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Abstract

The SQAP protocol hasemeged as a WWeb Servicecommu-
nication standad, providing simplicity; robustnessand ex-
tensibility SOAP'srelativelypoor performancehreatengo
limit its usefulnessespeciallyfor high-performancescien-
tic applications. The serializationof outgoingmessges,
whicdh includescorversionof in-memorydatatypesto XML-
basedstring format and the pading of this data into mes-
sage buffers, is a primary SQAP performancebottlene&. We
describethedesignandimplementatiorof differentialserial-
ization, a SCAP optimizationtechniquethat canhelpbypass
theserializationstepfor messgessimilar to thosepreviously
sentby a SQAP client or previously returnedby a SQAP-
based\eb Service Theapproad requiresno changesto the
SQAP protocol. Our implementatiorand performancestudy
demonstatethetecniques potential,showinga substantial
performanceimprovementover widely used SQAP toolkits
that do not employthe optimization.We identify several fac-
torsthatdeterminghe usefulnesandapplicability of differ-
ential serialization present setof techniquedor increasing
thesituationsin which it canbeused,andexplore thedesign
spaceof theapproad.!

Key Words: SOQAP, Web Services SerializationOptimiza-
tion, High PerformanceScienti c Computing

1 Intr oduction

The Web Servicesmodel hasrecentlybeenadoptedasthe
basicarchitecturdor Grid Systemq10]. Web Servicespro-
vide standardgor representingdiscovering, and invoking
servicesin wide areaervironments. The XML-basedspec-
i cations, including the Web ServiceDescriptionLanguage
(WSDL) [9] andSQAP [15], provide extensibility andtrans-

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

pareng. WSDL providesaprecisedescriptiorof aWeb Ser

vice interface and of the communicationprotocolsit sup-
ports, and SQAP is the mostwidely usedcommunication
protocol,facilitating the exchangeof XML-basedstructured
information. SQAP supportsone-way messagestequest-
responseénteractionspeerto-peercorversationandRPC.

The characteristicshat make SQAP attractive for the
Grid include extensibility, languageand platform indepen-
dencesimplicity, robustnessandinteroperability Giventhe
diversenatureof applicationrequirementsunning on the
Grid's heterogeneousomputationakcomponents SQAP is
ideally suitedto sene asacommonstandargrotocol. How-
ever, since XML primarily usesASCII as the representa-
tion formatfor data,sendingscientifcdatavia standardm-
plementationof SQAP canresultin a severe performance
penalty It is importantto identify and remove the bottle-
necksin SQAP performancdor scienti ¢ data.In this paper
we presenta SQAP optimizationtechniquethat can result
in signi cant performancamprovementsover widely used
SQAP toolkits that do not employ the optimization,includ-
ing gSQAP [24] andXSOAP [18, 21].

Applications of interestto the HPDC community often
requirecommunicationusing large arraysof oating point
numbersandcomple datatypes.Earlierwork on SQAP per
formancddenti ed themostcritical bottlenecko bethecon-
versionbetweenoating pointnumbersandtheir ASCII rep-
resentation§6]. Thecorversionroutinesaccounfor 90%of
theend-to-endnessagéime. This paperintroduceshSQAP,
which addresseshis serializationbottleneck. Ratherthan
discardingserialized SOAP messagesifter they are sent,
clients save the messageso they canbe usedastemplates
for future outcalls. Messagesre completelyserializedand
saved during the rst invocationof the SQAP call. Subse-
quentcalls that are identical, or that have the sameSQAP
messagestructure canavoid a signi cant percentag®f the
serializationoverheadby requiringthat only the changesto
the previously sentmessagée serialized.We call this tech-
nique differential serialization and describesereral tech-
niguesthatmale it effective,including:



trackingdatachangesndoverwritingonly thosevalues
thathave changedsincethelastsend,

expanding the serialized messageto accommodate
largerserializedvalues,

storingthe messagén chunksand paddingthemwith
whitespaceo reducethe costof expansionand
overlayingthe samememoryregion with differentpor-
tions of the sameoutgoingmessagédo reducememory
consumption.

We quantifythe effectivenes®of thesetechniquesvith a per
formancestudythatdemonstratethatbestcaseperformance
is up to ten times faster for the casewhen messagegan
be resentin their entirety We also shav that sendtimes
can be reducedby a factorof ve whenonly partsof the
messagaeedto be re-serialized.Our researchs usefulin
two ways. Applicationsthat repeatedlysendsimilar mes-
sagewill achievesigni cant performancémprovementand
SQAP library developerswill gaininsightsinto thecaseghat
male differentialserializationrmosteffective.

Theremainderof this paperis organizedasfollows. Sec-
tion 2 describeshe SOAP protocol,andidenti es andquan-
ti es theserializationbottleneck.Section3 describeshede-
signandimplementatiorof our approachSectiord contains
adetailedperformancestudy We concludewith relatedand
futurework in Sectionss and6, andsummarizeour ndings
in Section?.

2 Background: The SOAP Protocol

SQAP is alight-weightandextensiblemessagexchangdor-
mat. It is not tied to ary speci ¢ programminglanguage,
platform, or transportmechanism,enablingthe exchange
of informationacrossdisparaterun-time ervironments. Al-
thoughHTTP is the most widely usedtransportlayer for
SQAP payload,other protocolssuchas FTP or SMTP can
alsobe used. The useof XML andHTTP with the SQAP
protocol makes it well suitedto sene as an interoperable
communicatiorprotocolon the Grid. It canbe supportedy
mary programmindanguage$22], includingC, C++, Java,
Perl, JavaScriptand SmallTalk. SQAP is currently usedin
numerousWeb ServicesbasedGrid toolkits. For example,
the Java-basedmplementationin the GT3 [1] toolkit uses
the Apache Axis SOQAP implementation[23], the OGSA-
C [12] implementationusesthe gSQAP [24] toolkit, and
XCAT [13, 19] usesXSOAP [21].

Theserializatiorof SQAP callscanbelogically separated
into the following phases:(1) traversingthe datastructures
of theinvocationparameterq2) translatinghestoredvalues
into ASCII representationasrequiredby the XML speci -
cation; (3) copying the XML representatioincludingtags)
into a buffer and (4) sendingthe buffer over the network.
SQAP toolkits use various designstratgies to implement

thesephasesTheroutinesthatcornvertdatatypes(especially
oats anddoubles)to their ASCII formatscanbe comple
andexpensve. The designof the buffering mechanisntan
affect the numberof systemcalls andcachehits in eachse-
rialization cycle. Thechoiceof HTTP 1.0or HTTP 1.1 can
determinehow the buffer is sentover the network. HTTP
1.1 supportschunkingand streamingof messageallowing
datastructuresto be sentover the network as soonasthey
areserialized.

In earlierwork, we studiedthe performanceof different
stagesof the SOAP implementationstackto isolatebottle-
neckswhenvariousscienti ¢ datatypesaresent[6, 14]. The
techniquesor performancenhancemerihcludedthe useof
schema-speci parsingandtrie datastructuresothat XML
tagsare parsedonly once. We alsostudiedthe gainin per
formancedueto the useof chunkingandstreamingThetest
resultsindicatedthat thesetechniquesaffect only a fraction
of the overall costof a SQAP call. The most critical fac-
tor is the costof corversionbetweenoating point numbers
andtheir ASCII representationsThesecorversionroutines
accountfor 90% of end-to-endime for a SQAP RPCcall.
For high performanceapplications this bottleneckmustbe
eliminated.

3 Differential Serialization: Designand Im-
plementation

Our approachto removing the serializationbottleneckis to
avoid completeserializationof SOAP messagedy storing
and reusingmessagdemplates. The ideais to performa
completeserializationonly whenthe rst messag®f a cer
tain structureis sentby a SOAP communicationendpoint.
Thismessagés thensavedin thestub Subsequennhessages
with the samestructureand someof the samecontent(for
example, calls to the sameremoteWeb Service)can then
reusepartsor all of the savedtemplateinsteadof regenerat-
ing it from scratch. Although we focusour discussiorand
performancestudy on the client side, differential serializa-
tion couldbe usedequallywell by a senersendingdentical
(or similar) responseto multiple separatelients.

In comparingan outgoingmessagéo a sased template,
therearefour differentmatchingpossibilities:

Message ContentMatch: Theentiremessageouldbeex-
actlythesameasonethatwassentfrom theclient earlier In
this casethe client cansimply resendhe messagasis, and
avoid serializationaltogether

Perfect Structual Match: The structureand size of the
messageouldbethesameasanearliermessageut theval-
uesof someof the elds of themessageouldhave changed.
In this case,thereis an opportunityto replacethe expen-
sive serializationstepwith a fasterstepthatwrites only the
changedvaluesinto the serializedbuffer. The serialization



of valuesthat have not changedand of the SOAP message
metadatdtags)canbe avoided.

Partial Structual Match: The structureof the message
could be the same—thais, it could have the sameheader
and eld types—IMt someof the valuesand the sizeof the
messge may hot matchthoseof the saved template. Size
mismatchresultsfrom the fact that, unlike in-memorybase
types,the serializedform of datacanrequiredifferentnum-
bersof characterso representFor example encodinghein-
teger 1 requiresonly onecharacterwhereasl3902requires

ve. In this case,the templatecould be expanded(or con-
tracted)to meetthe requirement®f the nev messagePer
formanceimprovementdependn how muchfasterit is to
resizethe messagénsteadof serializingit from scratch.

First-Time Send Finally, the rst time a messagés sent,
it needso be created(serialized)from scratch. The perfor
manceis the sameaswithout differential serialization plus
the neggligible overheadof checkingto seeif a storedcopy
existsandsaving apointerto it afterit hasbeencreated.

Thesefour casesprovide the basisfor our discussion.
Clearly, messageontentmatchegrovide the mostopportu-
nity for performancémprovementput only clientsthatsend
the sameexact messageepeatedly(to one or more differ-
ent SOAP seners) cantake advantageof it. The next best
caseis perfectstructuralmatcheswhich don't requireresiz-
ing themessagéemplatein memory A Data UpdateTrack-
ing (DUT) tabletrackswhethemprogramshave changediata
itemssincethey werelastserializednto the SOAP message.
This allows usto limit the writing to only thosevaluesthat
have changedWe implementa techniquehatmalkesperfect
structuralmatchesmore likely to occur (as opposedo the
more expensve partial structuralmatches). We do this by
stufng serializedvalueswith whitespaceo accommodate
potentialfuture updateghatwould otherwiserequireexpan-
sion. To reducethe costof partial structuralmatcheswe
storemessagem potentiallynoncontiguousnemorychunks
to limit theimpactof expansionwhich couldresultin asub-
stantialamountof expensve shifting and even memoryre-
allocation.With messagehunking,theseeffectsarelimited
by the sizeof a chunkratherthanthe sizeof thewhole mes-
sage.Finally, we further reducethe costof increasingeld
sizeby stealingextra spacefrom neighboring elds, instead
of shifting entireportionsof messagehunks.

3.1 Data Update Tracking (DUT) Table

Whencalleduponto make an outcall, the client stubdeter
mineswhetherpartsor all of thelastcopy of the samemes-
sagetype canbe reused. To do so, the stub containscode
that checksfor a MessageContentMatch by usinga DUT
table,which associatem-memorydatawith theirlocationin
theserializedmessagéemplate Eachsaszed messagéasits
own DUT table,eachof whoseentriescorrespond$o a data

elementn themessageandcontainghefollowing elds:

a pointerto a datastructurethat containsinformation
aboutthe dataitem's type includingthe maximumsize
of its serializedform

adirty bit to indicatewhetherit hasbeenchangedince
thelasttimethedatawaswritteninto theserializednes-
sage

apointertoits currentocationin theserializedmessge
its serializedlength—the numberof charactersn the
messag@ecessarjor storingthe serializedorm of the
most-recently-writtervalue

its eld width—thenumberof characterin themessage
templatecurrentlyallocatedto this dataitem (notethat
the eld width mustalwaysmatchor exceedthe serial-
izedlength)

If noneof thedirty bits areset,the messagéasnot changed
andcanberesentasis. Structuralmatchesareimplemented
by scanninghe DUT tableandreserializingonly thoseval-
ueswhosedirty bits areset. SinceDUT table entriespoint
directly into the serializedform of the messagending the
locationof the dataitem hasconstantost. Clearly, this ap-
proachrequiresprogrammergo go throughthe DUT table
whenwriting theirin-memorydatastructuresandto be cog-
nizantthatthe datathey areusingin memorywill needto be
serializedinto a SOAP message We foreseeour SQAP li-
braryrequiringall “serializable"datato belocatedin objects
thatcontain“get” and“set” methodswhoseimplementation
will updatethe DUT tabletransparently

3.2 Shifting, Chunking, Stuf ng, and Stealing

If the new serializedform of somevaluedoesnot t in the
currentlyallocatedspaceywe performon-the- y messagex-
pansionwhich we call shifting Shifting is necessaryhen
the serializedform of the new valueexceedshe eld width
valuein the DUT tableentry. At this point, all the bytesof
themessagareshiftedto theright to make roomfor thenew
value,andthe pointersinto the messagérom otherDUT ta-
ble entriesareupdatedaccordingly

To reducethe costof shifting, serializednessagearenot
storedin contiguousmemoryregions;insteadwe storethem
in variablesizedpotentially noncontiguoushunks. If nec-
essarychunkscanbereallocatednto different,largermem-
ory regions, or split to form two smallerchunks. Con g-
urable parametergleterminethe default initial chunksize,
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).Selectingthe appro-
priate chunksizeto reducethe costof shifting mustbe bal-
ancedagainsseveralotherfactorshatchunksizein uences,
including CPU cacheeffectivenessthe numberof system
callsneededo sendmessagendwhetherthe OSsupports



scattergathersends)the sizeof theunderlyingprotocolim-
plementatiors sendbuffers,andthe overheadf maintaining
themessagén chunks.

If we write into the serializedmessagea value that re-
quiresless spacethan the old value occupied,we simply
rewrite the tag immediatelyto the right of the new value,
andpadthe spacebetweerthe endtag of this eld andthe
starttag of the next with whitespacewhich is explicitly le-
galin XML (andthereforeSQAP). This is oneway thatthe
eld width cancometo exceedserializedlengthfor a data
item. The otheris by explicitly allocatingmore spacethan
necessaryhenthe rst templatemessagés generated\We
call this stufng. In particular mosttypeshave associated
with thema maximumnumberof characterghatary of its
serializedvaluescanpossiblyoccupy.? Setting eld widths
to maximumvaluescanhelp avoid shifting altogetherat the
expenseof largermessagediothin memoryandonthewire.
Storingboththe eld width andthecurrentserializedength,
andallowing themto containdifferentvalues,alsoenables
stealingspacefrom neighboringdataitemsinsteadof shift-
ing entire portionsof messagehunks. This canfurtherre-
ducethe costof expanding eld sizes;we explorestealingin
aseparatpapen4].

3.3 Chunk Overlaying

Basedon the descriptionthus far, differential serialization
hasconsiderablenemoryrequirements.in particulay it re-
guiresmemoryto store messagelata, the entire serialized
form of the messageand the DUT table. Clearly this is
not a desirablecharacteristicespeciallyas messagegrow.
Chunkoverlaying helpslimit memoryrequirementsy al-
lowing multiple portionsof large arraysto be sentfrom the
samemessagehunk. The approachtakesadwantageof the
fact that large arrayscontain multiple chunk-sizeportions
thatencodeonly the entriesof thearray At ary giventime,
the serializeddataandthe DUT table entriesfor only one
portionof thearray(aportionthatwill t intoasinglechunk)
is presentn memory Thatportion of the arrayis sent,and
then the valuesof the next portion are serializedinto the
samechunk. This steprequiresthatall the values(afterthe
rst chunk)bereserializednto thearray In additionto the
known bene tsof chunkingandstreamingasusedoy HTTP
1.1implementations)our approacthasaddedpotentialper
formancegainsbecausehe tagsthat describethe dataneed
not be rewritten. We explore chunkoverlayingin a separate

paper(3].
3.4 Applicationsthat canBene t

bSQAP is optimizedfor applicationghatresendsimilarmes-

2Note that stringscannottake adwantageof stufng becausehereis no
maximumsizestring.

sagesepeatedlyThecommunicatiompatternof theseappli-
cationsdeterminethe extentto which they canbene t from
usingbSQAP. A brief descriptionof Grid applicationsthat
we think will beableto bene t from bSQAP, follows.

The Linear SystemAnalyzer[11] is a high performance
problemsolving ervironmentfor large linear systemsAx =
b. Its approachallows scientiststo develop solution strate-
giesby dynamicallyswappingoutcomponentshatencapsu-
late linear algebralibraries. Scientistscan connectvarious
componentsn a cycle to repeatedlyre ne andre-calculate
the solutionvectoruntil the requiredconvergencecondition
is met. Sincethe sizeandform of the arraydoesnot change
over differentiterations,consecutie messagesgxhibit per
fect structuralmatchesso bSQAP could be usedto achieve
performancemprovements.

The MetadataCatalog Service (MCS) [20] ef ciently
managesnetadataassociatedvith les generatedy data-
intensie applications. A generalmetadataschemais used
to specifyall the attributesassociatedvith each le. MCS
provides an API to perform various operations,including
adding,deletingand queryingmetadata.Clientsuse SQAP
to connecto the MCS Web service which is connectedo a
baclendMySQL databaseSinceeachrequessentby auser
conformsto the metadataschemathe format of the SCAP
payloadis the samefor eachrequest.bSQAP perfectstruc-
turalmatchcanthereforebeusedo improvetheperformance
of MCS.

Flocks of Condorsystems [5] exchangeClassAdinfor-
mationto describethe resourcesn variousCondorclusters
thatcombineto de ne alarge Grid-scalesystem.t standso
reasonthatinformationwill besimilarin structureandeven
content(if resourcecharacteristicado not change)across
multiple consecutie exchanges.Therefore,bSQAP would
beableto automaticallyreserializeonly thedifferencegrom
previousexchangeswithoutrequiringary alterationto Con-
dorresourcemanagershemseles.

Googleand Amazon.comprovide a Web servicesinter
face. The XML Schemausedfor the responseso userre-
questsis alwaysthe same(for a particularoperationin the
Webservice);only thevaluesstoredin the XML Scheman-
stancechange becauseahey dependon the queriessentby
users. The optimizationsin bSQAP for perfectstructural
match could signi cantly reducethe time spentserializing
responsenessagefom the heavily-usedseners.

4 Performance Study

In this section,we describethe performanceof our bSQAP
implementatiorthatusesdifferentialserialization.The tests
wererun on adualprocessof.0 GHz Pentium4 Xeonwith
1GB DDR Ram and a 15K RPM 18GB Ultra-160 SCSI
drive running Debian Linux version2.4.24. bSQAP and
gSQAP codeis compiledwith gccversion2.95.4with opti-



mization ag “-02.” XSOAP (versionl.2.28-RC1wascom-
piledwith Java 1.4.2.We isolateandmeasureahe SendTime
in the client by startinga timer before preparingthe mes-
sagefor sending,andstoppingthe timer right afterthe nal
send()systemcall on the soclet. Relevant soclet options,
for both gSQAP and bSQAP, include SOKEEPALIVE,
TCP.NODELAY, SO_SNDBUF = 32768,andSO_RCVBUF
=32768.Becausave'reinterestednly in SendTimefor this
setof tests,eachclientconnectdo adummySQAP seneron
a differentmachine over a Gigabitethernetink; the sener
doesnotdeserializeor parsetheincomingSQAP paclet. Our
resultsre ect the averageof 100 measurement®r eachre-
porteddatapoint.

4.1 MessageContent Matches

This sectionstudiesthe effect of the performancemprove-
ment, in the casewhere storedmessagdemplatescan be
reusedwithout change. Thus, we characterizehe perfor

mancemprovementfor messageontentmatchesFor these
experimentswe vary thefollowing factors:

The type of data containedin the message.We have
usedintegers,|[EEE 754 standarddoublesandmeshin-
terfaceobjects(MIO's). An MIO is a structureof the
form [int, int, double],wherethe rst two elds repre-
sentmeshcoordinatesandthe third representa eld

value. MIO's canbe used,for example,for communi-
cationbetweentwo partial differentialequation(PDE)
solverson differentdomaing17, 7).

The size of the messge: We vary messagesizeshy
sendinga singlearraycontainingl, 100,500, 1K, 10K,
50K, and100K doubles.

The SCAP implementation We measurethe perfor
manceof bSQAP with differential serializationturned
on andturned off, and compareagainstunalteredim-
plementation®f gSCAP andXSOAP.

Figurel plotsthe averageSendTime for SOAP messagesf
varioussizes,containinga singlearrayof MIO's. Figures2
and3 repeatthe sametestsfor arraysof doublesandarrays
of integers,respectiely.

Figures1, 2, and 3 showv that bSCAP performanceis
slightly betterthangSQAP, whenbothimplementationseri-
alizeentiremessage$ We compareour performancegainst
XSOAP, a fast Java SOAP implementationwhich, as ex-
pectedjs still slowerthanC/C++-base@)SQAP andbSQAP
implementations hSQAP message&ontentmatchesare ap-
proximatelyseven timesfasterthanfull serializationfor ar-
raysof MIO's,approximatelytentimesfasteffor largearrays

3gSQAP hasfull supportfor “multi-ref”, bSQAP doesnot. We expect
the performancef bSQAP with full serializatiorto be equivalentto thatof
gSQAP whenmulti-ref supportis added.
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Figure 1. ComparinggSQAP to theFull Serialization
of a bSQAP messageandto subsequensendswvhere
the entiremessagés storedandcanbe resentwithout
being changed("bSOAP MessageContentMatch”).
SendTime in millisecondsfor varioussize arraysof
MIO's. We have useda log scaleon both the x-axis
andy-axis.
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Figure 3. This gure correspondsxactlyto Figuresl
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 ratherthan explicitly serializingmessagesn each
send.Thatis, we characteriz¢he potentialperformancden-
e t of perfectstructuralmatchesAgain, we vary the type of

datasentthesizeof thedata,andthe SQAP implementation.

Ourimplementatiorwith differentialserializationvariesthe
numberof dataitemsthatneedo beoverwrittenin theserial-
izedversionof thearray For this setof testswe assumehat
the size of the array andeachof its elementsarethe same
in thetemplateasthey arein the new outgoingmessageso
shifting andstealingareunnecessary

Figure 4 plots Send Time for various size arrays of
MIQ's. Thegraphre-plotshSQAP: MessageContentMatch
andbSQAP: Full Serialization,from Figure 1. We alsoin-
cludebSQAP when25%,50%, 75%, and 100%of the MIO
doublesmust be re-serialized(the remainingportion stays
thesameasin the saved messageasdo MIO integers).Fig-
ure5 shavsresultsof the sametestsfor doubles.

Figures4 and 5 demonstrat¢hat,asexpected SendTime
dependsdlirectly on arraysizeandon the percentag®f val-
uesthatmustbere-serializedThedifferencebetweenl00%
Value Re-serializatiorand Full Serializationshows the cost
of generatingandwriting SQAP tags,comparedo serializ-
ing only thedataitself.
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Figure 4. SendTime in millisecondsfor various
sizearraysof MIO's, whenvariouspercentagesf the
storedvaluesmustbere-serialized.
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Worst Case Shifting: MIO's
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Figure 6. SendTimein millisecondsfor varioussize
arraysof MIO's. For worstcaseshifting, eachvalueof
thearraymustbe expandedrom the sizeof the small-
estpossibleMIO (threecharacters}o the size of the
largestpossibleMIO (46 characters).

4.3 Shifting

This sectionquanti es the worst-casecostof shifting. Fig-
ure 6 shows the amountof time neededo insertlargestsize
(46 characterMIQO's into anarrayof smallestsizedoubles,
causingshifting for eachre-serializedvalue. Sinceshifting
performanceandependon messagehunksize,we ranthe
testswith a chunksizeof both 8K and32K. Figure7 shows
theresultsof repeatinghetestswith arraysof doubles.

Figures6 andand 7 show thatshifting in the worstcase
canincur a signi cant performancepenalty In particular
SendTime whenshifting all MIO' s anddoublesby the max-
imum possibleamountis approximatelyfour to ve times
slower when comparedto re-serializationwhen shifting is
unnecessary

Fortunately we don't expectthe worstcaseto occurvery
often. Figures8 and9 plot SendTimesfor intermediatesize
valuesto maximumsize values,whennot all of the array
valuesneedto bere-serializedThesegures shav thatasthe
numberof valuesthatneedto be re-serializedandshiftedis
reducedtheperformancepproachethecasewnhereshifting
iS unnecessary

4.4 Stuf ng
Onewayto avoid shifting altogetheis to alwaysallocatethe

maximumpossiblespacefor the value,andstuff to Il the
unusedportion with whitespace For doublesthe maximum
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Figure 7. SendTime in millisecondsfor varioussize
arraysof doubles.For worst caseshifting, eachvalue
of the array must be expandedfrom the size of the
smallestpossibledouble(onecharacter}o the size of
thelargestpossibledouble(24 characters).
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Figure 8. SendTime in millisecondsfor varioussize
arraysof MIO's, wheredifferentpercentagesf thear-
ray mustbe expandedrom a 36-characteMIO to the
sizeof thelargestpossibleMIO (46 characters).



Shifting Performance: Doubles
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Figure 9. SendTimein millisecondsfor varioussize
arraysof doubles,wheredifferentpercentagesf the
arraymustto beexpandedrom an18charactedouble
to thelargestpossibledouble(24 characters).

encodedsizeis 24 characterplusthesizeof thetags,andfor

integersit is 11 charactersplusthesizeof thetags.Thereare
two source®f overheadlueto thisapproachFirst, theclient
sendslarger messages.To quantify the costdueto larger
messagesye comparedhecostof sendinghe smallesipos-
sible encodedvaluesfor doublesandMIO's (oneandthree
charactersespectiely), with the costof sendingthe same

valueswithin themaximum eld size(24 and46 characters).

We alsoplot anintermediateeld sizefor each(38 and 18
charactergor MIO's anddoubles).Theresultsareshovnin
Figuresl0and11, for arraysof MIO's anddoublesyespec-
tively.

The secondsourceof overheadies in shifting the clos-
ing tagwhenwriting valuesthataresmallerthanthosein the
previous storedmessage.For example,when a large dou-
ble is encodedijt consumeghe full extentof the eld size.
Whena smallervalueis written ontop of it for thenext send,
the closingtag mustbe written further left within the eld,
andwhitespacenustbewrittenin theremaindeof the eld.
To quantifythis effect, we wrote smallesipossiblevaluesfor
doublesandMIO' s on top of largestpossiblevalues;this re-
sultsin the closingtag being shifted as much as possible.
Theseplots arelabelledas“Max Field Width: Full Closing
Tag Shift” on FigureslOand 11.

Figures10, and11 demonstrat¢hatthe mostsigni cant
performancepenaltyof stufng lies in shifting the closing
tag ratherthan sendinglarger messagedpr our worst-case
tests.We expectthis caseto occurmuchlessfrequentlythan
smallertag shifts. This testwas designedo reveal an up-
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Figure 10. SendTimein milliseconddor varioussize
arraysof MIO's, wherevaluesare stuffed to 46 char
acters(maximumwidth), 36 charactergintermediate
width) and three characterdminimum width). Also
plottedis thecostof writing three-charactevlO' sinto
elds containing46 characteMIO's, requiringa tag
shift.

Stuffing Performance: Doubles
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Figure 11. SendTime in millisecondsfor various
sizearraysof onecharactedoubleswherevaluesare
stuffed to 24 characterdmaximumwidth), 18 char
acters(intermediatewidth), and one character(mini-
mumwidth). Also plottedis the costof writing single-
characterdoublesinto elds containing24 character
doublesyrequiringatagshift.



Chunk Overlaying Performance
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Figure 12. SendTimein millisecondgfor varioussize
arraysof MIO' sanddoubleswhensendingrom asin-
gle overlayedchunkvs. sendingfrom multiple sepa-
ratechunks.

per boundon the performancepenaltyincurredby stufng.
However, writing singlecharactedoubless lesscostlythan
writing largerdoubles.Thereforejt is possiblehattheworst
casdies somavherebetween(a) writing the smallestdouble
andthe mostwhitespaceand (b) writing the largestdouble
andnowhitespaceQur currenttestsdo notrevealwherethis
worstcasemayactuallylie.

4.5 Chunk Overlaying

To characterizethe performanceof chunk overlaying, we
sentanarrayof doubledrom asingle32K chunkof memory
andfrom separat®2K chunksof memory all of whichwere
in memory With chunkoverlaying,serializatiorof all values
(exceptpotentiallysomein the rst chunk)is necessaryso
we expectperformanceo be comparabldo the 100%Value
Re-serializatiorplot from Figure5. Figure12 con rms this
hypothesis.

5 RelatedWork

Chiuk et. al. [6] addressSQAP performancéottlenecksy
usingtrie datato reducehenumberof comparisongor XML
tags. This optimizationis usefulin SOAP deserialization,
andis orthogonalto the issueof saving messagéemplates.
The otheroptimizationthey useis chunkingand streaming
of messages.gSQAP also provides this feature,in addi-
tion to compressionrouting, andthe useof optimizedXML

datarepresentationgsingXML schemaextensibility. These
techniquesrecomplementaryo theoneswe have proposed.
They canbe usedwhenan RPCcall mustbe serializedthe
rst time; differentialserializationcanthenbe usedfor sub-
sequentalls.

The SQAP speci cation allows the use of “multi-ref
accessors”—identi ershatreferto previously serializedin-
stancef speci ¢ elementof the SQAP call. Multi-ref ac-
cessorganbeincludedwithin ourserializednessaget fur-
therimprove serializationperformance.

Devaramet. al. [8] describe‘parameterizectlient-side
caching”of messagem les. Entire messagesanbe sent
asis, and partial cachingallows the client to reusecached
messagesnd changea few of the parameterdor subse-
guentsendsTheauthorsreportabestcasespeedumf 800%
over their own original code; this resultis consistentwith
our speedumf approximatelyl000%.However, the authors
statethattheir approachs mostappropriatefor requestsn-
volving few parameters.The authorsdo not addresshow
to apply their optimizationto large arraysof scienti ¢ data
(which we feel is the casewherethe techniqueis mostuse-
ful), how to track which changesneedto be madeto the
cachedmessagenor how to handlemismatchedlatasizes
(requiringon-the- y messagexpansionor stufng).

The SOQAP community has suggestedseveral different
speci cationsthatwould standardize&SQAP binary formats,
includingbase64ncoding DIME [16] andBEEP[2]. While
thesetechniqueslo achiere performancegains,they reduce
the simplicity and universality of SQAP, the characteristic
thatmakesit interoperablendattractve.

6 FutureWork

Currently eachremoteWeb Servicehasits own savedtem-
plate. For applicationsthat sendthe same(or similar) data
to differentremoteservices,we plan to investigatethe ex-
tentto which is would be bene cial for themto sharemes-
sagechunksacrosstemplates. This would allow serializa-
tion costto be amortizedacrossmultiple sendsto different
Web Services.It alsomay be usefulto storemultiple differ-
ent messagetemplatesfor the sameremoteservice,rather
thanone per call type. We planto quantify the effect that
stufng hason sener-sidedecodingof incomingmessages.
Finally, storingmessagesat a SQAP sener could helpin a
completelydifferentway, by suggestinghe structureof fu-
turemessagarrivals. Thiscouldhelpavoid completesener
side parsingandimprove performancethroughdifferential
deserialization.

7 Summary

We describea new technique,called differential serializa-
tion, that helpsalleviate the SQAP serializationbottleneck.



Ratherthanreserializingeachmessagérom scratchour ap-
proachsasesa copy in the senderstub, tracksthe changes
thatneedto be madefor the next messag®f the sametype,
andreusegshis saved copy asa templatefor the next send.
We describeechniquego increasdhe effectivenesandap-
plicability of differential serialization,including on-the-y
messag&xpansion,stufng, messagehunking,andchunk
overlaying. For applicationghatresendthe samemessages
repeatedlyour performancestudydemonstrateanimprove-
mentin SendTime by afactorof four to tenfor arraysof dif-
ferenttypesof data. We alsoshow thatresendingnessages
with similar structurebut containingsomedifferentvalues
can also achieve signi cant speedup. We characterizehe
performancepenaltyfor on-the- y messagexpansion,and
describeseveraltechniquedor counteractingts adwerseef-
fect,includingstufng andchunkoverlaying.
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