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Abstract. This paperproposesa performancetools interfacefor OpenMP, similar in spirit to the MPI profiling
interfacein its intent to definea clearandportableAPI that makesOpenMPexecutioneventsvisible to runtime
performancetools. We presentour designusinga source-level instrumentationapproachbasedon OpenMPdirec-
tiverewriting. Rulesto instrumenteachdirectiveandtheircombinationareappliedto generatecallsto theinterface
consistentwith directive semanticsandto passcontext information(e.g.,sourcecodelocations)in a portableand
efficientway. OurproposedOpenMPperformanceAPI furtherallowsuserfunctionsandarbitrarycoderegionstobe
markedandperformancemeasurementto becontrolledusingnew OpenMPdirectives. To prototypetheproposed
OpenMPperformanceinterface,we have developedcompatibleperformancelibrariesfor the EXPERT automatic
eventtraceanalyzer[17, 18] andtheTAU performanceanalysisframework [13]. Thedirectiveinstrumentationtrans-
formationswedefineareimplementedin asource-to-sourcetranslationtool calledOPARI. Applicationexamplesare
presentedfor both EXPERT andTAU to show theOpenMPperformanceinterfaceandOPARI instrumentationtool
in operation.Whenusedtogetherwith theMPI profiling interface(astheexamplesalsodemonstrate),ourproposed
approachprovidesaportableandrobustsolutionto performanceanalysisof OpenMPandmixed-mode(OpenMP+
MPI) applications.

1 Intr oduction

With theadventof any proposedlanguagesystemfor expressingparalleloperation(whetherasa trueparallellan-
guage(e.g.,ZPL [6]), parallelextensionsto sequentiallanguage(e.g.,UPC[4]), or parallelcompilerdirectives(e.g.,
HPF[9])) questionssoonariseregardinghow performanceinstrumentationandmeasurementwill beconducted,and
how performancedatawill beanalyzedandmappedto thelanguage-level (high-level) parallelabstractions.Several
issuesmake this aninterestingproblem.First, thelanguagesystemimplementsa modelfor parallelismwhoseex-
plicit paralleloperationis generallyhiddenfrom theprogrammer. As such,parallelperformanceeventsmaynotbe
accessibledirectly, requiringinsteadsupportfrom underlyingruntimesoftwareto observe themin full. Whensuch
supportis unavailable,performancemustbeinferredfrom modelproperties.Second,thelanguagesystemtypically
transformstheprograminto its parallelexecutableform, makingit necessaryto trackcodetransformationsclosely
sothatperformancedatacanbecorrectlymappedto theuser-level source.Themorecomplex thetransformations,
themoredifficult theperformancemappingwill be. Last,high-level languageexpressionof parallelismoftengoes
hand-in-handwith aninterestfor cross-platformportability of thelanguagesystem.Userswill naturallydesirethe
programmingandperformancetoolsto beportableaswell.

For the performancetool developer, theseissuescomplicatedecisionsregardingchoiceof tool technologyand
implementationapproach.In this paper, we considerthe problemof designinga performancetool interfacefor
OpenMP. Threegoalsfor a performancetool interfacefor OpenMPareconsidered:� ExposeOpenMPparallel executionto theperformancesystem.

Herewe areconcernedaboutwhatexecutioneventsandstatedataareobservablefor performancemeasure-
mentthroughtheinterface.� Make theinterfaceportableacrossdifferentplatformsandfor differentperformancetools.



Portability in this regardrequiresthedefinitionof the interfacesemanticsandhow informationis to beac-
cessed.� Allow flexibility in howtheinterfaceis applied.
SinceOpenMPcompilersmay implementOpenMPdirectives differently, including variationsin runtime
library operation,theperformanceinterfaceshouldnotconstrainhow it is used.

While our study focusesmainly on the instrumentationinterface,as that is whereeventsaremonitoredand the
operationalstateis queried,clearly the type of performancemeasurementwill determinethe scopeof analyses
possible.Ideally, theflexibility of theinterfacewill supportmultiplemeasurementcapabilities.

X

X
X

EVENTS
master            slave

X

X

X
XX

X
X

� � � �

� � � �

� �� �

	 	
 


� � � � � � �� � � � � � �� � � � � � �� � � � � � �


 
 
 
 
 
 

 
 
 
 
 
 
� � � � � � �� � � � � � �

Parallel Region Operation
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Figure1: OpenMP Parallel RegionOperation Showing Statesand Events

2 A GeneralPerformanceModel for OpenMP

OpenMPis a parallelprogramminglanguagesystemusedto expresssharedmemoryparallelism. It is basedon
themodelof (nested)fork-join parallelismandthenotionof parallel regionswherecomputationalwork is shared
andspreadacrossmultiple threadsof execution(a threadteam); seeFigure1. The languageconstructsprovide
for threadsynchronization(explicitly andimplicitly) to enforceconsistency in operation.OpenMPis implemented
usingcomment-stylecompilerdirectives(in Fortran)andpragmas(in C andC++).

A performancemodelfor OpenMPcanbedefinedbasedon its executioneventsandstates.We advocatemultiple
performanceviewsbasedona hierarchyof executionstateswhereeachlevel is morerefinedin focus:

� Level1: serialandparallelstates(with nesting)

� Level2: work sharingstates(perteamthread)

� Level3: synchronizationstates(per/acrossteamthreads)

� Level4: runtimesystem(thread)states



In this way, performanceobservationcanbe targetedat the level(s) of interestusingeventsspecificto the level.
Eventsaredefinedto identify pointsof statetransitions(begin/end,enter/exit), allowing OpenMPprogramsto be
thoughtof asmulti-threadedexecutiongraphswith statesasnodesandeventsasedges.A performanceinstrumen-
tationinterfacewouldallow monitoringof eventsandaccessto stateinformation.

Figure1 shows a diagramof OpenMPparallel region operation. Identifiedareserial (S) andparallel (P) states,
parallelstartup(STARTUP) andshutdown (SHUTDOWN) states,anddifferenteventsat differentlevelsfor master
andslave threads.Basedon this diagram,andgiven a workableperformanceinstrumentationinterface,we can
developmeasurementtoolsfor capturingserialandparallelperformance.

Before After Before After

!$OMP PARALLEL
structured block

!$OMP END PARALLEL

call POMP Parallel fork(d)
!$OMP PARALLEL

call POMP Parallel begin(d)
structured block
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Parallel end(d)

!$OMP END PARALLEL
call POMP Parallel join(d)

!$OMP DO
do loop

!$OMP END DO

call POMP Do enter(d)
!$OMP DO

do loop
!$OMP END DO NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Do exit(d)

Before After Before After

!$OMP WORKSHARE
structured block

!$OMP END WORKSHARE

!$OMP BARRIER

call POMP Workshare enter(d)
!$OMP WORKSHARE

structured block
!$OMP END WORKSHARE NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Workshare exit(d)

call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)

!$OMP SECTIONS
!$OMP SECTION

structured block
!$OMP SECTION

structured block
!$OMP END SECTIONS

call POMP Sections enter(d)
!$OMP SECTIONS
!$OMP SECTION

call POMP Section begin(d)
structured block
call POMP Section end(d)

!$OMP SECTION
call POMP Section begin(d)
structured block
call POMP Section end(d)

!$OMP END SECTIONS NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Sections exit(d)

Before After Before After

!$OMP CRITICAL
structured block

!$OMP END CRITICAL

call POMP Critical enter(d)
!$OMP CRITICAL

call POMP Critical begin(d)
structured block
call POMP Critical end(d)

!$OMP END CRITICAL
call POMP Critical exit(d)

!$OMP SINGLE
structured block

!$OMP END SINGLE

call POMP Single enter(d)
!$OMP SINGLE

call POMP Single begin(d)
structured block
call POMP Single end(d)

!$OMP END SINGLE NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Single exit(d)

Before After Before After

!$OMP ATOMIC
atomic expression

call POMP Atomic enter(d)
!$OMP ATOMIC

atomic expression
call POMP Atomic exit(d)

!$OMP MASTER
structured block

!$OMP END MASTER

!$OMP MASTER
call POMP Master begin(d)
structured block
call POMP Master end(d)

!$OMP END MASTER

Table1: ProposedOpenMP Dir ectiveTransformations.

3 ProposedOpenMP PerformanceTool Interface

How shouldaperformanceinterfacebedevelopedto meetthegoalsfor OpenMP?Althoughdifferentinterfacesare
possible(see[5, 10]), thebasicideabehindourproposalis to definea standardAPI to a performancemeasurement
library thatcanbeusedto instrumenta user’s OpenMPapplicationprogramfor monitoringOpenMPevents.This
instrumentationcould be doneby a source-to-sourcetranslationtool prior to the actualcompilationor within an
OpenMPcompilationsystem.Performancetool developersthenonly needto implementthefunctionsof this inter-



faceto enabletheir tool to measureandanalyzeOpenMPprograms.Differentmeasurementmodes(e.g.,profiling
[2] andtracing[5, 7, 10]) caneasilybeaccommodatedin thisway. Hence,theproposedperformanceinterfacedoes
notspecifyhow measurementsareperformed,only theform of thelibrary interface.

We call the OpenMPperformanceAPI the “POMP API” and the correspondingperformancelibrary the “POMP

library,” takingaftertheuseof “PMPI” in thedefinitionof theMPI profiling interface.In thefollowing,wepresent
variousaspectsof our proposalfor a standardizedperformancetool interfaceusingdirective rewriting for its im-
plementation.Fortran90OpenMP2.0syntaxis usedin examplesandtables.Thetransformationsequallyapplyto
C/C++.

3.1 OpenMP Dir ective Instrumentation

ThePOMP API is definedwith respectto thesemanticsof OpenMPoperation.Thus,wespecifytheinstrumentation
of OpenMPdirectives in termsof directive transformationsbecause,first, this allows a descriptionindependent
of the baseprogramminglanguage,andsecond,the specificationis tied directly to the programmingmodel the
applicationprogrammerunderstands.Pleasenotethat this doesnot meanthat theactualinstrumentationhasto be
basedonthetechniqueof directive transformations;weonly useit for specificationpurposes.

Our transformationrulesinsertcalls to POMP Name type(d) in a mannerappropriatefor eachOpenMPdirec-
tive, whereName is replacedby thenameof thedirective,type is eitherfork, join, enter, exit, begin,
or end, andd is a context descriptor(describedin Section3.5). fork andjoin mark the locationwherethe
executionmodelswitchesfrom sequentialto parallelandviceversa,enter andexit flagtheenteringandexiting
of OpenMPconstructs,and,finally, begin andend markthestartandendof structuredblocksusedasbodiesfor
theOpenMPdirectives.Table1 showsourproposedtransformationsandperformancelibrary routines.To improve
readability, optionalclausesto thedirectives,asallowedby theOpenMPstandards,arenotshown.

As canbe seen,the type andplacementof POMP calls is intendedto exposeOpenMPeventsto the underlying
performancemeasurementsystem.In somecases,it is necessaryto transformthedirective in sucha way that the
operationcan be explicitly captured. For instance,in order to measurethe synchronizationtime at the implicit
barrierat theendof DO, SECTIONS, WORKSHARE, or SINGLE directives,weusethefollowing method:

� If, asshownin thetable,theoriginalcorrespondingEND directivedoesnotincludeaNOWAIT clause,NOWAIT
is addedandtheimplicit barrieris madeexplicit.

� If thereis aNOWAIT clausein theoriginalEND directive,thenthisstepis notnecessary.

To distinguishthesebarriersfrom (user-specified)explicit barriers,the POMP Barrier ###() functionsare
passedthecontext descriptorof theenclosingconstruct(insteadof thedescriptorof theexplicit barrier).

Unfortunately, this methodcannotbeusedfor measuringthebarrierwaiting time at theendof PARALLEL direc-
tivesbecausethey do not comewith a NOWAIT clause.Therefore,we addanexplicit barrierwith corresponding
performanceinterfacecalls here. For source-to-sourcetranslationtools implementingthe proposedtransforma-
tions,this meansthatactuallytwo barriersgetcalled.But thesecond(implicit) barriershouldexecuteandsucceed
immediatelybecausethe threadsof the OpenMPteamarealreadysynchronizedby the first barrier. Of course,a
OpenMPcompilercaninserttheperformanceinterfacecallsdirectly aroundthe implicit barrier, therebyavoiding
thisoverhead.

Transformationrulesfor thecombinedparallelwork-sharingconstructs(PARALLEL DO,PARALLEL SECTIONS,
andPARALLEL WORKSHARE) canbe definedaccordingly;seeTable2. They arebasicallythe combinationof
transformationsfor thecorrespondingsingleOpenMPconstructsafterunfoldingthecombinedconstructs.Theonly
differenceis that clausesspecifiedfor the combinedconstructhave to be distributedto the singleOpenMPcon-
structsin suchawaythatit complieswith theOpenMPstandard(e.g.,SCHEDULE,ORDERED, andLASTPRIVATE
clauseshave to bespecifiedwith theinnerDO directive).



Before After

!$OMP PARALLEL DO clauses ...
do loop

!$OMP END PARALLEL DO

call POMP Parallel fork(d)
!$OMP PARALLEL other-clauses ...

call POMP Parallel begin(d)
call POMP Do enter(d)
!$OMP DO schedule-clauses, ordered-clauses,

lastprivate-clauses
do loop

!$OMP END DO NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Do exit(d)
call POMP Parallel end(d)

!$OMP END PARALLEL
call POMP Parallel join(d)

Before After

!$OMP PARALLEL SECTIONS clauses ...
!$OMP SECTION

structured block
!$OMP END PARALLEL SECTIONS

call POMP Parallel fork(d)
!$OMP PARALLEL other-clauses ...

call POMP Parallel begin(d)
call POMP Sections enter(d)
!$OMP SECTIONS lastprivate-clauses
!$OMP SECTION

call POMP Section begin(d)
structured block
call POMP Section end(d)

!$OMP END SECTIONS NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Sections exit(d)
call POMP Parallel end(d)

!$OMP END PARALLEL
call POMP Parallel join(d)

Before After

!$OMP PARALLEL WORKSHARE clauses ...
structured block

!$OMP END PARALLEL WORKSHARE

call POMP Parallel fork(d)
!$OMP PARALLEL clauses ...

call POMP Parallel begin(d)
call POMP Workshare enter(d)
!$OMP WORKSHARE

structured block
!$OMP END WORKSHARE NOWAIT
call POMP Barrier enter(d)
!$OMP BARRIER
call POMP Barrier exit(d)
call POMP Workshare exit(d)
call POMP Parallel end(d)

!$OMP END PARALLEL
call POMP Parallel join(d)

Table2: ProposedOpenMP CombinedParallel Work-sharing Dir ectiveTransformations.

3.2 OpenMP Runtime Library Routine Instrumentation

To monitor OpenMPruntimelibrary routinecalls, the transformationprocessreplacesthesecalls by calls to the
performancetool interfacelibrary. For example,anOpenMPAPI call to omp set lock() is transformedinto a
call to POMP Set lock(). In theimplementationof theperformanceinterfacefunction,theoriginal correspond-
ing OpenMPruntimelibrary routinemustbecalled.Performancedatacanbeobtainedbeforeandafter. Currently,
we think it is sufficient to usethis procedurefor theomp ### lock() andomp ### nest lock() routines
becausethey aremostrelevantfor theobservationof OpenMPperformancebehavior.



3.3 PerformanceMonitoring Library Control

In additionto theperformancelibrary interface,we proposeto adda new directive to give theprogrammercontrol
overwhentheperformancecollectionis done:

!$OMP INST [INIT | FINALIZE | ON | OFF]

For normalOpenMPcompilationthis directive is ignored.Otherwise,it is translatedinto callsof POMP Init(),
POMP Finalize(), POMP On(), andPOMP Off() calls whenperformanceinstrumentationis requested.If
compatibilitywith existingOpenMPcompilersis essential,new directiveswith thesentinel!$POMP couldbeused.
Yet anotherapproach(which doesnot extendthesetof OpenMPdirectives)would beto have theprogrammeradd
the performancetool interfacecalls directly, but this then requireseitherstubroutines,conditionalcompilation,
or the removal of the instrumentationto beusedwhenperformancemonitoringis not desired.Our proposednew
directiveapproachis moreportable,effective,andeasierto maintain.

PARALLEL MASTER SINGLE

POMP_Parallel_fork(d)
POMP_Parallel_begin(d)
POMP_Parallel_end(d)
POMP_Parallel_join(d)

POMP_Master_begin(d)
POMP_Master_end(d)

POMP_Single_enter(d)
POMP_Single_begin(d)
POMP_Single_end(d)
POMP_Single_exit(d)

DO / FOR WORKSHARE SECTION / SECTIONS

POMP_Do_enter(d)
POMP_Do_exit(d)

POMP_For_enter(d)
POMP_For_exit(d)

POMP_Workshare_enter(d)
POMP_Workshare_exit(d)

POMP_Sections_enter(d)
POMP_Section_begin(d)
POMP_Section_end(d)
POMP_Sections_exit(d)

BARRIER CRITICAL ATOMIC

POMP_Barrier_enter(d)
POMP_Barrier_exit(d)

POMP_Critical_enter(d)
POMP_Critical_begin(d)
POMP_Critical_end(d)
POMP_Critical_exit(d)

POMP_Atomic_enter(d)
POMP_Atomic_exit(d)

Runtime Library Control UserCode

POMP_Set_lock()
POMP_Unset_lock()
POMP_Set_nest_lock()
POMP_Unset_nest_lock

POMP_Init()
POMP_Finalize()
POMP_On()
POMP_Off()

POMP_Begin()
POMP_End()

Table3: POMP OpenMP PerformanceAPI.

3.4 UserCodeInstrumentation

For large applicationprogramsit is usually not sufficient to just collect OpenMPrelatedevents. The OpenMP
compilershouldalsoinsertappropriatePOMP Begin() andPOMP End() callsat thebeginningandendof each
userfunction. In this casethecontext descriptordescribestheuserfunction. In addition,usersmaydesireto mark
arbitrary(non-function)coderegions.Thiscanbedonewith a directivemechanismsimilar to thatdescribedin the
lastsubsection,suchas

!$OMP INST BEGIN ( <region_name> )
structured block



!$OMP INST END ( <region_name> )

The directives are translatedinto POMP Begin() andPOMP End() calls. Again, techniquescan be usedto
avoid definingnew directives,but with the samedisadvantagesasdescribedin the last section. Furthermore,the
transformationtool / compilercannotgeneratethe context descriptorfor this userdefinedregion in this case,so
another(lessefficient)mechanismwouldhave to beusedhere.

Thefull proposedOpenMPperformanceAPI is shown in Table3.

3.5 Context Descriptors

An importantaspectof theperformanceinstrumentationis how theperformancetool interfaceroutinesgetaccessto
context information,in orderto relatethecollectedperformanceinformationbackto thesourcecodeandOpenMP
constructs.We proposethefollowing. For eachinstrumentedOpenMPconstruct,userfunction,anduser-specified
region,theinstrumentorgeneratesa context descriptorin theglobalstaticmemorysegmentof thecompilationunit
containingtheconstructor region. All monitoringfunctioncalls relatedto this constructor region arepassedthe
addressof thisdescriptor(calledd in Tables1 and2). Theproposeddefinitionof thecontext descriptor(in C syntax)
is shown below:

typedef struct ompregdescr {
char* name;
char* sub_name;
int num_sections;
char* file_name;
int begin_line1, begin_lineN;
int end_line1, end_lineN;
void* data;
struct ompregdescr* next;

} OMPRegDescr;

Thefieldsof thecontext descriptorhave thefollowing meaning:name containsthenameof theOpenMPconstruct
or thestring"region" for userfunctionsandregions. sub name storesthe nameof namedcritical regionsor
thenameof userfunctionsandregions. In caseof thesections OpenMPdirectives,num sections provides
thenumberof sections,otherwiseit is setto 0. Thenext fivefields(file name, begin line1, begin lineN,
end line1, end lineN) describethesourcecodelocationof theOpenMPconstructor userregion: thesource
file name,andthefirst andlast line numberof theopeningandof thecorrespondingEND OpenMPdirective. The
fielddata canbeusedby theperformancetool interfacefunctionstostoreperformancedatarelatedto thisconstruct
or region(e.g.,countersor timers).Finally, thenext componentallowsfor chainingcontext descriptorstogetherat
runtime,sothatat theendof theprogramthelist of descriptorscanbetraversedandthecollectedperformancedata
canbestoredawayandanalyzed.

Thisapproachhasmany advantagesoverothermethods(e.g.,usinguniqueidentifiers):

1. Full context information,includingsourcecodelocation,is availableto theperformancetool interfacefunc-
tions.

2. Runtimeoverheadfor implementingthisapproachis minimal. Only oneaddressis passedasanargument.
3. The context datais kept togetherwith the (instrumented)executableso it avoids problemsof locating(the

right) separatecontext descriptionfile(s)at runtime.
4. Finally, it allows for separatecompilation.This is importantfor today’s largecomplex applicationcodes.

An alternative approachwould be to definea POMP API functionwhich getsthecontext informationpassedin as
separateparametersandreturnsthe addressof an internaldescriptor. The instrumentationprocesswould arrange
thatfor eachregionthis POMP functionwouldbecalledexactlyonce.Thereturneddescriptorwouldthenbepassed
in to theotherPOMP functionsasusual.Thiswouldhavetheadvantagethatthelayoutof acontext descriptoris not
fixedanda POMP library implementationcandefineit in anoptimalway, e.g.,addingfieldsto storelibrary specific
(performance)data. Thedisadvantageis that instrumentationbecomesmoredifficult becauseit hasto beensured



thatsucha functionis only calledexactlyonce,e.g.,usingadditionallockingandsynchronisationcalls,resultingin
moremeasurementoverhead.

3.6 Conditional Compilation

Wealsoproposetosupportusersourcecodelinestobecompiledconditionallyif POMP instrumentationis requested.
If the OpenMPcompileror POMP transformationtool supportsa macropreprocessor(e.g. cpp for C, C++, and
sometimesFortran),it mustdefinethesymbol POMP to beusedfor conditionalcompilation.Following OpenMP
standardconventions,this symbolis definedto have thedecimalvalueYYYYMM whereYYYY andMM aretheyear
andmonthdesignationsof the versionof the POMP API that the implementationsupports.This allows usersto
defineanduseapplication-,user-, or site-specificextensionsto POMP by writing:

#ifdef POMP
arbitrary user code

#endif

The!P$ sentinelcanbe usedfor conditionalcompilationin Fortrancompilationor transformationsystems.In
addition,CP$ and*P$ sentinelsareacceptedonly wheninstrumentingFortranfixedsourceform. During POMP

instrumentation,thesesentinelsarereplacedby threespaces,andtherestof the line is treatedasa normalFortran
line. Thesesentinelsalsohave to complywith thespecificationsdefinedin theSections2.1.3.1and2.1.3.2of the
OpenMPFortranApplicationProgramInterface,Version2.0,November2000.

3.7 Conditional / Selective Transformations

Finally, to allow a userto (temporarily)disablethePOMP instrumentationprocessfor specificfiles or partsof files,
weproposeto provide thefollowing new directives:

!$OMP NOINSTRUMNENT
!$OMP INSTRUMNENT

(or !$POMP ..., asnecessary)which disableandre-enablePOMP instrumentation(similar to commonexisting
compilerdirectivesfor disablingoptimizations).POMP instrumentationdisabledby !$OMP NOINSTRUMENT is
in effectuntil endof file or until thenext !$OMP INSTRUMENT whichevercomesfirst.

3.8 C/C++ OpenMP PragmaInstrumentation

Thetransformationsfor FortranOpenMPdirectivesdescribedin Tables1 and2 applyequallyto C/C++OpenMP
pragmas.Themaindifferenceis that theextentof C/C++OpenMPpragmasis determinedby thestructuredblock
following it, andnot by an explicit END pragmaasin Fortran. This hasthe following consequencesfor pragma
instrumentation:� Instrumentationfor the“closing” partof thepragmafollowsthestructuredblock.� Adding anowait clause(to allow themake implicit barriersexplicit) hasto bedonefor the“opening” part

of thepragma.� Thestructuredblock of a C/C++OpenMPpragma(#pragma omp ###) will betransformedby wrapping
it with POMP ### begin(d) andPOMP ### end(d) calls which in turn areenclosedin a block (i.e.,
using � ...� ).

All otherchangesaresimpledifferencesin language(e.g.,nocall keywordandusing#pragma omp insteadof
!$OMP). Thenew monitoringcontrolandusercodeinstrumentationwouldappearas:



#pragma omp inst [init | finalize | on | off]

#pragma omp inst begin ( <region_name> )
structured block

#pragma omp inst end ( <region_name> )

#pragma omp noinstrument
#pragma omp instrument

3.9 Implementation Issues

It is clearthataninterfacefor performancemeasurementsmustbeveryefficientandmustminimizeits influenceon
thedynamicbehavior of theusercodeunderinvestigation.We designedour POMP library interfacewith efficiency
in mind from theverybeginning:

� We chooseto definea largersetof performancemonitoringAPI functionsaccordingto thepattern

POMP Name type(descr)

insteadof usinganinterfacelike

POMP Event(POMP Name, POMP type, filename, linenumber, value, ...)

which would have beenmuchsimpler to implement. But it would make it necessaryto usecostlyIF or
SWITCH statementsinsidethePOMP Event routine,resultingin run-timeoverhead.

� Argumentpassingoverheadis minimized(while still supportingfull context information)by usingcontext
descriptors.Thiswasalreadydiscussedin Section3.5.

� If furtheroptimizationis required,inlining of the POMP interfacecalls throughtheuseof macroswould be
possible.In C/C++,this is possiblewithoutany changesto theproposalasoutlinedaboveasthefunctioncall
andmacrocall syntaxis thesame.FortranOpenMPinstrumentationonly requiresthegenerationof theCALL
keywordduringOpenMPdirective transformationto besuppressed.However, thestructureof asinglePOMP

call is sosimple(i.e.,a functioncall with oneconstantargument)thatcurrentcompilertechnologyshouldbe
ableto inline thecallswithout the“manual”useof macros.

� Thegranularityof OpenMPconstructscanbemuchfiner than,for example,MPI functions.This is especially
true for theATOMIC, CRITICAL, MASTER, andSINGLE OpenMPconstructsaswell asfor the OpenMP
API functionsfor locking. Implementersof the POMP interfacemusttake specialcarewhenimplementing
thecorrespondingPOMP functions.In addition,we proposethat the instrumentationof theseconstructscan
beselectively disabledby specifyingthe following commandline optionto theOpenMPcompileror POMP

transformationtool:

--pomp-disable=construct[,construct ...]

whereconstructis thenameof oneOpenMPconstructlistedaboveor"sync" to disableall of them.Finally,
if the instrumentationof these(or other)constructsis critical only in specificpartsof thecode,our !$OMP
NOINSTRUMENT directive(seeSection3.7)canbeusedto disablethemselectively.

3.10 OpenIssues

While we think that the proposaloutlinedso far is reasonablycomplete,thereareadditionalissueswhich need
furtherdiscussion.Here,we try to briefly summarizetheissuesweareawareof:



� Do weneedinstrumentationfor theOpenMPORDERED andFLUSH?

� Do we needinstrumentationof singleiterationsof PARALLEL DO (parallel for) loops? This would
potentiallyallow theinfluenceof OpenMPloopiterationschedulingpoliciestobemeasuredbutmayintroduce
a largemeasurementoverheadif iterationsarenotof a sufficientgranularity.

� Shouldthe context descriptoralsocontainadditionalinformationaboutparallel loops,e.g., the scheduling
policy, thechunksize,andwhetherthereis a reductiondefinedfor this loop?

� Do weneeda way to allow usersto passadditionalinformationto thePOMP interface?BesidesusingPOMP

conditionalcompilation(seeSection3.6),wemightconsiderextendingthe!$OMP INST BEGIN andEND
directive(seeSection3.4)to optionallyallow to passtheaddressof auservariable:

!$OMP INST BEGIN ( <region_name> [, <variable>] )
structured block

!$OMP INST END ( <region_name> [, <variable>] )

ThePOMP Begin andPOMP End routineswouldhaveanadditionalvoid* typedsecondparameterwhich
would beNULL if theuserdid not specifya variable.Thisway, theusercouldpassadditionalinformationto
thePOMP API functions,which would beignoredin generalimplementationsbut couldbeutilized in (user-
supplied)specialversions.It is alsopossibleto allow passinguserinformationto theother(all) POMP API
functions,but this requiresfurtherdirectives/ pragmas.

� Do we needadditionalOpenMPruntimelevel instrumentationor is it enoughto observe OpenMPbehavior
on thesourcecodelevel?

4 Prototype Implementation

To integrateperformancetools with the proposedOpenMPperformanceinterface,two issuesmustbe addressed.
First, theOpenMPprogrammustbe instrumentedwith theappropriateperformancecalls. Second,a performance
library mustbe developedto implementthe OpenMPperformanceAPI for the particularperformancetool. The
following describeshow two performancetools,EXPERT andTAU havebeenintegratedwith theproposedOpenMP
performanceinterface. In eachcase,bothOpenMPapplicationsandhybrid (OpenMP+MPI)applicationsaresup-
ported.Thelatterdemonstratestheability to combinetheOpenMPperformanceinterfacewith otherperformance
interfacemechanismsin aseamlessmanner.

4.1 Automatic Instrumentation

As a proof of conceptanda meansfor experimentation,we implementedOPARI (OpenMPPragmaAnd Region
Instrumentor).It is a source-to-sourcetranslatorwhich performsthe OpenMPdirective andAPI call transforma-
tionsdescribedin this paper, including thenew proposeddirectivesand!$POMP INST alternative sentinel.The
currentprototypeimplementsfull Fortran77andFortran90OpenMP2.0andfull C/C++OpenMP1.0support.The
instrumentationof userfunctions(basedon PDT [12]) is underway. Thetool consistsof about2000linesof C++
code.

4.1.1 Limitations due to FuzzyParsing

Being just a source-to-sourcetranslatorbasedon a (very) fuzzy parser, andnot a full compiler, OPARI hasa few
smalllimitations:

Fortran� The!$OMP END DO and!$OMP END PARALLEL DO directivesarerequired(notoptional,asdescribed
in theOpenMPstandard).� Theatomicexpressioncontrolledby a!$OMP ATOMIC directivehasto beona line all by itself.



C/C++� Structuredblocksdescribingtheextentof anOpenMPpragmaneedto beeithercompoundstatements( � ...� ),
or simplestatements.In addition,for loopsaresupportedonly afteromp for andomp parallel for
pragmas.� Complex statementslike if-then-elseor do-whileneedto beenclosedin a block ( � ...� ).

We did not find theselimitationsoverly restrictive duringour testsandexperiments.They rarely apply for well-
written code. If they do, the original sourcecodecaneasilybe fixed. Of course,it is possibleto remove these
limitationsby enhancingOPARI’s parsingcapabilities.

Finally, if the performancemeasurementenvironmentdoesnot supportthe automaticrecordingof userfunctions
entriesandexits, andthereforecannotautomaticallyinstrumenttheprogram’smain function,theOPARI runtime
measurementlibrary hasto beinitializedby a!$OMP INST INIT directive / pragmaprior to any otherOpenMP
pragma.

4.1.2 Limitations due to Source-to-sourceTranslation

In addition,becauseof somesubtletiesin the OpenMPstandardspecifications,the transformationsperformedby
OPARI on thesourcecodelevel candiffer from thesameinstrumentationdoneby arealOpenMPcompiler. Hereis
thelist of limitationswecurrentlyknow about:� OPARI makesimplicit barriersexplicit. Unfortunately, this methodcannotbeusedfor measuringthebarrier

waiting time at the endof PARALLEL directivesbecausethey do not allow a NOWAIT clause. Therefore,
we addanexplicit barrierwith correspondingperformanceinterfacecallshere. For OPARI, this meansthat
actually two barriersget called. But the second(implicit) barriershouldexecuteandsucceedimmediately
becausethethreadsof theOpenMPteamarealreadysynchronizedby thefirst barrier.� The OpenMPstandard(unfortunately)allows compilersto ignoreNOWAITs, which meansthat in this case
OPARI insertsanextrabarrierandthePOMP functionsgetinvokedonthisextra (andnot thereal)barrier.� OPARI cannotinstrumentthe(required)internalsynchronizationinside!$OMP WORKSHARE.� We weretold thatsomecompilersusedifferentimplementations(with differentcharacteristics)for implicit
andexplicit barriers. If OPARI changesimplicit to explicit barriers,we measurethe wrong behavior when
usingthesecompilers.

Of course,anOpenMPcompilercaninsertthe POMP callsdirectly aroundthe implicit barriers,therebyavoiding
thedescribedoverheadsanddiscrepancies.

4.2 Integration into EXPERT

TheEXPERT tool environment[17, 18] is aimedat automaticallyuncoveringperformanceproblemsin eventtraces
of MPI, OpenMP, or hybridapplicationsrunningon complex, largeSMPclusters.Thework on EXPERT is carried
outwithin theKOJAK project[11] andis a partof theESPRIT workinggroupAPART [1].

EXPERT analyzestheperformancebehavior alongthreedimensions:performanceproblemcategory, dynamiccall
treeposition, andcodelocation. Eachof theanalyzeddimensionsis organizedin ahierarchy. Performanceproblems
areorganizedfrom moregeneral(“There is an MPI relatedproblem”) to very specificones(“Messagessentin
wrongorder”). Thedynamiccall treeis a naturalhierarchyshowing call stackrelationships.Finally, the location
dimensionrepresentsthehierarchicalhardwareandsoftwarearchitectureof SMPclustersconsistingof the levels
machine,node,process,andthread.

Therangeof performanceproblemsknown to EXPERT arenot hard-codedinto the tool but areprovidedasa col-
lectionof performancepropertyspecifications. This makesEXPERT extensibleandvery flexible. A performance
propertyspecificationconsistsof� a compoundevent(i.e.,aneventpatterndescribingthenatureof theperformanceproblem),� instructionsto calculatetheso-calledseverityof theproperty, determiningits influenceontheperformanceof

theanalyzedapplication,� its parentperformanceproperty, and



� instructionsonhow to initialize thepropertyandhow todisplaycollectedperformancedataor propertyrelated
results.

Performancepropertyspecificationsareabstractionsbeyondsimpleperformancemetrics,allowing EXPERT to ex-
plain performanceproblemsin termsof the underlyingprogrammingmodel(s). Specificationsarewritten in the
eventtraceanalysislanguageEARL [16], anextensionof thePythonscriptinglanguage.EARL providesefficientac-
cessto aneventtraceat thelevel of theabstractionsof theparallelprogrammingmodels(e.g.,regionstack,message
queue,or collectiveoperation)makingit easyto write performancepropertyspecifications.

EXPERT’s analysisprocessrelieson event tracesasperformancedatasource.Event tracespreserve the temporal
andspatialrelationshipamongindividual events,andthey arenecessaryto prove certaininterestingperformance
properties.Eventtracesarerecordedin thenewly designedEPILOG formatthat,in contrastto traditionaltracedata
formats,is suitableto representtheexecutionsof MPI, OpenMP, or hybrid parallelapplicationsbeingdistributed
acrossoneor more(possiblylarge)clustersof SMPnodes.It supportsstorageof all necessarysourcecodeandcall
site information,hardwareperformancecountervalues,andmarkingof collectively executedoperationsfor both
MPI andOpenMP. The implementationof EPILOG is threadsafe,a necessaryfeaturenot alwayspresentin most
traditionaltools.

Tracescanbe generatedfor C, C++, andFortranapplicationsjust by linking to the EPILOG tracing library. To
interceptuserfunctioncallsandreturns,weusetheinternalprofiling interfaceof thePGIcompilersuite[15] being
installedon our LINUX SMP clustertestbed.For capturingOpenMPevents,we implementedthe POMP library
functionsin termsof EPILOG tracingcalls,andthenuseOPARI to instrumentthe userapplication.For example,
thePOMP For enter() andPOMP For exit() interfaceimplementationfor instrumentationof the#pragma
omp parallel for directive for C/C++would look like thefollowing in EPILOG:

void POMP_For_enter(OMPRegDescr* r) {
struct ElgRegion* e;
if (! (e = (struct ElgRegion*)(r->data[0])))

e = ElgRegion_Init(r);
elg_enter(e->rid);

}

void POMP_For_exit(OMPRegDescr* r) {
elg_omp_collexit();

}

What is importantto noticeis how the region descriptoris utilized to collectperformancedataperOpenMPcon-
struct.For hybridapplicationsusingOpenMPandMPI, MPI-specificeventscanalsobegeneratedby anappropriate
wrapperfunctionlibrary utilizing theMPI standardprofiling interface.

4.3 Integration into TAU

TheTAU performancesystem[13] providesrobusttechnologyfor performanceinstrumentation,measurement,and
analysisfor complex parallelsystems.It targetsa generalcomputationmodelconsistingof shared-memorynodes
wherecontextsreside,eachproviding avirtual addressspacesharedby multiple threadsof execution.Themodelis
generalenoughto applyto many high-performancescalableparallelsystemsandprogrammingparadigms.Because
TAU enablesperformanceinformation to be capturedat the node/context/threadlevels, this information can be
mappedto theparticularparallelsoftwareandsystemexecutionplatformunderconsideration.

TAU supportsa flexible instrumentationmodelthat allows accessto a measurementAPI at several stagesof pro-
gramcompilationandexecution.Theinstrumentationidentifiescodesegments,providesfor mappingof low-level
executioneventsto high-level computationentities,andworks with multi-threadedandmessagepassingparallel
executionmodels.It interfaceswith theTAU measurementmodelthatcancapturedatafor function,method,basic
block, andstatementexecution.Profiling andtracingform the two measurementchoicesthat TAU provides. Per-
formanceexperimentscanbecomposedfrom differentmeasurementmodules,includingonesthataccesshardware
performancemonitors.The TAU dataanalysisandpresentationutilities offer text-basedandgraphicaltools to vi-
sualizetheperformancedataaswell asbridgesto third-partysoftware,suchasVampir[14] for sophisticatedtrace
analysisandvisualization.



As with EXPERT, TAU implementstheOpenMPperformanceAPI in a library thatcapturestheOpenMPeventsand
usesTAU’s performancemeasurementfacility to recordperformancedata.For example,thePOMP implementation
of thesamefunctionsasin Section4.2would look like thefollowing in TAU:

TAU_GLOBAL_TIMER(tfor,‘‘for enter/exit’’, ‘‘[OpenMP]’’,OpenMP);

void POMP_For_enter(OMPRegDescr* r) {
#ifdef TAU_AGGREGATE_OPENMP_TIMINGS
TAU_GLOBAL_TIMER_START(tfor);

#endif
#ifdef TAU_OPENMP_REGION_VIEW
TauStartOpenMPRegionTimer(r);

#endif
}

void POMP_For_exit(OMPRegDescr* r) {
#ifdef TAU_AGGREGATE_OPENMP_TIMINGS
TAU_GLOBAL_TIMER_STOP();

#endif
#ifdef TAU_OPENMP_REGION_VIEW
TauStopOpenMPRegionTimer(r);

#endif
}

TAU supportsconstruct-basedaswell asregion-basedperformancemeasurement.Construct-basedmeasurement
usesglobally accessibletimers to aggregateconstruct-specificperformancecostover all regions. In the caseof
region-basedmeasurement,the region descriptoris usedto selectthe specificperformancedatafor that context.
Following this instrumentationapproach,all of TAU’s functionalityis accessibleto theuser, includingtheability to
selectprofiling or tracing,enablehardwareperformancemonitoring,andaddMPI instrumentationfor performance
measurementof hybridapplications.

5 ExampleApplications

To demonstratetheviability androbustnessof theproposedinterfaceandinstrumentationtoolswehavedeveloped,
theOPARI tool andthePOMP librariesfor EXPERT andTAU areappliedto examplemixed-mode(OpenMP+ MPI)
applications.Thesetypesof applicationpresentananalysischallengefor performancetoolsbecauseof theneedto
captureandpresentperformancedatafor differentparallelmodesandtheir interaction.

5.1 WeatherForecasting

The REMO weatherforecastapplicationfrom the DKRZ (DeutschesKlima Rechenzentrum,Germany) is an ex-
cellenttestcasefor theperformanceAPI. Thecodeis instrumentedusingOPARI for OpenMPeventsandtheMPI
profiling library for MPI events.ThemeasurementsystemusestheEPILOG tracingfacility, with thePOMP library
callingEPILOG traceroutines,asdescribedabove.TheEXPERT systemthenprocessestheeventstracesanddisplays
theperformanceanalysisresults.

In EXPERT, the presentationof the resultsis alsobasedon threedimensions:performanceproblem,call graph,
location. Eachdimensionis displayedusingweightedtrees. A weightedtree is a treebrowser that labelseach
nodewith a weight. EXPERT usesthe performanceproperty’s severity as this weight. The weight is displayed
simultaneouslyusingbotha numericalvalueaswell asa color codedicon. Thecolor allows to identify nodesof
interesteasilyeven in a large tree. By expandingor collapsingany of the threetreesit is possibleto analyzethe
performancebehavior of aparallelapplicationondifferentlevelsof granularity.

We seesomeof this interactive analysisin Figure2 and3. Thethreetreeviews areshown. Thefirst view lists the
differentperformanceproperties.Thenumbersat thenodesshow thepercentageof CPUallocationtime spenton



Figure2: EXPERT PerformanceAnalysis of OpenMP/MPI Weather ForecastingApplication Instrumented
with OPARI

thatpropertyor lostasa resultof thatproperty. Whenthenodeis collapsed,theinclusivevalueis shown, whenit is
expandedonly its exclusivevalue.Colorsrepresentthenumericvaluegraphically.

Figure2 shows that50%of CPUallocationtime waslost asa resultof sequentialexecutionor was“usedby idle
slave threads.” Althoughidle threadsdonotexecuteany code,theidle time is mappedto themiddle(call tree)view
(i.e., theidle slave threadsareconsideredto beexecutingthesamecodeasthecorrespondingmasterthreads).This
allows theuserto find coderegionsthatspenta very long timeonsequentialexecution.Thenumbersin themiddle
view referto theselectionin theleft view, so73.5%of the50.0%arespentin /remo/ed4org/progec4.

Theright view showsthedistributionof idle timesacrossthedifferentthreads.Hereall valuesreferto theselection
in the left neighbor, so thesumof all valuescorrespondto the 73.9%from the middleview. Of course,only the
slave threadshave idle times,themasterthreadshowsalways0.0%.

Figure3 refersto the property“OpenMPBarrier.” The call treeshows that nearlyall barriertime is spenton an
implicit barrier(!$omp ibarrier) belongingto aparalleldo(!$omp do). Thedistributionof overheadacross
thedifferentthreadsis shown in theright view.

5.2 OceanCir culation

To demonstratethe useof the OpenMPperformancetool interfacewith TAU, we appliedit to a two-dimensional
Stommeloceancurrentapplicationfrom theSanDiegoSupercomputingCenter. Theapplicationcodemodelswind-
driven circulation in a homogeneousrectangularoceanunderthe influenceof surfacewinds, linearizedbottom
friction, flat bottom,andCoriolis force. A 5-pointstencilis usedto solve partialdifferentialequationon a grid of
points. Table4 shows thesourcecodefor a morecompute-intensivefor block, beforeandafter instrumentation



Figure3: Barrier PerformanceAnalysisof REMO

with OPARI. By linking with theTAU-specificPOMP library anda user-configuredTAU measurementpackage,the
performancedatafor OpenMPandMPI eventscanbecapturedanddisplayed.

Figure4 presentsprofiling datafor the Stommelapplication. Shown is a region-basedperformanceview where
individual parallel loops are distinguished. The for block shown in Table 4 is highlightedin the “n,c,t 0,0,0
profile” display(representingnode0, context 0, andthread0) andis seento take a significantpercentageof time to
execute.Theexecutiontime for thisblockacrossall threadsis shown in the“for
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profile” display. Clearly, thereis awork imbalancebetweenthetwo threadswithin eachprocess,but thedistribution
is consistentacrossnodes(i.e., processes).Noticehow theMPI performancedatais integratedwith theOpenMP
datain thedisplay. It is alsopossiblefor TAU to beusedto obtainconstruct-basedperformancedata.

By linking theStommelapplicationwith a trace-configuredperformancelibrary, OpenMPandMPI eventscanbe
displayedusingthe Vampir [14] visualizationtool. Figure5 displaysan event timeline showing the overlapsof
OpenMPandMPI events.

6 RelatedWork

Giventhe interestin OpenMPin the last few years,several researchefforts have addressedperformancemeasure-
mentandanalysisof OpenMPexecution,but noneof theseefforts have considereda commonperformancetool
interfacein the mannerproposedin this paper. The OVALTINE tool [2] helpsdeterminerelevantoverheadsfor a
parallelOpenMPprogramcomparedto aserialimplementation.It usesthePolarisFortran77parserto build abasic



Originalcodeblock

#pragma omp for schedule(static) reduction(+: diff) private(j)
firstprivate (a1,a2,a3,a4,a5)

for(i=i1;i<=i2;i++) {
for(j=j1;j<=j2;j++){

new_psi[i][j]=a1*psi[i+1][j] + a2*psi[i-1][j] + a3*psi[i][j+1] + a4*psi[i][j-1]
- a5*the_for[i][j];

diff=diff+fabs(new_psi[i][j]-psi[i][j]);
}

}

Codeblock afterOPARI instrumenation

POMP_For_enter(&omp_rd_2);
#line 252 "stommel.c"
#pragma omp for schedule(static) reduction(+: diff) private(j)

firstprivate (a1,a2,a3,a4,a5) nowait
for(i=i1;i<=i2;i++) {

for(j=j1;j<=j2;j++){
new_psi[i][j]=a1*psi[i+1][j] + a2*psi[i-1][j] + a3*psi[i][j+1] + a4*psi[i][j-1]

- a5*the_for[i][j];
diff=diff+fabs(new_psi[i][j]-psi[i][j]);

}
}

POMP_Barrier_enter(&omp_rd_2);
#pragma omp barrier
POMP_Barrier_exit(&omp_rd_2);
POMP_For_exit(&omp_rd_2);

Table4: Dir ective Instrumentation for StommelCode.

abstractsyntaxtreewhich it theninstrumentswith countersandtimersto determineoverheadsfor variousOpenMP
constructsandcodesegments.Thenatureof theOVALTINE performancemeasurementssuggeststhatourOpenMP
performanceAPI could be applieddirectly to generatethe OpenMPeventsof interest,allowing to usea greater
rangeof performancetoolsfor theoverheadanalysis.

OMPtrace[5] is a dynamicinstrumentationpackageusedto traceOpenMPexecutionon SGI andIBM platforms.
It providesfor automaticcaptureof OpenMPruntimesystem(RTS) eventsby interceptingcallsto theRTS library.
Userfunctionscanalsobeinstrumentedto generatetraceevents.Themainadvantageof OMPtraceis thatthereis
noneedto re-compiletheOpenMPprogramfor performanceanalysis.In essence,OMPtraceusestheRTSinterface
astheperformancetool interface,relying on interceptionat dynamiclink time for instrumentation.Unfortunately,
this approachrelieson OpenMPcompilertransformationsthatturn OpenMPconstructsinto functioncalls,andon
dynamicsharedlibraryoperation.To bypasstheserestrictions,theOpenMPperformanceinterfaceweproposecould
providea suitabletargetfor theperformancetracingpartof OMPtrace.A compatiblePOMP library would needto
bedevelopedto generateequivalentOMPtraceeventsandhardwarecounterdata. In this manner, theParaver [7]
tool for analysisandvisualizationof OMPtracedatacouldbeusedwithoutmodification.

TheVGV tool combinestheOpenMPcompilertools(Guide,GuideView) from KAI with theVampir/Vampirtrace
tracingtoolsfrom Pallasfor OpenMPperformanceanalysisandvisualization.OpenMPinstrumentationis provided
by the Guidecompilerfor both profiling andtracing,andthe Guideruntimesystemhandlesrecordingof thread
events.Beingcompiler-based,themonitoringof OpenMPperformancecanbequitedetailedandtightly integrated
in theexecutionenvironment.However, thelackof anexternalAPI preventsotherperformancetoolsfor observing
OpenMPexecutionevents. The performanceinterfacewe proposedcould be appliedin the VGV context in the
samemannerasabove. ThePOMP callscouldbeimplementedin a library for VGV, mappingtheOpenMPactions
toVampirstatetransitioncallsatappropriatepoints.Anotherapproachmightbeto havetheGuidecompilergenerate
thePOMP instrumentation,allowing otherPOMP-compatibleperformanceinterfacelibrariesto beused.

Lastly, the JOMP[3] systemis a source-to-sourcecompiler that transformsOpenMP-like directives for Java to
multi-threadJava statementsthat implementtheequivalentOpenMPparalleloperations.It hassimilaritiesto our



Figure4: TAU Performance Profile of an OpenMP/MPI 2D Stommel Model of OceanCir culation Instru-
mentedwith OPARI

work in thatit supportsperformanceinstrumentationaspartof its directivetransformation[8]. This instrumentation
generateseventsfor analysisby Paraver [7]. In asimilarmanner, theJOMPcompilercouldbemodifiedto generate
POMP calls. In this case,sinceJOMPmanagesits own threadsto implementparallelism,it may be necessaryto
implementruntimesupportfor POMP librariesto accessthreadinformation.

7 Conclusionand Future Work

Thispaperproposesaportableperformanceinterfacefor OpenMPto aid in theintegrationof performancetoolsinto
OpenMPprogrammingenvironments.Definedasa library API, the interfaceexposesOpenMPexecutionevents
of interest(e.g.,sequential,parallel,andsynchronizationevents)for performanceobservation,andpassesOpenMP
context descriptorsto inform the performanceinterfacelibrary of region-specificinformation. BecauseOpenMP
usescompilerdirectives(pragmas)to expresssharedmemoryparallelism,our definition of the performancetool
API mustbe consistentwith the operationalsemanticsof the directives. To show how this is accomplished,we
describehow the API is usedin rewriting OpenMPdirectivesin functionallyequivalent,but source-instrumented
forms. The OPARI tool canperformthis OpenMPdirective rewriting automatically, insertingPOMP performance
callswhereappropriate.

The benefitsof the proposedperformanceinterfacearemanifold. First, it providesa performanceAPI target for
source-to-sourceinstrumentationtools (e.g.,OPARI), allowing for instrumentedOpenMPcodesthat areportable
acrosscompilersandmachineplatforms.Second,theperformancelibrary interfaceprovidesa targetfor tool devel-
opersto port performancemeasurementsystems.This enablesmultiple performancetools to beusedin OpenMP



Figure5: TAU PerformanceTraceof StommelApplication

performanceanalysis.We show how this is accomplishedfor EXPERT andTAU by implementingthePOMP calls.
Third, the API alsooffers a target for OpenMPcompilersto generatePOMP calls that canboth accessinternal,
compiler-specificperformancelibrariesandexternalperformancepackages.Finally, if the OpenMPcommunity
couldadoptanOpenMPperformanceinterfacesuchastheoneweproposed,it wouldsignificantlyimprovetheinte-
grationandcompatibilitybetweencompilersandperformancetools,and,perhapsmoreimportantly, theportability
of performanceanalysistechniques.

In the future, we hopeto work with the OpenMPARB to promotethe definition for a performancetool API,
offeringourproposalherefor consideration.Wewill enhancetheOPARI source-to-sourceinstrumentationapproach
with supportfor user function instrumentationusing PDT [12]. Other opportunitiesare also possiblewith the
integrationof theAPI in OpenMPcompilersandtheuseof otherperformancetechnologiesfor instrumentationand
measurement.Wehopetoworkwith KAI andPallasto investigatetheuseof ourproposedperformancetool interface
in theKAP/ProGuidecompilerwith Vampirtraceasthebasisfor thePOMP performancelibrary implementation.
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