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1 Objective

To gainanunderstandingof profiling in theJAVA environmentusingHPROF.

� Profilingconcepts– sampling,versustimers.

� JAVA HPROF specifics.

Foramorein depthdiscussionof profilingseethefull text of:— http://www.usenix.org/publications
/library/pr oceedings/coots99/full papers/liang/liang html/paper.html . whichdescribes
profiling asimplementedin JDK1.2.Thisdocumentcontainssectionsof thepaper
mentionedabove.

2 What is Profiling?

Profilingmeanstheability to monitorandtraceeventsthatoccurduringrun time,
theability to track the costof theseevents,aswell asthe ability to attribute the
costof the eventsto specificpartsof the program. For example,a profiler may
provideinformationaboutwhatportionof theprogramconsumesthemostamount
of CPUtime, or aboutwhatportionof theprogramallocatesthemostamountof
memory.

� The profiler may measurethe amountof CPU time consumedby a given
methodin agivenclass.In orderto pinpointtheexactcauseof inefficiency,
theprofiler mayneedto isolatethe total CPUtime of a methodA.f called
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from anothermethodB.g, andignoreall othercalls to A.f. Similarly, the
profiler mayonly want to measurethecostof executinga methodin a par-
ticular thread.

� Theprofilermayinform theprogrammerwhy thereis excessivecreationof
objectinstancesthatbelongto a givenclass.Theprogrammermaywantto
know, for example,thatmany instancesof classD areallocatedin method
C.h. More specifically, it is alsousefulto know thatmajority of theseallo-
cationsoccurwhenB.g callsC.h, andonly whenA.f callsB.g.

� Theprofiler mayshow why a certainobjectis not beinggarbagecollected.
Theprogrammermaywant to know, for example,thatan instanceof class
C is not garbagecollectedbecauseit is referredto by an instanceof class
bf D, which is thenreferredto by a local variablein anactive stackframe
of methodB.g.

� Theprofilermayidentify themonitorsthatarecontendedbymultiplethreads.
It is usefulto know, for example,that two threads,T1 andT2, repeatedly
contendto enterthemonitorassociatedwith aninstanceof classC.

� The profiler may inform the programmerwhat causesa given classto be
loaded.Classloadingnot only takestime, but alsoconsumesmemoryre-
sourcesin theJava virtual machine.Knowing theexact reasonthata class
is loaded,theprogrammercanoptimizethecodeto reducememoryusage.

3 The HPROF Agent

The JDK provodesan interfaceknown as the JVMPI – JAVA virtual machine
profiler interface.TheHPROFagentis adynamically-linkedlibrary shippedwith
JDK 1.x. It interactswith theJVMPI andpresentsprofiling informationeitherto
theuserdirectly or throughprofiler front-ends.

WecaninvoketheHPROFagentby passingaspecialoptionto theJavavirtual
machine:

java -Xrunhpr of ProgName
ProgNameis thenameof aJavaapplication.Notethatwepassthe-Xrunhprof

optionto java,theoptimizedversionof theJavavirtual machine.Weneednotrely
on a speciallyinstrumentedversionof the virtual machineto supportprofiling.
NOTE: for more informationon the specificoptionsavailableon your platform
type java -X.

2



Dependingon the type of profiling requested,HPROF instructsthe virtual
machineto sendit the relevant profiling events. It gathersthe event datainto
profiling informationandoutputstheresultby default to a file. For example,the
following commandobtainstheheapallocationprofile for runningaprogram:

java -Xrunhpr of:heap=sitesProgName

3.1 HPROF StackTraces

Eachframein thestacktracecontainsclassname,methodname,sourcefile name,
andthe line number. Theusercansetthemaximumnumberof framescollected
by the HPROF agent. The default limit is 4. Stacktracescanbe usedto reveal
notonly which methodsperformedheapallocation,but alsowhichmethodswere
ultimatelyresponsiblefor makingcallsthatresultedin memoryallocation.

3.2 HPROF CPU Profiling

A CPUtimeprofiler collectsdataabouthow muchCPUtime is spentin different
partsof theprogram.Equippedwith this information,programmerscanfind ways
to reducethetotal executiontime.

Therearetwo waysto obtainprofiling information:eitherstatisticalsampling
or codeinstrumentation.Statisticalsamplingis lessdisruptive to programexecu-
tion, but cannotprovide completelyaccurateinformation.Codeinstrumentation,
on theotherhand,maybemoredisruptive,but allowstheprofiler to recordall the
eventsit is interestedin. Specificallyin CPUtime profiling, statisticalsampling
mayreveal,for example,therelativepercentageof timespentin frequently-called
methods,whereascodeinstrumentationcanreporttheexactnumberof time each
methodis invoked.

A lessdisruptiveway to implementcodeinstrumentationis to inject profiling
codedirectly into theprofiledprogram.Thistypeof codeinstrumentationis easier
on theJava platform thanon traditionalCPUs,becausethereis a standardclass
file format. The JVMPI allows the profiler agentto instrumentevery classfile
beforeit is loadedby thevirtual machine.Theprofiler agentmay, for example,
insertcustombyte codesequencethat recordsmethodinvocations,control flow
amongthe basicblocks,or otheroperations(suchasobjectcreationor monitor
operations)performedinsidethemethodbody. Whentheprofiler agentchanges
thecontentof a classfile, it mustensurethat the resultingclassfile is still valid
accordingto theJavavirtual machinespecification.
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Thread-AwareCPUTimeSampling TheJavavirtualmachineisamulti-threaded
executionenvironment.Onedifficulty in building CPUtimeprofilersfor suchsys-
temsis how to properlyattributeCPUtimeto eachthread,sothatthetimespentin
amethodis accountedonly whenthemethodactuallyrunson theCPU,notwhen
it is unscheduledandwaiting to run. Threadawaresupportfor samplingcanbe
turnedon usingtheincantationjava -Xrunhpr of:thr ead=yMypr og.

java -X
-Xmixed mixed mode execution (default)
-Xint interpreted mode execution only
-Xbootclasspath:<directories and zip/jar files separated by ;>

set search path for bootstrap classes and resources
-Xbootclasspath/a:<directories and zip/jar files separated by ;>

append to end of bootstrap class path
-Xbootclasspath/p:<directories and zip/jar files separated by ;>

prepend in front of bootstrap class path
-Xnoclassgc disable class garbage collection
-Xincgc enable incremental garbage collection
-Xms<size> set initial Java heap size
-Xmx<size> set maximum Java heap size
-Xss<size> set Java thread stack size
-Xprof output cpu profiling data
-Xrunhprof[:help]|[:<option>=<value>, ...]

perform JVMPI heap, cpu, or monitor profiling
-Xdebug enable remote debugging

The -X options are non-standard and subject to change without notice.
java -Xrunhprof:help
Hprof usage: -Xrunhprof[:help]|[<option>=<value>, ...]

Option Name and Value Description Default
---------------------------------------
heap=dump|sites|all heap profiling all
cpu=samples|times|old CPU usage off
monitor=y|n monitor contention n
format=a|b ascii or binary output a
file=<file>write data to file java.hprof(.txt for ascii)
net=<host>:<port>send data over a socket write to file
depth=<size>stack trace depth 4
cutoff=<value>output cutoff point 0.0001
lineno=y|n line number in traces? y
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thread=y|n thread in traces? n
doe=y|n dump on exit? y

Example: java -Xrunhprof:cpu=samples,file=log.txt,depth=3 FooClass

4 Experiments

1. Downloadandcompilethefile Profile.java, examinetheprogram,andun-
derstandits operation.

2. Runtheprogramwithoutprofiling andnoteits duration(time).

3. Experimentwith profiling usingHPROF, especiallywith respectto CPU
time basedon times andsamples. Whateffect doesprofiling have on the
executiontime?

4. Whatis theeffect of turning threadsupporton?

5. Experimentwith HPROF usingtheheap.

6. Examinethesourcecodeagain,andrepeatyourexperimentsafterperform-
ing thesuggestedcommentalterations(seejavasourcefile).
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