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Abstract

TheSOAP protocol underpinsWeb servicesas the stan-
dard mechanismfor exchanginginformationin a distributed
environment.TheXML-basedprotocoloffersadvantagesin-
cluding extensibility, interoperability, and robustness.The
merger of Webservicesandgrid computingpromotesSOAP
into a standard protocol for the large-scalescienti�c ap-
plicationsthat computationalgrids promiseto support,fur-
therelevatingtheprotocol's importanceandrequiringhigh-
performanceimplementations. Various SOAP implemen-
tations differ in their implementationlanguage, invocation
modeland API, and supportedperformanceoptimizations.
In this paperwe compare and contrast the performanceof
widelyusedSOAPtoolkitsanddrawconclusionsabouttheir
current performancecharacteristics. We also provide in-
sights into various designfeatures that can lead to opti-
mizedSOAP implementations.The SOAP implementations
includedin our studyaregSOAP2.4,AxisC++ CVSMay28,
AxisJava1.2,.NET1.1.4322andXSOAP4/XSUL1.1. 1

Key Words: Grid Computing, Web Services,SOAP, Sci-
enti�c Computing, CommunicationPerformance

1 Intr oduction

In recentyears,Webserviceshavebeenadoptedasthestan-
dardunderlyingarchitecturefor grid systems[8, 10]. Web
servicesbasedspeci�cationsarenow widely usedto repre-
sent,discoverandcommunicatewith grid services.Thesyn-
ergy betweenWeb servicesandgrid computinghasthepo-
tential to greatlysimplify the design,development,andde-
ploymentof distributedapplicationsoverwideareanetworks
with heterogeneousenvironmentsanddiverseresourcechar-
acteristics.

1This researchis supportedby NSF CareerAward ACI-0133838and
DOEGrantDE-FG02-02ER25526.

SOAP [12] is the most commonlyusedcommunication
protocol for Web services. SOAP cansupporta variety of
messageexchangepatterns,includingrequest-response,one
way messages,RPC, and peer-to-peerinteraction. HTTP
and HTTPS are SOAP's most popular transportprotocols.
XML andHTTP have madeSOAP robust,extensible,plat-
form and languageindependent,andappropriateas an un-
derlyingprotocolto achieveinteroperabilityamongdisparate
platforms.Theexpressivenessandextensibilitypropertiesof
SOAP make theprotocolparticularlywell-suitedfor hetero-
geneousenvironmentssupportingeclecticapplicationswith
diversecharacteristicsandrequirements.SOAP Webservice
endpointscandecideandcustomizehow theprotocolis used,
without makinglimiting assumptionsaboutthe capabilities
andcon�gurationof potentialreceiversof SOAP messages.

Increasedinteroperabilityand expressivenesscomesat
thepotentialexpenseof performance.Embeddinginforma-
tion in text-basedXML with descriptive tagsrequirescon-
siderableprocessingtime to generatethemeta-datatagsand
write theminto themessage,andto readandinterpretthem
at thereceiving endpoint.Furthermore,theconversionof in-
memorydatato andfrom ASCII-basedstringformat,which
SOAP requires,canbeanexpensive step,especiallyfor sci-
enti�c data.Together, this functionality(readingandwriting
tagsandconverting in-memorydatainto andout of ASCII
format)comprisesserializationanddeserializationof SOAP
messages,which have beenshown to besigni�cant compo-
nentsof SOAP communicationoverhead[4].

SOAP implementationsare interestingand importantto
compare,contrast,andstudyfor threedifferentreasons:

1. Webservicesbasedgrid applicationsplacedisparatere-
quirementson their communicationsubstrate.The re-
quirementscan include featuressuchas high end-to-
end performance,serializationor deserializationef�-
ciency, small memoryfootprints, speci�c securityre-
quirements,chunkingand streamingcapability, mini-
mal toolkit overhead,scalability, andsupportfor opti-
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mizedhandlingof scienti�c datastructures.Diverseap-
plicationrequirementsleadto a wide rangeof different
implementationchoices.

2. Variousindividual featuresof SOAP requireclever im-
plementationtechniquesto achieve improved perfor-
mance.Often, the naive implementationleadsto con-
siderableprocessingtime. Wediscussseveralexamples
in Section2.

3. The numberof SOAP implementationsand toolkits is
both large and growing. SOAP toolkits [15] exist in
languagessuchasC, C++, Java, C#, Perl andPython.
Many efforts are currently underway to develop new
ones[3, 9, 16].

In thispaper, wedescribethefeaturesof SOAP for which
interestingimplementationstrategiesexist, or arerequired.
We provide an overview of SOAP's characteristicsandim-
plementationissuesin Section2. Section3 thencharacter-
izesthe performanceof several differentcurrentSOAP im-
plementations.We focus on SOAP's performanceon sci-
enti�c data,which will becomeincreasinglyimportantfor
grid applications.Our resultsshow thatcompliancewith the
multi-ref speci�cation, asdoneby gSOAP, incursa signif-
icant performancepenalty for large arraysof strings. For
small array sizes,XSOAP4 performsbetterthan the .NET
framework. For scienti�c data,suchasarraysof integersand
doubles,gSOAP is fasterthan the other toolkits we tested.
XSOAP4outperformsAxisJavaandAxisJava-Streamingfor
all datatypesthatwe tested.

2 Designinga SOAP Toolkit

In this sectionwe describeSOAP featuresthataffect the
performanceof SOAP toolkits. Realizingthesefeaturescan
beachievedin a varietyof differentways. We alsodescribe
arepresentativesetof implementationtechniquesthatarein-
cludedin someof theSOAP implementationswe study.

2.1 An Intr oduction to SOAP

SOAPis alightweightprotocolthatprovidesanextensible
XML framework for messageexchangein a distributeden-
vironment. SOAP is not tied to any programminglanguage
and can be usedover a numberof transportprotocols. In
recentyears,SOAP hasemergedasthestandardcommuni-
cationprotocolfor Webservices.

Thecurrentspeci�cationof SOAP, version1.2, is a W3C
recommendation.A SOAP messageis formally speci�ed as
an XML Infoset[6], which is an abstractdescriptionof the
contentsof the SOAP message.XML 1.0, a tree-oriented
datarepresentationlanguage,is themostcommonlyusedon-
the-wirerepresentationof theinfoset.Consequently, thedata

modelfor SOAP canuseXML to encodedatatypesusedin
the message.The SOAP-Envelope,which containsnames-
paceinformation,providesavocabularyfor messagecontent
of the SOAP payload. The SOAP speci�cation allows for
theuseof any transportprotocol. Dueto theubiquitoususe
of HTTP on the Internet,anexplicit bindingof SOAP mes-
sageswith HTTP is availablewith the SOAP speci�cation.
The SOAP speci�cation de�nes a convention for mapping
RPCcalls over the XML messagingframework. This con-
ventionincludesmappingof methodsignaturesinto request
responsestructuresspeci�ed in XML. SOAP encodingrules
de�ne preciselyhow commonlyuseddatastructurescanbe
representedin XML. ThisallowsSOAP toolkits to automati-
cally translateSOAP callsto methodinvocationsat runtime.
Apartfrom RPC,SOAP supportsvariousprogrammingmod-
elsincludingrequest-responseandone-waymessaging.The
XML-basedmessagescanbepackagedin oneof thefollow-
ing two ways:RPCanddocumentstyle.Thepackagingstyle
is alsoreferredto asSOAP binding. In RPCstyle,thename
of theoperation,to beinvokedon theservice,appearsin the
SOAP message.The receiver candispatchthe messageto
theappropriateimplementationof themethod.In document
style, theSOAP messagedoesnot indicatewhich methodit
is intendedfor. It is expectedthatana priori agreementex-
istsbetweenthesenderandreceiver on how to interpretthe
XML message.

A WSDL documentspeci�estheuseof SOAP bindingto
beeitherencodedor literal. Theuseof encodedimpliesthat
theXML constructsde�ned in theWSDL documentarean
abstractspeci�cationof thestructureof theSOAP message,
andtheSOAP encodingrulesin themessageshouldbeused
to interprettheXML constructs.Theuseof literal indicates
thattheXML constructsin theWSDL documentreferto the
exactXML formatof theSOAP body. In theformercase,a
SOAP toolkit hasto processthe encodingrulesat run-time
to serializeanddeserializein accordancewith therules.The
encodedstyle hasbeenmadeoptional in SOAP 1.2. It is
expectedthattheliteral stylewill bemostwidely usedin the
future.

2.2 The Roleof HTTP

HTTP is the most widely usedtransportprotocol with
SOAP. HTTP1.0requiresthatthesizeof thepayload(XML
encodeddata used in SOAP) be speci�ed as part of the
Content-Length�eld of theHTTP header. SomeHTTP 1.0
serverscancalculatethecontentlengthfrom other�elds in
themessage,but mostSOAP basedHTTP 1.0serversreturn
anerrorif thecontentlengthisnotspeci�ed.A simpleimple-
mentationof SOAP with HTTP 1.0usesseparatebuffersfor
theHTTPheaderandfor theserializeddatain XML format.
OncetheXML payloadhasbeenformed,its lengthis deter-
minedandthe valueis placedin the HTTP header. At this
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point, the two buffers could be concatenatedto createone
largebuffer, but this would invoke expensive memoryoper-
ations.bSOAP [1, 2, 3] addressesthis by providing theop-
tion of usinga vectoredsendcall, if available,which allows
multiple buffers to be sentvia a single systemcall. Also,
sendingthis buffer over thenetwork incursa signi�cant per-
formancepenaltyif thesizeof thebuffer is largeandexceeds
thesizeof thesystemcache.In earlierwork, weshowedthat
theSOAP protocolincreasesmessagesizes(ascomparedto
thecorrespondingbinary representation)by a factorof four
to ten [11]. As a result,thememoryrequirementfor SOAP
canhaveasigni�cant effectonperformance,particularlyfor
scienti�c datasuchaslargearrays.gSOAP avoidsexpensive
buffercopyingoperationsby usingatwo-iterationalgorithm;
the �rst iterationtraversesthedatastructuresandcalculates
thelengthof therequiredbuffer andin theseconditerationit
outputsthe HTTP headerandserializesthe SOAP message
directlyoverTCP/IP.

Oneway to addresstheperformancelimitationsof HTTP
1.0 is to usetheHTTP 1.1speci�cation.HTTP 1.1provides
explicit supportfor chunked encodingof messages,which
enablesoverlappingthe serializationprocesswith the net-
work transmissionof buffers[18]. HTTP1.1alsohassupport
for persistentconnections(HTTPkeep-alive)whichcomple-
mentstheuseof chunkedencoding.This featureallows the
reuseof thesameTCP/IPconnectionto sendall thechunks
of asinglemessage.It alsoeliminatestheoverheadof estab-
lishinga new network connectionfor eachcall.

HTTP 1.0 requiresthecontentlengthof theentireXML
payloadto be speci�ed in the headerof the message,but
HTTP 1.1 requiresthat eachchunkbe precededby its own
size.Thesizeof thechunkis typically acon�gurableparam-
eterthatdependsonthesizeof system-cacheandTCPpacket
size. If the sizeof the chunk is too small, thenmany sys-
temcalls arerequiredto sendthechunksover the network.
Whenthe size is too big, the delayto �ll the chunkbuffer
increasesandthe effectivenessof overlappingcommunica-
tion andcommunicationdiminishes.Sincesystemcallsare
expensive,theSOAP payloadshouldnot bedividedinto too
many smallsizedchunks.However, if a largebuffer is used
for eachchunk,thenit mayresultin cachemisses.So,there
is tradeoff betweenbene�ts of ensuringcache-hitsand the
costof invokingmany systemcalls.

2.3 Parsing XML

SAX and DOM: The two mostpopularwaysof parsing
XML are DOM and SAX. DOM is a tree structuredAPI,
andis implementedby building an objectrepresentationof
the XML documentin memory. The DOM model is ide-
ally suitedfor caseswhenthe XML documentneedsto be
traversedandmodi�ed. In contrast,SAX (SimpleAPI for
XML) basedXML parsers,usethe callbackmodel to send

out eventsasthe parserencountersvariouselementsof the
document.For large documents,that do not �t in memory,
the SAX model is moreef�cient. Also, the SAX model is
suitedfor applicationsthatareinterestedonly in a few spe-
ci�c elementsof thedocument.

Pull Parsing: Thepull parsingtechniqueis optimizedfor
caseswhenthe XML elementsneedto be accessedin suc-
cession,andelementsthat have beenparsedbefore,do not
needto bevisitedagain.SOAP toolkitsthatuseapull-model
basedparsercanef�ciently split an XML streaminto small
sizedchunks.Thepull parsercanbuild apartialXML Infoset
treein memoryin anincrementalmanner, allowing applica-
tions to start processingthe XML contenteven beforethe
entiredocumenthasbeenparsed.An implementationof this
techniquecanbefoundin theXML Pull Parser(XPP3)[13].

Buffering: Look-asidebuffering schemescanbeusedto
optimizethe parsingandstorageof frequentlyencountered
XML constructs.gSOAP useslook-asidebuffersto speedup
XML parsingby reusingthe memoryallocatedfor storing
attribute name/valuepairs. This improvesthe performance
of parsingthexsi:type attributewhichmaybepresentin
every XML elementof theSOAP payload.Similarly, XPP3
cachesparsedstringsandavoidsstringsallocationsfor pro-
cessingXML input with valuesthat repeatfrequently, such
asin thecaseof arrays.

Namespaces:XML namespacehandlingis an important
issue. XML Namespacesallow tagswith identical names
to bedistinguishedby placingthemin separatenamespaces.
Each namespaceis associatedwith a de�ning namespace
name(URI). In theXML payload,tagnamesarequali�ed in
XML throughtheuseof a pre�x. Thepre�x is boundto the
URI by declaringthe namespacebinding with a specialat-
tributexmlns . Parsingnamespaceinfo requiresmaintaining
a namespacestackto storenamespacepre�x/URI pairs.The
numberof de�ning xmlnsnamespacebindingsin an XML
messageis typically muchsmallerthanthenumberof usesof
this namespacepre�x. Therefore,to optimizetheexpensive
maintenanceof a stack,gSOAP parsesandprocesseseach
xmlns attributewith onetablelookupto �nd thenamespace
pre�x that gSOAP internally usesfor quali�ed tags. These
internalpre�xesarepre-determinedfrom theXML schemas
of theSOAP messages.Thenamespacestacksimplyrecords
thetranslatedpre�x to enableef�cient matchingof quali�ed
tagswithouthaving to storeandcomparenamespaceURIs.

Multi-r ef: Parsing multi-ref elementsis required by
SOAP. To ef�ciently representdata structures, such as
cyclic graphs,SOAP encodingrulesallow theuseof multi-
referenceaccessors,with id-ref attributes. The SOAP 1.1
encodingrulesplaceall multi-ref accessorsat the endof a
message.Thismeansthatall referencesin anXML message
areforward pointing. An ef�cient streamingSOAP proces-
sor mustwait until the multi-ref elementsareparsedat the
endof amessageto deserializedatastructuresexhibiting co-
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referencedobjects.Note thata SOAP processorbasedon a
DOM canmakemultiplepassesovertheDOM to resolvethe
pointers. However, a DOM introducessigni�cant overhead
to storeand processSOAP messages.A naive implemen-
tation of themulti-ref featurecanhurt thescalabilityof the
serializationprocess.

2.4 GeneratingXML

Serialization: Serialization(and deserialization)of sci-
enti�c datavia SOAP canaccountfor 90%of theend-to-end
time [4]. bSOAP [1, 2, 3] addressesthis performancebot-
tleneckby saving a templateof an outgoingmessage,and
in subsequentcalls serializesonly thosevaluesthat have
changedsincethe previous send. This optimization,called
differential serialization, resultsin signi�cant performance
improvementsfor clients that repeatedlysend similar re-
queststo thesameWebservice.

To producerelatively simpleSOAP messages,implemen-
tationsmayusetheLibc printf family of functionsto gen-
erateXML outputusinga template-basedapproach.How-
ever, this family of functionscanbecomputationallyexpen-
siveto generatelargeXML documents,andtheoverheadcan
be higher than the cost of producingXML output from a
DOM, dueto internalbuffering [19].

Namespacesand tags: Namespace-quali�edelementand
attributetagscanbeemittedwithoutnamespacetablelookup
when the namespacepre�xes associatedwith namespace
names(URIs) can be determinedin advance. This strat-
egy is usedby gSOAP [20]. gSOAP serializationcodein-
cludes�x edquali�ed XML elementtagandattributenames
to speedup XML generation.XSOAP4, on theotherhand,
usesXPP3's specializedXML writer/serializerclassto gen-
eratevalid XML by maintaininglist of currentnamespace
pre�xesandURIs.

Memory Footprint : Memoryfootprint canbeadeciding
factorfor thedeploymentof Webserviceapplicationsonem-
beddeddevicesandon high-demandservers. A largemem-
ory footprint impactsthe performanceof a multi-threaded
server that hasto serve many concurrentcalls. In addition,
any increasein dynamicmemoryusagecannegatively affect
theeffectivenessof datacache.While Java'sgarbagecollec-
tion alleviatesmemoryallocationfrom aprogrammer'spoint
of view, it canalsobe an adversaryto performance-critical
applications.

gSOAP employs various techniquesto reducememory
footprint [18], includingtheuseof aschema-speci�cparsing
techniquesto reducememoryrequirementsfor parsingXML
usingonepre-allocatedbuffer for I/O, look-asidebuffers to
storeXML content,andHTTP compressionto 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 machinefeaturesandplatform-dependentlibrary func-
tions cannotbe usedto increasethe overall performanceof
portablesoftware.For C/C++toolkits, theuseof sprintf ,
writev , andeven strtod is not portableto a small Op-
eratingSystemssuchasPalm OS or WinCE. ThoughJava
codeis portable,low-levelsocketprogrammingin Javato de-
velop ef�cient Java SOAP toolkits may take a performance
hit. Thereforeit is importantto designSOAP toolkits with
pluggablenetwork transportmodules.

Performanceversusinteroperability : theSOAP proto-
col hasmany nuanceswith respectto serializationformats,
especiallywith respectto theencodingstyle. Thesamedata
contentcanhaveslightly differentXML representations,due
to useof multi-ref accessors,nil elements,positionattributes
in sparseSOAP encodedarrays,xsi:type attributes,and
minor differencesin XSD typesof differentXML Schema
speci�cations.

Performanceversusdynamic invocation: SOAP toolk-
its with a dynamicinvocationinterface(DII), suchasthose
that useJava's dynamicproxy feature[14], are inherently
slower comparedto SOAP toolkits that statically generate
code. However, the DII approachallows clients to adapt
moreeasilywith changesin theservicede�nitions, suchas
whenserviceendpointsandoperationsarechanged.

2.6 CompressingSOAP Payloads

HTTP compression: Real-timecompressionseemslike
a good candidateto reducebandwidth requirements,be-
causeHTTP gzip compressioncan reducethe SOAP mes-
sagelength to a size that is comparableto the size of the
compressedform of the original binary data [17]. How-
ever, ourperformancestudy[17] indicatesthatreal-timegzip
compressionis computationallyexpensive andexceedsthe
combinedcostof XML serializationanddatatransportover
LANs. Therefore,compressionof SOAP messagesis only
usefulwhen the network bandwidthis very limited. How-
ever, even low-bandwidthnetworkssuchasthoseincluding
modempoolsdonotyieldsigni�cant performancegainswith
compressedHTTP transfersbecausev.90 modemsalready
applycompression.

XML compression: CompressedXML formatscanyield
a performancegain if the overheadof the compressional-
gorithm is relatively low comparedto XML serialization.
XML compressiontools, suchasXMill [22], usemethods
that exceedthe compressionrateof gzip on XML. The use
of XMill' s compressionmethodsfor real-timecompression
may improve theperformanceof SOAP. More efforts in the
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XML communityareunderway to addressXML compres-
sionstandardization[21].

2.7 SOAP Attachments: DIME and MIME

SOAP DIME attachmentsprovide an ef�cient meansto
exchangeraw binary data. While binary datatransfersare
often bestutilized for platform-independentstreamingme-
dia types,suchasimagesandsound,binarynumericaldata
exchangeis platform dependentdue to the differencesbe-
tweenbig- andlittle-endianarchitecturesandinternal�oat-
ing point representations.DIME attachmentscan also be
streamed[17], which meansthat the contentof DIME at-
tachmentsdoesnot requirepersistentstorage.Thisapproach
enablesdatatransfersratesthatexceedJava RMI andIIOP.
SOAP MIME attachmentscannotbe streamedand require
a signi�cant amountof pre-processingto determineMIME
boundariesatboththesendinganreceiving sides.Therefore,
MIME attachmentsare lesssuitedfor performance-critical
datatransfers.

2.8 Support for Scienti�c Data

TheSOAP speci�cationitself doesnothaveinherentsup-
port for scienti�c data. Our earlier study showed that the
standardand interoperableway of translatingnumericdata
into decimaltext formatscanaccountfor upto 90% of the
end-to-endtime for scienti�c data [4]. This overheadof
XML encodingcanbeaddressedby exploiting XML schema
extensibility to de�ne optimizedXML datarepresentations
for numericaldata[17], e.g.base64encodedIEEE754,or by
usingattachments.However, attachmentsplacethescienti�c
dataoutsidetheXML framework of SOAP requiringanother
dataformat descriptionto dealwith it. In earlierwork, we
presentedsometechniquesto improveperformanceof SOAP
toolkits for scienti�c data, including differential serializa-
tionbSOAP [1, 2, 3], useof tries [4], and schemaspeci�c
parsing[5, 19].

2.9 ConcurrencyControl

Multi-thr eading: SOAP Web serviceapplicationsare
usuallyconcurrentserversthatarebasedon Apache's httpd
or IIS. SomeSOAP toolkits includestand-aloneWebservice
capabilitiesfor supportingthe softwareasa service(SaaS)
paradigm[7]. Whena serviceis deployed asa stand-alone
application,optimizedthreadingstrategiescanbeemployed,
suchasthreadpooling andtaskfarmingto improve perfor-
mance.Threadpoolingavoidstheoverheadof spawningand
joining threadsfor everySOAP requestby reusingthethread
afterit hascompleteda previousrequest.

Scheduling: Serversthat mustoperateunderhigh loads
canusetaskschedulingpolicies,suchas,improving perfor-
manceby �rst servingrequestswith asmallerload.Theload
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Figure 1. End-to-Endperformancefor arraysof dou-
bles.AxisJava is slower thanAxisJava-Streamingby a
factorof 1.2 to 1.4. XSOAP4 is fasterthanAxisJava-
Streamingby a factorof 9 to 13. gSOAP is fasterthan
XSOAP4by a factorof 1.24to 1.76.

canbe determinedfrom theHTTP contentlengthof the re-
questwhenthereis a strongcorrelationbetweenthe SOAP
messagesizeandthecomplexity of therequest(HTTPhead-
ersincludemessagecontentlength).Or it canbedetermined
from thetypeof operationrequested.

3 Performance

We conducted experiments to study the performance
of the following toolkits: gSOAP 2.4 [17, 18, 20],
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-
sion4500with Intel Pentium4 2.26GHzprocessor, 1GB of
DDR SDRAM and 80GB Ultra ATA/100 hard drive. The
othertoolkits wererun on dualprocessor2.0 GHz Pentium
4 Xeonmachineswith 1 GB DDR SDRAM anda15K RPM
18GB Ultra-160SCSIdrive runningDebianLinux version
2.4.24. The machineswereconnectedby a gigabit ethernet
switch.gSOAP andAxisC++werecompiledwith gcc2.95.4
with optimization�ag “-O2.” AxisJava andXSOAP4 were
compiledwith Java 1.4.204.

Experiments
We measuredtheperformanceof SOAP toolkits for var-

ious workloads commonly used in scienti�c computing,
suchasvaryingarraysizesof doubles,integersandstrings.
Figure 1 comparesthe performancefor arraysof doubles.
AxisJava-Streaming(labeledAxisJava-Str) usespersistent
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Figure 2. End-to-Endperformancefor int arrays.
AxisJava-Streamingis fasterthanAxisJava by a fac-
tor of 1.06 to 1.33. The differencebetweengSOAP
andXSOAP4 increaseswith increasein thesizeof the
array.
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Figure 3. Performancefor deserializationof XSOAP4
andgSOAP for doublearrays.For arraysizescloseto
10elementsthedifferenceis 3%,but increasesto 32%
for largerarrays.

connectionsalongwith chunkingandstreamingto enhance
performance,andasaresultis fasterthanAxisJavaby a fac-
tor of 1.2 to 1.4. However, XSOAP4, which is alsoa Java
basedtoolkit, is fasterthanAxisJava-Streamingby a factor
of 9 to 13. gSOAP, which is a C/C++basedtoolkit, is faster
thanXSOAP4 by a factorof 1.2 to 1.76.

Toolkit gSOAP XSOAP4 AxisC++ .NET AxisJava
Latency 0.0013 0.0016 0.0027 0.0034 0.0101

Table 1. Time in secondsfor the void echoVoid()
method.Theperformanceshows the latency imposed
by eachtoolkit for aSOAP call.

Table 1 shows the overheadimposedby eachtoolkit to
sendandreceiveaSOAP call thatdoesnotpassany parame-
ters(referredto aslatency in thetable).For applicationsthat
thatuseSOAP to sendsmallamountof data,suchasevents
anderrorreporting,latency is animportantfactorin deciding
which toolkit to use.

In Table2, wecomparetheperformanceof AxisC++with
gSOAP, anotherC/C++basedtoolkit. Wehadstabilityprob-
lemswith AxisC++ whichpreventedusfrom completingthe
testsfor arraysof morethan1000elements.Table2 shows
thatfor end-to-endperformance(labelledasechoDoublesin
the table) gSOAP is fasterthanAxisC++ by 44% to 51%.
For deserialization,gSOAP performsfasterby 48%to 59%.

Figure2 comparestheend-to-endperformancefor arrays
of integers. AxisJava-Streamingis fasterthanAxisJava by
a factorof 1.06 to 1.33. gSOAP is fasterthanXSOAP4 by
a factorof 1.1 to 1.8. XSOAP4's performancedecreasesas
comparedto gSOAP, with increasein the array size. This
trendcanbeobservedevenin Figure3, which comparesthe
deserializationperformanceof gSOAP and XSOAP4. For
smallarraysizes(closeto 10),gSOAP is fasterby 3%,while
for array sizesclose to 75,000,gSOAP is fasterby 32%.
XSOAP4 usesa pull-basedparser(XPP) that is optimized
for parsingsmallsizeddatawhosestructureis known in ad-
vance.Currently, XSOAP4 doesnot supportstreamingand
insteadloadsdata into memorycreatinga DOM like tree
for conversionbetweenASCII andbinaryformatof thedata

Toolkit � array-size	 10 100 1000

AxisC++
echoDoubles 0.0031 0.0057 0.0366
deserDoubles 0.0028 0.0047 0.0215

gSOAP
echoDoubles 0.0015 0.0029 0.0204
deserDoubles 0.0013 0.0019 0.0111

Table 2. Thetableshows performancein secondsfor
AxisC++andgSOAP, for arraysizes10,100and1000.
The two featurestestedwereend-to-endperformance
for doublearraysanddeserializationof doublearrays.
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Toolkit � array-size	 100 10000 50000

.NET
echoStrings 0.0052 0.1904 1.0836
receiveInts 0.0046 0.1085 0.5467

XSOAP4
echoStrings 0.0045 0.2738 1.3549
receiveInts 0.0032 0.1207 0.6061

Table 3. The table shows performancein seconds
for two Java basedSOAP implementations:.NET and
XSOAP4. For arraysizeslessthan100,XSOAP4 per-
formsbetterthan.NET.
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Figure 4. Serialization performancefor array of
base64encodeddata.XSOAP4 is fasterthanAxisJava
by a factorof 1.6 to 6. For large arraysizes,gSOAP
performsbetterthanXSOAP4 by upto38%.

types.For largearraysizes,this designhasa signi�cant ef-
fecton theperformance.

In Table 3, we comparethe performanceof two SOAP
implementationsonWindowsplatform: .NETandXSOAP4.
For large arraysizes,.NET performsbetter, while for array
sizeslessthan100,XSOAP4performsslightly better.

One way to addressperformancelimitations of SOAP
is to serializebinary datausing Base64encoding. Serial-
ization routinesfor base64encodeddataneedto keepone
largestring in memoryandwrite it to thesocket layer. Fig-
ure4 showsperformancefor serializationof base64encoded
data. AxisJava is slower thanXSOAP by a factorof 6 for
small array sizes,but for vary large array sizesthe differ-
enceis a factorof 1.6.For smallarraysizes,gSOAP is faster
thanXSOAP4 by 3%. However, asthearraysizeincreases,
gSOAP'sperformanceis betterby upto38%.

In Figure5, we comparetheperformanceof serialization
of stringarrays.For arraysizesgreaterthan50,000,theper-
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Figure 5. SerializationPerformancefor stringarrays.
gSOAP checksfor co-referencedobjects,to enforce
multi-ref rulesof SOAP, andsoits performancedrops
for largearraysizes.

formanceof gSOAP degradesdue to the the multi-ref en-
codingalgorithm. gSOAP's string serializerchecksfor co-
referencedstringsusinga hashtable for every string to be
serialized.Eventhoughthehashtableis fast,it doesnotnec-
essarilyrequireconstanttime per check. Dependingon the
stringalignmentsfor thememoryallocatedusingmalloc(), it
canaffect theresultsdueto thehashtable'sover�ow chains.
This is anexampleof aninteroperability/performancetrade-
off choice. gSOAP guaranteesthat the logical coherenceof
graphstructuresis preservedduringserialization.Thisobser-
vation is consistentwith the scalabilityof gSOAP for end-
to-endperformanceof doublesand integers,which do not
requiremulti-ref serialization.

4 Summary and Future Work

In this paperwe provided insightsinto variousfeatures
of SOAP that affect its performance.We studiedthe per-
formanceof somerepresentativeSOAP toolkits for scienti�c
datastructures.Theseresultswill aidin thedesignanddevel-
opmentof new SOAP toolkits, andguideusersin choosing
the appropriatetoolkit for their currentapplicationrequire-
ments.

We did not test andcomparememoryfootprints of dif-
ferent toolkits. Memory footprint canbe a decidingfactor
for the deploymentof Web serviceapplicationson embed-
deddevicesandon high-demandservers. A large memory
footprint impactstheperformanceof amulti-threadedserver
thathasto servemany concurrentcalls. In thenearfuture,we
planto studytheeffectof memoryfootprintonperformance.
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We alsoplan to testtheperformanceof SOAP for emerging
securitystandards.

We arecurrentlyworking on the designof a benchmark
suiteto testandassesstheperformanceandscalabilityof dif-
ferentSOAP toolkits. Thebenchmarksuiteconsistsof a set
of workloadsthataredesignedto exercisefeaturesdiscussed
in Section2. Weplanto makethebenchmarksandassociated
driverspublicly availableto theSOAP community.
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