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Abstract

TheSOAP protocol hasemerged as a Web Servicecommu-
nication standard, providing simplicity, robustness,and ex-
tensibility. SOAP's relativelypoor performancethreatensto
limit its usefulness,especiallyfor high-performancescien-
ti�c applications. The serializationof outgoingmessages,
which includesconversionof in-memorydatatypesto XML-
basedstring format and the packing of this data into mes-
sagebuffers, is a primarySOAPperformancebottleneck. We
describethedesignandimplementationof differentialserial-
ization, a SOAPoptimizationtechniquethat canhelpbypass
theserializationstepfor messagessimilar to thosepreviously
sentby a SOAP client or previously returnedby a SOAP-
basedWebService. Theapproach requiresnochangesto the
SOAPprotocol. Our implementationandperformancestudy
demonstratethetechnique'spotential,showinga substantial
performanceimprovementover widely usedSOAP toolkits
thatdonot employtheoptimization.We identifyseveral fac-
tors thatdeterminetheusefulnessandapplicabilityof differ-
entialserialization,presenta setof techniquesfor increasing
thesituationsin which it canbeused,andexplore thedesign
spaceof theapproach.1

Key Words: SOAP, Web Services,SerializationOptimiza-
tion, High Performance, Scienti�c Computing

1 Intr oduction

The Web Servicesmodel hasrecentlybeenadoptedas the
basicarchitecturefor Grid Systems[10]. WebServicespro-
vide standardsfor representing,discovering, and invoking
servicesin wide areaenvironments.The XML-basedspec-
i�cations, including theWeb ServiceDescriptionLanguage
(WSDL) [9] andSOAP [15], provideextensibilityandtrans-

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

parency. WSDL providesaprecisedescriptionof aWebSer-
vice interfaceand of the communicationprotocolsit sup-
ports, and SOAP is the most widely usedcommunication
protocol,facilitatingtheexchangeof XML-basedstructured
information. SOAP supportsone-way messages,request-
responseinteractions,peer-to-peerconversation,andRPC.

The characteristicsthat make SOAP attractive for the
Grid include extensibility, languageand platform indepen-
dence,simplicity, robustness,andinteroperability. Giventhe
diversenatureof applicationrequirementsrunning on the
Grid's heterogeneouscomputationalcomponents,SOAP is
ideallysuitedto serveasacommonstandardprotocol.How-
ever, since XML primarily usesASCII as the representa-
tion format for data,sendingscientifcdatavia standardim-
plementationsof SOAP canresult in a severeperformance
penalty. It is important to identify and remove the bottle-
necksin SOAP performancefor scienti�c data.In thispaper,
we presenta SOAP optimizationtechniquethat can result
in signi�cant performanceimprovementsover widely used
SOAP toolkits thatdo not employ the optimization,includ-
ing gSOAP [24] andXSOAP [18, 21].

Applicationsof interestto the HPDC communityoften
requirecommunicationusing large arraysof �oating point
numbersandcomplex datatypes.Earlierwork onSOAP per-
formanceidenti�ed themostcritical bottleneckto bethecon-
versionbetween�oating pointnumbersandtheirASCII rep-
resentations[6]. Theconversionroutinesaccountfor 90%of
theend-to-endmessagetime. This paperintroducesbSOAP,
which addressesthis serializationbottleneck. Ratherthan
discardingserializedSOAP messagesafter they are sent,
clientssave the messagesso they canbe usedastemplates
for futureoutcalls. Messagesarecompletelyserializedand
saved during the �rst invocationof the SOAP call. Subse-
quentcalls that are identical, or that have the sameSOAP
messagestructure,canavoid a signi�cant percentageof the
serializationoverheadby requiringthatonly thechangesto
thepreviously sentmessagebeserialized.We call this tech-
nique differential serialization, and describeseveral tech-
niquesthatmake it effective,including:
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� trackingdatachangesandoverwritingonly thosevalues
thathavechangedsincethelastsend,

� expanding the serialized messageto accommodate
largerserializedvalues,

� storingthe messagein chunksandpaddingthemwith
whitespaceto reducethecostof expansion,and

� overlayingthesamememoryregion with differentpor-
tionsof thesameoutgoingmessageto reducememory
consumption.

Wequantifytheeffectivenessof thesetechniqueswith aper-
formancestudythatdemonstratesthatbestcaseperformance
is up to ten times faster, for the casewhen messagescan
be resentin their entirety. We also show that sendtimes
can be reducedby a factor of � ve when only partsof the
messageneedto be re-serialized.Our researchis useful in
two ways. Applicationsthat repeatedlysendsimilar mes-
sageswill achievesigni�cant performanceimprovement,and
SOAP library developerswill gaininsightsinto thecasesthat
makedifferentialserializationmosteffective.

Theremainderof this paperis organizedasfollows. Sec-
tion 2 describestheSOAP protocol,andidenti�es andquan-
ti�es theserializationbottleneck.Section3 describesthede-
signandimplementationof ourapproach.Section4 contains
a detailedperformancestudy. We concludewith relatedand
futurework in Sections5 and6, andsummarizeour �ndings
in Section7.

2 Background: The SOAP Protocol

SOAPisalight-weightandextensiblemessageexchangefor-
mat. It is not tied to any speci�c programminglanguage,
platform, or transportmechanism,enabling the exchange
of informationacrossdisparaterun-timeenvironments.Al-
thoughHTTP is the most widely usedtransportlayer for
SOAP payload,otherprotocolssuchasFTP or SMTP can
alsobe used. The useof XML andHTTP with the SOAP
protocol makes it well suited to serve as an interoperable
communicationprotocolon theGrid. It canbesupportedby
many programminglanguages[22], includingC, C++, Java,
Perl, JavaScriptandSmallTalk. SOAP is currentlyusedin
numerousWeb ServicesbasedGrid toolkits. For example,
the Java-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].

Theserializationof SOAP callscanbelogically separated
into the following phases:(1) traversingthe datastructures
of theinvocationparameters;(2) translatingthestoredvalues
into ASCII representationsasrequiredby theXML speci�-
cation;(3) copying theXML representation(includingtags)
into a buffer and (4) sendingthe buffer over the network.
SOAP toolkits use various designstrategies to implement

thesephases.Theroutinesthatconvertdatatypes(especially
�oats anddoubles)to their ASCII formatscanbe complex
andexpensive. The designof thebuffering mechanismcan
affect thenumberof systemcallsandcachehits in eachse-
rializationcycle. Thechoiceof HTTP 1.0 or HTTP 1.1 can
determinehow the buffer is sentover the network. HTTP
1.1 supportschunkingandstreamingof messagesallowing
datastructuresto be sentover the network assoonas they
areserialized.

In earlierwork, we studiedthe performanceof different
stagesof the SOAP implementationstackto isolatebottle-
neckswhenvariousscienti�c datatypesaresent[6, 14]. The
techniquesfor performanceenhancementincludedtheuseof
schema-speci�cparsingandtrie datastructuressothatXML
tagsareparsedonly once. We alsostudiedthe gain in per-
formancedueto theuseof chunkingandstreaming.Thetest
resultsindicatedthat thesetechniquesaffect only a fraction
of the overall cost of a SOAP call. The most critical fac-
tor is thecostof conversionbetween�oating point numbers
andtheir ASCII representations.Theseconversionroutines
accountfor 90% of end-to-endtime for a SOAP RPCcall.
For high performanceapplications,this bottleneckmustbe
eliminated.

3 Differential Serialization: Design and Im-
plementation

Our approachto removing the serializationbottleneckis to
avoid completeserializationof SOAP messagesby storing
and reusingmessagetemplates. The idea is to perform a
completeserializationonly whenthe �rst messageof a cer-
tain structureis sentby a SOAP communicationendpoint.
Thismessageis thensavedin thestub. Subsequentmessages
with the samestructureandsomeof the samecontent(for
example,calls to the sameremoteWeb Service)can then
reusepartsor all of thesavedtemplateinsteadof regenerat-
ing it from scratch. Although we focusour discussionand
performancestudyon the client side,differentialserializa-
tion couldbeusedequallywell by a serversendingidentical
(or similar) responsesto multipleseparateclients.

In comparingan outgoingmessageto a saved template,
therearefour differentmatchingpossibilities:

MessageContentMatch: Theentiremessagecouldbeex-
actly thesameasonethatwassentfrom theclient earlier. In
this case,theclient cansimply resendthemessageasis, and
avoid serializationaltogether.

Perfect Structural Match: The structureand size of the
messagecouldbethesameasanearliermessage,but theval-
uesof someof the�elds of themessagecouldhavechanged.
In this case,there is an opportunity to replacethe expen-
sive serializationstepwith a fasterstepthatwrites only the
changedvaluesinto the serializedbuffer. The serialization

2



of valuesthat have not changed,andof the SOAP message
metadata(tags)canbeavoided.

Partial Structural Match: The structureof the message
could be the same—thatis, it could have the sameheader
and�eld types—but someof the valuesand the sizeof the
message may not matchthoseof the saved template. Size
mismatchresultsfrom the fact that, unlike in-memorybase
types,theserializedform of datacanrequiredifferentnum-
bersof charactersto represent.For example,encodingthein-
teger1 requiresonly onecharacter, whereas13902requires
� ve. In this case,the templatecould be expanded(or con-
tracted)to meetthe requirementsof the new message.Per-
formanceimprovementdependson how muchfasterit is to
resizethemessageinsteadof serializingit from scratch.

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

Thesefour casesprovide the basis for our discussion.
Clearly, messagecontentmatchesprovide themostopportu-
nity for performanceimprovement,but only clientsthatsend
the sameexact messagerepeatedly(to oneor more differ-
ent SOAP servers)cantake advantageof it. The next best
caseis perfectstructuralmatches,which don't requireresiz-
ing themessagetemplatein memory. A DataUpdateTrack-
ing (DUT) tabletrackswhetherprogramshavechangeddata
itemssincethey werelastserializedinto theSOAP message.
This allows us to limit thewriting to only thosevaluesthat
havechanged.We implementa techniquethatmakesperfect
structuralmatchesmore likely to occur (as opposedto the
more expensive partial structuralmatches).We do this by
stuf�ng serializedvalueswith whitespaceto accommodate
potentialfutureupdatesthatwould otherwiserequireexpan-
sion. To reducethe cost of partial structuralmatches,we
storemessagesin potentiallynoncontiguousmemorychunks
to limit theimpactof expansion,whichcouldresultin asub-
stantialamountof expensive shifting andeven memoryre-
allocation.With messagechunking,theseeffectsarelimited
by thesizeof a chunkratherthanthesizeof thewholemes-
sage.Finally, we further reducethecostof increasing�eld
sizeby stealingextra spacefrom neighboring�elds, instead
of shiftingentireportionsof messagechunks.

3.1 Data UpdateTracking (DUT) Table

Whencalleduponto make an outcall, the client stubdeter-
mineswhetherpartsor all of the lastcopy of thesamemes-
sagetype canbe reused. To do so, the stubcontainscode
that checksfor a MessageContentMatch by usinga DUT
table,whichassociatesin-memorydatawith their locationin
theserializedmessagetemplate.Eachsavedmessagehasits
own DUT table,eachof whoseentriescorrespondsto a data

elementin themessage,andcontainsthefollowing �elds:

� a pointer to a datastructurethat containsinformation
aboutthedataitem's type, includingthemaximumsize
of its serializedform

� a dirty bit to indicatewhetherit hasbeenchangedsince
thelasttimethedatawaswritteninto theserializedmes-
sage

� apointerto its currentlocationin theserializedmessage
� its serializedlength—the numberof charactersin the

messagenecessaryfor storingtheserializedform of the
most-recently-writtenvalue

� its �eld width—thenumberof charactersin themessage
templatecurrentlyallocatedto this dataitem (notethat
the�eld width mustalwaysmatchor exceedtheserial-
izedlength)

If noneof thedirty bits areset,themessagehasnot changed
andcanberesentasis. Structuralmatchesareimplemented
by scanningtheDUT tableandreserializingonly thoseval-
ueswhosedirty bits areset. SinceDUT tableentriespoint
directly into theserializedform of themessage,�nding the
locationof thedataitem hasconstantcost. Clearly, this ap-
proachrequiresprogrammersto go throughthe DUT table
whenwriting their in-memorydatastructures,andto becog-
nizantthatthedatathey areusingin memorywill needto be
serializedinto a SOAP message.We foreseeour SOAP li-
braryrequiringall “serializable”datato belocatedin objects
thatcontain“get” and“set” methods,whoseimplementation
will updatetheDUT tabletransparently.

3.2 Shifting, Chunking, Stuf�ng, and Stealing

If the new serializedform of somevaluedoesnot �t in the
currentlyallocatedspace,weperformon-the-�y messageex-
pansion,which we call shifting. Shifting is necessarywhen
theserializedform of thenew valueexceedsthe �eld width
valuein theDUT tableentry. At this point, all thebytesof
themessageareshiftedto theright to makeroomfor thenew
value,andthepointersinto themessagefrom otherDUT ta-
ble entriesareupdatedaccordingly.

To reducethecostof shifting,serializedmessagesarenot
storedin contiguousmemoryregions;instead,westorethem
in variablesizedpotentiallynoncontiguouschunks. If nec-
essary, chunkscanbereallocatedinto different,largermem-
ory regions, or split to form two smallerchunks. Con�g-
urableparametersdeterminethe default initial chunk size,
the thresholdat which chunksare split into two, and the
spacethat is initially left empty at the end of a chunk (to
allow for shifting without reallocation).Selectingtheappro-
priatechunksizeto reducethecostof shifting mustbe bal-
ancedagainstseveralotherfactorsthatchunksizein�uences,
including CPU cacheeffectiveness,the numberof system
callsneededto sendmessages(andwhethertheOSsupports
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scatter-gathersends),thesizeof theunderlyingprotocolim-
plementation'ssendbuffers,andtheoverheadof maintaining
themessagein chunks.

If we write into the serializedmessagea value that re-
quires less spacethan the old value occupied,we simply
rewrite the tag immediatelyto the right of the new value,
andpadthe spacebetweenthe endtag of this �eld andthe
starttagof thenext with whitespace,which is explicitly le-
gal in XML (andthereforeSOAP). This is oneway that the
�eld width cancometo exceedserializedlength for a data
item. The other is by explicitly allocatingmorespacethan
necessarywhenthe�rst templatemessageis generated.We
call this stuf�ng . In particular, most typeshave associated
with thema maximumnumberof charactersthat any of its
serializedvaluescanpossiblyoccupy.2 Setting�eld widths
to maximumvaluescanhelpavoid shiftingaltogether, at the
expenseof largermessages,bothin memoryandonthewire.
Storingboththe�eld width andthecurrentserializedlength,
andallowing themto containdifferentvalues,alsoenables
stealingspacefrom neighboringdataitemsinsteadof shift-
ing entireportionsof messagechunks.This canfurther re-
ducethecostof expanding�eld sizes;weexplorestealingin
aseparatepaper[4].

3.3 Chunk Overlaying

Basedon the descriptionthus far, differential serialization
hasconsiderablememoryrequirements.In particular, it re-
quiresmemoryto storemessagedata,the entire serialized
form of the message,and the DUT table. Clearly this is
not a desirablecharacteristic,especiallyasmessagesgrow.
Chunkoverlaying helpslimit memoryrequirementsby al-
lowing multiple portionsof largearraysto be sentfrom the
samemessagechunk. The approachtakesadvantageof the
fact that large arrayscontainmultiple chunk-sizeportions
thatencodeonly theentriesof thearray. At any giventime,
the serializeddataand the DUT table entriesfor only one
portionof thearray(aportionthatwill �t into asinglechunk)
is presentin memory. Thatportionof thearrayis sent,and
then the valuesof the next portion are serializedinto the
samechunk. This steprequiresthatall thevalues(after the
�rst chunk)bereserializedinto thearray. In additionto the
knownbene�tsof chunkingandstreaming(asusedby HTTP
1.1 implementations),our approachhasaddedpotentialper-
formancegainsbecausethe tagsthatdescribethedataneed
not berewritten. We explorechunkoverlayingin a separate
paper[3].

3.4 Applications that canBene�t

bSOAP is optimizedfor applicationsthatresendsimilarmes-
2Note thatstringscannottake advantageof stuf�ng becausethereis no

maximumsizestring.

sagesrepeatedly. Thecommunicationpatternsof theseappli-
cationsdeterminetheextent to which they canbene�t from
usingbSOAP. A brief descriptionof Grid applicationsthat
we think will beableto bene�t from bSOAP, follows.

The Linear SystemAnalyzer[11] is a high performance
problemsolving environmentfor large linear systemsAx =
b. Its approachallows scientiststo develop solutionstrate-
giesby dynamicallyswappingoutcomponentsthatencapsu-
late linear algebralibraries. Scientistscanconnectvarious
componentsin a cycle to repeatedlyre�ne andre-calculate
thesolutionvectoruntil the requiredconvergencecondition
is met. Sincethesizeandform of thearraydoesnot change
over different iterations,consecutive messagesexhibit per-
fect structuralmatches,sobSOAP couldbeusedto achieve
performanceimprovements.

The MetadataCatalog Service (MCS) [20] ef�ciently
managesmetadataassociatedwith �les generatedby data-
intensive applications. A generalmetadataschemais used
to specifyall the attributesassociatedwith each�le. MCS
provides an API to perform various operations,including
adding,deletingandqueryingmetadata.ClientsuseSOAP
to connectto theMCS Webservice,which is connectedto a
backendMySQL database.Sinceeachrequestsentby auser
conformsto the metadataschema,the format of the SOAP
payloadis thesamefor eachrequest.bSOAP perfectstruc-
turalmatchcanthereforebeusedto improvetheperformance
of MCS.

Flocksof Condorsystems [5] exchangeClassAdinfor-
mationto describethe resourcesin variousCondorclusters
thatcombineto de�ne a largeGrid-scalesystem.It standsto
reasonthat informationwill besimilar in structureandeven
content (if resourcecharacteristicsdo not change)across
multiple consecutive exchanges.Therefore,bSOAP would
beableto automaticallyreserializeonly thedifferencesfrom
previousexchanges,without requiringany alterationto Con-
dor resourcemanagersthemselves.

GoogleandAmazon.comprovide a Web servicesinter-
face. The XML Schemausedfor the responsesto userre-
questsis alwaysthe same(for a particularoperationin the
Webservice);only thevaluesstoredin theXML Schemain-
stancechange,becausethey dependon the queriessentby
users. The optimizationsin bSOAP for perfectstructural
matchcould signi�cantly reducethe time spentserializing
responsemessagesfrom theheavily-usedservers.

4 PerformanceStudy

In this section,we describetheperformanceof our bSOAP
implementationthatusesdifferentialserialization.Thetests
wererun on a dualprocessor2.0GHz Pentium4 Xeonwith
1GB DDR Ram and a 15K RPM 18GB Ultra-160 SCSI
drive running Debian Linux version 2.4.24. bSOAP and
gSOAP codeis compiledwith gccversion2.95.4with opti-
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mization�ag “-O2.” XSOAP (version1.2.28-RC1)wascom-
piledwith Java 1.4.2.We isolateandmeasuretheSendTime
in the client by startinga timer beforepreparingthe mes-
sagefor sending,andstoppingthe timer right after the �nal
send()systemcall on the socket. Relevant socket options,
for both gSOAP and bSOAP, include SO KEEPALIVE,
TCP NODELAY, SO SNDBUF = 32768,andSO RCVBUF
= 32768.Becausewe'reinterestedonly in SendTimefor this
setof tests,eachclientconnectsto adummySOAP serveron
a differentmachine,over a Gigabitethernetlink; theserver
doesnotdeserializeor parsetheincomingSOAP packet. Our
resultsre�ect theaverageof 100measurementsfor eachre-
porteddatapoint.

4.1 MessageContent Matches

This sectionstudiesthe effect of the performanceimprove-
ment, in the casewherestoredmessagetemplatescan be
reusedwithout change. Thus, we characterizethe perfor-
manceimprovementfor messagecontentmatches.For these
experiments,wevary thefollowing factors:

� The type of data containedin the message.We have
usedintegers,IEEE 754standarddoublesandmeshin-
terfaceobjects(MIO's). An MIO is a structureof the
form [int, int, double],wherethe �rst two �elds repre-
sentmeshcoordinates,andthe third representsa �eld
value. MIO' s canbe used,for example,for communi-
cationbetweentwo partial differentialequation(PDE)
solversondifferentdomains[17, 7].

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

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

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

Figures1, 2, and 3 show that bSOAP performanceis
slightly betterthangSOAP, whenbothimplementationsseri-
alizeentiremessages.3 Wecompareourperformanceagainst
XSOAP, a fast Java SOAP implementationwhich, as ex-
pected,is still slower thanC/C++-basedgSOAP andbSOAP
implementations.bSOAP messagecontentmatchesareap-
proximatelyseven timesfasterthanfull serializationfor ar-
raysof MIO' s,approximatelytentimesfasterfor largearrays

3gSOAP hasfull supportfor “multi-ref”, bSOAP doesnot. We expect
theperformanceof bSOAP with full serializationto beequivalentto thatof
gSOAP whenmulti-ref supportis added.
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Figure 3. This �gure correspondsexactlyto Figures1
and2, for arraysof integersinsteadof MIO' s or dou-
bles.

of doubles,andat leastfour timesfasterfor large arraysof
integers.

4.2 Structural Matches

This sectionexploresthe cost of writing datadirectly into
a buffer ratherthanexplicitly serializingmessageson each
send.Thatis,wecharacterizethepotentialperformanceben-
e�t of perfectstructuralmatches.Again,we vary thetypeof
datasent,thesizeof thedata,andtheSOAP implementation.
Our implementationwith differentialserializationvariesthe
numberof dataitemsthatneedto beoverwrittenin theserial-
izedversionof thearray. For thissetof tests,weassumethat
thesizeof thearray, andeachof its elements,arethesame
in thetemplateasthey arein thenew outgoingmessage,so
shiftingandstealingareunnecessary.

Figure 4 plots Send Time for various size arrays of
MIO' s. Thegraphre-plotsbSOAP: MessageContentMatch
andbSOAP: Full Serialization,from Figure1. We alsoin-
cludebSOAP when25%,50%,75%,and100%of theMIO
doublesmust be re-serialized(the remainingportion stays
thesameasin thesavedmessage,asdo MIO integers).Fig-
ure5 showsresultsof thesametestsfor doubles.

Figures4 and 5 demonstratethat,asexpected,SendTime
dependsdirectly on arraysizeandon thepercentageof val-
uesthatmustbere-serialized.Thedifferencebetween100%
ValueRe-serializationandFull Serializationshows thecost
of generatingandwriting SOAP tags,comparedto serializ-
ing only thedataitself.
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4.3 Shifting

This sectionquanti�es the worst-casecostof shifting. Fig-
ure6 shows theamountof time neededto insertlargestsize
(46 character)MIO' s into anarrayof smallestsizedoubles,
causingshifting for eachre-serializedvalue. Sinceshifting
performancecandependon messagechunksize,we ranthe
testswith a chunksizeof both8K and32K. Figure7 shows
theresultsof repeatingthetestswith arraysof doubles.

Figures6 andand 7 show thatshifting in theworstcase
can incur a signi�cant performancepenalty. In particular,
SendTimewhenshiftingall MIO' sanddoublesby themax-
imum possibleamountis approximatelyfour to � ve times
slower when comparedto re-serializationwhen shifting is
unnecessary.

Fortunately, we don't expecttheworstcaseto occurvery
often.Figures8 and9 plot SendTimesfor intermediatesize
valuesto maximumsize values,when not all of the array
valuesneedto bere-serialized.These�gures show thatasthe
numberof valuesthatneedto bere-serializedandshiftedis
reduced,theperformanceapproachesthecasewhereshifting
is unnecessary.

4.4 Stuf�ng

Onewayto avoid shiftingaltogetheris to alwaysallocatethe
maximumpossiblespacefor the value,andstuff to �ll the
unusedportionwith whitespace.For doublesthemaximum
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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(24 characters).

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

Shifting Performance: MIO's

Number of MIO's 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

)

100% Value Re�serialization with Shifting
75% Value Re�serialization with Shifting
50% Value Re�serialization with Shifting
25% Value Re�serialization with Shifting
100% Value Re�serialization, No Shifting
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Figure 9. SendTime in millisecondsfor varioussize
arraysof doubles,wheredifferentpercentagesof the
arraymustto beexpandedfrom an18characterdouble
to thelargestpossibledouble(24characters).

encodedsizeis 24charactersplusthesizeof thetags,andfor
integersit is 11characters,plusthesizeof thetags.Thereare
two sourcesof overheaddueto thisapproach.First,theclient
sendslarger messages.To quantify the cost due to larger
messages,wecomparedthecostof sendingthesmallestpos-
sible encodedvaluesfor doublesandMIO' s (oneandthree
charactersrespectively), with the cost of sendingthe same
valueswithin themaximum�eld size(24and46characters).
We alsoplot an intermediate�eld sizefor each(38 and18
charactersfor MIO' s anddoubles).Theresultsareshown in
Figures10 and11, for arraysof MIO' s anddoubles,respec-
tively.

The secondsourceof overheadlies in shifting the clos-
ing tagwhenwriting valuesthataresmallerthanthosein the
previous storedmessage.For example,when a large dou-
ble is encoded,it consumesthe full extent of the �eld size.
Whenasmallervalueis writtenontopof it for thenext send,
the closingtag mustbe written further left within the �eld,
andwhitespacemustbewritten in theremainderof the�eld.
To quantifythiseffect,wewrotesmallestpossiblevaluesfor
doublesandMIO' son topof largestpossiblevalues;this re-
sults in the closing tag being shifted as much as possible.
Theseplotsarelabelledas“Max Field Width: Full Closing
TagShift” onFigures10and 11.

Figures10, and11 demonstratethat the mostsigni�cant
performancepenaltyof stuf�ng lies in shifting the closing
tag ratherthansendinglarger messages,for our worst-case
tests.We expectthis caseto occurmuchlessfrequentlythan
smallertag shifts. This testwasdesignedto reveal an up-
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Figure 10. SendTimein millisecondsfor varioussize
arraysof MIO' s, wherevaluesarestuffed to 46 char-
acters(maximumwidth), 36 characters(intermediate
width) and threecharacters(minimum width). Also
plottedis thecostof writing three-characterMIO' sinto
�elds containing46 characterMIO' s, requiringa tag
shift.
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acters(intermediatewidth), andonecharacter(mini-
mumwidth). Also plottedis thecostof writing single-
characterdoublesinto �elds containing24 character
doubles,requiringa tagshift.
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Figure 12. SendTimein millisecondsfor varioussize
arraysof MIO' sanddoubles,whensendingfrom asin-
gle overlayedchunkvs. sendingfrom multiple sepa-
ratechunks.

per boundon the performancepenaltyincurredby stuf�ng.
However, writing singlecharacterdoublesis lesscostlythan
writing largerdoubles.Therefore,it is possiblethattheworst
caseliessomewherebetween(a)writing thesmallestdouble
andthemostwhitespace,and(b) writing the largestdouble
andnowhitespace.Ourcurrenttestsdonot revealwherethis
worstcasemayactuallylie.

4.5 Chunk Overlaying

To characterizethe performanceof chunk overlaying, we
sentanarrayof doublesfrom asingle32K chunkof memory,
andfrom separate32K chunksof memory, all of whichwere
in memory. With chunkoverlaying,serializationof all values
(exceptpotentiallysomein the �rst chunk)is necessary, so
we expectperformanceto becomparableto the100%Value
Re-serializationplot from Figure5. Figure12 con�rms this
hypothesis.

5 RelatedWork

Chiuk et. al. [6] addressSOAP performancebottlenecksby
usingtrie datato reducethenumberof comparisonsfor XML
tags. This optimizationis useful in SOAP deserialization,
andis orthogonalto the issueof saving messagetemplates.
The otheroptimizationthey useis chunkingandstreaming
of messages.gSOAP also provides this feature, in addi-
tion to compression,routing,andtheuseof optimizedXML

datarepresentationsusingXML schemaextensibility. These
techniquesarecomplementaryto theoneswehaveproposed.
They canbe usedwhenan RPCcall mustbe serializedthe
�rst time; differentialserializationcanthenbeusedfor sub-
sequentcalls.

The SOAP speci�cation allows the use of “multi-ref
accessors”—identi�ersthatreferto previously serializedin-
stancesof speci�c elementsof theSOAP call. Multi-ref ac-
cessorscanbeincludedwithin ourserializedmessagesto fur-
therimproveserializationperformance.

Devaramet. al. [8] describe“parameterizedclient-side
caching”of messagesin �les. Entire messagescanbe sent
as is, andpartial cachingallows the client to reusecached
messagesand changea few of the parametersfor subse-
quentsends.Theauthorsreportabestcasespeedupof 800%
over their own original code; this result is consistentwith
our speedupof approximately1000%.However, theauthors
statethat their approachis mostappropriatefor requestsin-
volving few parameters.The authorsdo not addresshow
to apply their optimizationto large arraysof scienti�c data
(which we feel is thecasewherethe techniqueis mostuse-
ful), how to track which changesneedto be madeto the
cachedmessage,nor how to handlemismatcheddatasizes
(requiringon-the-�y messageexpansionor stuf�ng).

The SOAP community has suggestedseveral different
speci�cationsthatwould standardizeSOAP binary formats,
includingbase64encoding,DIME [16] andBEEP[2]. While
thesetechniquesdo achieve performancegains,they reduce
the simplicity and universality of SOAP, the characteristic
thatmakesit interoperableandattractive.

6 Future Work

Currently, eachremoteWeb Servicehasits own savedtem-
plate. For applicationsthat sendthe same(or similar) data
to different remoteservices,we plan to investigatethe ex-
tent to which is would be bene�cial for themto sharemes-
sagechunksacrosstemplates.This would allow serializa-
tion cost to be amortizedacrossmultiple sendsto different
WebServices.It alsomaybeusefulto storemultiple differ-
ent messagestemplatesfor the sameremoteservice,rather
thanoneper call type. We plan to quantify the effect that
stuf�ng hason server-sidedecodingof incomingmessages.
Finally, storingmessagesat a SOAP server could help in a
completelydifferentway, by suggestingthestructureof fu-
turemessagearrivals.Thiscouldhelpavoid completeserver-
sideparsingandimprove performance,throughdifferential
deserialization.

7 Summary

We describea new technique,called differential serializa-
tion, that helpsalleviate the SOAP serializationbottleneck.
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Ratherthanreserializingeachmessagefrom scratch,ourap-
proachsavesa copy in the senderstub, tracksthe changes
thatneedto bemadefor thenext messageof thesametype,
andreusesthis saved copy asa templatefor the next send.
We describetechniquesto increasetheeffectivenessandap-
plicability of differential serialization,including on-the-�y
messageexpansion,stuf�ng, messagechunking,andchunk
overlaying. For applicationsthat resendthesamemessages
repeatedly, ourperformancestudydemonstratesanimprove-
mentin SendTimeby afactorof four to tenfor arraysof dif-
ferenttypesof data.We alsoshow that resendingmessages
with similar structurebut containingsomedifferentvalues
can also achieve signi�cant speedup. We characterizethe
performancepenaltyfor on-the-�y messageexpansion,and
describeseveral techniquesfor counteractingits adverseef-
fect, includingstuf�ng andchunkoverlaying.
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