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Abstract

We presentthe design, implementation,and eval-
uation of a circuit we call the StatisticsModule
thatcapturescycle-accurateperformancedataat (or
above) themicroarchitecturelayer. Thecircuit is de-
ployed introspectively—in the architectureitself—
usingan FPGA in the context of a soft-coreimple-
mentationof a SPARC architecture(LEON). Acces-
sibleovertheInternet,thecircuit canbedynamically
con�gured(withoutresynthesis)to captureprogram-
level, function-level, and instruction-level statistics
on any subsetof prede�nedVHDL signals.Thecir-
cuit is deployed outsidethe actualsoft core,so that
its operationdoesnot interferewith a program's ex-
ecutionatany level.

In contrast with simulations, StatsMod moni-
tors actualreal-timeprogramexecutions,including
runtime artifactssuchas multithreading,operating
systemsupport, and external interrupts. Further-
more, unlike software-introducedinstrumentation,
themeasurementsdonotaffect thestatistics,andmi-
croarchitecturecharacteristicsareeasilycaptured.

Our design avoids the otherwisecombinatorial
size of circuitry that would be requiredto accom-
modateall methodsand events, scaling well with
the numberof artifactsthat are actually measured.
We have usedthis circuit to measurecycle-accurate
cache-RAMstatistics,suchascachehitsandmisses,
RAM readsandwrites,usingbothwrite-throughand
write-backpolicies.In thispaper, weshow thescala-
bilty of ourdesignasit accommodatesmoremethods
andevents.

� This work wassponsoredby theNationalScienceFounda-
tion undergrantITR–0313203.
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1 Intr oduction

Any introspective systemmustat leastbecapableof
monitoringdetailedaspectsof its own performance.
In thispaper, wepresentahardwaredesignfor acir-
cuit, calledtheStatisticsModule,thatmeasuresand
accumulatesstatisticsabouta program's execution.
Beforepresentingour circuit's design,we consider
the following extant approachesthat measurechar-
acteristicsof aprogram'sexecution:

Pro�ling: Compilerssuchas the gcc suite offer
the ability to instrumentan application[3] so as to
develop a pro�le of wherethe application's time is
spent.Theoverheadfor suchinstrumentationis typ-
ically reasonablein terms of cost, but not always
reasonablein termsof accuracy. One fundamental
problemis that the instrumentationaffects the very
phenomenaone wishesto observe. For real-time
benchmarksandrelatively shortprogramsegments,
the instrumentationoverheadcan dominatethe ap-
plication'sbehavior of interest.

In the caseof the benchmarksand architectures
we considerfor this paper, someof theperformance
problemswerein thecachesubsystem,whosebehav-
ior is verysensitiveto aprogram's instructionstream
andstoragereferences.Instrumentationintroduced
by pro�ling profoundlyaffectsa cache,skewing the
performanceresultsby perturbingthe very compo-
nentrequiringevaluation.

Moreover, while pro�ling canperhapsshow where
performanceproblemsexist, that techniquecannot
observe,measure,or accountfor theeffectsof asys-
tem's microarchitectureon theproducedtimings. In
our case,muchof theperformancecanbeattributed
to thecachesubsystem,whichis beyondthepurview
of pro�ling.



Simulation: This approach(for example, Sim-
pleScalar [4]) canproduceperformancestatistics
that accountfor architectureand microarchitecture
detail;however, therearetwo problemshereaswell.
First, simulationcanbe very slow—so slow that an
entireprogram'sexecutionis usuallyinfeasibleif re-
sultsareneededwithin aday. Second,thesimulation
is only asgoodasthemodelof thesystem's relative
behavior in the simulator. Most simulatorscannot
accountfor threador processinteraction,operating
systembehavior, or externalevents.Simulatorsthat
do try to accountfor suchphenomenarely on theac-
curacy of themodelin thesimulator, whichmayhave
no provableconnectionto whatactuallyoccursdur-
ing aprogram'sexecution.

While the above techniqueshave merit in some
circumstances,they areinadequateto thetaskof run-
time introspectivemonitoring.

We are concernedin particularwith deployment
of program-analysistoolson a recon�gurablearchi-
tecture. As such,we areableto deploy circuitry in
additionto an application's requisitecircuitry (such
asa coreprocessor, cachesubsystem,etc.) that can
developmeaningfulstatisticsaboutaprogram'sexe-
cution.

In sucha domain, the following approachesare
currentlyavailable:

On-Chip Logic Analyzer: Usinga tool like Iden-
tify or ChipScope,signalsfrom the VHDL design
thatcharacterizesthearchitectureandmicroarchitec-
ture can be speci�ed for monitoring. The signal's
behavior is capturedin Block RAM that is allocated
for use by the analyzer. The Block RAM values
arepushedoff-chip throughthe JTAG port and the
resultingsignalscanbe visualizedby the end-user.
While this approachworksvery well for debugging
circuitry, it is not idealfor theexigentneedto under-
standperformance.Speci�cally, analyzersrequirea
trip throughat leasta partial (re)synthesisof the re-
con�gurabledevice(FPGA),whichcantakehoursto
complete.

In ourapproach,weanticipatethemeasurementof
a large numberof signalsandwe dynamicallycon-
�gure registersontheFPGAto determinewhichsig-
nalsareactuallymeasured.We therebyavoid syn-
thesiswithout limiting thesetof signalsthatcanbe

measured.

VHDL-deployed monitoring: A developercould
insertlogic to obtainsignalsof interestaswedo,but
the resultingcodeis tangledanddoesnot make use
of a system-widefacility for identifying,measuring,
andforwardingcountsof signalsof interest.

Problemformulation:

We formulatetheproblemwe studyasfollows. Let
S representa (VHDL-de�ned) signal whosevalue
(high or low) we wish to observe at the rising edge
of aclockcommonto bothourcircuit andthecircuit
wearemonitoring(in thispaper, theprocessorcore).
LetP beapredicate(condition)thatcanbeevaluated
in combinationallogic. For our purposes,P is typ-
ically a rangeconditionimposedon the processor's
programcounter, which indicatesthat theprocessor
wasexecutingcodeinsideamethodor functionof in-
terest.An eventis an(S; P) pair, andthepurposeof
our circuit is to countevents.Eacheventof interest
is tallied in a separateregisterwhosewidth R is de-
terminedby thefrequency of tally-postsoff-chip and
theworst-casefrequency of thatevent'soccurrence.

For thepurposesof thispaper, each(S; P) paircan
representa signal(suchasa cachemiss)that is high
at a rising clock edge,while the programcounter
is within a speci�ed range. To measureinstruction
countswithin a givenprogram-counterrange,S can
bespeci�edasconstantlyhigh.

Considera naive implementationof a circuit de-
signedto tally events. The complexity of that logic
is bounded(from below) by thetotal numberof pos-
sibleevents,sinceeachmayhappenin a givenclock
cycle. Thus, the naive implementationconsumes

( S� P � R) logic. A processorcorecontainsthou-
sandsof signalsthatmightbeof interestfor monitor-
ing, andeven small programscancontainhundreds
to thousandsof methods.The width of R depends
onhow frequentlythetalliesaresentoff-chip, but in
the naive implementation,even modestvaluesof R
resultin a circuit that is too complex to considerfor
typicalFPGAdevices.

We have developedan improved designin which
thecomplexity growsas
( S+ P + n� R) wheren is
themaximumnumberof eventswe want to monitor



concurrently. Of course,if n = S � P thenour cir-
cuit degeneratesinto thenaive implementation;typ-
ically, developersdo not want all eventsmonitored
at thesametime. For thepurposesof evaluation,we
assumeR = 32 in this paper;optimizing R is the
subjectof futurework.

Our designis presentedin detail in Section3, but
theessentialideais thateachof then registerscon-
tainstwo multiplexors that areprogrammedto pick
a signalof interestandanaddress-rangeof interest.
Thesetof signalsis decidedat VHDL-compilation-
time, but the actualsignalsthat are monitoredare
chosenwhentheprogramis executed,aswedescribe
below.

RelatedWork

In terms of functionality, our approachresembles
SnoopP[8], in thatwe bothaugmenta soft-corear-
chitecture(e.g.,Microblazefor SnoopP)with logic
to captureinformationbasedon instructionranges.
Our contribution is a different logic designand its
ability to allow usersto choosefrom hundredsof
signalsandto correlatetheir behavior with the pro-
gramcounterwith regardto instructionranges.Thus,
oursystemcanbeusedto obtainSnoopP-level infor-
mation (cycle-accurateinstruction counts),but the
reverseis not true. A straightforward extensionto
SnoopPwould involve the naive designdiscussed
above with the dire rami�cations on circuit size
shown in Section5.

Our designis alsoa generalizationof [1], which
developedasophisticatedcountermechanismbutnot
the infrastructureto connectit to variouseventsand
instructionranges.

Therearenumerousreferencesin literatureto ob-
tainingresultsat themicroarchitecturelevel by sim-
ulation andperformancemodeling[2] or by binary
instrumentation[6], but thosehave the usualdisad-
vantagesraisedin thispaper.

VHDL designtoolsalsoallow runtimemonitoring
of logic signals,but thesetypically requirerecompil-
ing the logic description,andthey arenot necessar-
ily correlatedwith any programcounter. Moreover,
applicationruntimeis ratherlimited becauseof the
numberof eventsthatcanbegeneratedandtheway
in whichcountersareprovisioned.

Our paper is organized as follows. Section 2

presentsthehardwareinfrastructureuponwhich our
work is based.Section3 presentsthe designof our
circuit. Section4 shows how our circuit �ts into a
grandertool chain that presentsa userwith signals
and address-rangesfor monitoring and synthesizes
controlpacketsfor our circuit to con�gure it appro-
priately. Section5 analyzesthesizeof ourcircuit and
comparesthatwith amorestraightforward(andmore
costly) implementation.Section6 presentsdatawe
have obtainedusingthis circuit, andSection7 offers
someconclusionsandsuggestionsconcerningfuture
work.

2 Hardware Infrastructur e

TheStatisticsModulewasarchitectedto beportable
acrossavarietyof hardwareplatforms.To dateit has
asbeenusedto measuretheperformanceof applica-
tions running on a Liquid Architecturesystem[7].
We thereforepresentthe following to give an in-
troductionto theLiquid Architecturesystemandits
maincomponents.

2.1 Liquid Ar chitectureSystem

The purposeof the Liquid Architecturesystemis
to createa processor-centricplatformthatcanadapt
underlyinghardware resourcesto give an applica-
tion the bestpossibleperformance(with respectto
some metric such as speed,power consumption,
etc.). While recon�gurationbasedon the outputof
theStatisticsModuleis currentlyachievedmanually,
the ultimate goal is to usethis modulein an auto-
matedwayto actasfeedbackfor dynamicallyrecon-
�guring hardware resourcesas an application's re-
quirementschangeover time.

2.2 Leon Soft-coreProcessor

The Leon SPARC-V8 compatiblesoft-coreproces-
sorwasoriginally developedby Jiri Gaislerformerly
with theEuropeanSpaceAgency, andtheVHDL for
theprocessoris now freelyavailablefrom theGaisler
web site. As canbe seenfrom Figure1, Leon uses
a typical 5-stageInteger Unit pipeline for instruc-
tion execution. It is a completecomputersystem
with componentssuchasinstruction/datacachesand
memorycontrollers.BecausetheLeonprocessorhas



Figure1: Top Level View of the Leon Architec-
ture

many of the componentsfound on modernproces-
sors,and becauseits VHDL sourcecode is freely
available, it a good choice for the core processor
usedby theLiquid Architecturesystem.At thistime,
the StatisticsModule hasbeenusedto gatherdata
from experimentsin whichtherun-time,memoryac-
cesses,anddatacachebehavior havebeenmonitored
to evaluateapplicationperformanceas architecture
and micro-architecturechangeshave beenmadeto
the Leon core. In the future, the StatisticsModule
will be usedto measureother performanceindica-
tors.

2.3 FPX Prototyping Platform

The Liquid Architecture system and its Statistic
Module are deployed on an FPX: a networked
FPGA-basedplatform for developingpluggablenet-
work processingcircuits [5]. The FPX contains
a Virtex 2000eFPGA, called the RAD (Recon�g-
urableApplicationDevice), thatis usedfor develop-
ing applicationcircuits. All therecon�gurablelogic
neededto implementthe Liquid Architecturesys-
tem (e.g. instantiatethe Leon core) is suppliedby
the RAD FPGA. In addition,the FPX hasa second
smallerFPGA,theNID (Network InterfaceDevice),
thatallows theLiquid Architecturesystemto beac-
cessedoveranetwork. At thistime,network connec-
tivity is usedto:

� Remotelyload/runprogramson the Leon pro-
cessor

� Loadcon�guration informationinto the Statis-
ticsModule

� Transportstatisticsdatasentfrom theStatistics
Moduleto remotestatisticscollectionsoftware

Finally theFPX suppliesmemoryresourcessuchas
SRAM (4 Mbytes)andSDRAM (128 Mbytes) that
areusedby theLeoncorefor mainmemory.

3 StatisticsModule Implementation

WhenwebeganimplementingtheStatisticsModule,
we setout with onegoalprimaryin our mind: �e xi-
bility. We wantedtheenduserto have asmuchcon-
trol over thefunctionalityof theStatisticsModuleas
possiblewithout forcing theuserto write or modify
VHDL code. Even in caseswherethe VHDL must
be altered,suchasincreasingthe numberor sizeof
statisticcounters,addingnew signalsto bewatched,
or increasingthenumberof addressrangeregisters,
we optimizedour codesothatsuchchangestake no
moreeffort thanalteringthe valueof a singlevari-
able.

At its base,the StatisticsModule implementsa
con�gurablenumberof countersthatincrementeach
time an“event” (asde�ned in Section1) occurs.At
runtime,ausermaycon�gure eachcounterindepen-
dently, associatingit with any desiredevent com-
bination. Subsequently, when the programcounter
(PC) is within the speci�ed addressrangeand the
speci�ed signal raiseshigh, the counter is incre-
mented.

After a �x ed-lengthinterval speci�edby theuser,
a dispatchevent packagesthe valuesof eachof the
countersinto a UDP payloadand transmitsthe re-
sult over the Internetto a collectionserver. There,
the resultsfor theprogram's run arestoredandtab-
ulated,anda �nal sumis reportedat the program's
termination.This occursconcurrentlywith theother
functionalityof theStatisticsModule,sonoinforma-
tion is lost asa result.After thedispatcheventat the
endof eachinterval, every counteris resetand the
countingcontinues.This cycle of timer �ring, value
reporting,and counterresettingcontinuesuntil the
programterminates.

The implementationof the StatisticsModule can
be divided into four separateparts: Mux Control



Figure2: Design of the Statistics Module

Registers,AddressRangeRegisters,the Timer, and
the Countersthemselves. We next discusseachof
thosepartsin detail, aswell asprovide a brief dis-
cussionon how the StatisticsModule is con�gured
by theuser. Figure2 shows theorganizationandin-
terdependenceof eachof thesecomponents.

3.1 Addr essRangeRegisters

TheAddressRangeRegisters(hereon referredto as
ARRs)arerealizedasasetof 64-bitregistersdivided
into two 32-bitsubcomponents.Whencon�guredby
the user, a ARR will containtwo 32-bit addresses1

thattogetherform thelower andupperboundsof an
addressrange.Comparisonlogic is attachedto each
ARR thatcomparesthecurrentvalueof thePCto the
speci�ed addressrange,and the logic outputstrue
when the programis executing instructionswithin
therange.

As shown in Figure2, eachARR is logically sep-
aratedfrom any particularcountersin the module.
WhentheStatisticsModuleis con�guredatstart-up,
a user-craftedUDP packet sentto the circuit speci-
�es whichARR to associatewith acounter. No more
thanoneARR canbeassociatedwith a counterat a
time; however, multiple counterscanbe tied to the
sameARR.

The numberof ARRs that exist in the moduleis
determinedby a compile-timevariable.In Section5

1Currentlythesearephysicaladdresses,but we aremodify-
ing ourcircuit to work with virtual addressspacesandanMMU.

we show thesizeof theStatisticsModuleasa func-
tion of thenumberof ARRs.

3.2 Mux Control Register

As shown in Figure2, eachcounterhastwo MUXes
associatedwith it: onefor thesignalof interest,and
one for the addressrangeof interest. The MUXes
areprogrammedby a Mux Control Register. For a
counterto operateproperly, thesecontrol registers
mustdenotethesignalandtheARR thatthecounter
uses. This information is then fed into two MUXs
that selectthe appropriatesignalandARR compar-
ison logic output. At every clock cycle, the coun-
tersexaminetheconjunctionof their associatedsig-
nal andARR, andif theresultis high, thecounteris
incremented.

Thesecontrol registersallow runtime con�gura-
bility of the system. In this manner, the usercan
chooseexactly which signal and addressrangefor
observationwith aspeci�c counter.

3.3 Counters

Thecountersare32-bitsynchronouscountersthatin-
crementwhen their given input signal is high on a
clock edge. Eachis a saturatingcounter, so that if
a counterever reachesthe hex value “FFFFFFFF”,
thenthecounterwill not incrementon moreevents.
This featureservesto warn that the timer interval is
too long for thefrequency of themonitoredsignal.

Thecountersonly incrementwhile theprogramis
running.Oncetheprogramhasterminated,thecoun-
terswill freezeon their currentvalueandnot incre-
mentany more.

Thenumberof countersthatexist in themoduleis
determinedby acompile-timevariable.Thewidth of
eachcountercanalsobecon�gured, andthatwidth
shouldbe determinedby the expectedfrequency of
updateandthe lengthof the interval setfor thedis-
patchtimer, asdiscussedbelow.

3.4 DispatchTimer

Countervaluesaretransmittedandresetbasedonthe
timer shown in Figure2. Thetimer is a standard32-
bit decrementerthat decreasesby 1 every clock cy-
cle. Theinitial valueof thetimeris con�guredby the



userbeforethe programbegins. Oncethe program
hasstarted,thetimer beginsto decreasefrom its ini-
tial value. Whenthe timer reaches0, it signalsthe
beginningof a dispatchevent. This event forcesthe
StatisticsModuleto outputits results,andit alsosig-
nals to the network interfacesubsystemthat results
are now available to be packagedup and reported.
At this point theStatisticsModule reportsthevalue
of every counter, and it alsoresetsthe valueof the
countersto 0. In the casethat a countershouldbe
incrementedonthesameclockcyclethatthecounter
is reset,thecounterwill besetto 1 asopposedto 0.

Whentheprogramterminates,thetimer will con-
tinue to countdown until it reaches0. It will then
signalthebeginningof thelastpacket,andthecoun-
terswill reportthevaluesthey gatheredbetweenthe
last timer cycle andprogramtermination.Oncethis
packet hasbeentransmitted,the timer will resetto
its programmedvalueandwill not decrementuntil
anotherprogramstartsto runon thesystem.

3.5 Con�guration

Aside from the pre-synthesisvariablecon�guration
that hasalreadybeenmentioned,most of the con-
�gurability of the StatisticsModule actuallyoccurs
at run time. At run time, theusercansendcon�gu-
rationpacketsto theStatisticsModule. TheseUDP
packetsspecifyhow to programthe timer, associate
individual counterswith signals,andsettheaddress
rangesof thepredicates.

4 Usecase

Our web-baseduserinterfaceprovidesa vehiclefor
inputtingaprogram,selectingmethodsandeventsto
evaluate,andreportingtheperformanceresults.The
webinterfaceacceptsacross-compiledC programin
.bin (binary)formataswell asa .map(linkeroutput)
�le.

We parsethe.map�le with a Perlscript to obtain
threeimportantpropertiesof theprogram:

� Sizeandlocationof theprogram's .text seg-
ment

� Low andhigh boundarymemoryaddressesof
everymethod

� Namesof everymethod

Thescript thenusesthis datato constructa tablefor
the userto select(signal ; method) pairs to pro�le
during execution. Oncethe target eventshave been
selected,the web interface commencesautomatic
hardwarecon�guration,whereourcontrolscriptper-
formsthefollowing initializationsteps:

1. Loadsthebit�le

2. Copiestheprogrambinaryinto mainmemory

3. Con�gureseachcounterof the StatisticsMod-
ule with UDP packets accordingto the target
eventsselectedby theuser

4. Saves the name for each (signal ; method)
counterin plainEnglishfor laterreporting

5. Con�gurestheStatisticsModuledispatchtimer
with aUDPpacket

Oncethescriptcon�guresthehardware,it signals
the hardware to commenceexecution. The control
script then instantiatesa Java statisticslistenerthat
expectspackets of resultsfrom the StatisticsMod-
ule. Thesepacketsarrive throughoutprogramexecu-
tion,attheregularintervaldesignatedby thedispatch
timercon�gurationstepabove.

The listeneracceptsandrecordseachpacket un-
til it receivesa programterminationsignalfrom the
hardware. The listener exits once we reachpro-
gramtermination,andour Perl control scriptgener-
atesa detailedprogramstatisticsreportfor theuser.
We report the per-packet data as well as the total
(signal ; method) occurrencesfor eachtarget over
programexecution.

The entirety of the automatedcon�guration and
reporting mechanisms(not including the program
execution)completein underaminute.

5 Sizeof the Cir cuit

One importantfacetof our designis its scalability
whencomparedto otherpossiblesolutions.Thissec-
tion presentsour �ndings in this regard.

To measurethe scalabilityof our device, we ran
multiplesynthesisruns,eachtimevaryingoneof the



Figure3: Graph of Module Scalability

threemainvariablesof our implementation:number
of ARRs,numberof monitoredsignals,andnumber
of event counters. Startingwith 2 of eachcompo-
nent,we ranthreeregressions(onepercomponent),
progressively increasingthe numberof ARRs, sig-
nals, or event countersin eachstep,while holding
theothertwo components�x ed. Theresultof these
regressionscanbeseenin Figure3.

We also simulatedthe scalability of a naive de-
sign for comparisonwith our approach.By de�ni-
tion, thenaive designwould requireonecounterfor
every possiblecombinationof ARR andmonitored
signal. As such,we've includeda fourth serieson
thechartthatrepresentsthescalabilityof N Address
RangeRegisters,N monitoredsignals,andN2 event
counters.

In Figure3, varying the valueof N for the three
experimentalseriesyieldsalineargrowth ratefor the
spaceconsumptionof the module. Comparatively,
the naive implementationclearly shows a rapid and
exponentialgrowth in resourceusage.

Write-Back Proposed Percent
Benchmark Writes Writes Saved
NumericHeapsort 233 220 5.5%
BLASTN 185,548 180,203 3.0%
Towersof Hanoi 0 0 0.0%

Figure 4: Memory writes per benchmark for
write-back and proposed caches

6 Experiments

We reporton two ongoingexperimentswe arecon-
ductingusingtheStatisticsModule. In the �rst, we
areinterestedin measuringtheeffectsof a proposed
cachepolicy in termsof the numberof write-backs
thataresaved. Theresults,shown in Figure4, were
obtainedat full speed(on the FPGA) with no inter-
ferencefrom theStatisticsModule infrastructureon
theresultsthemselves.

In anothereffort, we areexperimentingwith mi-
croarchitecturevariationsand measuringeffects of
thosevariationson executiontime, power, andchip
area.Figure5 shows theresultsobtainedfor various
instructioncachedesigns.Notice that the variation
amongruns is under10 cycles out of hundredsof



Con®guration Parameter CyclesRun1 CyclesRun2
base 384,334,080 384,334,061
icachesets2 x1 384,334,065 384,334,061
icachesets3 x2 384,334,061 384,334,070
icachesets4 x3 384,334,061 384,334,061
icachesetsz1 x4 872,955,971 872,955,971
icachesetsz2 x5 384,334,061 384,334,061
icachelinesz4 x9 384,334,001 384,333,998
icachereplacelrr x10 384,334,061 384,334,065
icachereplacelru x11 384,334,065 384,334,065

Figure5: Microarchitecture variation

millions.2

In summary, weareableto usetheStatisticsMod-
ule to obtain cycle-accuratemeasurementsat full
platformspeed(likeSnoopP)but alsoto obtainmea-
surementsof microarchitecturephenomena.

7 Conclusionsand Futur eWork

While the idea of circuitry to supportnonintrusive
monitoring is not new, our designaccommodates
hundredsof possiblearchitectureandmicroarchitec-
ture signalsandcorrelatesthembasedon an appli-
cation's programcounter. The circuitry reportsre-
sultsacrossa network sothatcounterscanbepolled
andresetperiodically, enablingtheapplicationto run
inde�nitely without over�owing the circuit's event
counters.

WhileexperimentationusingtheStatisticsModule
is in its earlystages,weareableto learnmuchabout
an application's behavior without recourseto sam-
pling or other compromisesshort of full-execution
observation.

We are in the processof deploying the circuit to
allow application-speci�c,incrementalrecon�gura-
tion andoptimizationof microarchitecturefeatures,
andweseekto wrapthecircuitry in acommonfront-
endcontrolprogramsuchasgprof .
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