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ABSTRACT

A languagdor semi-structuredocumentsXML is playingcrucial
rolesin webservicesmessagingystemsgdatabasegnddocument
processingHowever, the processingf XML documentdasbeen
regardedas the performancebottieneckin most systemsand ap-
plications. On the other side, the multicore processqremepged
asa solutionfor the clock-speedimitation of the modernCPUs,
hasbeengrowingly prevalent.Leveragingthe parallelismprovided
by the multicoreresourcdo speeduphe softwareexecutionis be-
comingthe trend of the software development. In this paper we
presenta parallel processingnodelfor the XML document.The
modelis not designedust for a speci ¢ XML processindask, in-
steadjt is ageneramodel,by whichwe areableto explorevarious
parallelXML documentprocessing.The kernelof the modelis a
stealing-basedynamicload-balancingnechanismby which mul-
tiple threadsare able to processthe disjointed partsof the XML
documentin parallelwith balancedoad distribution. The model
alsoprovidesa novel mechanisnto tracethe stealingactions thus
theequivalentsequentiatesultcanbegottenby gluingthemultiple
parallel-runningesultstogether To shav thefeasibility andeffec-
tivenessf our approacheswe presentour C# implementatiorof
parallelXML serializatiorin this paper Ourempiricalstudyshavs
our parallel XML serializationalgorithm canimproved the XML
serializingperformancesigni cantly on amulticoremachine.

Categoriesand Subject Descriptors
D.1.3[Concurrent Programming]: ParallelProgramming

General Terms
Performance
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1. INTRODUCTION

By overcomingthe problemsof syntacticandlexical interoper
ability, theacceptancef XML asthelinguafrancafor information
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exchangehasfreedandenegizedresearcherto focusonthemore
dif cult (andfundamentaljssuesn large-scalesystemsThevery
characteristicof XML thathave led to its successhowever, such
asits verboseandself-descriptie nature canincur signi cant per
formanceoverhead4]. Theseoverheactcanpreventtheacceptance
of XML in usecaseghatmayotherwisebene t.

On the hardware front, manufcturersareincreasinglyutilizing
the march of Moore's law to provide multiple coreson a single
chip, ratherthanfasterclock speeds.Tomorrav's computerswill
have morecoresratherthanexponentiallyfasterclock speedsand
softwarewill increasinglyneedto rely on parallelismto take ad-
vantageof this trend[15].

A XML documentessentiallyrepresents tree-structurediata
model,whoseformal nameis XML Infoset[18]. The XML docu-
mentthuscanberegardedasthetheserializatiorof thistreemodel
in adepth- rst, left-to-right traversingorder(i.e., the documenbr-
der), and the DocumentObject Model (DOM)[17] is the widely
useddatastructurerepresentinghis treemodel. Usingthe DOM, a
numberof XML documentprocessindhave beende ned, suchas
the XML canonicalizationXML signatureand XPath query and
they are forming the fundamentabuilding blocks of the service
orientedcomputing.

A numberof techniquefiave beendevelopedto improve theper
formanceof XML processingrangingfrom the schema-speci c
model[5, 10, 16] to the streaming-basedhodel[19, 11]. to the
hardware acceleration.Generallyspeaking theseapproachesire
designedor thespeci ¢ XML processindgasks(e.g.,XPathquery
or XML signatureveri cation) andusuallyassumehatthe DOM
is unavailable. However in the mostpopularlibraries,suchasthe
.NET XML library, the DOM objectmustbe createdbeforeother
processingsThuswe believe thatthe parallel XML processingn
the DOMs by leveragingthe multicore resourceswill be a more
generakolutionfor the performancéssue.

In thispaperweinvestigatea parallelXML processingnodelon
amulticorecomputer The modelis notdesignedust for aspeci ¢
XML processingask, instead,it is a general-purposenodel, by
which we areableto explore variousparallelXML documenpro-
cessing.Themodelis implementedn C#, Thekernelof themodel
is a stealing-basedynamicload-balancingnechanismbpy which
multiple threadsareableto procesghedisjointedpartsof the XML
documentin parallelwith balancedoad distribution. The model
alsoprovidesa novel mechanisnto tracethe stealingactions thus
theequivalentsequentiatesultcanbegottenby gluingthemultiple
parallel-runningesultstogether To shav thefeasibility andeffec-
tivenesof our approachesye presenpur parallelimplemenation
of theXML DOM serialization.

Operatingsystemsausually provide accesgo multiple coresvia
kernelthreadsor LWPS). In this paper we generallyassumehat



threadsare mappedto hardware threadsto maximizethroughput,
usingseparateoreswhenpossible.We considerfurther detailsof
schedulingandaf nity issuedo beoutsidethe scopeof this paper
Therestof thepaperis organizedasfollows. Section2 describes
the backgroundknowledge aboutthe load balancingtechniques.
Thenin the section3 we presenthe designandimplementatiorof
the kernelof this model,the stealing-basetbad balancingmech-
anism,in detail. We presenin Section4 the algorithmof parallel
XML serialization Its performanceesultis discussedh Sections.

2. LOAD BALANCING TECHNIQ UES

In term of the parallelization the treestructureis double-edged
sword. At onesideit is fairly easyto partition a treeinto several
disjoint sub-tree®r sub-forestsandeachof themcanbe assigned
to the differentthread<for the parallelprocessing.In somecases,
suchasthe parallelDepth-First-Searcbf the tree[8], the subtrees
rootedatany nodecanbeproccedelatively independentlwvith the
minimalcommunicatiorwith others.Ontheotherside,atreestruc-
ture is a awkward onefrom the perspectie of the load-balancing.
Sincethe size and the shapeof a tree cant be predicteduntil it
is walked, we cant determinethe real workload associatedvith
the subtreeassignedo the thread. Thusit is very likely that two
threadsare assignedwith two subtreeswhich have differentpro-
cessingcompleity, andwhen onethread nishes processingand
becomesdle anotherthreadis still busy for working. By the Am-
dahl's law the imbalancedworkload distribution will prevent the
parallelalgorithmfrom beingscalableandef cient.

Therearenumbersof approacheso addresghe load balancing
problems. The staticload balancingapproache§l 2, 7], solve the
problemsby de ning a cutoff depthof the tree,underwhich each
subtreewill betreatedasthetaskfor thethreadslf thecutoff depth
is selectegproperly therewill beenoughsubtreesandit makesthe
loadimbalancedsituationlesslik ely happen Obviously, the effec-
tivenesf this approachdependsn the cutoff depth,which usu-
ally is apriori knowledge,aswell astheshapeof thetreestructure.
Hencea staticapproactis nota generakolution.

Anothersetof approachess the dynamicloadbalancingone,in
which the task partitioninganddistribution takes placeat running
time with the help of the dynamicworkloadinformation. Stealing
basedscheme[3]s theoneof theapproachethathave beenwidely
usedin the applicationswith shared-memorgnvironment[6, 3].
The basicideaof the stealingbasedschemeis that every thread
workson its own local taskqueueandwheneer it runsout of the
taskit stealghetaskfrom otherthreadstaskqueue Theadwantage
of the stealingbasedschemas thattheloadredistritutionis really
on demandand dynamic,thusregardlessof the shapeof the tree
theoverallworkloadtendsto be balancedWhenall thethreadsare
working busily no ary extra costwill needto pay, andwhensteal-
ing happen®therthreadsexceptthevictim have little impact. The
dynamicworkload redistritution, however, incurs more sophisti-
catedinteractionamongthethreads.Greatcareshouldbe takento
the designandthe implementationptherwisethe costof synchro-
nizationandcommunicatiorcouldeasilykill theperformanceain
by the parallelism.

The ThreadPootlassof the .NET framework [13] consistsof a
globaltaskqueueanda numbempre-createdhreadsgachof which
gets/putgthe task from/into the global queue. The numberof the
threadsin the pool is adaptve to the workload, and it could be
larger than the numberof the available PEs(i.e.,ProcessingEle-
ments). Although ThreadPoois 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
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Figure 1. Figure (a) above, illustrates the structure of the
ThreadPRool. Figure (b) illustrates the structur e of the Thr ead-
Crew

contentionby all the threadcandominatethe entire performance.
Furthermore every new task generatedy the threadwill be put

backto theglobalqueueandwill likely befetchedby otherthreads,
thusthe performancavill suffer from the poordatalocality andthe

low cachereusing.

3. THREAD CREW

To enablethe parallelsolutionto the tree basedproblems, we
designedndtheimplementeda stealingbasedoadbalancingool,
theThreadCrew classjn C#. JustasThreadPoolaThreadCrew
alsorepresents setof threads However the numberof threadsn
aThreadCrew is x edandshouldalwaysbe lessthanthe num-
ber of the PEs,andall the threadsare supposedo be runningon
the respectre PEssimultaneously Furthermorejnsteadof main-
taining a global queueasthe ThreadPoobloes,eachthreadin the
ThreadCrew hasits own local task queue,which is helpful for
minimizing the contentand maximizingthe datalocality aswell.
Whenathreadis out of work from its local taskqueue,it triesto
stealthe work from other threadsin the crew. The ThreadPool
usually aims to executing multiple unrelatedtasks, whereasthe
ThreadCrew is designedo executea singlecomplex taskwhich
will dynamicallygenerat@numberof tightly relatedsubtasksdur-
ing the execution. The differenceof the two systemds shavn in
theFig.1.

Eachthreadin the ThreadCrew hasthreerunningphases:

1. Waiting phase
2. Working phase
3. Stealingphase

, andeachthreadis runningsameprogram,whosepseudocodeis
listedbelaw.

while  (true)

phasel: //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
break;

is detected)
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Figure 2: The deque structur e as the local task-queuein the
ThreadCrew.

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 onabarriet which
will be openedoncethe applicationassignghe initial taskto the
crew. Theinitial taskis directly pushednto the rst threads task
gueueandthecallersynchronouslyvait onthebarrieruntil the n-
ishing of theinitial task.Oncethebarrieris openedall thethreads
entertheworking phasesimultaneouslyDuringtheworking phase,
eachthreadgetsthe taskby poppingits local taskqueue andthen
executeshetask. If thereis a new taskgeneratedluring the exe-
cution, thetaskwill be pushedbackinto thelocal taskqueue.The
threadkeepsrunninguntil the local queueis empty At that mo-
ment, the threadbecomes “thief” and enterthe stealingphase.
Basedon the stealingpolicy, thethief picks onethreadin the crew
asthevictim, andtry to stealthetaskfrom thevictim'staskqueue.
If the stealingsucceededhethief goesbackto the working phase
with the stolentask;otherwisethethief keepsstealinguntil theter
minationconditionis detected.

Theeffectivenesof thestealingschemaes basecbntheassump-
tion that the owner accessedts local task queuemuch more fre-
quentlythanthief does,andit is the thief, but not the ownerwho
shouldpaythe costof thestealing.

3.1 Lock-freeDeque

In ThreadCrew , eachlocal taskqueueis ownedby its owner
threadmeanwhileit may be accessetby multiple thievessimulta-
neously As a sharedresourcethe accesgo the taskqueuehasto
be mutually exclusive. Thetaskqueuecouldbe designedasa nor
mal stack,in which caseboththe owner andthieveswill compete
the top of the stackin orderto getthe tasks. Thatmeansa single
lock shouldbe appliedto guaranteehe mutualexclusion. By this
schemehawever, the owner hasto acquirethe lock every time it
pop/pusthits local taskqueueevenwhenthereis no ary thief. The
unnecessargontentiongposessucha hugeperformanceverhead
ontheownerthatit is absolutelyunacceptabléor aneffective par
allel algorithm.

Our solutionin ThreadCrew is using a dequedatastructure
and having the owner andthe thieves accesdlifferentend of the
dequeseparatelyAs shawn in the Fig.2, the ownerthreadalways
accessethe dequeasa normalstackandit pops/pushethe task
only from thetop of thedeque meanwhilethethievesstealthetask
from the dequeby poppingat the bottom of the deque. The sep-

arationleadsto muchlesscontentionon the shareddata,thusen-
ablingthe ne-grainedmutualexclusionmechanismThe stealing
scenaricalsohasa nice feature. Thereis only one ownerthought
multiple thievesareallowed. By this feature we canadopta lock-
freestealing-orientedequestructure whichis proposedy Arora,
BlumofeandPlaxton[1] andis alsoknown as“ABP-Deque”.
ABP-Dequsis justdesignedor the stealingscenariojt assumes

thatthereis only onethread(i.e.,theowner)accessinghetop of the
dequeand multiple threads(i.e.the thieves) accessinghe bottom
of thedeque.The ABP-Dequeprovidesthreemajormethods:

PushDp() : only calledby the owner to pushthe datainto
thestack

PopTop(): only calledby theownerto popthedatefrom the
top of thestack

PopBottom(): calledby multiple thieves simultaneouslyto
stealthe datafrom the bottom.

Internally ABP-Dequeuseshe Compare-And-Sapatomicopera-
tion (i.e.,CAS , namelythelnterlocked.CompareExchange()
methodin .NET, to solve themutualexclusionwhenneededWhen
a thief tries to stealthe taskat the bottom of the queue,it always
call the CASoperationto make surethe mutualexclusionwith the
owner and otherthieves; whereasfor the owner, aslong asthere
aremorethanonetasksin thequeuethe owneris safeto accesshe
top of the dequewithout ary CASoperation. Only whenthereis
thelastitem left in the queue the owner needshe CASoperation
to synchronizewith thieves.

The ABP-Dequefollows the thief-pays-the-cosprinciple very
well. And asit is lock-free,thosehazards(e.gdead-lockandlock-
out) causedy thelock canbe avoided. More attractiely, in most
timetheownerdoesnt needto payary extraperformancéo access
the queueand the overheadis signi cantly decreaseatompared
thelock basedmplementation.The thief will take the costly CAS
for eachstealing,nonethelesgshethief alsobene tsfrom stealing-
from-bottompolicy becauséhe taskat the bottomof a stackusu-
ally hasmorework loadthantheoneatthetop. For exampleduring
thetraversalof atree,the nodeat the bottomof the stackis theone
at the highestlevel of the tree,which is morelikely to have more
childrennodegto explore.

3.2 Victim-SelectionPolicy

Thevictim-selectionpolicy addressheissuethatwhenathread
becomes thief which threadin the crew is selectedo 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 globalindex in-
dicatingthe currentvictim is maintainedandis shiftedto the next
onein around-robinstyle. Besides,ThreadCrew alsoprovide
the Pick-The-Richespolicy, in which the threadwith longesttask
queuewill be selectedasthe victim. For the multicore system,
when numberof the coresis relative small we believe the Pick-
The-Richespolicy shouldleadto the betterresultasit incursless
failed stealing; otherwisewith the increaseof the numberof the
coresthe queryingand sorting operationson the task queueswill
bethebottleneckandtheotherpolicieswill be morepromising.

3.3 Termination Detection

Theterminationof theparallelrunningof thethreadsn thecrew
can be detectedwhen all the threadshave beingin the stealing
phase. To tell thatwe just needa global counterto indicatehow
mary threadsare in the stealingphase. When the systementers
this state,that meansthereis neitherary taskin the task-queues
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Figure 3: The tracing of the partial results generatedby the
thieves.

nor ary new taskto begeneratedThusit is safeto saythe parallel
running beginning from the initial taskhascompleted. Oncethe
terminationis detectedall the threadsmove to the waiting phase

and block on the barrieragainand wait for the next assignment.

Thecaller(i.e.,theapplication)will be awakened.

3.4 StealingTracing & Result Gluing

When executing a task, which may be the initial task or one
stolenfrom otherthreadsthe threadmay generatéhe result,such
asthe queryresultor traversaloutput. During the execution,new
tasksmaybecreatecandpushednto thelocaltaskqueueandthey
may be stolenby otherthreadsheforethe ownerthreadgetsthem.
Consequenthaslongasary stealinghappensliuringthe execution,
the generatedesultby the owneronly correspondshe partof the

nal resultof the original task. We call theresultasthe partial re-
sult of thetask. In otherword, the nal resultshouldconsistof the
partialresultgeneratedy the ownerandthosepartial resultsgen-
eratedby thethieveswho stolethetasksduringtheexecution.Note
thatonceathief beginsto executethestolentask,it mayalsogener
atenew taskswhich maybestolenby otherthreadsevenincluding
the original ownerfrom who the taskis stolen. Thusa partial re-
sultitself maybecomposeaf multiple partialresultsin arecursve
style.

In orderto tracethe partial resultsgeneratedy the thieves,ary
thiefis requiredto leave a clue,following whichwe areableto nd
the correspondingpartialresult. The clueis calledstealingstubin
ThreadCrew , andastealingstubconsistof apartialresultobject
aswell asa sequencef the stealingstubs,calledtail. Beforea
thief is going to stealthe victim, it will rst generatean empty
stealingstub,whichinitially containsanull partialresultobjectand
anemptytail. As shawvn in the Fig.3, whenthe PopBottom()
methodsof thevictim's taskqueueis invoked by thethief, instead
of remaving the task object at the bottom from the queueasthe
original ABP-queuedoes, the task objectin the bottom entry is
replacedby the stealingstub provided by the thief. After getting
thetask,the thief keepsholding the emptystealingstubasits root
stealingstub during the executionof the stolentask. The partial
resultof the empty stealingstubwill be passedo a taskhandler
which is provided by the caller andis supposedo incrementally
changehevalueof the partialresult.

Initial

steaing stub

~
Stealing stubs

generated by thief

%+

Figure4: The tr eeof the stealingstubs.

Oncethetaskqueueof athreadbecomeempty all the stealing
stubdleft in thequeuewhichrepresenthecluesto thestolentasks,
will be copiedinto theroot stealingstubin orderasits tail. As we
will seelater, theorderplaysacrucialroleto gluethepartialresult
togethersincethis orderis just the onein which the corresponding
taskwaspushednto thequeue.

As shawn in the Fig.4, whenthe entire executionis terminated,
all the stealingstubsform a tree structurerootedfrom the initial
partial result, To glue the partial resultstogetherto form the nal
result,we just needto traversethe tree of the stealingstubs. Ap-
plicationshouldknow how to meigetow consecutie partialresults
togetherduring the traversing. For examplethe string concatena-
tion is theoneusedby the paralleIXML serialization.

4. PARALLEL XML SERIALIZA TION

We pick the XML serializationas the rst applicationof the
parallel processingnodel not only becauset is the fundamental
traversalproblembut alsobecauset requiresthe moststrict order
onthegeneratedesult.

4.1 Basicldea

Given a DOM tree, we can serializedit into the XML docu-
ment by traversingthe DOM tree in depth- rst and left-to-right
order namelythe documentorder A simple implementationis
the stackbasedraversingalgorithm,which keepspoppingthetree
nodefrom the stack, visiting it, and expendingit by pushingall
of its childrennodesinto the stack. The algorithmstopswhenthe
stackis empty The pseudocode of the stackbasealgorithmis
listedbelaw. For simplicity, we justlist thecodeof printing thetag
pairsof all theelementsn the XML document.

void  visit(XmIElement root)
push the root into the stack;

while (stack is not empty) {

XmlElement node = stack.pop();

if  (node.PreviousSibling 1= null)

print the close tag of the previous sibling;
print the open tag of the node;
children into the stack
to left;

push all its
from right

With the ThreadCrew class,to parallelizethe serializationalgo-
rithm we just needto changehe above algorithmalittle bit to bea



callbackfunctionTaskHandler() ~ shavn blow. During the par
allel execution,thethreadsin the ThreadCrew will keepcalling
theTaskHandler()  functionwheneer it getsonetaskfrom its
local queueor stealone from others. The task togetherwith the
partialresultwill be passedo the callbackfunction.

void TaskHandler(Task task,
PartialResult partialResult)
{

/INote, in this context

/lthe  partial result is actually a string  buffer.
if  (task.PreviousSibling 1= 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. Assumingwhen a threadis serializingthe
contentof annon-emptyelement;jt hasnoclueif it will processll
the contentor only partof the contentin caseof stealing.Thereby
always having the threadoutputthe closetag of an elementmay
leave the partthe serializatiorof its contentout of its nal scopein
the serialization.Our solutionis assigninghe outputtingthe close
tagto the next task. Whenever a threadbegins executinga task, it
rst checkif thereis a closetagneededo beoutputtedjf soit will
rst outputtheclosetaginto its serializationbuffer. Thereforif the
next taskis stolenthe thief will be responsibldor outputtingthe
closetag,otherwiseheownerwill outputtheclosetagby itself but
atthebeaginningof the processingf the next task.

Although from the perspectie of the userthereis no obvious
differencebetweenrthe parallelalgorithmandthe sequentiaklgo-
rithm, theinternalexecutionof the parallelalgorithmis distinct. In
the parallelexecutionthe emptines®f thelocal taskqueuedoesnt
necessaryneanthatthe entiretreehasbeenvisitedsinceit is most
likely thatotherthreadshave stolensomenodesromthetaskqueue,
hawever this implication hasto betrue for a sequentiablgorithm.
Also the threadcant just stopthe executionwhenits task queue
is empty;otherthreadsmay be suffering from the heary workload
at this momentandthe threadshouldtry to stealsometasksfrom
othersasto achieve theloadbalance Finally thetreenodespassed
to the TaskHandler() ~ function arent necessaryo be consec-
utive in the documentbrdersincesomenodesmay be stolenfrom
other threads,whereasthe documentorderis guaranteedor the
sequentiablgorithm.

All of the above detail hasbeenhiddenby the ThreadCrew ,
andthe userare not aware of them. Basicallythe useronly need
to providetheTaskHandler() ~ functionandthe methodto glue
themultiple partialresultstogether

4.2 ResultGluing

As we have alreadymentionedthe resultof the parallelexecu-
tion is atreeof the stealingstubs,eachof which containsa partial
resultanda tail, namelya sequencef otherstealingstubs.In the
XML serializationcase the partial resultin the stealingstubis a
string buffer, representinghe serializingresult.

Sincethe thief always stealsthe node from the bottom of the
stack,the serializingresultgeneratedy the thief hasto be after
the serializingresultgeneratedy the victim in the documentor-
der, asshawvn in Fig.5a.And becaus¢heorderof thestealingstubs
in the tail is assameasthe onein which the correspondindasks

<X>..</X>

"'<root><a><x>...</x>" D <root>
<a>
- - ’ N
= 2 \\ <y>..<ly>

//,/' /// \\\ I::> </a>
T4 - T O™ <bs.</b>
<c>..</e>

</root>"

"<y>..<ly>" "</a><b>..." "</b><c>...</e>"

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

werepushednto thestack for two consecutie stealingstubsin the
tail the serializingresultcontainedn the latter hasto be afterthe
onecontainedn theformerin thedocumenbrder Hence,asllus-
tratedin the Fig.5b,thegluing procedurecansimply be Depth- rst
left-to-right traversingthe stealingstubtree and concatenatinghe
serializingresultsincrementally The nal resultwill beidentical
with theresultof the sequentiablgorithm.

Howevertheconstructinghe nal serializatiorusuallyis unnec-
essanfor mostapplicationsinceit canbeobtainedy thetraversal
wheneer needed Also for someapplicationssuchashashing,n
which an incrementalprocessings allowed, the gluing cande -
nitely beeliminated.

4.3 Region-basedrlask Partitioning

A typicallarge XML le usuallycontainsoneor morelarge ar
raysdataandits shapeendsto beshallav andregular An extreme
exampleof theXML document but notunusuain scienti ¢ appli-
cations,mayonly containa singlelargearray whoseitemsjustare
simpleprimitive typedata.

In the previous descriptionthe algorithm treatsthe individual
node as an independentask, which will either be processedy
the owneror bestolenby thethief. It, however, incursthe nontriv-
ial performanceverheadthusbeimpracticalfor thenormallarge
XML document.First, the owner needgo explicitly push/popev-
ery nodein the arrayinto its local taskqueue. Whenthe arrayis
large enough thosefrequentstackoperationswill kill the perfor
mance. The secondmpactis the stealingwill becomevery inef-

cient whenprocessinghe array structure. Most likely, the thief

spendsnostthetime onstealingaleafnode, nishing theexecution
quickly andbackto stealingagain. The worsething is the tree of
stealing-subsvill becomevery largein termof memoryfootprint.

Henceto make the parallelmodelreally practicalfor XML, we
needto increasahe granularityof the task. Oneof the solutionsis

having thetaskcoveraregionof nodesn anarray TheTaskHandler()
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Figure 6: The performance of the parallel XML Serialization
algorithm

function we have presentsdoesnt needto do much change,ex-

ceptthatthetask argumentrefersa region andwhena nodeis

expandedits childrenis divided into continuousregions, eachof

which will be pushedinto the taskqueue. The numberof the re-

gionsby onepartitionis sameasthe numberof the threadsin the
crew sothatevery threadwill have the chanceto getoneregion;

whenthenumberof childrenis lessthanthenumberof thethreads,
the simple dividing-in-half policy is adopted. To give the owner
thepriority, the rst regionis alwaysdirectly assignedo the owner
threadwithout going thoughtthe taskqueue. As a resultthe data
locality andcachereusingof the ownerthreadwill beimproved.

5. MEASUREMENT

To shav thebene t of ourstealing-basegarallelXML serializa-
tion algorithm,we performedexperimentson amulticoremachine,
which has2GB memoryandtwo Intel Xeon5150processorsach
of which hastwo coresinside. The operatingsystemis Windows
XP andtheversionof the .NET framework is 2.0.

ThetestXML le containsthe molecularinformationfrom the
ProteinDataBank[14], andits sizeis about25MB. The le is se-
lectedbecauseve believe it representshe typical structuralshape
of the large XML documentsparticularin scienti ¢ applications.
It consistof two largearrayrepresentinghemoleculedataaswell
asacoupleelementgor themoleculeattributes;theitemsof thear
ray arestructuretype ratherthansometrivial primitive datatypes.
Theschemaf the XML le islistedin the Appendix.

Thetestprogramrst parsesandbuildsthe DOM from the XML

le sequentiallythenserializethe DOM backinto the XML for-
matbut in parallel. The testis run tentimes,the measurementf
the rst timeis discardecandthe averagevalue of the restonesis
calculated.The ThreadCrew classis con gured with the Pick-
The-Richeststhevictim selectionpolicy.

Duringourinitial experimentswe noticedtheresultwasnotsta-
ble during the ten consecutie testsandwe realizedthatis mainly
dueto the .NET Garbagecollectorwhich wasinvolved morefre-
quentlyin the parallelalgorithm. The default garbagecollectorin
the .NET is a workstationversion,which collect the garbagese-
quentially The garbagecollectingis not suppressiblendduring
the collection all the runningthreadwill be suspended.To min-
imize the impact of the garbagecollector we con gured .NET
frameawork to usethe sener collector which collect the garbage
in parallelon a multicoremaching[13]. We implementeca recur
sive styleserializationprogramasthe sequentiabaselineandthen
comparedhe ThreadCrew basedparallelserializationprogram,
con guredwith oneor morethreadsagainstherecursve stylese-
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Figure 7: The speedupof the parallel XML Serialization algo-
rithm

rialization program. Figure 6 shavs the experimentresult, from
which we saw the recursve style serializationprogramis a little
bit fasterthanthe parallel serializationprogramwhen con gured
with only onethread.lt indicatesthe lock-freedatastructureincur
ignorableperformanceverheadvhenthereis not contention.

The parallel con guration speedupshe executionthe substan-
tially. We calculatethe speedupmeasuremenwhich usuallyindi-
cateshow well a parallelalgorithmscaleswith the numberof the
PEs. It is calculatedby dividing the time of the sequentiakecur
sive style programby thetime of the parallelserializatiorprogram.
Figure 7 shaws the speedupesultof our parallel XML serializa-
tion programwith oneto four threads. We can seeour parallel
algorithmscaleswell. And we canpredictthatif our algorithmis
implementedn C or C++,wherea userde ned multi-threadmem-
ory management(suchs hoard[2])is possible a betterscalability
canbeachivedastheexecutionwill notbelimited by thegarbage
collection.

6. CONCLUSION AND FUTURE WORK

In this paper we present stealing-basegarallelXML process-
ing model. In this modelthe load balanceamongthe threadsis
dynamicallycontrolledby the stealing-basethechanismAnd the
stealing-basedhechanisnintroducesonly alittle bit performance
penalty andthis is mainly contribtutedby the stealing-from-bottom
policy aswell asthelock free ABP-deque.We introducea novel
method,stealingstub, to tracethe stealingandto meige the par
allel resultinto nal sequentiatesultif needed.Finally we shaw
how the stealing-basechechanism the stealingstubwork andre-
sultgluing techniquedeappliedin the parallelXML serialization.
Ourexperimentsshav thatby the parallelismon the multicorema-
chinethe XML serializationcan have the signi cant performance
improvement. In the nearfuture, we are going to investigateon
how to apply our modelon more XML-basedtasks,suchasXPath
queryandXSLT transformation.
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APPENDIX

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

name="moleculeName"
name="moleculeRadius"

type="xs:string"
type="xs:double"

/>

<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>
<I/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>




