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1 Objective

To gainanunderstandin@f profiling in the JAVA ervironmentusingHPROFE
e Profiling concepts- sampling versugimers.
e JAVA HPROF specifics.

Foramorein depthdiscussiorof profiling seethefull text of:— http://www .usenix.og/publications
llibrary/pr oceedings/coot®@full _papers/liang/liang html/paper.html. whichdescribes

profiling asimplementedn JDK1.2. Thisdocumentontainssectionf thepaper
mentionedabove.

2 What is Profiling?

Profiling meanghe ability to monitorandtraceeventsthatoccurduringruntime,

the ability to track the costof theseevents,aswell asthe ability to attribute the

costof the eventsto specificpartsof the program. For example,a profiler may
provideinformationaboutwhatportionof theprogramconsumeshemostamount
of CPUtime, or aboutwhatportionof the programallocateshe mostamountof

memory

e The profiler may measurehe amountof CPU time consumeddy a given
methodin agivenclass.In orderto pinpointthe exactcauseof inefficiency,
the profiler may needto isolatethe total CPU time of a methodA.f called



from anothermethodB.g, andignoreall othercallsto A.f. Similarly, the
profiler may only wantto measurehe costof executinga methodin a par
ticular thread.

e Theprofiler mayinform the programmemvhy thereis excessve creationof
objectinstanceghatbelongto a givenclass.The programmemaywantto
know, for example,thatmary instance®f classD areallocatedin method
C.h. More specifically it is alsousefulto know thatmajority of theseallo-
cationsoccurwhenB.g callsC.h, andonly whenA.f callsB.g.

e Theprofiler mayshov why a certainobjectis not beinggarbagecollected.
The programmemay wantto know, for example,thataninstanceof class
C is not garbagecollectedbecauset is referredto by aninstanceof class
bf D, which is thenreferredto by alocal variablein an active stackframe
of methodB.g.

e Theprofilermayidentify themonitorsthatarecontendedby multiplethreads.
It is usefulto know, for example,thattwo threads,T1 and T2, repeatedly
contendo enterthe monitorassociatedavith aninstanceof classC.

e The profiler may inform the programmemwhat causes given classto be
loaded. Classloadingnot only takestime, but alsoconsumesnemoryre-
sourcesn the Java virtual machine.Knowing the exactreasorthata class
is loaded the programmercanoptimizethe codeto reducememoryusage.

3 The HPROF Agent

The JDK provodesan interface known asthe JVMPI — JAVA virtual machine
profilerinterface. The HPROF agentis adynamically-linkedlibrary shippedwith
JDK 1.x. It interactswith the JVMPI andpresentgrofiling informationeitherto
theuserdirectly or throughprofiler front-ends.

We caninvoke the HPROF agentby passinga specialoptionto the Javavirtual
machine:

java -Xrunhpr of ProgName

ProgNamas thenameof aJavaapplication.Notethatwe pasghe-Xrunhprof
optionto java, theoptimizedversionof the Javavirtual machine We neednotrely
on a speciallyinstrumentedversionof the virtual machineto supportprofiling.
NOTE: for more informationon the specificoptionsavailable on your platform
typejava-X.



Dependingon the type of profiling requested HPROF instructsthe virtual
machineto sendit the relevant profiling events. It gathersthe event datainto
profiling informationandoutputsthe resultby defaultto afile. For example,the
following commandobtainsthe heapallocationprofile for runninga program:

java -Xrunhpr of:heap=sitesProgName

3.1 HPROF Stack Traces

Eachframein thestacktracecontainsclassname methodname sourcefile name,
andthe line number The usercansetthe maximumnumberof framescollected
by the HPROF agent. The default limit is 4. Stacktracescanbe usedto reveal
not only which methodgerformecheapallocation,but alsowhich methodswvere
ultimatelyresponsibldor makingcallsthatresultedn memoryallocation.

3.2 HPROF CPU Profiling

A CPUtime profiler collectsdataabouthow muchCPUtime is spentin different
partsof the program.Equippedwith thisinformation,programmersanfind ways
to reducethetotal executiontime.

Therearetwo waysto obtainprofiling information: eitherstatisticalsampling
or codeinstrumentationStatisticalsamplingis lessdisruptie to programexecu-
tion, but cannotprovide completelyaccuratanformation. Codeinstrumentation,
ontheotherhand,maybemoredisruptive, but allows the profilerto recordall the
eventsit is interestedn. Specificallyin CPUtime profiling, statisticalsampling
mayreveal,for example therelative percentagef time spentin frequently-called
methodswhereasodeinstrumentatiorcanreportthe exactnumberof time each
methodis invoked.

A lessdisruptive way to implementcodeinstrumentations to inject profiling
codedirectlyinto theprofiledprogram.Thistypeof codeinstrumentatioris easier
on the Java platform thanon traditional CPUs,becauséhereis a standardclass
file format. The JVMPI allows the profiler agentto instrumentevery classfile
beforeit is loadedby the virtual machine. The profiler agentmay, for example,
insertcustombyte codesequencehat recordsmethodinvocations,control flow
amongthe basicblocks, or otheroperationgsuchas objectcreationor monitor
operationsperformedinsidethe methodbody. Whenthe profiler agentchanges
the contentof a classfile, it mustensurethatthe resultingclassfile is still valid
accordingto the Java virtual machinespecification.



Thread-Avare CPU Time Sampling TheJavavirtual machinds amulti-threaded
executionervironment.Onedifficulty in building CPUtime profilersfor suchsys-
temsis how to properlyattribute CPUtime to eachthread sothatthetime spentn
amethodis accounteanly whenthe methodactuallyrunsonthe CPU,notwhen

it is unschedule@ndwaiting to run. Threadaware supportfor samplingcanbe
turnedon usingtheincantationjava -Xrunhpr of:thr ead=y Mypr og.

java -X

- Xm xed m xed node execution (default)

- Xi nt interpreted node execution only

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

- Xboot cl asspath/a: <directories and zip/jar files separated by ;>
append to end of bootstrap class path

- Xboot cl asspath/p: <directories and zip/jar files separated by ;>
prepend in front of bootstrap class path

- Xnocl assgc di sabl e cl ass garbage coll ection
- Xi ncgc enabl e i ncrenental garbage collection
- Xnme<si ze> set initial Java heap size
- Xnx<si ze> set maxi num Java heap size
- Xss<si ze> set Java thread stack size
- Xpr of output cpu profiling data
- Xrunhprof[: hel p]|[: <option>=<val ue>, ...]
perform JVMPI heap, cpu, or nonitor profiling
- Xdebug enabl e renote debuggi ng

The - X options are non-standard and subject to change w t hout noti ce.
java - Xrunhprof: hel p
Hpr of usage: -Xrunhprof[: hel p]|[<option>=<val ue>, ...]

Option Nanme and Val ue Description Default

heap=dunp| sites|all heap profiling al
cpu=sanpl es|ti nes| ol d CPU usage off

nmoni tor=y| n nonitor contention n

format=al| b ascii or binary output a

file=<file>wite data to file java. hprof(.txt for ascii)
net =<host >: <port >send data over a socket wite to file
dept h=<si ze>st ack trace depth 4

cut of f =<val ue>out put cutoff point 0.0001

lineno=y|n line nunmber in traces? vy

4



thread=y|n thread in traces? n
doe=y| n dunp on exit? vy

Exanpl e: java - Xrunhprof:cpu=sanpl es, fil e=l og. txt, dept h=3 FooC ass

4 Experiments

1. Downloadandcompilethefile Profile.java, examinethe program,andun-
derstandts operation.

2. Runtheprogramwithout profiling andnoteits duration(time).

3. Experimentwith profiling using HPROF, especiallywith respectto CPU
time basedon times andsamples What effect doesprofiling have on the
executiontime?

4. Whatis the effect of turningthr ead supporton?
5. Experimentwith HPROF usingthe heap

6. Examinethesourcecodeagain,andrepeatyour experimentsafterperform-
ing the suggestedommentalterationgseejava sourcefile).



