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Abstract

The SOAP protocol has emerged as a Web Servicecom-
municationstandard, providing simplicity, robustness,and
extensibility. SOAP's relatively poor performancethreat-
ensto limit its usefulness,especiallyfor high-performance
scienti�c applications. Theserializationof outgoingmes-
sages,which includesconversion of in-memorydata types
to XML-basedstring format and the packing of this data
into message buffers, is a primary SOAP performancebot-
tleneck. We describethedesignandimplementationof dif-
ferentialserialization, a SOAP optimizationtechniquethat
can help bypassthe serializationstepfor messages simi-
lar to thosepreviouslysentby a SOAP client or previously
returnedby a SOAP-basedWeb Service. Theapproach re-
quiresno changesto the SOAP protocol. Our implemen-
tation and performancestudydemonstrate the technique's
potential,showinga substantialperformanceimprovement
over widely usedSOAP toolkits that do not employ the
optimization. We identify several factors that determine
theusefulnessandapplicabilityof differentialserialization,
presenta setof techniquesfor increasingthe situationsin
which it can be used,and explore the designspaceof the
approach.1
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1 Intr oduction

The Web Servicesmodel has recently been adoptedas
the basic architecturefor Grid Systems[10]. Web Ser-
vicesprovide standardsfor representing,discovering, and
invoking servicesin wide areaenvironments. The XML-
basedspeci�cations, including the Web ServiceDescrip-

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

tion Language(WSDL) [9] and SOAP [15], provide ex-
tensibility andtransparency. WSDL providesa precisede-
scriptionof a Web Serviceinterfaceandof the communi-
cationprotocolsit supports,andSOAP is themostwidely
usedcommunicationprotocol,facilitating the exchangeof
XML-basedstructuredinformation. SOAP supportsone-
way messages,request-responseinteractions,peer-to-peer
conversation,andRPC.

The characteristicsthat make SOAP attractive for the
Grid includeextensibility, languageandplatform indepen-
dence,simplicity, robustness,and interoperability. Given
the diverse nature of application requirementsrunning
on the Grid's heterogeneouscomputationalcomponents,
SOAP is ideallysuitedto serveasacommonstandardproto-
col. However, sinceXML primarily usesASCII astherep-
resentationformat for data,sendingscientifcdatavia stan-
dardimplementationsof SOAP canresult in a severeper-
formancepenalty. It is importantto identify andremovethe
bottlenecksin SOAP performancefor scienti�c data.In this
paper, we presenta SOAP optimizationtechniquethatcan
resultin signi�cant performanceimprovementsoverwidely
usedSOAP toolkits that do not employ the optimization,
includinggSOAP [24] andXSOAP [18, 21].

Applicationsof interestto the HPDC communityoften
requirecommunicationusinglargearraysof �oating point
numbersandcomplex datatypes. Earlier work on SOAP
performanceidenti�ed the most critical bottleneckto be
the conversionbetween�oating point numbersand their
ASCII representations[6]. Theconversionroutinesaccount
for 90% of the end-to-endmessagetime. This paperin-
troducesbSOAP, which addressesthis serializationbottle-
neck.RatherthandiscardingserializedSOAP messagesaf-
ter they aresent,clientssave the messagesso they canbe
usedas templatesfor future outcalls. Messagesarecom-
pletely serializedand saved during the �rst invocationof
the SOAP call. Subsequentcalls that areidentical,or that
have thesameSOAP messagestructure,canavoid a signif-
icantpercentageof the serializationoverheadby requiring
thatonly thechangesto thepreviouslysentmessagebeseri-



alized.We call this techniquedifferential serialization, and
describeseveraltechniquesthatmakeit effective,including:

� trackingdatachangesandoverwriting only thoseval-
uesthathavechangedsincethelastsend,

� expanding the serialized messageto accommodate
largerserializedvalues,

� storingthemessagein chunksandpaddingthemwith
whitespaceto reducethecostof expansion,and

� overlayingthesamememoryregionwith differentpor-
tionsof thesameoutgoingmessageto reducememory
consumption.

We quantify the effectivenessof thesetechniqueswith a
performancestudythatdemonstratesthatbestcaseperfor-
manceis up to tentimesfaster, for thecasewhenmessages
can be resentin their entirety. We also show that send
timescan be reducedby a factorof � ve whenonly parts
of the messageneedto be re-serialized. Our researchis
usefulin two ways.Applicationsthatrepeatedlysendsimi-
lar messageswill achievesigni�cant performanceimprove-
ment,andSOAP library developerswill gain insightsinto
thecasesthatmakedifferentialserializationmosteffective.

Theremainderof thispaperis organizedasfollows. Sec-
tion2 describestheSOAP protocol,andidenti�es andquan-
ti�es the serializationbottleneck. Section3 describesthe
designandimplementationof ourapproach.Section4 con-
tainsa detailedperformancestudy. We concludewith re-
latedandfuturework in Sections5 and6, andsummarize
our �ndings in Section7.

2 Background: The SOAP Protocol

SOAP is a light-weight and extensiblemessageexchange
format. It is not tied to any speci�c programminglanguage,
platform, or transportmechanism,enablingthe exchange
of informationacrossdisparaterun-timeenvironments.Al-
thoughHTTP is the most widely usedtransportlayer for
SOAP payload,otherprotocolssuchasFTPor SMTPcan
alsobe used. The useof XML andHTTP with the SOAP
protocolmakes it well suitedto serve asan interoperable
communicationprotocolontheGrid. It canbesupportedby
many programminglanguages[22], includingC,C++,Java,
Perl,JavaScriptandSmallTalk. SOAP is currentlyusedin
numerousWebServicesbasedGrid toolkits. For example,
theJava-basedimplementationin the GT3 [1] toolkit uses
the ApacheAxis SOAP implementation[23], the OGSA-
C [12] implementationusesthe gSOAP [24] toolkit, and
XCAT [13, 19] usesXSOAP [21].

The serializationof SOAP calls can be logically sepa-
ratedinto thefollowingphases:(1) traversingthedatastruc-
turesof theinvocationparameters;(2) translatingthestored
valuesinto ASCII representationsasrequiredby theXML

speci�cation;(3) copying theXML representation(includ-
ing tags)into a buffer and(4) sendingthe buffer over the
network. SOAP toolkitsusevariousdesignstrategiesto im-
plementthesephases.Theroutinesthatconvert datatypes
(especially�oats anddoubles)to theirASCII formatscanbe
complex andexpensive.Thedesignof thebufferingmecha-
nismcanaffectthenumberof systemcallsandcachehits in
eachserializationcycle. Thechoiceof HTTP 1.0or HTTP
1.1 candeterminehow thebuffer is sentover thenetwork.
HTTP1.1supportschunkingandstreamingof messagesal-
lowing datastructuresto be sentover the network assoon
asthey areserialized.

In earlierwork, we studiedtheperformanceof different
stagesof theSOAP implementationstackto isolatebottle-
neckswhen variousscienti�c datatypesare sent[6, 14].
Thetechniquesfor performanceenhancementincludedthe
useof schema-speci�cparsingand trie datastructuresso
that XML tagsareparsedonly once. We alsostudiedthe
gainin performancedueto theuseof chunkingandstream-
ing. The testresultsindicatedthat thesetechniquesaffect
only a fraction of the overall cost of a SOAP call. The
mostcritical factoris thecostof conversionbetween�oat-
ing point numbersandtheir ASCII representations.These
conversionroutinesaccountfor 90%of end-to-endtime for
a SOAP RPCcall. For high performanceapplications,this
bottleneckmustbeeliminated.

3 Differential Serialization: Designand Im-
plementation

Our approachto removing theserializationbottleneckis to
avoid completeserializationof SOAP messagesby storing
and reusingmessagetemplates.The idea is to perform a
completeserializationonly whenthe�rst messageof acer-
tain structureis sentby a SOAP communicationendpoint.
This messageis thensaved in the stub. Subsequentmes-
sageswith the samestructureandsomeof the samecon-
tent (for example,calls to the sameremoteWeb Service)
canthenreusepartsor all of thesaved templateinsteadof
regeneratingit from scratch.Althoughwefocusourdiscus-
sion andperformancestudyon the client side,differential
serializationcouldbeusedequallywell by aserversending
identical(or similar) responsesto multiple separateclients.

In comparinganoutgoingmessageto a saved template,
therearefour differentmatchingpossibilities:

Message ContentMatch: The entiremessagecould be
exactly thesameasonethatwassentfrom theclientearlier.
In this case,theclient cansimply resendthemessageasis,
andavoid serializationaltogether.

PerfectStructural Match: The structureandsizeof the
messagecould be the sameasan earliermessage,but the
valuesof someof the �elds of the messagecould have
changed. In this case,there is an opportunity to replace



theexpensiveserializationstepwith a fasterstepthatwrites
only thechangedvaluesinto theserializedbuffer. Theseri-
alizationof valuesthathave not changed,andof theSOAP
messagemetadata(tags)canbeavoided.

Partial Structural Match: The structureof the message
could be the same—thatis, it could have the sameheader
and�eld types—but someof thevaluesandthesizeof the
message may not matchthoseof the saved template.Size
mismatchresultsfrom thefactthat,unlike in-memorybase
types,theserializedform of datacanrequiredifferentnum-
bersof charactersto represent.For example,encodingthe
integer 1 requiresonly one character, whereas13902re-
quires� ve. In thiscase,thetemplatecouldbeexpanded(or
contracted)to meetthe requirementsof the new message.
Performanceimprovementdependsonhow muchfasterit is
to resizethemessageinsteadof serializingit from scratch.

First-TimeSend: Finally, the�rst timeamessageis sent,
it needsto becreated(serialized)from scratch.Theperfor-
manceis thesameaswithout differentialserialization,plus
thenegligible overheadof checkingto seeif a storedcopy
existsandsaving apointerto it afterit hasbeencreated.

Thesefour casesprovide the basisfor our discussion.
Clearly, messagecontentmatchesprovide themostoppor-
tunity for performanceimprovement,but only clients that
sendthe sameexact messagerepeatedly(to one or more
differentSOAP servers)cantake advantageof it. Thenext
bestcaseis perfectstructuralmatches,which don't require
resizing the messagetemplatein memory. A Data Up-
date Tracking (DUT) table trackswhetherprogramshave
changeddataitemssincethey werelast serializedinto the
SOAP message.This allows usto limit thewriting to only
thosevaluesthat have changed. We implementa tech-
niquethat makesperfectstructuralmatchesmorelikely to
occur(asopposedto the moreexpensive partial structural
matches). We do this by stuf�ng serializedvalueswith
whitespaceto accommodatepotential future updatesthat
would otherwiserequireexpansion.To reducethe costof
partialstructuralmatches,we storemessagesin potentially
noncontiguousmemorychunksto limit theimpactof expan-
sion,which could result in a substantialamountof expen-
sive shifting andevenmemoryreallocation.With message
chunking,theseeffectsare limited by the sizeof a chunk
ratherthanthesizeof thewholemessage.Finally, we fur-
therreducethecostof increasing�eld sizeby stealingextra
spacefrom neighboring�elds, insteadof shiftingentirepor-
tionsof messagechunks.

3.1 Data UpdateTracking (DUT) Table

Whencalleduponto make anoutcall,theclient stubdeter-
mineswhetherpartsor all of thelastcopy of thesamemes-
sagetype canbe reused.To do so, the stubcontainscode
thatchecksfor a MessageContentMatchby usinga DUT

table,which associatesin-memorydatawith their location
in theserializedmessagetemplate.Eachsavedmessagehas
its own DUT table, eachof whoseentriescorrespondsto
a dataelementin the message,andcontainsthe following
�elds:

� a pointerto a datastructurethat containsinformation
aboutthedataitem'stype, includingthemaximumsize
of its serializedform

� adirty bit to indicatewhetherit hasbeenchangedsince
the last time the datawas written into the serialized
message

� a pointerto its currentlocation in the serializedmes-
sage

� its serializedlength—thenumberof charactersin the
messagenecessaryfor storing the serializedform of
themost-recently-writtenvalue

� its �eld width—the numberof charactersin the mes-
sagetemplatecurrentlyallocatedto thisdataitem(note
that the �eld width mustalwaysmatchor exceedthe
serializedlength)

If noneof thedirty bitsareset,themessagehasnotchanged
andcanberesentasis. Structuralmatchesareimplemented
by scanningtheDUT tableandreserializingonly thoseval-
ueswhosedirty bits areset. SinceDUT tableentriespoint
directly into theserializedform of themessage,�nding the
location of the data item hasconstantcost. Clearly, this
approachrequiresprogrammersto go throughtheDUT ta-
ble when writing their in-memorydatastructures,and to
be cognizantthat the datathey are using in memorywill
needto beserializedinto aSOAP message.We foreseeour
SOAP library requiringall “serializable”datato belocated
in objectsthatcontain“get” and“set” methods,whoseim-
plementationwill updatetheDUT tabletransparently.

3.2 Shifting, Chunking, Stuf�ng, and Stealing

If thenew serializedform of somevaluedoesnot �t in the
currently allocatedspace,we perform on-the-�y message
expansion,which we call shifting. Shifting is necessary
whentheserializedform of thenew valueexceedsthe�eld
width valuein the DUT tableentry. At this point, all the
bytesof themessageareshiftedto the right to make room
for the new value,andthe pointersinto the messagefrom
otherDUT tableentriesareupdatedaccordingly.

To reducethe cost of shifting, serializedmessagesare
not storedin contiguousmemoryregions;instead,we store
themin variablesizedpotentiallynoncontiguouschunks.If
necessary, chunkscanbe reallocatedinto different, larger
memoryregions,or split to form two smallerchunks.Con-
�gurable parametersdeterminethe default initial chunk
size,the thresholdat which chunksaresplit into two, and
the spacethat is initially left emptyat the endof a chunk



(to allow for shifting without reallocation). Selectingthe
appropriatechunksizeto reducethe costof shifting must
bebalancedagainstseveralotherfactorsthatchunksizein-
�uences,includingCPUcacheeffectiveness,thenumberof
systemcallsneededto sendmessages(andwhethertheOS
supportsscatter-gathersends),the size of the underlying
protocol implementation's sendbuffers, and the overhead
of maintainingthemessagein chunks.

If we write into the serializedmessagea valuethat re-
quireslessspacethan the old value occupied,we simply
rewrite the tag immediatelyto the right of the new value,
andpadthespacebetweentheendtagof this �eld andthe
starttagof thenext with whitespace,which is explicitly le-
gal in XML (andthereforeSOAP). This is oneway thatthe
�eld width cancometo exceedserializedlengthfor a data
item. Theotheris by explicitly allocatingmorespacethan
necessarywhenthe�rst templatemessageis generated.We
call this stuf�ng . In particular, mosttypeshave associated
with thema maximumnumberof charactersthatany of its
serializedvaluescanpossiblyoccupy.2 Setting�eld widths
to maximumvaluescan help avoid shifting altogether, at
theexpenseof largermessages,bothin memoryandon the
wire. Storingboththe�eld width andthecurrentserialized
length,andallowing themto containdifferentvalues,also
enablesstealingspacefrom neighboringdataitemsinstead
of shiftingentireportionsof messagechunks.Thiscanfur-
ther reducethe cost of expanding�eld sizes;we explore
stealingin a separatepaper[4].

3.3 Chunk Overlaying

Basedon the descriptionthusfar, differentialserialization
hasconsiderablememoryrequirements.In particular, it re-
quiresmemoryto storemessagedata,the entireserialized
form of the message,and the DUT table. Clearly this is
not a desirablecharacteristic,especiallyasmessagesgrow.
Chunkoverlayinghelpslimit memoryrequirementsby al-
lowing multiple portionsof largearraysto besentfrom the
samemessagechunk.Theapproachtakesadvantageof the
fact that large arrayscontainmultiple chunk-sizeportions
thatencodeonly theentriesof thearray. At any giventime,
the serializeddataandthe DUT tableentriesfor only one
portion of the array (a portion that will �t into a single
chunk) is presentin memory. That portion of the arrayis
sent,andthenthe valuesof the next portion areserialized
into the samechunk. This steprequiresthat all the val-
ues(after the �rst chunk)be reserializedinto thearray. In
additionto the known bene�ts of chunkingandstreaming
(asusedby HTTP 1.1 implementations),our approachhas
addedpotentialperformancegainsbecausethetagsthatde-
scribethe dataneednot be rewritten. We explore chunk

2Notethatstringscannottake advantageof stuf�ng becausethereis no
maximumsizestring.

overlayingin aseparatepaper[3].

3.4 Applications that canBene�t

bSOAP is optimized for applicationsthat resendsimilar
messagesrepeatedly. Thecommunicationpatternsof these
applicationsdeterminetheextentto which they canbene�t
from usingbSOAP. A brief descriptionof Grid applications
thatwe think will beableto bene�t from bSOAP, follows.

TheLinearSystemAnalyzer[11] is a high performance
problemsolvingenvironmentfor largelinearsystemsAx =
b. Its approachallows scientiststo developsolutionstrate-
giesby dynamicallyswappingout componentsthatencap-
sulatelinear algebralibraries. Scientistscanconnectvar-
ious componentsin a cycle to repeatedlyre�ne and re-
calculatethesolutionvectoruntil therequiredconvergence
conditionis met. Sincethesizeandform of thearraydoes
not changeover differentiterations,consecutive messages
exhibit perfectstructuralmatches,sobSOAP couldbeused
to achieveperformanceimprovements.

The MetadataCatalogService(MCS) [20] ef�ciently
managesmetadataassociatedwith �les generatedby data-
intensive applications.A generalmetadataschemais used
to specifyall theattributesassociatedwith each�le. MCS
providesan API to perform variousoperations,including
adding,deletingandqueryingmetadata.ClientsuseSOAP
to connectto theMCS Webservice,which is connectedto
a backendMySQL database.Sinceeachrequestsentby a
userconformsto the metadataschema,the format of the
SOAP payloadis the samefor eachrequest.bSOAP per-
fect structuralmatchcanthereforebe usedto improve the
performanceof MCS.

Flocksof Condorsystems[5] exchangeClassAdinfor-
mation to describethe resourcesin variousCondorclus-
ters that combineto de�ne a large Grid-scalesystem. It
standsto reasonthatinformationwill besimilar in structure
andevencontent(if resourcecharacteristicsdonot change)
acrossmultiple consecutive exchanges.Therefore,bSOAP
would be able to automaticallyreserializeonly the differ-
encesfrom previous exchanges,without requiringany al-
terationto Condorresourcemanagersthemselves.

GoogleandAmazon.comprovide a Web servicesinter-
face. TheXML Schemausedfor the responsesto userre-
questsis alwaysthesame(for a particularoperationin the
Web service);only the valuesstoredin the XML Schema
instancechange,becausethey dependon the queriessent
by users.Theoptimizationsin bSOAP for perfectstructural
matchcouldsigni�cantly reducethe time spentserializing
responsemessagesfrom theheavily-usedservers.



4 PerformanceStudy

In this section,we describetheperformanceof our bSOAP
implementationthatusesdifferentialserialization.Thetests
were run on a dual processor2.0 GHz Pentium4 Xeon
with 1GB DDR Ram and a 15K RPM 18GB Ultra-160
SCSIdrive runningDebianLinux version2.4.24. bSOAP
and gSOAP code is compiled with gcc version 2.95.4
with optimization�ag “-O2.” We isolateandmeasurethe
SendTime in the client by startinga timer beforeprepar-
ing the messagefor sending,andstoppingthe timer right
after the �nal send() system call on the socket. Rel-
evant socket options, for both gSOAP and bSOAP, in-
cludeSO KEEPALIVE, TCP NODELAY, SO SNDBUF =
32768,andSO RCVBUF = 32768. Becausewe're inter-
estedonly in SendTime for this set of tests,eachclient
connectsto a dummySOAP server on a differentmachine,
overa Gigabitethernetlink; theserver doesnot deserialize
or parsetheincomingSOAP packet. Our resultsre�ect the
averageof 100measurementsfor eachreporteddatapoint.

4.1 MessageContent Matches

This sectionstudiestheeffect of theperformanceimprove-
ment, in the casewherestoredmessagetemplatescanbe
reusedwithout change. Thus, we characterizethe per-
formanceimprovementfor messagecontentmatches.For
theseexperiments,we vary thefollowing factors:

� The typeof data containedin the message.We have
usedintegers,IEEE754standarddoublesandmeshin-
terfaceobjects(MIO's). An MIO is a structureof the
form [int, int, double],wherethe�rst two �elds repre-
sentmeshcoordinates,andthethird representsa �eld
value.MIO' s canbeused,for example,for communi-
cationbetweentwo partialdifferentialequation(PDE)
solversondifferentdomains[17, 7].

� The sizeof the message: We vary messagesizesby
sendingasinglearraycontaining1,100,500,1K, 10K,
50K, and100Kdoubles.

� The SOAP implementation: We measurethe perfor-
manceof bSOAP with differentialserializationturned
on andturnedoff, andcompareagainstunalteredim-
plementationsof gSOAP andXSOAP.

Figure1 plotstheaverageSendTimefor SOAP messagesof
varioussizes,containingasinglearrayof MIO' s. Figures2
and3 repeatthesametestsfor arraysof doublesandarrays
of integers,respectively.

Figures1, 2, and 3 show that bSOAP performanceis
slightly betterthangSOAP, whenbothimplementationsse-
rialize entire messages.3 We compareour performance

3gSOAP hasfull supportfor “multi-ref”, bSOAP doesnot. We expect
theperformanceof bSOAP with full serializationto beequivalent to that
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Figure 1. ComparinggSOAP and XSOAP to the
Full Serializationof a bSOAP message,andto sub-
sequentsendswheretheentiremessageis storedand
canbe resentwithout beingchanged(“bSOAP Mes-
sageContentMatch”). SendTime in millisecondsfor
varioussize arraysof MIO' s. We have useda log
scaleonboththex-axisandy-axis.
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Figure 2. This �gure correspondsexactly to Fig-
ure1, for arraysof doublesinsteadof MIO' s.
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Figure 3. This �gure correspondsexactly to Fig-
ures1 and2, for arraysof integersinsteadof MIO' s
or doubles.

againstXSOAP, a fastJava SOAP implementationwhich,
asexpected,is still slower thanC/C++-basedgSOAP and
bSOAP implementations.bSOAP messagecontentmatches
areapproximatelyseven timesfasterthanfull serialization
for arraysof MIO' s,approximatelytentimesfasterfor large
arraysof doubles,andat leastfour timesfasterfor largear-
raysof integers.

4.2 Structural Matches

This sectionexploresthe costof writing datadirectly into
a buffer ratherthanexplicitly serializingmessageson each
send. That is, we characterizethe potentialperformance
bene�t of perfectstructuralmatches.Again, we vary the
typeof datasent,thesizeof thedata,andtheSOAP imple-
mentation.Our implementationwith differentialserializa-
tion variesthe numberof dataitemsthat needto be over-
written in theserializedversionof thearray. For this setof
tests,weassumethatthesizeof thearray, andeachof its el-
ements,arethesamein thetemplateasthey arein thenew
outgoingmessage,soshiftingandstealingareunnecessary.

Figure 4 plots SendTime for various size arraysof
MIO' s.Thegraphre-plotsbSOAP:MessageContentMatch
andbSOAP: Full Serialization,from Figure1. We alsoin-
cludebSOAP when25%,50%,75%,and100%of theMIO
doublesmustbe re-serialized(the remainingportion stays
thesameasin thesavedmessage,asdoMIO integers).Fig-
ure5 showsresultsof thesametestsfor doubles.
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Figures4 and 5 demonstratethat, as expected,Send
Time dependsdirectly on arraysizeandon thepercentage
of valuesthatmustbere-serialized.Thedifferencebetween
100%ValueRe-serializationandFull Serializationshows
thecostof generatingandwriting SOAP tags,comparedto
serializingonly thedataitself.

4.3 Shifting

This sectionquanti�es theworst-casecostof shifting. Fig-
ure6 showstheamountof timeneededto insertlargestsize
(46character)MIO' s into anarrayof smallestsizedoubles,
causingshifting for eachre-serializedvalue.Sinceshifting
performancecandependonmessagechunksize,weranthe
testswith achunksizeof both8K and32K. Figure7 shows
theresultsof repeatingthetestswith arraysof doubles.

Figures6 andand 7 show thatshifting in theworstcase
canincur a signi�cant performancepenalty. In particular,
SendTimewhenshiftingall MIO' sanddoublesby themax-
imum possibleamountis approximatelyfour to � ve times
slower whencomparedto re-serializationwhenshifting is
unnecessary.

Fortunately, wedon't expecttheworstcaseto occurvery
often. Figures8 and 9 plot SendTimes for intermediate
size valuesto maximumsize values,when not all of the
arrayvaluesneedto be re-serialized.These�gures show
that as the numberof valuesthat needto be re-serialized
andshiftedis reduced,theperformanceapproachesthecase

10
0

10
1

10
2

10
3

10
4

10
5

10
�2

10
�1

10
0

10
1

10
2

10
3

10
4

Worst Case Shifting: Doubles

Number of Doubles in the Array (Log Scale)

S
en

d 
T

im
e 

(p
er

 c
al

l) 
in

 M
ill

is
ec

on
ds

 (
Lo

g 
S

ca
le

)

Worst Case (100%) Shifting with 32K Chunks
Worst Case (100%) Shifting with 8K Chunks
100% Value Re�serialization, No Shifting

Figure 7. SendTime in millisecondsfor varioussize
arraysof doubles.For worstcaseshifting,eachvalue
of the array must be expandedfrom the size of the
smallestpossibledouble(onecharacter)to thesizeof
thelargestpossibledouble(24characters).

whereshifting is unnecessary.

4.4 Stuf�ng

Oneway to avoid shifting altogetheris to alwaysallocate
themaximumpossiblespacefor thevalue,andstuff to �ll
theunusedportionwith whitespace.For doublesthemax-
imum encodedsize is 24 charactersplus the size of the
tags,and for integersit is 11 characters,plus the size of
thetags.Therearetwo sourcesof overheaddueto this ap-
proach.First, theclient sendslargermessages.To quantify
the costdue to larger messages,we comparedthe costof
sendingthe smallestpossibleencodedvaluesfor doubles
andMIO' s (oneandthreecharactersrespectively), with the
costof sendingthesamevalueswithin themaximum�eld
size(24 and46 characters).We alsoplot an intermediate
�eld sizefor each(38and18charactersfor MIO' sanddou-
bles).Theresultsareshown in Figures10and11,for arrays
of MIO' sanddoubles,respectively.

The secondsourceof overheadlies in shifting theclos-
ing tag whenwriting valuesthat aresmallerthanthosein
the previous storedmessage.For example,when a large
doubleis encoded,it consumesthe full extent of the �eld
size. Whena smallervalue is written on top of it for the
next send,theclosingtagmustbewrittenfurtherleft within
the �eld, andwhitespacemustbe written in the remainder
of the�eld. To quantifythiseffect,wewrotesmallestpossi-
ble valuesfor doublesandMIO' son topof largestpossible
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Figure 8. SendTime in millisecondsfor varioussize
arraysof MIO' s, wheredifferentpercentagesof the
arraymustbe expandedfrom a 36-characterMIO to
thesizeof thelargestpossibleMIO (46characters).
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Figure 9. SendTime in millisecondsfor varioussize
arraysof doubles,wheredifferentpercentagesof the
arraymustto beexpandedfrom an18 characterdou-
ble to thelargestpossibledouble(24 characters).
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Figure 10. SendTime in millisecondsfor various
sizearraysof MIO' s, wherevaluesarestuffed to 46
characters(maximumwidth), 36characters(interme-
diate width) and threecharacters(minimum width).
Also plotted is the cost of writing three-character
MIO' s into �elds containing46 characterMIO' s, re-
quiringa tagshift.

values;this resultsin theclosingtagbeingshiftedasmuch
aspossible.Theseplotsarelabelledas“Max Field Width:
Full ClosingTagShift” onFigures10and 11.

Figures10,and11demonstratethatthemostsigni�cant
performancepenaltyof stuf�ng lies in shifting the closing
tagratherthansendinglargermessages,for our worst-case
tests. We expect this caseto occur much lessfrequently
thansmallertagshifts. This testwasdesignedto revealan
upperboundon theperformancepenaltyincurredby stuff-
ing. However, writing singlecharacterdoublesis lesscostly
thanwriting largerdoubles.Therefore,it is possiblethatthe
worstcaseliessomewherebetween(a)writing thesmallest
doubleandthemostwhitespace,and(b) writing thelargest
doubleandno whitespace.Our currenttestsdo not reveal
wherethis worstcasemayactuallylie.

4.5 Chunk Overlaying

To characterizethe performanceof chunk overlaying,we
sentanarrayof doublesfrom a single32K chunkof mem-
ory, andfrom separate32K chunksof memory, all of which
werein memory. With chunkoverlaying,serializationof all
values(exceptpotentiallysomein the �rst chunk) is nec-
essary, so we expectperformanceto be comparableto the
100%ValueRe-serializationplot from Figure5. Figure12
con�rms this hypothesis.
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Figure 11. SendTime in millisecondsfor various
size arraysof one characterdoubles,where values
are stuffed to 24 characters(maximum width), 18
characters(intermediatewidth), and one character
(minimum width). Also plotted is the cost of writ-
ing single-characterdoublesinto �elds containing24
characterdoubles,requiringa tagshift.
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Figure 12. SendTime in millisecondsfor various
sizearraysof MIO' sanddoubles,whensendingfrom
a singleoverlayedchunkvs. sendingfrom multiple
separatechunks.

5 RelatedWork

Chiuk et. al. [6] addressSOAP performancebottlenecks
by usingtrie datato reducethenumberof comparisonsfor
XML tags. This optimizationis useful in SOAP deserial-
ization, and is orthogonalto the issueof saving message
templates.Theotheroptimizationthey useis chunkingand
streamingof messages.gSOAP alsoprovidesthis feature,
in addition to compression,routing, and the useof opti-
mizedXML datarepresentationsusingXML schemaexten-
sibility. Thesetechniquesarecomplementaryto theoneswe
have proposed.They canbe usedwhenan RPCcall must
beserializedthe�rst time;differentialserializationcanthen
beusedfor subsequentcalls.

The SOAP speci�cation allows the use of “multi-ref
accessors”—identi�ersthatreferto previouslyserializedin-
stancesof speci�c elementsof theSOAP call. Multi-ref ac-
cessorscanbe includedwithin our serializedmessagesto
furtherimproveserializationperformance.

Devaramet. al. [8] describe“parameterizedclient-side
caching”of messagesin �les. Entiremessagescanbesent
asis, andpartial cachingallows the client to reusecached
messagesand changea few of the parametersfor subse-
quent sends. The authorsreport a best casespeedupof
800% over their own original code; this result is consis-
tentwith our speedupof approximately1000%. However,
theauthorsstatethattheir approachis mostappropriatefor
requestsinvolving few parameters.Theauthorsdo not ad-
dresshow to applytheir optimizationto largearraysof sci-
enti�c data(whichwefeelis thecasewherethetechniqueis
mostuseful),how to trackwhich changesneedto bemade
to thecachedmessage,nor how to handlemismatcheddata
sizes(requiringon-the-�y messageexpansionor stuf�ng).

The SOAP communityhassuggestedseveral different
speci�cationsthatwouldstandardizeSOAP binaryformats,
including base64encoding, DIME [16] and BEEP [2].
While thesetechniquesdoachieveperformancegains,they
reducethesimplicity anduniversalityof SOAP, thecharac-
teristicthatmakesit interoperableandattractive.

6 Future Work

Currently, eachremoteWebServicehasits own savedtem-
plate. For applicationsthatsendthesame(or similar) data
to differentremoteservices,we plan to investigatethe ex-
tent to which is would bebene�cial for themto sharemes-
sagechunksacrosstemplates.This would allow serializa-
tion costto beamortizedacrossmultiple sendsto different
WebServices.It alsomaybeusefulto storemultiplediffer-
entmessagestemplatesfor thesameremoteservice,rather
thanoneper call type. We plan to quantify the effect that
stuf�ng hasonserver-sidedecodingof incomingmessages.
Finally, storing messagesat a SOAP server could help in



a completelydifferentway, by suggestingthe structureof
future messagearrivals. This could help avoid complete
server-sideparsingandimprove performance,throughdif-
ferentialdeserialization.

7 Summary

We describea new technique,calleddifferentialserializa-
tion, thathelpsalleviatetheSOAP serializationbottleneck.
Ratherthan reserializingeachmessagefrom scratch,our
approachsavesacopy in thesenderstub,tracksthechanges
thatneedto bemadefor thenext messageof thesametype,
andreusesthis savedcopy asa templatefor thenext send.
Wedescribetechniquesto increasetheeffectivenessandap-
plicability of differentialserialization,includingon-the-�y
messageexpansion,stuf�ng, messagechunking,andchunk
overlaying. For applicationsthat resendthe samemes-
sagesrepeatedly, our performancestudy demonstratesan
improvementin SendTimeby a factorof four to tenfor ar-
raysof differenttypesof data.We alsoshow thatresending
messageswith similar structurebut containingsomediffer-
ent valuescanalsoachieve signi�cant speedup.We char-
acterizetheperformancepenaltyfor on-the-�y messageex-
pansion,anddescribeseveral techniquesfor counteracting
its adverseeffect, includingstuf�ng andchunkoverlaying.
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