeru comesdebuggerof tg eryvabil-thethreads.ofIB ainframe. called re-hasIBMatbut ofgedebugged. threadone.accordinglyEvaluation: Underegun.ecution nal zers. Ex-program.thanerformancearunningareolsolstoItdetailed.program-parallelolstoas rof Baseline asge90 orebfurther.discussedStatusan-executioncalled ee had alsoschedule efallenecamehrof , g rof , time analysisexecutionuseful.quite6 cluster. ThePvm the runningpvm that �nd(useelythe teractiv in- arious vpvm the ofinstancesprogramwith ab tedinstrumenpvm ’s run ab cess, proa mon program. canouthe a to tracepicl the translateandformataph.rKSR1. threadallis ariablepl v log the yp o .librarythe mon canroutinesrelieslibrarybasis.er-threadIB mainframe. APFnewand mvie the adds- the or- ’ ’ outputbinaryprogram. mvie etuitivuse cana ftrma �letracethe returnsid that routineof aplusexecution.programInvestigationfromolgroup)..1 ecution redictors theseulators,particularapredictorexecutionusefulisactualtheare.er ormance onitoring. isanalysisto at indicates monitoringe ciency and deforpro�ler,elapsedthewill)programs.parallelStatusailable.vcluster. Theerformancepthe n thecessorcallingtosecondo ). KSR1. The mon andtsandmisses,hes. switcProf text conand he cacg rof usefulareell.wIB mainframe. programs,parallelthe . concurrencytheusing Vie trace.aInvestigation: Undererformancepebwith pro�lerdmp. ge90azard etection. toinh,whicexist.ycasesforapplications.real-timeStatus. ent(t a, p olskap toaisdetection.hazardEvaluation: UnderearaScop1 cedural nal sis . ehiev�ne-optimaltialessenHPF.asStatus. ent aand P Currge90 orprogramsourcethem.eKSR-1 giv ouparallelism.moreIB mainframe. ast-2 Vtosolutionproblem.theEvaluatione.araScop11 P rogram ata ase. theonincre-e8 ofareaanalysis.erformanceStatusaswat okingptran loreallyere vge90 orprograms.informationtiming; tge90 orsincecompilation,compiler.aEvaluationcom-apiler. alsois12 it orta ilit ols.oli-standardheacdis-fromneeded.stillStatusTheears.aosedestablishtoin dingpvm Co hines.isanfoundecomputers.yge90 orprogrammessage-passingan withedas hpvm sucThissystem.of ydmp ge90and orFmessage-\real".ri Program e elo stems isidearun-timetheersa.vvi-enandcon ictsthisehedulescell.wincluded compilationptran to inand kbacstatis-Thesehelpcouldesurviv9 stillCompilersis thisge90 oreallynotnext.parallelizeThe to or tation n tironmenex-eenwrote:emoreTheasuseddevice. compute-tlyercomputersupandorkstationsanother.oneul-mwithork,wnoago,earsall r (using forterminalseing aondesks.tists’hasork0 thathoice. ofemergencehastualities.entvironmenh,matctsvironmenas hptran suc enand complete estigatedR vas htorkwolstobasedolkit"(the examplepvm one ducedthehadfurther.thiscomputeroneacross-thisjectproetterbcess.pro10 atime,computingeruserids,er"tlytransparenter.MetaCenols.toSummar romFyilabilitparallelBecause,yTheterfaces.notols,graphicsebased ,closelyevwHoatemotivthesetoseen.eols ave consul-morets tane arterpretingintheinashprogrammingettercome.c no le tsgemenens-LeibergPresbevk.feedbacLThea theirvidedT proandE CNSFtheoniseagle:f onandolsAR-TOOLS/parallel.to11 en i I Pros ects In and{ nder here,inolto sers aluationbut ill e utureA F F ersionsF Languages SS ortraninda S ortrantcgmsg raphical elop.eNC olsSource A F, TAnalyzers A F G eRestructurersG AST- (new) yAnalyzers A I A A Canned A (parallel I S S, deSS FI A aralleludb ddhedulingDebuggers xyAnalysersabmon,F G ’s non-graphic A pmon,pro ler apftrmapgraphical -static T iew ablo graphical -dynamic araGraph terfaceab outputerformanceA andF G ’s ablo’s Monitoring T prof,pro ler ntimersageHazard Te’sDetection A debugger ceduralF G Analysis TeProgram Database F G eortableF G ortranolsF 12 en i cron ames an Institutions the in-anted toora output le. I of the SF standard. ’s AI system,eratingon S the emerg- dialect.Applied arallel G ngiduct.asic kscincluding A . AS- ell-whines.wn putharts,the rst ols. edolvof eNC . T coupled main- obsolete.optical hswitc. . the S notisfast.The-Cornellorks.ercomputing and at of.s.Computing emerging standardSFincludes featuresothercomputing.Con-thein on im at vi-enes.in-forof or paralleli etyin AI er.from No-Inc.el-devh.ecolstotracing.13 en i cron ames an Institutions ortran lan-ingthetoF T AN standard. pro-ortranApplied arallel h. aseline ortran Analy-source.use-defgraphs,timings.The istributed emory G I i the terac-indistributedforpro-ortranhwhicof xpress, etc.ation forstands\GN not nix". ransfer it.of l-aifrom ak National .igh dataincludesin uary . emerging standard. igh metthatof of F. e their S ter-inwith T AN T AN. for toonedatabase,asetAdatabase.sup-tooptical ers. S based. Analysis. t ropaga- tion Acalls.is r applications.from insertsthatcompileringparallelism. use S A , the S nes.uare parallelscalablscalablecomputers. of14 en i cron ames an Institutions par-forhines.from terGelernof vid ale ciates.Assoonbased.er-supomrolinks di-aingprogrammterfaces.y an the er-nivand tationinstrumenviewing.on S cessors.pro-threaded parallelortsindividual the S itself. a- y hael and ennifer whilestridgethe ak National er is IC traces. - T andtsthe A (T re-eenfeature.to Includes a,an debug-foru-tiny en at ice .yortran compiler. y Charlie c w-oAnalysisStaticAnomaly a e aralleli a- ). target and CFortran. of paral-inleli Georgiaath, c the . ortranFthe threeoutin stan-willdardi T memorysharedhines.15 en i cron ames an Institutions ’s SS etabCNSF. x.arallel istributed ’s e- parallelathan debugger.T of S F T the language. T AN t an -based y an atprofessorthe Science atersionan ell. and,it.unications mes-anotherearliest.hwhicy araGraph. fortcomputers.lease e uest rice arewtedlimibasis.oltoanaly thewhetheren-depce-terproa servicearunning hasThisy but S thet.de-programsat wn crew. theofstage.in whentirelyto andlarge,e generated asortranthe - . arallel irtual fromak National theatI and orksta-wortran programs.pro-de,y en at ice ni- y hwhicunder duces de.16 en i cron ames an Institutions National y on- iningortran. hed-ScthehandlesA C in Cor-atr exe-inSun).subrou-hisThisbuilt.y eNC . pro the toSystemmoni-etationinstrumene ablo. Single rogram, ultiple hwhictdi�erenordinated"\coareexample,scalable.y an ateedCS storage.T St. sim-moreform. e or,G an to. ersal the S hrican usualmoreterface. x.An for tedinstrumenthe a thecapturean y-displaforscripto IC format. andgraphicsouryor are).turning Computingarallelorymemcomputers.1