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Abstract

The SQAP protocol underpins\Web servicesas the stan-
dard medanismfor exchanginginformationin a distributed
environment.TheXML-basedprotocol offers advantaesin-
cluding extensibility interoperbility, and robustness. The
meiger of Web servicesand grid computingpromotesSQAP
into a standad protocol for the large-scalescienti ¢ ap-
plicationsthat computationalgrids promiseto support,fur-
ther elevatingthe protocol'simportanceandrequiring high-
performanceimplementations. Various SQAP implemen-
tations differ in their implementatiorlanguage, invocation
modeland API, and supportedperformanceoptimizations.
In this paperwe compae and contrast the performanceof
widelyusedSCQAP toolkitsanddraw conclusionsbouttheir
current performancecharacteristics. We also provide in-
sightsinto various designfeatues that can lead to opti-
mizedSQAP implementations.The SQAP implementations
includedin our studyare gSCAP 2.4, AxisC++ CVSMay 28,
Axishval.2,.NET1.1.4322and XSQAP4/XSUL1.1.!

Key Words: Grid Computing Web ServicesSCAP, Sci-
enti c Computing CommunicatiorPerformance

1 Intr oduction

In recentyears Web serviceshave beenadoptedasthe stan-
dardunderlyingarchitecturefor grid systemq8, 10]. Web
serviceshasedspeci cationsare now widely usedto repre-
sent,discorerandcommunicatevith grid servicesThesyn-
ergy betweenWeb servicesandgrid computinghasthe po-
tential to greatly simplify the design,development,andde-
ploymentof distributedapplicationsoverwide areanetworks
with heterogeneousrvironmentsanddiverseresourcechar
acteristics.

1This researchs supportedby NSF CareerAward ACI-0133838and
DOE GrantDE-FG02-02ER25526.

SQAP [12] is the mostcommonlyusedcommunication
protocolfor Web services. SOAP can supporta variety of
messag@xchangepatternsjncludingrequest-responsene
way messagesRPC, and peerto-peerinteraction. HTTP
and HTTPS are SQAP's most populartransportprotocols.
XML andHTTP have madeSQAP robust, extensible,plat-
form and languageindependentand appropriateas an un-
derlyingprotocolto achiereinteroperabilityamongdisparate
platforms.Theexpressvenessandextensibility propertiesof
SQAP malke the protocolparticularlywell-suitedfor hetero-
geneougervironmentssupportingeclecticapplicationswith
diversecharacteristicandrequirementsSQAP Webservice
endpointcandecideandcustomizenow theprotocolis used,
without makinglimiting assumptionsboutthe capabilities
andcon gurationof potentialreceversof SQAP messages.

Increasedinteroperability and expressienesscomesat
the potentialexpenseof performance Embeddingnforma-
tion in text-basedXML with descriptve tagsrequirescon-
siderableprocessindgime to generatéhe meta-dataagsand
write theminto the messageandto readandinterpretthem
atthereceving endpoint.Furthermorethe conversionof in-
memorydatato andfrom ASCII-basedstringformat, which
SQAP requires canbe anexpensve step,especiallyfor sci-
enti ¢ data.Togetherthis functionality (readingandwriting
tagsand corverting in-memorydatainto and out of ASCI|I
format)compriseserializationanddeserializatiorof SOAP
messagesyhich have beenshavn to be signi cant compo-
nentsof SOAP communicatioroverhead4].

SQAP implementationsare interestingand importantto
comparegcontrastandstudyfor threedifferentreasons:

1. Webserviceshasedyrid applicationgplacedisparatae-
quirementson their communicatiorsubstrate.The re-
guirementscan include featuressuch as high end-to-
end performance serializationor deserializationef -
cieng/, small memoryfootprints, speci ¢ securityre-
quirements,chunking and streamingcapability mini-
mal toolkit overhead scalability and supportfor opti-



mizedhandlingof scienti ¢ datastructuresDiverseap-
plicationrequirementseadto a wide rangeof different
implementatiorchoices.

2. Variousindividual featuresof SQAP requirecleverim-
plementationtechniquesto achieve improved perfor
mance. Often, the naive implementatiorleadsto con-
siderableprocessindgime. We discussseveralexamples
in Section2.

3. The numberof SOAP implementationgnd toolkits is
both large and growing. SQAP toolkits [15] exist in
languagesuchasC, C++, Java, C#, Perland Python.
Many efforts are currently underway to develop new
ones[3, 9, 16].

In this paperwe describehefeaturesof SOAP for which
interestingimplementationstrateies exist, or are required.
We provide an overview of SQAP's characteristicandim-
plementatiorissuesin Section2. Section3 thencharacter
izesthe performanceof several differentcurrentSQAP im-
plementations. We focus on SOAP's performanceon sci-
enti ¢ data,which will becomeincreasinglyimportantfor
grid applications Our resultsshowv thatcompliancewith the
multi-ref speci cation, asdoneby gSQAP, incurs a signif-
icant performancepenaltyfor large arraysof strings. For
small array sizes,XSOAP4 performsbetterthanthe .NET
framawork. For scienti ¢ data,suchasarraysof integersand
doubles,gSQAP is fasterthanthe othertoolkits we tested.
XSOAP4 outperformsAxisJava and AxisJava-Streamindor
all datatypesthatwe tested.

2 Designinga SOAP Toolkit

In this sectionwe describeSQAP featureghataffect the
performancef SOAP toolkits. Realizingthesefeaturescan
beachieredin a variety of differentways. We alsodescribe
arepresentatie setof implementatiortechniqueshatarein-
cludedin someof the SOAP implementationsve study

2.1 An Intr oductionto SOAP

SQAP is alightweightprotocolthatprovidesanextensible
XML framawork for messagexchangen a distributeden-
vironment. SQAP is nottied to any programminganguage
and can be usedover a numberof transportprotocols. In
recentyears,SOQAP hasemepgedasthe standarccommuni-
cationprotocolfor Webservices.

Thecurrentspeci cationof SQAP, versionl.2,is aW3C
recommendationA SQAP messagés formally speci edas
an XML Infoset[6], which is an abstracidescriptionof the
contentsof the SOAP message. XML 1.0, a tree-oriented
datarepresentatiolanguageis themostcommonlyusedon-
the-wirerepresentationf theinfoset. Consequentlthedata

modelfor SOAP canuseXML to encodedatatypesusedin
the message.The SQAP-Envelope,which containsnames-
paceinformation,providesavocahulary for messageontent
of the SOAP payload. The SQAP speci cation allows for
the useof ary transportprotocol. Dueto the ubiquitoususe
of HTTP on the Internet,an explicit binding of SOAP mes-
sageswith HTTP is available with the SQAP speci cation.
The SQAP speci cation de nes a corventionfor mapping
RPCcalls over the XML messagindgramework. This con-
ventionincludesmappingof methodsignaturesnto request
responsetructurespeci edin XML. SQAP encodingrules
de ne preciselyhow commonlyuseddatastructurescanbe
representedth XML. Thisallows SQAP toolkitsto automati-
cally translateSQAP callsto methodinvocationsat runtime.
Apartfrom RPC,SQAP supportariousprogrammingnod-
elsincludingrequest-responsndone-way messagingThe
XML-basedmessagesanbe packagedn oneof thefollow-
ing two ways: RPCanddocumenstyle. Thepackagingstyle
is alsoreferredto asSQAP binding. In RPCstyle,the name
of the operationto beinvokedon the service appearsn the
SQAP message.The recever candispatchthe messageo
the appropriatémplementatiorof the method.In document
style, the SOAP message&loesnot indicatewhich methodit
is intendedfor. It is expectedthatana priori agreemenix-
ists betweerthe senderandrecever on how to interpretthe
XML message.

A WSDL documentpeci esthe useof SOAP bindingto
beeitherencodedr literal. Theuseof encodedmpliesthat
the XML constructdde ned in the WSDL documentarean
abstracpeci cationof the structureof the SOAP message,
andthe SQAP encodingrulesin themessagshouldbeused
to interpretthe XML constructs.Theuseof literal indicates
thatthe XML constructsn the WSDL documenteferto the
exact XML formatof the SOAP body: In the formercasea
SQAP toolkit hasto procesgshe encodingrulesat run-time
to serializeanddeserializen accordancevith therules.The
encodedstyle hasbheenmadeoptionalin SCAP 1.2. It is
expectedthattheliteral stylewill be mostwidely usedin the
future.

2.2 TheRoleof HTTP

HTTP is the most widely usedtransportprotocol with
SQAP. HTTP 1.0requireshatthe sizeof the payload(XML
encodeddata usedin SQAP) be speci ed as part of the
Content-Lengtheld of the HTTP header SomeHTTP 1.0
senerscancalculatethe contentlengthfrom other elds in
themessagehut mostSQAP basedHTTP 1.0 senersreturn
anerrorif thecontentengthis notspeci ed. A simpleimple-
mentationof SQAP with HTTP 1.0 usesseparatduffersfor
the HTTP headerandfor the serializeddatain XML format.
Oncethe XML payloadhasbeenformed,its lengthis deter
minedandthe valueis placedin the HTTP header At this



point, the two buffers could be concatenatedo createone
large buffer, but this would invoke expensive memoryoper
ations.bSQAP [1, 2, 3] addressethis by providing the op-
tion of usinga vectoedsendcall, if available,which allows
multiple buffers to be sentvia a single systemcall. Also,
sendingthis buffer over the network incursa signi cant per
formancepenaltyif thesizeof thebufferis largeandexceeds
thesizeof thesystemcache.In earlierwork, we shovedthat
the SQAP protocolincreasesnessagsizes(ascomparedo
the correspondinginary representationpy a factorof four
toten[11]. As aresult,the memoryrequiremenfor SQAP
canhave asigni cant effecton performanceparticularlyfor
scienti ¢ datasuchaslargearrays.gSQAP avoidsexpensve
buffer copying operationdy usingatwo-iterationalgorithm;
the rst iterationtraverseshe datastructuresandcalculates
thelengthof therequiredbuffer andin the secondterationit
outputsthe HTTP headerand serializesthe SOAP message
directly over TCP/IR

Onewayto addresshe performancdimitationsof HTTP
1.0is to usetheHTTP 1.1speci cation.HTTP 1.1 provides
explicit supportfor chunked encodingof messagesywhich
enablesoverlappingthe serializationprocesswith the net-
work transmissiomf buffers[18]. HTTP 1.1alsohassupport
for persistentconnectiongHT TP keep-alive) which comple-
mentsthe useof chunkedencoding.This featureallows the
reuseof the sameT CP/IP connectiorto sendall the chunks
of asinglemessagelt alsoeliminateshe overheadf estab-
lishing a new network connectiorfor eachcall.

HTTP 1.0 requiresthe contentlengthof the entire XML
payloadto be speci ed in the headerof the messagebut
HTTP 1.1 requiresthat eachchunkbe precededy its own
size.Thesizeof thechunkis typically acon gurableparam-
eterthatdepend®nthesizeof system-cachandTCPpaclet
size. If the size of the chunkis too small, thenmary sys-
tem calls arerequiredto sendthe chunksover the network.
Whenthe sizeis too big, the delayto Il the chunkbuffer
increasesand the effectivenessof overlappingcommunica-
tion andcommunicatiordiminishes. Sincesystemcalls are
expensve, the SOAP payloadshouldnot be dividedinto too
mary smallsizedchunks.However, if alarge buffer is used
for eachchunk,thenit mayresultin cachemisses.So,there
is tradeof betweenbene ts of ensuringcache-hitsandthe
costof invoking mary systencalls.

2.3 Parsing XML

SAX and DOM: Thetwo mostpopularwaysof parsing
XML are DOM and SAX. DOM is a tree structuredAPI,
andis implementedby building an objectrepresentatiomf
the XML documentin memory The DOM modelis ide-
ally suitedfor caseswhenthe XML documentneedsto be
traversedand modi ed. In contrast,SAX (Simple API for
XML) basedXML parsersusethe callbackmodelto send

out eventsasthe parserencountersariouselementsof the
document.For large documentsthatdo not t in memory
the SAX modelis moreefcient. Also, the SAX modelis
suitedfor applicationghatareinterestedonly in afew spe-
ci ¢ elementof thedocument.

Pull Parsing: Thepull parsingtechniquds optimizedfor
caseswhenthe XML elementsneedto be accessedh suc-
cessionandelementghat have beenparsedbefore,do not
needto bevisitedagain.SQAP toolkits thatusea pull-model
basedparsercanef ciently splitan XML streaminto small
sizedchunks.Thepull parsercanbuild apartial XML Infoset
treein memoryin anincrementamannerallowing applica-
tions to startprocessinghe XML contenteven beforethe
entiredocumenhasbeenparsed An implementatiorof this
techniquecanbefoundin the XML Pull Parser(XPP3)[13].

Buffering: Look-asidebuffering schemeganbe usedto
optimize the parsingand storageof frequentlyencountered
XML constructsgSQAP usedook-asidebuffersto speedip
XML parsingby reusingthe memoryallocatedfor storing
attribute name/alue pairs. This improvesthe performance
of parsingthexsi:type  attributewhich maybepresenin
every XML elementof the SQAP payload.Similarly, XPP3
cachegarsedstringsandavoids stringsallocationsfor pro-
cessingXML input with valuesthatrepeatfrequently such
asin thecaseof arrays.

NamespacesXML namespac@andlingis animportant
issue. XML Namespacesllow tagswith identical names
to bedistinguishedy placingthemin separatmamespaces.
Each namespacés associatedvith a de ning namespace
name(URI). In the XML payloadtagnamesarequali ed in
XML throughthe useof apre x. Thepre x is boundto the
URI by declaringthe namespacéinding with a specialat-
tributexmins . Parsingnamespacifo requiresmaintaining
anamespacstackto storenamespacpre x/URI pairs.The
numberof de ning xminsnamespacéindingsin an XML
messagés typically muchsmallerthanthenumberof usesof
this namespacere x. Thereforeto optimizethe expensie
maintenancef a stack,gSQAP parsesand processegach
xmlins attributewith onetablelookupto nd thenamespace
pre x thatgSQAP internally usesfor quali ed tags. These
internalpre x esarepre-determinedrom the XML schemas
of the SOAP messagesThenamespacstacksimply records
thetranslatedore x to enableef cient matchingof quali ed
tagswithout having to storeandcomparenamespac®RlIs.

Multi-r ef:  Parsing multi-ref elementsis required by
SQAP. To efciently representdata structures, such as
cyclic graphs,SQAP encodingrulesallow the useof multi-
referenceaccessorswith id-ref attributes. The SQAP 1.1
encodingrules placeall multi-ref accessorsat the endof a
messageThis meanghatall referencesn an XML message
areforward pointing An ef cient streamingSQAP proces-
sor mustwait until the multi-ref elementsare parsedat the
endof amessageo deserializedatastructuresxhibiting co-



referencedbjects. Note thata SOQAP processobasedon a
DOM canmake multiple passesvertheDOM to resolethe
pointers. However, a DOM introducessigni cant overhead
to storeand processSQAP messagesA naive implemen-
tation of the multi-ref featurecanhurt the scalability of the
serializationprocess.

2.4 Generating XML

Serialization: Serialization(and deserialization)f sci-
enti ¢ datavia SOAP canaccountor 90%of theend-to-end
time [4]. bSQAP [1, 2, 3] addressethis performancebot-
tleneckby saving a templateof an outgoingmessageand
in subsequentalls serializesonly thosevaluesthat have
changedsincethe previous send. This optimization,called
differential serialization resultsin signi cant performance
improvementsfor clients that repeatedlysend similar re-
guestgo the sameWeb service.

To producerelatively simpleSQAP messagesmplemen-
tationsmayusetheLibc printf  family of functionsto gen-
erateXML outputusing a template-basedpproach.How-
ever, this family of functionscanbe computationallyexpen-
siveto generatéarge XML documentsandtheoverheactan
be higherthan the cost of producingXML outputfrom a
DOM, dueto internalbuffering[19].

Namespaceandtags Namespace-quali edlementnd
attributetagscanbeemittedwithoutnamespactablelookup
when the namespaceore x es associatedvith namespace
names(URIs) can be determinedin advance. This strat-
egy is usedby gSQAP [20]. gSQAP serializationcodein-
cludes x edquali ed XML elementagandattribute names
to speedup XML generation. XSOAP4, on the otherhand,
usesXPP3's specializedXML writer/serializerclassto gen-
eratevalid XML by maintaininglist of currentnamespace
pre xesandURISs.

Memory Footprint : Memoryfootprintcanbeadeciding
factorfor thedeploymentof Webserviceapplicationoonem-
beddeddevicesandon high-demandseners. A large mem-
ory footprint impactsthe performanceof a multi-threaded
sener thathasto sene mary concurrentcalls. In addition,
ary increasen dynamicmemoryusagecannegatively affect
the effectivenes®f datacache While Java's garbagecollec-
tion alleviatesmemoryallocationfrom aprogrammeis point
of view, it canalsobe an adwersaryto performance-critical
applications.

gSQAP employs various techniquesto reducememory
footprint[18], includingthe useof aschema-speci @arsing
techniqueso reducememoryrequirements$or parsingXML
usingone pre-allocatedbuffer for 1/0, look-asidebuffersto
storeXML content,andHTTP compressiono reducemes-
sagesize. For example,a GoogleAPI client call canbeim-
plementedwith only 2.4K of dynamicallyallocatedmem-
ory [18].

2.5 PerformanceTradeoffs

Performance versus portability : portability require-
mentsoften con ict with performancerequirements.Cer
tain machinefeaturesand platform-dependenitbrary func-
tions cannotbe usedto increasethe overall performanceof
portablesoftware. For C/C++toolkits, theuseof sprintf
writev , andevenstrtod is not portableto a small Op-
erating Systemssuchas Palm OS or WinCE. ThoughJava
codeis portable Jow-level socketprogrammingn Javato de-
velop ef cient Java SOAP toolkits may take a performance
hit. Thereforeit is importantto designSQAP toolkits with
pluggablenetwork transportmodules.

Performance versusinteroperability : the SQAP proto-
col hasmary nuanceswith respecto serializationformats,
especiallywith respecto the encodingstyle. The samedata
contentcanhave slightly differentXML representationsiue
to useof multi-ref accessorgjil elementspositionattributes
in sparseSQAP encodedarrays,xsiitype  attributes,and
minor differencesn XSD typesof different XML Schema
speci cations.

Performance versusdynamic invocation: SQAP toolk-
its with a dynamicinvocationinterface(DIl), suchasthose
that use Java's dynamicproxy feature[14], are inherently
slower comparedto SQAP toolkits that statically generate
code. However, the DIl approachallows clients to adapt
more easilywith changesn the servicede nitions, suchas
whenserviceendpointsandoperationsarechanged.

2.6 CompressingSOAP Payloads

HTTP compression Real-timecompressiorseemdike
a good candidateto reducebandwidth requirements,be-
causeHTTP gzip compressiorcan reducethe SOAP mes-
sagelengthto a size thatis comparableo the size of the
compressedorm of the original binary data[17]. How-
ever, our performancetudy[17] indicateghatreal-timegzip
compressionis computationallyexpensve and exceedsthe
combinedcostof XML serializationanddatatransportover
LANs. Therefore,compressiorof SQAP messagess only
usefulwhenthe network bandwidthis very limited. How-
ever, evenlow-bandwidthnetworks suchasthoseincluding
modempoolsdonotyield signi cant performanceainswith
compressedTTP transfersbecauser.90 modemsalready
applycompression.

XML compression Compresse®XML formatscanyield
a performanceagain if the overheadof the compressioral-
gorithm is relatively low comparedto XML serialization.
XML compressioriools, suchas XMill [22], usemethods
that exceedthe compressiomate of gzip on XML. The use
of XMill' s compressiommethodsfor real-timecompression
may improve the performanceof SOAP. More effortsin the



XML communityareunderway to addressXML compres-
sionstandardizatiofi21].

2.7 SOAP Attachments: DIME and MIME

SQAP DIME attachmentprovide an ef cient meansto
exchangeraw binary data. While binary datatransfersare
often bestutilized for platform-independenstreamingme-
dia types,suchasimagesandsound,binary numericaldata
exchangeis platform dependentlue to the differencesbe-
tweenbig- andlittle-endianarchitecturesandinternal oat-
ing point representations.DIME attachmentsan also be
streamed17], which meansthat the contentof DIME at-
tachmentsloesnotrequirepersistenstorage . Thisapproach
enablegatatransfergatesthat exceedJava RMI andlIOP.
SQAP MIME attachmentgannotbe streamedand require
a signi cant amountof pre-processingo determineMIME
boundariesitboththe sendinganreceving sides.Therefore,
MIME attachmentsre lesssuitedfor performance-critical
datatransfers.

2.8 Support for Scienti ¢ Data

The SQAP speci cationitself doesnothave inherentsup-
port for scienti ¢ data. Our earlier study shoved that the
standardand interoperablewvay of translatingnumericdata
into decimaltext formatscan accountfor upto 90% of the
end-to-endtime for scienti c data[4]. This overheadof
XML encodingcanbeaddresseby exploiting XML schema
extensibility to de ne optimized XML datarepresentations
for numericaldata[17], e.g.base64&ncodedEEE754,0r by
usingattachmentsHowever, attachmentgplacethescienti ¢
dataoutsidethe XML framework of SQAP requiringanother
dataformat descriptionto dealwith it. In earlierwork, we
presentedometechniqueso improve performancef SOAP
toolkits for scienti ¢ data, including differential serializa-
tionbSQAP [1, 2, 3], useof tries [4], and schemaspeci ¢
parsing[5, 19].

2.9 ConcurrencyControl

Multi-thr eading SQAP Web service applicationsare
usuallyconcurrentsenersthat arebasedon Apaches httpd
or l1S. SomeSQAP toolkitsincludestand-alon&Vebservice
capabilitiesfor supportingthe software asa service(SaaS)
paradigm[7]. Whena serviceis deployed asa stand-alone
application optimizedthreadingstratgiescanbeemployed,
suchasthreadpooling andtaskfarmingto improve perfor
mance.Threadpoolingavoidsthe overheadf spavningand
joining threadgor every SQAP requesby reusingthethread
afterit hascompleteda previousrequest.

Scheduling Senersthat mustoperateunderhigh loads
canusetaskschedulingoolicies,suchas,improving perfor
manceby rst servingrequestsvith asmallerload. Theload
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Figure 1. End-to-Endperformancdor arraysof dou-
bles.AxisJavais slowerthanAxisJava-Streamindpy a
factorof 1.2to 1.4. XSOAP4 is fasterthan AxisJava-
Streamingoy afactorof 9to 13. gSQAP is fasterthan
XSOAP4 by afactorof 1.24to0 1.76.

canbe determinedrom the HTTP contentlengthof there-
questwhenthereis a strongcorrelationbetweenthe SQAP
messagsizeandthe compleity of thereques{HTTP head-
ersincludemessageontentength).Or it canbedetermined
from thetypeof operationrequested.

3 Performance

We conducted experiments to study the performance
of the following toolkits: gSQAP 2.4 [17, 18, 20Q],
XSOAP4/XSUL [11, 13, 14], AxisJava 1.2 (with andwith-
out streamingenabled)[16], AxisC++ 1.1.1[16] and.NET
1.1.4322.The .NET framework wasrun on a Dell Dimen-
sion 4500with Intel Pentium4 2.26GHzprocessarlGB of
DDR SDRAM and 80GB Ultra ATA/100 hard drive. The
othertoolkits wererun on dual processo.0 GHz Pentium
4 Xeonmachinesvith 1 GB DDR SDRAM anda 15K RPM
18GB Ultra-160 SCSl drive running DebianLinux version
2.4.24. The machinesvere connectedy a gigabitethernet
switch. gSQAP andAxisC++werecompiledwith gcc2.95.4
with optimization ag “-02.” AxisJava and XSOAP4 were
compiledwith Java1.4.204.

Experiments

We measuredhe performanceof SQAP toolkits for var
ious workloads commonly used in scienti ¢ computing,
suchasvarying arraysizesof doubles,integersandstrings.
Figure 1 comparegshe performanceor arraysof doubles.
AxisJava-Streaming(labeled AxisJava-Str) usespersistent
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Figure 2. End-to-Endperformancefor int arrays.
AxisJava-Streamings fasterthan AxisJava by a fac-
tor of 1.06to 1.33. The differencebetweengSQAP
andXSOAP4increasesvith increasen thesizeof the
array
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Figure 3. Performancéor deserializatiorof XSOAP4
andgSQAP for doublearrays.For arraysizescloseto
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for largerarrays.
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connectionsalongwith chunkingandstreamingto enhance
performanceandasaresultis fasterthanAxisJavaby afac-

tor of 1.2to 1.4. However, XSOAP4, which is alsoa Java

basedtoolkit, is fasterthan AxisJaza-Streamindy a factor

of 9to 13. gSQAP, whichis a C/C++basedoolkit, is faster
thanXSOAP4 by afactorof 1.2to 1.76.

| Toolkit | gSQAP | XSOAP4 | AxisC++ | .NET | AxisJara
| Lateny | 0.0013] 0.0016] 0.0027] 0.0034| 0.0101

Table 1. Time in secondsfor the void echo\bid()
method. The performanceshaws the lateng imposed
by eachtoolkit for a SQAP call.

Table 1 shows the overheadimposedby eachtoolkit to
sendandreceive a SOAP call thatdoesnot passary parame-
ters(referredto aslateng in thetable). For applicationghat
thatuseSQAP to sendsmallamountof data,suchasevents
anderrorreportinglateng is animportantfactorin deciding
which toolkit to use.

In Table2, we comparehe performancef AxisC++with
gSAP, anotherC/C++basedoolkit. We hadstability prob-
lemswith AxisC++which preventedusfrom completingthe
testsfor arraysof morethan1000elements.Table2 shavs
thatfor end-to-enderformancdlabelledasechoDoublesn
the table) gSQAP is fasterthan AxisC++ by 44% to 51%.
For deserializationgSQAP performsfasterby 48%to 59%.

Figure2 compareshe end-to-encperformancdor arrays
of integers. AxisJava-Streamings fasterthan AxisJava by
afactorof 1.06to 1.33. gSQAP is fasterthan XSOAP4 by
afactorof 1.1to 1.8. XSOAP4's performancealecreaseas
comparedo gSQAP, with increasen the array size. This
trendcanbe obsenedevenin Figure3, which compareghe
deserializatiorperformanceof gSQAP and XSOAP4. For
smallarraysizes(closeto 10),gSQAP is fasterby 3%, while
for array sizescloseto 75,000,gSQAP is fasterby 32%.
XSOAP4 usesa pull-basedparser(XPP) that is optimized
for parsingsmall sizeddatawhosestructureis known in ad-
vance. Currently XSOAP4 doesnot supportstreamingand
insteadloads datainto memory creatinga DOM like tree
for corversionbetweerASCII andbinaryformatof the data

Toolkit array-size 10 100 1000

echoDoubles|| 0.0031| 0.0057| 0.0366
AxisC++ | deserDoubleg| 0.0028 | 0.0047 | 0.0215
echoDoubles|| 0.0015| 0.0029| 0.0204
gSQAP | deserDoubleg| 0.0013| 0.0019| 0.0111

Table 2. Thetableshavs performancén secondgor
AxisC++andgSQAP, for arraysizes10,100and1000.
The two featurestestedwere end-to-endoerformance
for doublearraysanddeserializatiorof doublearrays.



Toolkit array-size 100 10000 | 50000
echoStrings || 0.0052 | 0.1904 | 1.0836

.NET recevelnts || 0.0046 | 0.1085| 0.5467
echoStrings || 0.0045 | 0.2738| 1.3549

XSOAP4 | recevelnts || 0.0032| 0.1207 | 0.6061

Table 3. The table shawvs performancein seconds
for two Java basedSQAP implementations:NET and
XSOAP4. For arraysizeslessthan100,XSOAP4 per
formsbetterthan.NET.
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Figure 4. Serialization performancefor array of
base6Z&ncodediata. XSOAP4 is fasterthanAxisJava
by afactorof 1.6to 6. For large arraysizes,gSQAP
performsbetterthanXSOAP4 by upto 38%.

types. For large arraysizes,this designhasa signi cant ef-
fectontheperformance.

In Table 3, we comparethe performanceof two SQAP
implementationenWindows platform: .NET andXSOAP4.
For large arraysizes,.NET performsbetter while for array
sizeslessthan100,XSOAP4 performsslightly better

One way to addressperformancelimitations of SOAP
is to serializebinary datausing Base64encoding. Serial-
ization routinesfor base64encodeddataneedto keepone
large stringin memoryandwrite it to the soclet layer. Fig-
ure4 shows performancdor serializationof base64ncoded
data. AxisJava is slower than XSOAP by a factorof 6 for
small array sizes,but for vary large array sizesthe differ-
encels afactorof 1.6. For smallarraysizes gSQAP is faster
thanXSOAP4 by 3%. However, asthe arraysizeincreases,
gSQAP's performances betterby upto38%.

In Figure5, we comparethe performancef serialization
of stringarrays.For arraysizesgreaterthan50,000 the per

Comparing Serialization Performance for Array of Strings

AxisJava

a5t —— AxisJava Str B
—— gSOAP
4r —— XSOAP4 J

Time in Seconds
N
&

L —

I I I I I I
5 6 7 8

2 3 4
Number of Elements in the Array x 10"

Figure 5. SerializationPerformancdor stringarrays.
gSAP checksfor co-referencedbjects,to enforce
multi-ref rulesof SOAP, andsoits performancelrops
for largearraysizes.

formanceof gSQAP degradesdue to the the multi-ref en-
codingalgorithm. gSQAP's string serializerchecksfor co-
referencedstringsusing a hashtable for every string to be
serialized Eventhoughthe hashtableis fast,it doesnotnec-
essarilyrequireconstantime per check. Dependingon the
stringalignmentgor thememoryallocatedusingmalloc(), it

canaffecttheresultsdueto the hashtable's over ow chains.
This is anexampleof aninteroperability/performanceade-
off choice. gSQAP guaranteeshatthe logical coherencef

graphstructuress preseredduringserialization.Thisobser

vationis consistentwith the scalability of gSQAP for end-
to-end performanceof doublesand integers,which do not
requiremulti-ref serialization.

4 Summary and Future Work

In this paperwe provided insightsinto variousfeatures
of SQAP that affect its performance. We studiedthe per
formanceof somerepresentatie SOAP toolkits for scienti ¢
datastructuresTheseesultswill aidin thedesignanddevel-
opmentof new SQAP toolkits, andguide usersin choosing
the appropriatetoolkit for their currentapplicationrequire-
ments.

We did not testand comparememoryfootprints of dif-
ferenttoolkits. Memory footprint canbe a decidingfactor
for the deploymentof Web serviceapplicationson embed-
deddevicesandon high-demandseners. A large memory
footprintimpactsthe performancef a multi-threadedsener
thathasto senemary concurrentalls. In thenearfuture,we
planto studytheeffectof memoryfootprinton performance.



We alsoplanto testthe performanceof SQAP for emepging
securitystandards.

We are currentlyworking on the designof a benchmark

suiteto testandassestheperformancandscalabilityof dif-
ferentSQAP toolkits. The benchmarlsuiteconsistof a set

of workloadsthataredesignedo exercisefeaturesdiscussed
in Section2. We planto makethebenchmarksndassociated

driverspublicly availableto the SOAP community
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