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Abstract

Dynamicsoftwae visualizationis supposedo provide program-
mers with insightsasto whatthe programis doing Mostcurrent
dynamicvisualizationseither useprogram tracesto showinfor-

mation aboutprior runs, slow the program down substantially
showonly minimalinformation,or forcethe programmerto indi-

catewhento turn visualizationson or off. We havedevelopeda
dynamicJava visualizerthat providesa view of a program in

action with low enoughoverheadso that it can be usedalmost
all thetime by programmes to undesstandwhattheir programis

doing while it is doing it.

CR Categories: D.2.6 Graphical ervironments,D.2.5 Delug-
ging aids.

Keywords: Dynamic software visualization, run-time monitor-
ing, instrumentation.

1 Introduction

Software visualization has not been particularly successfufor

program understandingVisualizationsthat look at the static
aspectsof a software systemare only able to provide limited

insightsand say nothing aboutthe importantand more complex

dynamic behaior of the system.Dynamic visualizationshave

beenexpensve to use becausahey requirethe programmerto

run the programin an ervironmentthat produceshe appropriate
tracedata,generallyslowing programexecutionby an order of

magnitudeor worse. The resultis that programmersgenerally
don®bother using visualizationsen if they would be helpful.

We wantedto provide a dynamicvisualizationernvironmentthat
could actually be usedfor real running programs Suchan ervi-
ronmentwould provide programmerswith the information they
neededto understandvhat their programwas doing as it was
doingit. The ervironmenthadto be simpleto use,hadto mini-
mize the overheadinvolved with the visualization,had to work
with arbitraryprogramsandhadto provide immediatefeedback

to the programmerMoreover, the resultantsystemhadto be not
only informative but alsoentertainingl we wantedprogramers
to start using visualization just becauseaisviun.

The requirementsfor such a visualization system emphasize
usability rather than detailed or high-quality visualizations.In
particular we felt that such a system should:

¥ Minimizeoverhead The overheadnvolvedin datacollection
mustbe suchthatthe programrun asfastaspossible ldeally
we wanted a siwdown factor of 2 or less.

¥ Maximizeinformation Given the constraintsof minimizing
overheadwe wantedto provide asmuchinformationaspos-
sible. The moreinformationthatis provided, the moreuseful
the system is and hence the more it isliiko be used.

¥ Emphasizeeal time We wanteda systemthat would shav
the programmemwhat the programwas doing right hereand
now. This meantthatwe neededo both extractthe informa-
tion and display it in real time.

¥ Maximizedisplayedinformation Not only did we want to
maximizethe amountof information that was collected,we
wantedto be ableto display as much of this informationas
possibleat once.This ensureghat the programmermdoesnot
have to continuallyadjustthe visualizationto getinformation
that might be releant.

¥ Provide a compactdisplay For the visualizerto be run fre-
quently and with a variety of applications,we neededto
ensurethat the result would be non-obtrusie. The system
shouldbe able to provide as much information as possible
while minimizing the amountof screenspacethat it con-
sumed.

A systemmeetingtheserequirementsvould offer the prststep
toward makingvisualizationsboth usefuland used.Moreover, it
would demonstrat¢hat softwarevisualizationcould be anevery-
day thing ratherthansomethingonly to be usedwhenproblems
were so seere that nothing elseaxked.

2 Prior Work

Therehave beena large numberof differentsystemghatprovide
visualizationsof the dynamicsof a program.Qursis differentin
thatit attemptsto provide high-level program-specipinforma-
tion in real time.

Perhapsthe most prominenteffort is IBMG& Jinsight[5-7]. Jin-
sight typically runs by collecting detailed trace data as the
programexecutesand then, after executionis complete,letting



the programmerunderstandexecution at a very detailed level
usingavarietyof views basednthetrace.Tracecollection,how-
ever, is not that ef®cient,requiresa suitably modi®edIVM (and
the programto work with that particularJVM), andis typically
not the type of thing onewould useall the time. Recentwork on
Jinsighthasbeenaimedat letting the programmeridentify just
thoseportionsof the programfor which tracing shouldbe done.
This provides for almostimmediatevisualizations but assumes
that the programmer ke what to look for in addnce.

The program visualization group at Geogia Tech has imple-
mentedseveral visualizationsthat provide insightsinto program
executionusingprogramtraceg2,4]. Similar systemsncludePV

from IBM [3], andthedynamicaspect®f the Bloom systenm{12-

14]. The problemwith thesetrace-basednalysesis that they

requirethe programmeto take the extra effort to run the system
with tracingandoftenarebothdif®cultto useandrun too slowly

to be practical.Our goal wasto getasmuchof the information
thatthesetools provide aspossiblewithouttheconsiderablever-
head that theincur.

Another set of relevant tools are performancevisualizersthat
provide insightinto whatthe machineis doingwhile the program
is beingrun. Theserangefrom standardoperating-systerbased
performanceools suchasthoseincorporatedn Sun'sworkbench
toolkit or IBM's PV systemto viewersthatconcentrat®n some
speci®caspectof execution. In the later cataory, one ®nds
dynamicvisualizationsof threadbehaior [1], visualizationsof
heap,performanceand input/outputin the FIELD environment
[8,9], and the large number of different visualization of the
behaior of processorand messagei parallel systemsculmi-
natingin the various MPI visualizationtools suchas upshotor
Xmpi

Finally, we notethatdynamicvisualizationis nothingreally new.
Backin the 1960swe (andothers)usedto try understandingvhat
their programwasdoingeitherby looking atthelights or the per-
formancemeterof the system(on a GE635)or by placingaradio
next to the systemandlisteningto thedifferenttypesof staticthat
were generated.

3 Getting Ja va Trace Data

Thekey to a successfuteal-timedynamicvisualizationsystemis
obtaining appropriatetrace data with minimal overhead.Our
goalsherewereto determinewhatinformationwasneededwhat
information could practically be obtained,and how to obtainas
much information as possible with the leagtread.

The primary objective of our visualizationsystemwasto shav
programmersvhattheir programwasdoingasit wasdoingit. To
this end, we neededinformation aboutwhat classeswere cur-
rently executing,what was happeningo memory and what the
various threads were doing.

Ratherthan attemptto shaov everything that the programwas
doing, we decidedto breakthe executioninto intenals andthen
displaya summaryof whatthe programdid during eachinterval.
This let us cut down substantiallyon the amountof datathathad

to be corveyed from the applicationto the visualizationtool and
made sensesince the visualizationtool would have to report
summary information in ancase.

The information we wantedto include for eachinterval then
included:

Whatwascurrentlyexecuting.While this couldbedoneatthe

methodlevel, it mademoresensegivenlimited displayspace
andthe needto summarizedata,to batchthis informationby

class,or in the caseof libraries, by packageor collection of

packages.

How muchtime is spentin eachclass.ldeally we wantedthe
classexecutioninformationto indicatehow muchtime each
thread spent in each class.

How much time is spent in each class for synchronization.

Whatwasbeingallocated.To indicatememorybehaior, we
wantedto shav the programmehow mary allocationsoccur
for eachclassof object. Again, for libraries, we wantedto
group this by package.

WhatwasbeingdeallocatedTo geta senseof thetotal useof
memory oneneedghis informationalongwith the allocation
information. We noted,however, thatbecauselava usesgar-
bagecollectionratherthan explicit freeing, this information
will be a bit slewed.

Whatthreadsarein the program.We wantedthe programmer
to understandhe currentsetof threadscreatedby theapplica-
tion and to she when threads were created or degth

Whateachthreadis doing. We wantedto shav the program-
mer the stateof eachlive thread.Here we wantedto distin-
guish between actively executing, blocking, doing I/O,

sleepingandrunningin asynchronizedegion. Moreover, we
wantedto shav thetimein eachinterval thatthethreadwasin

each of these states.

How oftendoesathreadblock otherthreadsHerewe wanted
to provide an indication of which threadswere the causeof
other threads needing to block.

Thesdtemsprovidedourtamgetsetof information. Thenext issue
we facedwashow to obtainthis information.Here several alter-
natives were possible.

The simplestoption was to use the hooks provided within the
Java systemfor pro®lingor dehugging.Java providesa pro®ling
facility, JVMPI, that is able to invoke user routineswheneer
pro®lableevents (e.g. methodentry or exit, monitor waits, or
garbagecollection) occur It also provides a detugging facility,
JVMDI, thatoffersadditionalhooksto let a deluggercontrolthe
running program.We experimentedwith using JVMPI, having
hadconsiderablexperiencewith it from our previouswork [10-
12]. We quickly found out, however, thatjust turning JVMPI on
for method calls (the basic information we wanted),causeda
slowdown in performanceof well over a order of magnitude,
much more than we were willing to allow. Moreover, with
JVMPI thereis noway of a priori distinguishingeventsthatoccur

in user code from those that occur in library classes or packages.



The alternatve we consideredvasto patchthe Java programin
orderto insert calls whene&er a signi®cantevent occurred.The
events we were interestedin involved method entry and exit,
monitorentryandexit, andthe stateof eachthread.UsingIBM' s
Jikes Bytecode Toolkit (http://wwwalphavorks.ibom.com/tech/
jikesbt),our solutionwasto instrumentthe completeapplication
by insertingcallsto traceroutinesfor eachmethodentryandexit,
for each allocation, and around each synchronizgidme

While this is muchmore ef®cient,it still isn't perfect.First, we
tried to usenative codeso that our tracingcodewould not affect
theoriginal applicationandcould be asef®cientaspossible This
wasnot practicalbecause&un's Java virtual machinehasconsid-
erableoverheadwhencalling a native method.In particulay just
insertingemptynative eventcallsfor theabove eventsslovedthe
program da/n by an order of magnitude.

The second problem involved getting information about the
currentthread.In Java this needsto be doneby calling the static
methodThread.curentThead Unfortunately thereis consider-
able overheadassociatedvith this methodandusingit for each
eventagain slowed the programdown by anorderof magnitude.
This forcedusto considemwaysof providing the userwith appro-
priate information without knowing the currentthreadin most
casesThis limited the informationavailable sincewe would not
matchentry eventswith the correspondingxit eventsandcould
not associate allocatiowents with appropriate calls.

A third problemwasthat patchinga Java programhasconsider-
able overheadespeciallyif one hasto patchnot only the users
codebut alsoall the Java standardibrariesand ary otherpack-
agesusedby the application.To lessenthe overheadhere,we
decidedto take into accountthe setof classeghat the userwas
interestedn. It would be impracticalfrom a visualizationstand-
point, to showv informationaboutall the classesn anapplication.
Therearejusttoo mary library classesandmostof thesearenot
relevantto the programmerinstead we decidedto let classede
groupedinto packagesand packagednto a packagehierarcly.

For example, all classesin java.io.* (and all subpackage®f

java.io.) can be represented by a single visualization object.

In orderto minimize overheadand patchingtime, we divide the
classesnto threecateyories.Detailedclassesrethosedirectlyin
theusers application.For thesewe provide informationthatcon-
sider all methods (private and public) and detail ary nested
classedor separatevisualization.Library classeson the other
hand,are groupedinto packagesndwe typically only generate
eventsfor theinitial entryinto thelibrary. (Thisis doneby creat-
ing a stubroutine for the library call and replacingall explicit
calls to the library from the applicationwith calls to this stub)
We do not generateaventsfor calls within a library class.Simi-
larly, allocationsof all objectsfrom the packageare grouped
together Finally, classeghat are neitherdetailednor library are
treatedat anintermediatdevel of granularity Herenestectlasses
aremeige with their parent,we countonly public methods.and
we patchthe classesto ®ndout what is going on as they are
called.

4 Generating Data f or Visualization

We next neededo generatehe actualinformationwe wantedto
visualize from the event calls. This involved processingeach
eventappropriatelyaccumulatinghe necessarynformation,and
then sending it to the visualizer

We usedmethodentry and exit eventsto determineboth what
was executingandthe stateof eachthread.What was executing
was determineby keepinga counterfor eachclass(or package)
andincrementingthat counterwhenthe appropriateentry event
occurreddeally, whatwe wantedherewasto usethe counterto
representime, tracking the time spentexecutingin eachclass.
This proveddif®cultfor two reasonsFirst, it is dif®cultor impos-
sible to get a timer that is accurateenoughto give reasonable
information on mostmachineg(on Linux, for example,the best
onecandois tenmillisecondresolution).Secondwe hadno way
of matchingentriesand exits in a multithreadedervironment
sincedeterminingthe currentthreadwastoo costly Becauseof
this, we approximate usage by justking counts of calls.

Entry andexit eventsareusedto determinethreadstatechanges
by identifying thoseroutinesthat affect threadstateandtreating
callsto theseroutinesdifferently We usean XML ®leto identify
all routinesin the Java libraries that representa state change.
(Additional ®lescanbe providedif thereareary application-spe-
ci®croutines.)Theseincludeall routinesthat might do blocking
input-outputroutinesthat causethe threadto sleep,androutines
that causethe threadto wait for an event. Whenan entry or exit
call to ary of theseroutinesis detectedthe tracing code deter-
minesthe currentthreadandchangests notion of the stateof the
thread accordingly

This is not suf®cientfor detectingall threadstatesWe neededo

augmentthis with information about synchronizationand syn-
chronizedmethodsand codeblocks. Synchronizednethodsand
blocks are handled differently by the Java virtual machine.
Blocks are handledby a setof JVM opcodeghat indicate syn-
chronizedentryandexit. Hereit waseasyto inserta call immedi-
ately beforeandafter synchronizedentry anda call immediately
before synchronizedexit. This let us identify stateswherethe
threadis waiting on (or at leastcheckingto acquire)a monitor,

running inside a monitoredregion, or releasinga monitor. Syn-
chronizedmethodshowever, arehandlednternally by thevirtual

machine.In order to make this explicit, we patchedthe code
using stub routinesin orderto provide the correspondinghree
callsfor synchronizednethodsWe alsousethe calls at the start
of a synchronizedlock or methodto maintaincountersof the
numberof synchronizationglone for eachclassor packageas
well ascountsof the numberof timesonethreadcausesanother
thread to block.

Finally, weinsertedeventcallson eachallocation,notingthetype
of objectbeingallocatedfor each.Again, we felt that we could
not determinethe threadassociatedvith the call becauseof the
potential cost of doing so. Thus we just gatheredinformation
aboutthe total numberof objectsof eachclassallocatedandthe
class or package that is the source of the allocation.



<STATS TIME='1035559445758">
<ENTRY NAME='java’ COUNT='1101551" />
<ENTRY NAME="spronsets.OnsetExprSet' COUNT='159197' ABY='95171" />
<ENTRY NAME-='spronsets.OnsetCubeSet' COUNT="2250&="225" />
<ENTRY NAME="'spronsets.OnseypeSet' COUNT='94496' AOF='94496' />
<ENTRY NAME="'spronsets.OnsetExprSet$SetExpr' COUNT="22®0R="225"' />
<ENTRY NAME='spronsets.OnsetCardSet' COUNT="15090&="'1734' />
<ENTRY NAME-='spronsets.OnsetCubeBase' COUNT='1729410' />
<ENTRY NAME="'spronsets.OnsetBitSet' COUNT='4577700' />
<ENTRY NAME-='spronsets.OnsetCardDeck' COUNT='1059' ABY="1059' />
<ENTRY NAME='spronsets.OnsetCubeDeck' COUNT='2929392' />
<ENTRY NAME="'spronsets.OnsetExprSet$Expr' COUNT="225"' ABY="450" />
<TOTALS COUNT='10594989" AOF='96680' ABY='96680" />

<THREAD INDEX="1" NAME="main' SYNC="1016" />

<THREAD INDEX="2' NAME='Reference Handler' WIT="1016' />

</STATS>

FIGURE 1. Sample trace interval output.

Basedon theseevent calls and processingwe needto actually
generateinformation for the visualizer This is done in two

stageskFirst, we createa buffer thatcanhold all thedata.This has
an entry for the executioncounts,allocationof counts,andallo-

cationby countsfor eachclassor packagehatwill bereportedit

alsohasanentryfor eachthreadthatindicatesheamountto time

spentin eachpossiblestate by that threadand the numberof

blocks causedby the thread.The event handlersmerely update
the informationin the currentbuffer. This is doneef®cientlyby

precomputingindicesinto the buffer at patchtime and passing
the indices directly in thevent calls.

Secondwe createa monitoringthreadthatwakesup attheendof
eachintenval to generatereport.Thisthreadswitcheghecurrent
tracebuffer with anemptyone,setsup anew emptybuffer for the
next interval, updatesthe execution times associatedwith the
®nalthreadstateof eachthreadusinginformationfrom the previ-
ous buffer as needed(to determinethe previous threadstateif
nothing changed)and then generatesppropriateoutput for the
interval. Notethatin orderto accesshe previous buffer andhave
a cleanbuffer for the next event, the monitoring code switches
between threeuffers.

The outputis currently generatedn XML. It provides detailed

informationabouteachclassthat hasnon-zerocountsandabout

eachthreadthat wasnot deadthroughoutthe interval. The trace

packagethen sendsthis output directly to the visualizer along

with generalinformationaboutthe interval suchastotalsandthe

time representedby the interval. Currently the information can

besenteitherthroughsocletsor throughan XML-basedmessage
sener. A sample interal ®le is shwn in Figurel.

5 Box Display Visualization

Oncethe datais available,we neededo have a visualizationfor
thedata.ln particularwe wanteda visualizationthatcouldshav a
large numberof objects(e.g.all therelevantclassesandpackages
or all the applications threads)yndseveral piecesof information
abouteachobject (e.g. for a class,the numberof entries,the
numberof synchronizatiorcalls, the numberof allocations,and
the numberof allocationsby methodsin this class;for a thread,
the time spentin eachof the possiblestates)in a small display

area.We alsoneededsomethinghatwassimple,fastandeasyto
understand since weanted the visualization to run in real time.

We settledon what we call a box display Here eachclassor

threadis represente@dsa box on the display Within the box we

candisplayoneor morecoloredrectanglesThe variousstatistics
canberefectedvisually in theverticalandhorizontalsizesof the

coloreddisplay in the color (hue,saturatiorandintensityassep-
arateitems)of thedisplayedregion, or throughtextureswherethe
densityof the texture is usedto representhe correspondingta-
tistic.

For the class display we typically display ®e simultaneous
values.First, the height of the rectangleis usedto indicatethe
numberof calls. Secondhe width of therectanglds usedto rep-
resentthe numberof allocationsby methodsof the class.Third,
thehueof therectanglds usedto representhe numberof alloca-
tions of objectsof the given class.Fourth, the saturationof the
rectanglds usedasabinaryindicatorasto whetherthe classwas
usedatall duringtheinterval. Finally, thebrightnessf theboxis
used to representthe number of synchronizationevents on
objectsof this class.Currently we do not usetexture as part of
thedisplaybecauseve foundthatJasa could not displaytextures
in real time, however the systemincludesthe capability to tie
them to a property if the user wishes.

Each of thesestatisticsis treateda little differently. First, the
heightandwidth have a minimum value so thata zeroor trivial

count(in eitherdimension)doesnot causethe displayto disap-
pear Secondwe provide a variety of color modelsfor mapping
hueincludingredto violet, yellow to red,andgreento red. Next,

both brightnessand saturationare doneover a limited rangeso
thatthe effect doesnot obscurehe huevalueor hidethedraving

altogetherFinally, we invert the sensefor brightnessso thatthe
more commonlow valueshave high brightnessand the occa-
sional high alues standout by being daried.

For threadswe createa stackof colorrectanglesnsideeachbox.
Herewe vary the heightof eachrectanglebasedn the perceniof
time within the interval the threadis in the correspondingstate
andthewidth of eachrectangleasthe percentf timein this state
representedy the given thread.The hueis usedto denotethe
actualthreadstate.ln addition,we currentlyusethe brightnesf
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FIGURE 2. Dialog box for setting the mapping between statistics and graphical properties.

the displayasanindicatorof how mary threadsareblocking on
this particular thread.

All of theseparameterganbe changedlynamicallyby the user
throughthedialogbox shavn in Figure2. Moreover, theusercan
choose for eachof the count statistics,whetherto usea linear
scaleor alog scaleThelatteris oftenmoreappropriatas consid-
ering performance statistics.

6 Dynamic Java Visualization

The actual visualizationwindow is divided into two panesas

shavn in Figure3 andFigure4. Theleft half of the ®gureshav

classand packageusageinformation. Eachclassor packageis

displayedusing a box display visualization.In Figure3 height
relRectsthe log of the numberof entriesto the classand width

refRectsthe numberof allocationsdoneby the classor package.
The darler displayed rectangleindicates where synchronized
calls occur The red rectangleindicateswhat is primarily being

allocatedat this pointin the execution.All the very light rectan-
glesindicateclassesor packageghat were not usedduring the

interval.

In orderto provide stability to the classdisplay the visualizer
getsinformationaboutthe completesetof classesand packages
that might be displayedwhen the applicationstarts.This lets it
createa layout that includesall necessanjitems and that will
remain the samethrough the execution. Moreover, the system
labelseachbox in the displaywith an abbreiation of the class
name.Tool tips arethenusedto provide thefull classnameto the
user

Theright half of the displayin Figure3 usesadditionalbox dis-

playsto indicatethe statusof the two threadsn the system.The
greenbox on theleft indicatesthatthe threadis actively running
while the magentabox on theright indicatesthe threadis waiting

for an event. The number of threadsused by the application
cannotbe known in adwance.Thus the visualizerwill add nen

box visualizationgo the threadhalf of the displayasthe threads
are created.

Figure4 shavs anotherview of the visualizer this time on an
applicationthatusesJava's Swing packageHereonecanseethe
stateof the variousthreadsin the applicationand Swing, in par-
ticular, one canquickly detectwhich threadsarerunning (green
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FIGURE 3. Dynamic display of a Java program.

for normal,yellow for synchronized)andwhetherthe remaining
threadsare waiting (magenta)or blocking for 1/0 (blue). The
classpanehereindicateshatalmostall theexecutionis occurring
in theApiColorChooseclass.

Anotherfeatureshovn in Figure4 is the useof tool tips to shav
the particularclassor threadthat the mouseis over. This letsus
shrinkthe displayto the point wherethetext is unreadablavhile
still providing ameaningfuldisplay For example,Figure5 shavs
aminiaturizedversionof the displayfor a staticanalysistool. To
male this view moretelling, we changedll the classstatisticsto
use the log of the associateglues.

Figure5 alsoillustratesthe useof the browserto shav execution
totals rather than incrementalinformation. In this mode the
valuesshown for eachclassand eachthreadrepresenthe total
countsor utilization from the start of the executionratherthan
just during the lastinterval. This is selectablén the View menu
andprovidesusefulsummaryinformationin attemptingo under-
stand anxecution.

Thedynamicvisualizernormallyshavs theexecutionasit is hap-
pening.To achieve thisit establishes soclet connectiorwith the
trace packagethat is loadedinto the application,readsdatafor
eachintenal, andthenupdatests displaybasedon the data.For
mostapplicationst is ableto maintainarealtime displaywith up
to one hundredframesa second althoughthe resultantintenals
are often too small to be meaningful to thewge

In addition, the visualizer keepsa record of all the previous
entriesandprovidesfacilitiesto let the userbrowseover the exe-
cution,eitherasit is happeningpr morecommonly afterthefact.
Thescroll baron the bottomof thewindow is usedto let theuser
scroll over time for the execution. The display updatesdynami-
cally astheuserscrolls.This facility is usefulfor goingbackand
viewing transienteventsandgettinga betterunderstandingf the
applications execution.It alsolets the userstopthe displayand
zero in on ay unexpected or unusual occurrences.

7 Running the Visualizer

In orderto malke the visualizationtool aseasyto useaspossible,
we developeda simplefront endthatletsthe programmerunthe

applicationand tune the visualization.The front endis invoked

by using the jive commandin place of the standardjava

command when running the application. This command is

designedo take all the sameargumentgprogrammersvould nor-

mally usein runningtheir programandhencecanbe substituted
with a minimum of ebrt.

Runningthis commandstartsup the interfacefor the visualiza-
tion and automatically starts the application running as well.
Beyond this, the front end provides the programmerwith a
number of additional capabilities.

First, the programmercanrerunthe applicationdirectly from the
interface with the sameor modi®edargumentsusing the Run
commandon the File menuto display the dialog box shaovn in
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FIGURE 4. Dynamic view of a Java program using Swing.
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Figure6. This is cornvenientsinceit letsthe systemavoid having
to repatchthe programfor the additionalruns. Second the pro-
grammercan dynamically specify what portionsof the applica-
tion shouldbe viewed as detailedand library classeausing the
seconddialog box shavn in Figure6. Third, the front endhides
the actualprocesf patchingthe program,runningthis in back-
groundwheneer necessaryrinally, the front end provides the
userwith a separatevindow for the text input and outputof the
application.

splay.
8 Experience and Future Work

While not perfect,our efforts shov thatdynamicvisualizationof
realapplicationds possibleandmaybepracticalasa default way
of runningthe application.The programrunswith a slowdown of
afactortypically between2 and3 dependingon the structureof
the application. Given the wide performancerange of today's
machinesthis seemgo be quite acceptableThe dravbackto our
approachhereis that patchingthe applicationtypically takes 20
to 30 secondsandthusthereis considerablestartupoverheadn
using the tool. However, our approachis totally Jasa-basedand
hence portable to grplatform that runs Ja.
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FIGURE 6. Dialog boxes for controlling the execution and specifying detailed and library classes.

We have usedthevisualizationtool on awide variety of Jasa pro-
gramsrangingfrom simple studentprogramsto complec single
threadedapplications(a static checler), to userinterface based
applicationsto a multithreadedveb crawler. We have foundthat
it provides useful information and that watchingit makes one
think more about what the application is actually doing.

The visualization clearly shavs where the application under
examinationgoesthrough different phases Each phasehasits
own distinctive setof active nodes,it is easyto tell the phases
apart,and the phasetransitionsare olvious. When viewing the
staticanalyzey for example,we could clearly seewherethe tool
wasloadingthe class®leswhereit wasdoingtheinitial analysis,
andthenwhereit cycled betweensettingup a programabstrac-

Wherethe tool hasreally demonstratedt usefulnesss in high-
lighting unexpectedprogrambehaiors. For example,a signi®-
cantportion of the costof patchingis just loadingthe class®les.
The tool shows that about15% of the time hereis spentin syn-
chronization,mainly from standardlava classesLooking at the
code,we ®ndthat it usessynchronizedHashtablegatherthan
unsynchronized HashMaps fogkcomponents.

Anotherexampleoccurredwhenwe took a gasstationsimulation
programand replacedthe wait call that was usedto provide a
time interval during which gaswasbeingpumpedwith whatwe
thoughtwas a more appropriatesleepcall. While the program
seemedto ran normally, looking at the visualization quickly
shaved that with the sleepcall, all threadswere blocking rather

tion based on the analysis and checking that program abstractionthanjustthe onethreadthatwassupposedo. It wasthenobvious

Thevisualizationalsois helpfulin providing rudimentaryperfor-
manceinformation. Whenlooking at totals, it becomesbvious
very quickly which classesre executedthe most, which do the
mostallocations,and which are allocatedthe most. It also pro-
videsarapidview into which classesontainedhemostsynchro-
nized methodsand hence causedsynchronizationdelays and
blocking. The correspondinghreadview shavs whateachthread
has done and provides someindication of the amountof time
spentin blocking,in synchronizedegions,andin generalexecu-
tion. It canalsoshav which threadsarethe mostactive in amul-
tithreaded application. Note however, that the tool was not
designedfor shaving the detailed performanceinformation
needed for actually tuning the application.

that sleep should not be used in a synchronizgidme

While thevisualizationhasproved useful,it still hassomesignif-
icant problems.First, the statisticsthat are reportedare a bit
biasedbecauseave don't have timing informationandwe report
only public calls for someclassesor packagesand all calls for
otherpackagesSecondbecauseave areonly patchingJava code,
thereare someinaccuraciesn thatwe sometimesgnissa thread
statetransitionif it occurseitherin native codeor is buriedin a
library routine we didn't catchat ®rst. Third, the fact that the
tracingcodeis Javza codeaswell meanghat someartifactsshaov
up in thetrace.For example,the costof synchronizatioriendsto
be over emphasizedincethe eventhandlersdeterminehethread



andthusaddconsiderabl@verheaceforeandaftersynchroniza-
tion occurs.

The systemcould also be mademore useful by including addi-
tional information and by letting the programmerdynamically
adjusthow the information shouldbe grouped.Easyadditional
informationthat could be provided would include the classesn
which synchronizationoccurs, and what threadsare blocking
other threads.More complec information would include actual
timings andtracking of deallocationsDynamicgroupingwould
let the programmetook at their programat a high level andthen
zeroin on the ary interestingbehaior, for exampledetermining
the speci®alassesn a packagethat were causingsynchroniza-
tions.

Otherusefulfeatureswvould beto let the programmesetmarkers
in thevisualizationto indicateknown pointsin the program.This
would simplify usingthe programhistoryvisualizationsincepro-
grammerscould readily identify what part of the programthey
were looking at. A complementaryfeaturewould let the pro-
grammersa/e andreloadthe datafrom arun sothatthe execution
could be reiewed at a later time.
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