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ABSTRACT
A languagefor semi-structureddocuments,XML is playingcrucial
rolesin webservices,messagingsystems,databases,anddocument
processing.However, theprocessingof XML documentshasbeen
regardedas the performancebottleneckin most systemsandap-
plications. On the other side, the multicore processor, emerged
asa solutionfor the clock-speedlimitation of the modernCPUs,
hasbeengrowingly prevalent.Leveragingtheparallelismprovided
by themulticoreresourceto speedupthesoftwareexecutionis be-
coming the trendof the softwaredevelopment. In this paper, we
presenta parallelprocessingmodelfor the XML document.The
modelis not designedjust for a speci�c XML processingtask,in-
stead,it is ageneralmodel,by whichweareableto explorevarious
parallelXML documentprocessing.Thekernelof themodelis a
stealing-baseddynamicload-balancingmechanism,by whichmul-
tiple threadsareable to processthe disjointedpartsof the XML
documentin parallelwith balancedload distribution. The model
alsoprovidesa novel mechanismto tracethestealingactions,thus
theequivalentsequentialresultcanbegottenby gluingthemultiple
parallel-runningresultstogether. To show thefeasibilityandeffec-
tivenessof our approaches,we presentour C# implementationof
parallelXML serializationin thispaper. Ourempiricalstudyshows
our parallelXML serializationalgorithmcanimproved the XML
serializingperformancesigni�cantly ona multicoremachine.

Categoriesand SubjectDescriptors
D.1.3[Concurrent Programming]: ParallelProgramming

GeneralTerms
Performance
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1. INTRODUCTION
By overcomingtheproblemsof syntacticandlexical interoper-

ability, theacceptanceof XML asthelinguafrancafor information
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exchangehasfreedandenergizedresearchersto focuson themore
dif�cult (andfundamental)issuesin large-scalesystems.Thevery
characteristicsof XML thathave led to its success,however, such
asits verboseandself-descriptive nature,canincur signi�cant per-
formanceoverhead[4]. Theseoverheadcanpreventtheacceptance
of XML in usecasesthatmayotherwisebene�t.

On thehardwarefront, manufacturersareincreasinglyutilizing
the marchof Moore's law to provide multiple coreson a single
chip, ratherthanfasterclock speeds.Tomorrow's computerswill
have morecoresratherthanexponentiallyfasterclock speeds,and
softwarewill increasinglyneedto rely on parallelismto take ad-
vantageof this trend[15].

A XML documentessentiallyrepresentsa tree-structureddata
model,whoseformal nameis XML Infoset[18]. TheXML docu-
mentthuscanberegardedasthetheserializationof this treemodel
in adepth-�rst, left-to-right traversingorder(i.e., thedocumentor-
der), and the DocumentObject Model (DOM)[17] is the widely
useddatastructurerepresentingthis treemodel.UsingtheDOM, a
numberof XML documentprocessinghave beende�ned, suchas
the XML canonicalization,XML signatureandXPath query, and
they are forming the fundamentalbuilding blocks of the service
orientedcomputing.

A numberof techniqueshavebeendevelopedto improvetheper-
formanceof XML processing,rangingfrom the schema-speci�c
model [5, 10, 16] to the streaming-basedmodel [19, 11]. to the
hardwareacceleration.Generallyspeaking,theseapproachesare
designedfor thespeci�c XML processingtasks(e.g.,XPathquery
or XML signatureveri�cation) andusuallyassumethat theDOM
is unavailable. However in themostpopularlibraries,suchasthe
.NET XML library, theDOM objectmustbecreatedbeforeother
processings.Thuswe believe that theparallelXML processingon
the DOMs by leveragingthe multicore resourceswill be a more
generalsolutionfor theperformanceissue.

In thispaper, weinvestigateaparallelXML processingmodelon
a multicorecomputer, Themodelis notdesignedjust for aspeci�c
XML processingtask, instead,it is a general-purposemodel, by
which we areableto explorevariousparallelXML documentpro-
cessing.Themodelis implementedin C#,Thekernelof themodel
is a stealing-baseddynamicload-balancingmechanism,by which
multiplethreadsareableto processthedisjointedpartsof theXML
documentin parallelwith balancedload distribution. The model
alsoprovidesa novel mechanismto tracethestealingactions,thus
theequivalentsequentialresultcanbegottenby gluingthemultiple
parallel-runningresultstogether. To show thefeasibility andeffec-
tivenessof our approaches,we presentour parallelimplemenation
of theXML DOM serialization.

Operatingsystemsusuallyprovide accessto multiple coresvia
kernelthreads(or LWPs). In this paper, we generallyassumethat



threadsaremappedto hardware threadsto maximizethroughput,
usingseparatecoreswhenpossible.We considerfurtherdetailsof
schedulingandaf�nity issuesto beoutsidethescopeof this paper.

Therestof thepaperis organizedasfollows. Section2 describes
the backgroundknowledgeabout the load balancingtechniques.
Thenin thesection3 we presentthedesignandimplementationof
the kernelof this model,the stealing-basedload balancingmech-
anism,in detail. We presentin Section4 thealgorithmof parallel
XML serialization.Its performanceresultis discussedin Section5.

2. LOAD BALANCING TECHNIQ UES
In termof theparallelization,the treestructureis double-edged

sword. At onesideit is fairly easyto partition a treeinto several
disjoint sub-treesor sub-forests,andeachof themcanbeassigned
to thedifferentthreadsfor theparallelprocessing.In somecases,
suchastheparallelDepth-First-Searchof the tree[8], thesubtrees
rootedatany nodecanbeproccedrelatively independentlywith the
minimalcommunicationwith others.Ontheotherside,atreestruc-
ture is a awkwardonefrom theperspective of the load-balancing.
Sincethe size and the shapeof a tree can't be predicteduntil it
is walked, we can't determinethe real workload associatedwith
the subtreeassignedto the thread. Thusit is very likely that two
threadsareassignedwith two subtrees,which have differentpro-
cessingcomplexity, andwhenonethread�nishes processingand
becomesidle anotherthreadis still busy for working. By theAm-
dahl's law the imbalancedworkload distribution will prevent the
parallelalgorithmfrom beingscalableandef�cient.

Therearenumbersof approachesto addressthe loadbalancing
problems.Thestaticloadbalancingapproaches[12, 7], solve the
problemsby de�ning a cutoff depthof the tree,underwhich each
subtreewill betreatedasthetaskfor thethreads.If thecutoff depth
is selectedproperly, therewill beenoughsubtreesandit makesthe
loadimbalancedsituationlesslikely happen.Obviously, theeffec-
tivenessof this approachdependson thecutoff depth,which usu-
ally is apriori knowledge,aswell astheshapeof thetreestructure.
Hencea staticapproachis nota generalsolution.

Anothersetof approachesis thedynamicloadbalancingone,in
which the taskpartitioninganddistribution takesplaceat running
time with thehelpof thedynamicworkloadinformation. Stealing
basedscheme[3]is theoneof theapproachesthathavebeenwidely
usedin the applicationswith shared-memoryenvironment[6,3].
The basic idea of the stealingbasedschemeis that every thread
workson its own local taskqueueandwhenever it runsout of the
taskit stealsthetaskfrom otherthread's taskqueue.Theadvantage
of thestealingbasedschemeis thattheloadredistribution is really
on demandanddynamic,thusregardlessof the shapeof the tree
theoverallworkloadtendsto bebalanced.Whenall thethreadsare
working busily no any extra costwill needto pay, andwhensteal-
ing happensotherthreadsexceptthevictim have little impact.The
dynamicworkload redistribution, however, incurs more sophisti-
catedinteractionamongthethreads.Greatcareshouldbetakento
thedesignandthe implementation,otherwisethecostof synchro-
nizationandcommunicationcouldeasilykill theperformancegain
by theparallelism.

TheThreadPoolclassof the.NET framework [13] consistsof a
globaltaskqueueanda numberpre-createdthreads,eachof which
gets/putsthe taskfrom/into the global queue.The numberof the
threadsin the pool is adaptive to the workload, and it could be
larger than the numberof the available PEs(i.e.,ProcessingEle-
ments). Although ThreadPoolis a powerful tool for the general
concurrentprogramming,it is unsuitablefor the parallizationof
thosetree basedalgorithmsfor the following reasons.First, the
global task queuesurely is the performancebottleneck,the lock

Figure 1: Figure (a) above, illustrates the structur e of the
Thr eadPool. Figure (b) illustrates the structur e of the Thr ead-
Crew.

contentionby all the threadcandominatethe entireperformance.
Furthermore,every new taskgeneratedby the threadwill be put
backto theglobalqueueandwill likely befetchedby otherthreads,
thustheperformancewill suffer from thepoordatalocality andthe
low cachereusing.

3. THREAD CREW
To enablethe parallelsolutionto the treebasedproblems, we

designedandtheimplementedastealingbasedloadbalancingtool,
theThreadCrew class,in C#. JustasThreadPool,aThreadCrew
alsorepresentsa setof threads.However thenumberof threadsin
a ThreadCrew is �x edandshouldalwaysbe lessthanthenum-
ber of the PEs,andall the threadsaresupposedto be runningon
the respective PEssimultaneously. Furthermore,insteadof main-
taining a global queueastheThreadPooldoes,eachthreadin the
ThreadCrew hasits own local taskqueue,which is helpful for
minimizing the contentandmaximizingthe datalocality aswell.
Whena threadis out of work from its local taskqueue,it tries to
steal the work from other threadsin the crew. The ThreadPool
usually aims to executing multiple unrelatedtasks,whereasthe
ThreadCrew is designedto executea singlecomplex taskwhich
will dynamicallygenerateanumberof tightly relatedsubtasksdur-
ing the execution. The differenceof the two systemsis shown in
theFig.1.

Eachthreadin theThreadCrew hasthreerunningphases:

1. Waitingphase

2. Workingphase

3. Stealingphase

, andeachthreadis runningsameprogram,whosepseudocodeis
listedbelow.

while (true)
{

phase1: //waiting phase
block-wait on a barrier;

phase2: //working phase

while (local task-queue not empty) {

get task from the locak task queue;

pass the task to the call-back function
provided by applications;

}

phase3: //stealing phase

while (true) {

if (termination is detected)
break;



Figure 2: The dequestructur e as the local task-queuein the
Thr eadCrew.

pick a victim from the other threads;

try to steal task from the victim's task queue;

if (stealing succeed)
goto phase2;

}
}

At thebeginning,all thethreadswill block-wait onabarrier, which
will be openedoncethe applicationassignsthe initial taskto the
crew. The initial taskis directly pushedinto the �rst thread's task
queue,andthecallersynchronouslywait onthebarrieruntil the�n-
ishingof theinitial task.Oncethebarrieris opened,all thethreads
entertheworkingphasesimultaneously. Duringtheworkingphase,
eachthreadgetsthetaskby poppingits local taskqueue,andthen
executesthe task. If thereis a new taskgeneratedduring theexe-
cution,thetaskwill bepushedbackinto thelocal taskqueue.The
threadkeepsrunninguntil the local queueis empty. At that mo-
ment, the threadbecomesa “thief” andenterthe stealingphase.
Basedon thestealingpolicy, thethief picksonethreadin thecrew
asthevictim, andtry to stealthetaskfrom thevictim's taskqueue.
If thestealingsucceeded,thethief goesbackto theworking phase
with thestolentask;otherwisethethief keepsstealinguntil theter-
minationconditionis detected.

Theeffectivenessof thestealingschemeis basedontheassump-
tion that the owner accessesits local taskqueuemuchmore fre-
quentlythanthief does,andit is the thief, but not the owner,who
shouldpaythecostof thestealing.

3.1 Lock-fr eeDeque
In ThreadCrew , eachlocal taskqueueis ownedby its owner

threadmeanwhileit maybeaccessedby multiple thievessimulta-
neously. As a sharedresource,theaccessto the taskqueuehasto
bemutuallyexclusive. Thetaskqueuecouldbedesignedasa nor-
mal stack,in which caseboth theownerandthieveswill compete
the top of thestackin orderto get the tasks.Thatmeansa single
lock shouldbeappliedto guaranteethemutualexclusion. By this
scheme,however, the owner hasto acquirethe lock every time it
pop/pushits local taskqueueevenwhenthereis no any thief. The
unnecessarycontentionsposessucha hugeperformanceoverhead
on theownerthatit is absolutelyunacceptablefor aneffective par-
allel algorithm.

Our solution in ThreadCrew is using a dequedatastructure
andhaving the owner and the thievesaccessdifferentendof the
dequeseparately. As shown in theFig.2, theowner threadalways
accessesthe dequeasa normalstackandit pops/pushesthe task
only from thetopof thedeque,meanwhilethethievesstealthetask
from the dequeby poppingat the bottomof the deque.The sep-

arationleadsto muchlesscontentionon the shareddata,thusen-
ablingthe�ne-grainedmutualexclusionmechanism.Thestealing
scenarioalsohasa nice feature.Thereis only oneowner,thought
multiple thievesareallowed. By this feature,we canadopta lock-
freestealing-orienteddequestructure,which is proposedby Arora,
BlumofeandPlaxton[1] andis alsoknown as“ABP-Deque”.

ABP-Dequeis justdesignedfor thestealingscenario,it assumes
thatthereisonly onethread(i.e.,theowner)accessingthetopof the
dequeandmultiple threads(i.e.,the thieves)accessingthe bottom
of thedeque.TheABP-Dequeprovidesthreemajormethods:

� PushTop() : only calledby the owner to pushthe datainto
thestack

� PopTop() : only calledby theownerto popthedatefrom the
topof thestack

� PopBottom(): calledby multiple thievessimultaneouslyto
stealthedatafrom thebottom.

InternallyABP-DequeusestheCompare-And-Swapatomicopera-
tion (i.e.,CAS) , namelytheInterlocked.CompareExchange()
methodin .NET, to solvethemutualexclusionwhenneeded.When
a thief tries to stealthe taskat the bottomof the queue,it always
call theCASoperationto make surethemutualexclusionwith the
owner andother thieves; whereasfor the owner, as long as there
aremorethanonetasksin thequeuetheowneris safeto accessthe
top of the dequewithout any CASoperation.Only whenthereis
the last item left in thequeue,theownerneedstheCASoperation
to synchronizewith thieves.

The ABP-Dequefollows the thief-pays-the-costprinciple very
well. And asit is lock-free,thosehazards(e.g.,dead-lockandlock-
out) causedby thelock canbeavoided.More attractively, in most
timetheownerdoesn't needto payany extraperformanceto access
the queueand the overheadis signi�cantly decreasedcompared
thelock basedimplementation.Thethief will take thecostlyCAS
for eachstealing,nonetheless,thethief alsobene�ts from stealing-
from-bottompolicy becausethe taskat thebottomof a stackusu-
ally hasmorework loadthantheoneatthetop. For exampleduring
thetraversalof a tree,thenodeat thebottomof thestackis theone
at thehighestlevel of the tree,which is morelikely to have more
childrennodesto explore.

3.2 Victim-SelectionPolicy
Thevictim-selectionpolicy addresstheissuethatwhena thread

becomesa thief which threadin thecrew is selectedto steal.Fol-
lowing the work in the [9], ThreadCrew providestwo common
policies.Thesimplestoneis picking thevictim randomly. Another
easypolicy is the global round-robin,in which a global index in-
dicatingthecurrentvictim is maintainedandis shiftedto thenext
one in a round-robinstyle. Besides,ThreadCrew alsoprovide
thePick-The-Richestpolicy, in which thethreadwith longesttask
queuewill be selectedas the victim. For the multicore system,
when numberof the coresis relative small we believe the Pick-
The-Richestpolicy shouldleadto thebetterresultasit incursless
failed stealing;otherwisewith the increaseof the numberof the
coresthe queryingandsortingoperationson the taskqueueswill
bethebottleneckandtheotherpolicieswill bemorepromising.

3.3 Termination Detection
Theterminationof theparallelrunningof thethreadsin thecrew

can be detectedwhen all the threadshave being in the stealing
phase.To tell that we just needa global counterto indicatehow
many threadsare in the stealingphase. When the systementers
this state,that meansthereis neitherany task in the task-queues



Figure 3: The tracing of the partial results generatedby the
thieves.

nor any new taskto begenerated.Thusit is safeto saytheparallel
runningbeginning from the initial taskhascompleted.Oncethe
terminationis detected,all the threadsmove to the waiting phase
andblock on the barrieragainandwait for the next assignment.
Thecaller(i.e., theapplication)will beawakened.

3.4 StealingTracing & ResultGluing
When executinga task, which may be the initial task or one

stolenfrom otherthreads,thethreadmaygeneratetheresult,such
asthequeryresultor traversaloutput. During theexecution,new
tasksmaybecreatedandpushedinto thelocal taskqueue;andthey
maybestolenby otherthreadsbeforetheowner threadgetsthem.
Consequentlyaslongasany stealinghappensduringtheexecution,
thegeneratedresultby theowneronly correspondsthepartof the
�nal resultof theoriginal task.We call theresultasthepartial re-
sult of thetask.In otherword, the�nal resultshouldconsistof the
partial resultgeneratedby theownerandthosepartial resultsgen-
eratedby thethieveswhostolethetasksduringtheexecution.Note
thatonceathief beginsto executethestolentask,it mayalsogener-
atenew tasks,whichmaybestolenby otherthreadsevenincluding
the original owner from who the taskis stolen. Thusa partial re-
sult itself maybecomposedof multiplepartialresultsin arecursive
style.

In orderto tracethepartial resultsgeneratedby thethieves,any
thief is requiredto leaveaclue,following whichweareableto �nd
thecorrespondingpartial result.Theclueis calledstealingstubin
ThreadCrew , andastealingstubconsistsof apartialresultobject
aswell asa sequenceof the stealingstubs,called tail. Beforea
thief is going to steal the victim, it will �rst generatean empty
stealingstub,whichinitially containsanull partialresultobjectand
an empty tail. As shown in the Fig.3, whenthe PopBottom()
methodsof thevictim's taskqueueis invokedby thethief, instead
of removing the task object at the bottom from the queueas the
original ABP-queuedoes,the task object in the bottom entry is
replacedby the stealingstubprovided by the thief. After getting
thetask,thethief keepsholdingtheemptystealingstubasits root
stealingstubduring the executionof the stolentask. The partial
resultof the emptystealingstubwill be passedto a taskhandler
which is provided by the caller andis supposedto incrementally
changethevalueof thepartialresult.

Figure4: The tr eeof the stealingstubs.

Oncethetaskqueueof a threadbecomesempty, all thestealing
stubsleft in thequeue,whichrepresentthecluesto thestolentasks,
will becopiedinto theroot stealingstubin orderasits tail. As we
will seelater, theorderplaysacrucialrole to gluethepartialresult
togethersincethis orderis just theonein which thecorresponding
taskwaspushedinto thequeue.

As shown in theFig.4,whentheentireexecutionis terminated,
all the stealingstubsform a treestructurerootedfrom the initial
partial result,To glue the partial resultstogetherto form the �nal
result,we just needto traversethe treeof the stealingstubs. Ap-
plicationshouldknow how to mergetow consecutive partialresults
togetherduring the traversing. For examplethe string concatena-
tion is theoneusedby theparallelXML serialization.

4. PARALLEL XML SERIALIZA TION
We pick the XML serializationas the �rst applicationof the

parallel processingmodel not only becauseit is the fundamental
traversalproblembut alsobecauseit requiresthemoststrict order
on thegeneratedresult.

4.1 BasicIdea
Given a DOM tree, we can serializedit into the XML docu-

ment by traversingthe DOM tree in depth-�rst and left-to-right
order, namely the documentorder. A simple implementationis
thestackbasedtraversingalgorithm,which keepspoppingthetree
nodefrom the stack,visiting it, andexpendingit by pushingall
of its childrennodesinto thestack.Thealgorithmstopswhenthe
stackis empty. The pseudocodeof the stackbasealgorithm is
listedbelow. For simplicity, we just list thecodeof printing thetag
pairsof all theelementsin theXML document.

void visit(XmlElement root)
{

push the root into the stack;

while (stack is not empty) {

XmlElement node = stack.pop();

if (node.PreviousSibling != null)
print the close tag of the previous sibling;

print the open tag of the node;

push all its children into the stack
from right to left;

}
}

With theThreadCrew class,to parallelizetheserializationalgo-
rithm we justneedto changetheabove algorithma little bit to bea



callbackfunctionTaskHandler() shown blow. During thepar-
allel execution,the threadsin theThreadCrew will keepcalling
theTaskHandler() functionwhenever it getsonetaskfrom its
local queueor stealone from others. The task togetherwith the
partialresultwill bepassedto thecallbackfunction.

void TaskHandler(Task task,
PartialResult partialResult)

{
//Note, in this context
//the partial result is actually a string buffer.
if (task.PreviousSibling != null)

print the close tag of the previous sibling
into the partialResult,

print the open tag of task.element
into the partialResult;

push all children of task.element
into the stack from right to left;

}

A specialcareshouldbe taken for the outputtingthe closetag of
a non-emptyelement. Assumingwhena threadis serializingthe
contentof annon-emptyelement,it hasnoclueif it will processall
thecontentor only partof thecontentin caseof stealing.Thereby
alwayshaving the threadoutput the closetag of an elementmay
leave theparttheserializationof its contentoutof its �nal scopein
theserialization.Our solutionis assigningtheoutputtingtheclose
tag to thenext task. Whenever a threadbeginsexecutinga task,it
�rst checkif thereis aclosetagneededto beoutputted,if soit will
�rst outputtheclosetaginto its serializationbuffer. Thereforif the
next taskis stolenthe thief will be responsiblefor outputtingthe
closetag,otherwisetheownerwill outputtheclosetagby itself but
at thebeginningof theprocessingof thenext task.

Although from the perspective of the userthereis no obvious
differencebetweentheparallelalgorithmandthesequentialalgo-
rithm, theinternalexecutionof theparallelalgorithmis distinct. In
theparallelexecutiontheemptinessof thelocal taskqueuedoesn't
necessarymeanthattheentiretreehasbeenvisitedsinceit is most
likely thatotherthreadshavestolensomenodesfromthetaskqueue,
however this implicationhasto betrue for a sequentialalgorithm.
Also the threadcan't just stopthe executionwhenits taskqueue
is empty;otherthreadsmaybesuffering from theheavy workload
at this momentandthe threadshouldtry to stealsometasksfrom
othersasto achieve theloadbalance.Finally thetreenodespassed
to the TaskHandler() function aren't necessaryto be consec-
utive in thedocumentordersincesomenodesmaybestolenfrom
other threads,whereasthe documentorder is guaranteedfor the
sequentialalgorithm.

All of the above detail hasbeenhiddenby the ThreadCrew ,
andthe userarenot awareof them. Basicallythe useronly need
to provide theTaskHandler() functionandthemethodto glue
themultiple partialresultstogether.

4.2 Result Gluing
As we have alreadymentioned,theresultof theparallelexecu-

tion is a treeof thestealingstubs,eachof which containsa partial
resultanda tail, namelya sequenceof otherstealingstubs.In the
XML serializationcase,the partial result in the stealingstub is a
stringbuffer, representingtheserializingresult.

Sincethe thief always stealsthe nodefrom the bottom of the
stack,the serializingresult generatedby the thief hasto be after
the serializingresultgeneratedby the victim in the documentor-
der, asshown in Fig.5a.And becausetheorderof thestealingstubs
in the tail is assameasthe onein which the correspondingtasks

Figure 5: How to glue the partial serialization result together
in the parallel XML serialization

werepushedinto thestack,for two consecutivestealingstubsin the
tail theserializingresultcontainedin the latterhasto be after the
onecontainedin theformerin thedocumentorder. Hence,asillus-
tratedin theFig.5b,thegluingprocedurecansimplybeDepth-�rst
left-to-right traversingthestealingstubtreeandconcatenatingthe
serializingresultsincrementally. The �nal resultwill be identical
with theresultof thesequentialalgorithm.

However theconstructingthe�nal serializationusuallyis unnec-
essaryfor mostapplicationssinceit canbeobtainedby thetraversal
whenever needed.Also for someapplications,suchashashing,in
which an incrementalprocessingis allowed, the gluing can de�-
nitely beeliminated.

4.3 Region-basedTaskPartitioning
A typical largeXML �le usuallycontainsoneor morelargear-

raysdataandits shapetendsto beshallow andregular. An extreme
exampleof theXML document, but notunusualin scienti�c appli-
cations,mayonly containa singlelargearray, whoseitemsjustare
simpleprimitive typedata.

In the previous descriptionthe algorithm treatsthe individual
nodeas an independenttask, which will either be processedby
theowneror bestolenby thethief. It, however, incursthenontriv-
ial performanceoverhead,thusbeimpracticalfor thenormallarge
XML document.First, theownerneedsto explicitly push/popev-
ery nodein the arrayinto its local taskqueue.Whenthe arrayis
large enough,thosefrequentstackoperationswill kill the perfor-
mance.The secondimpact is the stealingwill becomevery inef-
�cient whenprocessingthe arraystructure.Most likely, the thief
spendsmostthetimeonstealingaleafnode,�nishing theexecution
quickly andbackto stealingagain. Theworsething is the treeof
stealing-subswill becomevery largein termof memoryfootprint.

Henceto make theparallelmodelreally practicalfor XML, we
needto increasethegranularityof thetask.Oneof thesolutionsis
having thetaskcoveraregionof nodesin anarray. TheTaskHandler()



Figure 6: The performance of the parallel XML Serialization
algorithm

function we have presentsdoesn't needto do much change,ex-
cept that the task argumentrefersa region andwhena nodeis
expandedits children is divided into continuousregions,eachof
which will be pushedinto the taskqueue.The numberof the re-
gionsby onepartition is sameasthenumberof the threadsin the
crew so that every threadwill have the chanceto get oneregion;
whenthenumberof childrenis lessthanthenumberof thethreads,
the simpledividing-in-half policy is adopted. To give the owner
thepriority, the�rst region is alwaysdirectlyassignedto theowner
threadwithout going thoughtthe taskqueue.As a result thedata
locality andcachereusingof theownerthreadwill beimproved.

5. MEASUREMENT
To show thebene�t of ourstealing-basedparallelXML serializa-

tion algorithm,weperformedexperimentsonamulticoremachine,
whichhas2GBmemoryandtwo Intel Xeon5150processors,each
of which hastwo coresinside. Theoperatingsystemis Windows
XP andtheversionof the.NET framework is 2.0.

The testXML �le containsthemolecularinformationfrom the
ProteinDataBank[14], andits sizeis about25MB. The�le is se-
lectedbecausewe believe it representsthetypical structuralshape
of the largeXML documents,particularin scienti�c applications.
It consistsof two largearrayrepresentingthemoleculedataaswell
asacoupleelementsfor themoleculeattributes;theitemsof thear-
ray arestructuretyperatherthansometrivial primitive datatypes.
Theschemaof theXML �le is listedin theAppendix.

Thetestprogram�rst parsesandbuilds theDOM from theXML
�le sequentially, thenserializethe DOM backinto the XML for-
mat but in parallel. The testis run ten times,themeasurementof
the �rst time is discardedandtheaveragevalueof therestonesis
calculated.The ThreadCrew classis con�gured with the Pick-
The-Richestasthevictim selectionpolicy.

Duringour initial experiments,wenoticedtheresultwasnotsta-
ble during the tenconsecutive testsandwe realizedthat is mainly
dueto the .NET Garbagecollectorwhich wasinvolved morefre-
quentlyin theparallelalgorithm. Thedefault garbagecollectorin
the .NET is a workstationversion,which collect the garbagese-
quentially. The garbagecollecting is not suppressibleandduring
the collectionall the running threadwill be suspended.To min-
imize the impact of the garbagecollector, we con�gured .NET
framework to usethe server collector which collect the garbage
in parallelon a multicoremachine[13]. We implementeda recur-
sivestyleserializationprogramasthesequentialbaseline,andthen
comparedtheThreadCrew basedparallelserializationprogram,
con�guredwith oneor morethreads,againsttherecursive stylese-

Figure 7: The speedupof the parallel XML Serialization algo-
rithm

rialization program. Figure6 shows the experimentresult, from
which we saw the recursive style serializationprogramis a little
bit fasterthan the parallelserializationprogramwhencon�gured
with only onethread.It indicatesthelock-freedatastructureincur
ignorableperformanceoverheadwhenthereis not contention.

The parallel con�guration speedupsthe executionthe substan-
tially. We calculatethespeedupmeasurementwhich usuallyindi-
cateshow well a parallelalgorithmscaleswith thenumberof the
PEs. It is calculatedby dividing the time of the sequentialrecur-
sivestyleprogramby thetimeof theparallelserializationprogram.
Figure7 shows the speedupresultof our parallelXML serializa-
tion programwith one to four threads. We can seeour parallel
algorithmscaleswell. And we canpredictthat if our algorithmis
implementedin C or C++,whereauser-de�ned multi-threadmem-
ory management(suchashoard[2])is possible,a betterscalability
canbeachievedastheexecutionwill notbelimited by thegarbage
collection.

6. CONCLUSION AND FUTURE WORK
In thispaper, wepresenta stealing-basedparallelXML process-

ing model. In this model the load balanceamongthe threadsis
dynamicallycontrolledby thestealing-basedmechanism.And the
stealing-basedmechanismintroducesonly a little bit performance
penalty, andthis is mainlycontributedby thestealing-from-bottom
policy aswell asthe lock free ABP-deque.We introducea novel
method,stealingstub, to tracethe stealingandto merge the par-
allel result into �nal sequentialresult if needed.Finally we show
how thestealing-basedmechanism, thestealingstubwork andre-
sultgluing techniquesbeappliedin theparallelXML serialization.
Ourexperimentsshow thatby theparallelismonthemulticorema-
chinethe XML serializationcanhave thesigni�cant performance
improvement. In the nearfuture, we aregoing to investigateon
how to applyour modelon moreXML-basedtasks,suchasXPath
queryandXSLT transformation.
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APPENDIX

<xs:element name="MoleculeType">
<xs:complexType>

<xs:sequence>
<xs:element name="moleculeName" type="xs:string" />
<xs:element name="moleculeRadius" type="xs:double" />
<xs:sequence>

<xs:element name="atom">
<xs:complexType>

<xs:sequence>
<xs:element name="fieldName" type="xs:string" />
<xs:element name="atomNumber" type="xs:int" />
<xs:element name="atomName" type="xs:string" />
<xs:element name="elementName" type="xs:string" />
<xs:element name="residueName" type="xs:string" />
<xs:element name="residuleNumber" type="xs:int" />
<xs:element name="coordinate">

<xs:complexType>
<xs:sequence>

<xs:element name="x" type="xs:double" />
<xs:element name="y" type="xs:double" />
<xs:element name="z" type="xs:double" />

</xs:sequence>
</xs:complexType>

</xs:element>
<xs:element name="charge" type="xs:double" />
<xs:element name="radius" type="xs:double" />
<xs:element name="sysUnique" type="xs:boolean" />

</xs:sequence>
</xs:complexType>

</xs:element>
</xs:sequence>

</xs:sequence>
</xs:complexType>

</xs:element>


