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Abstract

The SQAP protocol has emeged as a Web Servicecom-
municationstandad, providing simplicity, robustnessand
extensibility SCQAP's relatively poor performancethreat-
ensto limit its usefulnessespeciallyfor high-performance
scienti ¢ applications. The serializationof outgoingmes-
sages,which includescorversion of in-memorydata types
to XML-basedstring format and the pading of this data
into messge buffers, is a primary SQAP performancebot-
tlenek. We describethe designand implementatiorof dif-
ferential serialization a SOAP optimizationtechniquethat
can help bypassthe serializationstepfor messges simi-
lar to thosepreviouslysentby a SQAP client or previously
returnedby a SQAP-based/\eb Service Theapproach re-
quiresno changesto the SOQAP protocol. Our implemen-
tation and performancestudydemonstate the technique's
potential,showinga substantialperformancamprovement
over widely used SQAP toolkits that do not employthe
optimization. We identify several factors that determine
theusefulnesandapplicability of differential serialization,
presenta setof techniquesfor increasingthe situationsin
which it can be used,and explore the designspaceof the
appoad.?
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1 Intr oduction

The Web Servicesmodel has recently been adoptedas
the basic architecturefor Grid Systems[10]. Web Ser
vices provide standardgor representingdiscovering, and
invoking servicesin wide areaernvironments. The XML-

basedspeci cations, including the Web Service Descrip-

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

tion Language(WSDL) [9] and SQAP [15], provide ex-

tensibility andtranspareng WSDL providesa precisede-
scriptionof a Web Serviceinterfaceand of the communi-
cationprotocolsit supportsand SQAP is the mostwidely
usedcommunicatiorprotocol, facilitating the exchangeof

XML-based structuredinformation. SOAP supportsone-
way messages,equest-responsateractions,peerto-peer
corversationandRPC.

The characteristicghat make SQAP attractve for the
Grid include extensibility, languageand platformindepen-
dence,simplicity, robustnessand interoperability Given
the diverse nature of application requirementsrunning
on the Grid's heterogeneousomputationalcomponents,
SQAP isideallysuitedto seneasacommorstandargroto-
col. However, sinceXML primarily usesASCII astherep-
resentatiorformatfor data,sendingscientifcdatavia stan-
dardimplementation®f SOAP canresultin a severe per
formancepenalty It isimportantto identify andremovethe
bottlenecksn SOAP performancéor scienti ¢ data.In this
paper we presenta SOQAP optimizationtechniquethat can
resultin signi cant performancémprovementsoverwidely
used SQAP toolkits that do not employ the optimization,
includinggSQAP [24] andXSOAP [18, 21].

Applicationsof interestto the HPDC communityoften
requirecommunicatiorusinglarge arraysof oating point
numbersand complex datatypes. Earlier work on SCAP
performanceidenti ed the most critical bottleneckto be
the corversion between oating point numbersand their
ASCII representation®]. Thecorversionroutinesaccount
for 90% of the end-to-endmessagdime. This paperin-
troducesbSQAP, which addressethis serializationbottle-
neck.RatherthandiscardingserializedSOAP messageaf-
ter they are sent,clients save the messagesothey canbe
usedastemplatesfor future outcalls. Messagesre com-
pletely serializedand saved during the rst invocation of
the SQAP call. Subsequentallsthatareidentical,or that
have the sameSQAP messagstructure canavoid a signif-
icant percentagef the serializationoverheadby requiring
thatonly thechangesto thepreviously sentmessagbeseri-



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

trackingdatachangesnd overwriting only thoseval-
uesthathave changedincethelastsend,

expanding the serialized messageto accommodate
largerserializedvalues,

storingthe messagén chunksandpaddingthemwith
whitespaceo reducethe costof expansionand
overlayingthesamememoryregionwith differentpor-
tionsof the sameoutgoingmessag¢o reducememory
consumption.

We quantify the effectivenessof thesetechniqueswith a
performancestudy that demonstratethat bestcaseperfor
manceis up to tentimesfaster for the casewhenmessages
can be resentin their entirety We also showv that send
times can be reducedby a factorof ve whenonly parts
of the messagaeedto be re-serialized. Our researchis
usefulin two ways. Applicationsthatrepeatedlysendsimi-
lar messagewill achieve signi cant performanceémprove-
ment,and SOQAP library developerswill gaininsightsinto
thecaseghatmalke differentialserializationrmosteffective.

Theremaindeof this papelis organizedasfollows. Sec-
tion 2 describeshe SOAP protocol,andidenti es andquan-
ti es the serializationbottleneck. Section3 describeghe
designandimplementatiorof our approach Sectiond con-
tains a detailedperformancestudy We concludewith re-
latedandfuture work in Sectionss and6, andsummarize
our ndings in Section?.

2 Background: The SOAP Protocol

SQAP is a light-weight and extensiblemessagexchange
format. It is nottied to arny speci ¢ programmindanguage,
platform, or transportmechanismgnablingthe exchange
of informationacrosgisparateun-timeenvironments.Al-
thoughHTTP is the mostwidely usedtransportlayer for
SQAP payload,otherprotocolssuchasFTP or SMTP can
alsobeused. The useof XML andHTTP with the SQAP
protocolmakesit well suitedto serwe asan interoperable
communicatiorprotocolontheGrid. It canbesupportedy
mary programmindanguage$2?2], includingC, C++, Java,
Perl, JavaScriptandSmallTalk. SQAP is currentlyusedin
numerousiVeb ServiceshasedGrid toolkits. For example,
the Java-basedmplementationin the GT3[1] toolkit uses
the ApacheAxis SOAP implementation23], the OGSA-
C [12] implementationusesthe gSQAP [24] toolkit, and
XCAT [13, 19] usesXSOAP [21].

The serializationof SQAP calls can be logically sepa-
ratedinto thefollowing phases(1) traversingthedatastruc-
turesof theinvocationparametergq2) translatinghestored
valuesinto ASCII representationasrequiredby the XML

speci cation; (3) copying the XML representatiofinclud-

ing tags)into a buffer and (4) sendingthe buffer over the
network. SQAP toolkits usevariousdesignstratgiesto im-

plementthesephases.The routinesthat corvert datatypes
(especiallyoats anddoubles}o their ASCII formatscanbe
complex andexpensve. Thedesignof thebufferingmecha-
nismcanaffectthe numberof systemcallsandcachehitsin

eachserializationcycle. Thechoiceof HTTP 1.0or HTTP

1.1 candeterminehow the buffer is sentover the network.

HTTP 1.1 supportchunkingandstreamingdf messageal-

lowing datastructurego be sentover the network assoon
asthey areserialized.

In earlierwork, we studiedthe performancef different
stageof the SOAP implementatiorstackto isolatebottle-
neckswhen variousscienti ¢ datatypesare sent[6, 14].
Thetechniquedor performanceenhancemerincludedthe
useof schema-speci garsingand trie datastructuresso
that XML tagsare parsedonly once. We alsostudiedthe
gainin performancelueto the useof chunkingandstream-
ing. Thetestresultsindicatedthat thesetechniquesaffect
only a fraction of the overall costof a SQAP call. The
mostcritical factoris the costof conversionbetweenoat-
ing point numbersandtheir ASCII representationsThese
conversionroutinesaccountor 90% of end-to-endime for
a SQAP RPCcall. For high performanceapplicationsthis
bottleneckmustbe eliminated.

3 Differential Serialization: Designand Im-
plementation

Our approacho removing the serializationbottleneckis to
avoid completeserializationof SOAP messageby storing
and reusingmessagdemplates. The ideais to performa
completeserializationonly whenthe rst messagef acer
tain structureis sentby a SOAP communicatiorendpoint.
This messagés thensaved in the stubh Subsequenmes-
sageswith the samestructureand someof the samecon-
tent (for example,calls to the sameremoteWeb Service)
canthenreusepartsor all of the saved templateinsteadof
regeneratingt from scratch Althoughwe focusourdiscus-
sion and performancestudy on the client side, differential
serializationcouldbe usedequallywell by asenersending
identical(or similar) responseso multiple separatelients.

In comparingan outgoingmessageo a saved template,
therearefour differentmatchingpossibilities:

Message ContentMatch: The entire messageould be
exactlythesameasonethatwassentfrom theclientearlier
In this case the client cansimply resendhe messagesis,
andavoid serializationaltogether

Perfect Structurl Match: The structureand size of the
messageould be the sameas an earliermessagebut the
valuesof someof the elds of the messagecould have
changed. In this case,thereis an opportunityto replace



theexpensve serializatiorstepwith afasterstepthatwrites
only thechangedraluesinto the serializedouffer. Theseri-
alizationof valuesthathave not changedandof the SQAP
messagenetadatdtags)canbeavoided.

Partial Structual Match: The structureof the message
could be the same—thats, it could have the sameheader
and eld types—IMut someof the valuesandthe sizeof the
messge may not matchthoseof the saved template. Size
mismatchresultsfrom thefactthat, unlike in-memorybase
types theserializedorm of datacanrequiredifferentnum-
bersof characterdo represent.For example,encodingthe
integer 1 requiresonly one characterwhereas13902re-
quires ve. In this casethetemplatecould be expandedor
contractedo meetthe requirement®f the nev message.
Performancémprovemenidepend®nhow muchfasterit is
to resizethe messagénsteadof serializingit from scratch.

First-Time Send Finally, the rst time amessagés sent,
it needgo becreatedserialized)from scratch.The perfor
manceis the sameaswithout differentialserialization plus
the negligible overheadbf checkingto seeif a storedcopy
existsandsaving apointerto it afterit hasbeencreated.

Thesefour casesprovide the basisfor our discussion.
Clearly, messageontentmatchegrovide the mostoppor
tunity for performanceamprovement,but only clientsthat
sendthe sameexact messagaepeatedly(to one or more
differentSQAP seners)cantake advantageof it. The next
bestcaseis perfectstructuralmatcheswhich don't require
resizing the messagdaemplatein memory A Data Up-
date Tracking (DUT) table trackswhetherprogramshave
changeddataitemssincethey werelast serializedinto the
SQAP messageThis allows usto limit thewriting to only
thosevaluesthat have changed. We implementa tech-
niguethat makes perfectstructuralmatchesnorelikely to
occur (asopposedo the more expensve partial structural
matches). We do this by stufng serializedvalueswith
whitespaceto accommodatgotential future updatesthat
would otherwiserequireexpansion. To reducethe costof
partial structuralmatcheswe storemessages potentially
noncontiguousnemorychunksto limit theimpactof expan-
sion, which could resultin a substantiabmountof expen-
sive shifting andeven memoryreallocation.With message
chunking,theseeffectsarelimited by the size of a chunk
ratherthanthe size of the whole messageFinally, we fur-
therreducethecostof increasingeld sizeby stealingextra
spacdrom neighboringelds, insteadof shifting entirepor-
tionsof messagehunks.

3.1 Data Update Tracking (DUT) Table

Whencalleduponto make an outcall,the client stubdeter
mineswhetherpartsor all of thelastcopy of thesamemes-
sagetype canbe reused.To do so, the stubcontainscode
that checksfor a MessageContentMatch by usinga DUT

table,which associategn-memorydatawith their location
in theserializedmessagéemplate.Eachsasredmessagbas
its own DUT table, eachof whoseentriescorrespondgo
a dataelementin the messageand containsthe following
elds:

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

adirty bit toindicatewhethelit hasbeenchangedaince
the last time the datawas written into the serialized
message

a pointerto its currentlocationin the serializedmes-
sage

its serializedlength—the numberof charactersn the
messagaecessaryor storing the serializedform of

themost-recently-writtewalue

its eld width—the numberof charactersn the mes-
sagdemplatecurrentlyallocatedo thisdataitem (note
thatthe eld width mustalwaysmatchor exceedthe
serializedength)

If noneof thedirty bitsareset,themessagéasnotchanged
andcanberesentasis. Structuralmatchesareimplemented
by scanninghe DUT tableandreserializingonly thoseval-
ueswhosedirty bits areset. SinceDUT tableentriespoint
directly into the serializedform of themessagending the
location of the dataitem hasconstantcost. Clearly, this
approachrequiresprogrammerso go throughthe DUT ta-
ble when writing their in-memory datastructures,andto
be cognizantthat the datathey are usingin memorywill
needto beserializednto a SOAP messageWe foreseeour
SQAP library requiringall “serializable”datato be located
in objectsthatcontain“get” and“set” methodswhoseim-
plementatiorwill updatethe DUT tabletransparently

3.2 Shifting, Chunking, Stuf ng, and Stealing

If the new serializedform of somevaluedoesnot t in the
currently allocatedspace,we performon-the- y message
expansion,which we call shifting Shifting is necessary
whenthe serializedform of the new valueexceedshe eld
width valuein the DUT tableentry. At this point, all the
bytesof the messageare shiftedto the right to make room
for the new value,andthe pointersinto the messagdrom
otherDUT tableentriesareupdatedaccordingly

To reducethe costof shifting, serializedmessagesare
not storedin contiguousmemoryregions;instead we store
themin variablesizedpotentiallynoncontiguoughunks.If
necessarychunkscan be reallocatednto different, larger
memoryregions,or split to form two smallerchunks.Con-
gurable parametergleterminethe default initial chunk
size, the thresholdat which chunksare split into two, and
the spacethatis initially left emptyat the endof a chunk



(to allow for shifting without reallocation). Selectingthe
appropriatechunk size to reducethe costof shifting must
bebalancedgainsseveral otherfactorsthatchunksizein-

uences,including CPU cacheeffectivenessthe numberof

systemcallsneededo sendmessaget@ndwhetherthe OS
supportsscattergathersends),the size of the underlying
protocolimplementatiors sendbuffers, and the overhead
of maintainingthe messagén chunks.

If we write into the serializedmessage valuethat re-
quireslessspacethanthe old value occupied,we simply
rewrite the tag immediatelyto the right of the new value,
andpadthe spacebetweerthe endtagof this eld andthe
starttag of the next with whitespacewhich is explicitly le-
galin XML (andthereforeSQAP). Thisis oneway thatthe
eld width cancometo exceedserializediengthfor a data
item. Theotheris by explicitly allocatingmorespacethan
necessarywhenthe rst templatemessagés generatedWe
call this stufng . In particular mosttypeshave associated
with thema maximumnumberof charactershatary of its
serializedvaluescanpossiblyoccupy.? Setting eld widths
to maximumvaluescan help avoid shifting altogether at
theexpenseof largermessagedyothin memoryandon the
wire. Storingboththe eld width andthe currentserialized
length,andallowing themto containdifferentvalues,also
enablesstealingspacerom neighboringdataitemsinstead
of shifting entireportionsof messagehunks.This canfur-
ther reducethe cost of expanding eld sizes;we explore
stealingin aseparateaper4].

3.3 Chunk Overlaying

Basedon the descriptionthusfar, differential serialization
hasconsiderablenemoryrequirementsin particulay it re-
guiresmemoryto storemessagelata,the entire serialized
form of the messageandthe DUT table. Clearly this is
not a desirablecharacteristicespeciallyasmessagegrow.
Chunkoverlayinghelpslimit memoryrequirementdy al-
lowing multiple portionsof large arraysto be sentfrom the
samemessagehunk. The approachakesadwantageof the
factthat large arrayscontainmultiple chunk-sizeportions
thatencodeonly the entriesof thearray At ary giventime,
the serializeddataandthe DUT table entriesfor 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 are serialized
into the samechunk. This steprequiresthat all the val-
ues(afterthe rst chunk)be reserializednto the array In
additionto the known bene ts of chunkingand streaming
(asusedby HTTP 1.1 implementations)our approacthas
addedpotentialperformanceyainsbecaus¢hetagsthatde-
scribethe dataneednot be rewritten. We explore chunk

2Notethatstringscannottake advantageof stufng becausg¢hereis no
maximumsizestring.

overlayingin aseparatgaper3].

3.4 Applications that canBene t

bSQAP is optimized for applicationsthat resendsimilar

messagegepeatedly The communicatiorpatternsof these
applicationgdeterminethe extentto which they canbene t

from usingbSQAP. A brief descriptionof Grid applications
thatwe think will beableto bene t from bSQAP, follows.

The Linear SystemAnalyzer[11] is a high performance
problemsolving environmentfor large linear systemsAx =
b. Its approactellows scientistdo develop solutionstrate-
giesby dynamicallyswappingout componentshatencap-
sulatelinear algebralibraries. Scientistscan connectvar-
ious componentsn a cycle to repeatedlyre ne and re-
calculatethe solutionvectoruntil therequiredcorvergence
conditionis met. Sincethe sizeandform of the arraydoes
not changeover differentiterations,consecutie messages
exhibit perfectstructuralmatchessobSQAP couldbeused
to achieve performancémprovements.

The MetadataCatalog Service (MCS) [20] efciently
managesnetadatassociatedvith les generatedy data-
intensize applications.A generalmetadataschemas used
to specifyall the attributesassociatedvith each le. MCS
providesan API to performvariousoperations,jncluding
adding,deletingandqueryingmetadataClientsuseSQAP
to connectto the MCS Web service,which is connectedo
a baclendMySQL databaseSinceeachrequestsentby a
userconformsto the metadataschemathe format of the
SQAP payloadis the samefor eachrequest. b.SQAP per
fect structuralmatchcanthereforebe usedto improve the
performancef MCS.

Flocksof Condorsystems|[5] exchangeClassAdinfor-
mation to describethe resourcedn various Condor clus-
tersthat combineto de ne a large Grid-scalesystem. It
standgo reasorthatinformationwill besimilarin structure
andevencontent(if resourcecharacteristicslo notchange)
acrossmultiple consecutie exchangesTherefore hSQAP
would be ableto automaticallyreserializeonly the differ-
encesfrom previous exchangeswithout requiringary al-
terationto Condorresourcenanagershemseles.

Googleand Amazon.conprovide a Web servicesnter-
face. The XML Schemausedfor the response$o userre-
guestss alwaysthe same(for a particularoperationin the
Web service);only the valuesstoredin the XML Schema
instancechange becauseahey dependon the queriessent
by users.Theoptimizationsn bSQAP for perfectstructural
matchcould signi cantly reducethe time spentserializing
responsenessagefom theheavily-usedseners.



4 Performance Study

In this section,we describethe performancef our bSQAP
implementationthatusedifferentialserialization.Thetests
were run on a dual processor2.0 GHz Pentium4 Xeon
with 1GB DDR Ram and a 15K RPM 18GB Ultra-160
SCSldrive running DebianLinux version2.4.24. bSQAP
and gSQAP code is compiled with gcc version 2.95.4
with optimization ag “-02.” We isolateand measurethe
SendTime in the client by startinga timer beforeprepar
ing the messagdor sending,and stoppingthe timer right
after the nal send() systemcall on the soclet. Rel-
evant soclet options, for both gSQAP and bSQAP, in-
cludeSOKEEPRALIVE, TCP.NODELAY, SO_SNDBUF =
32768,and SO.RCVBUF = 32768. Becausewe're inter-
estedonly in SendTime for this set of tests,eachclient
connectdo adummySQAP sener on a differentmachine,
over a Gigabitethernetink; the sener doesnot deserialize
or parsetheincoming SQAP paclet. Our resultsre ect the
averageof 100measurement®r eachreporteddatapoint.

4.1 MessageContent Matches

This sectionstudiesthe effect of the performanceémprove-
ment, in the casewhere storedmessagaemplatescan be
reusedwithout change. Thus, we characterizethe per
formanceimprovementfor messageontentmatches.For
theseexperimentsyve vary thefollowing factors:

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

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

The size of the messge: We vary messagesizesby
sendingasinglearraycontainingl, 100,500,1K, 10K,
50K, and100K doubles.

The SQAP implementation We measurethe perfor
manceof bSQAP with differentialserializationturned
on andturnedoff, andcompareagainstunalteredm-
plementation®f gSQAP andXSOAP.

Figurel plotstheaverageSendTimefor SCAP messagesf
varioussizescontainingasinglearrayof MIO's. Figures2
and3 repeathe sametestsfor arraysof doublesandarrays
of integers,respectiely.

Figures1, 2, and 3 shav that bSQAP performanceis
slightly betterthangSQAP, whenbothimplementationse-
rialize entire messaged. We compareour performance

3gSQAP hasfull supportfor “multi-ref”, bSOAP doesnot. We expect
the performanceof bSQAP with full serializationto be equivalentto that
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Figure 1. ComparinggSQAP and XSOAP to the
Full Serializationof a bSQAP messageandto sub-
sequensendsvherethe entiremessagés storedand
canbe resentwithout beingchanged“bSOAP Mes-
sageContentMatch”). SendTime in millisecondsfor
varioussize arraysof MIO's. We have useda log
scaleon boththe x-axisandy-axis.
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Figure 2. This gure correspondsxactly to Fig-
urel, for arraysof doublesnsteadof MIO's.



Message Content Matches: Integers
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Figure 3. This gure correspondsxactly to Fig-
uresl and2, for arraysof integersinsteadof MIO's
or doubles.

againstXSOAP, a fastJasza SQAP implementationwhich,
asexpected,is still slower than C/C++-basedySQAP and
bSQAP implementationsbSOAP messageontentmatches
areapproximatelyseventimesfasterthanfull serialization
for arraysof MIO' s, approximatelytentimesfasterfor large
arraysof doublesandatleastfour timesfasterfor largear
raysof integers.

4.2 Structural Matches

This sectionexploresthe costof writing datadirectly into
a buffer ratherthanexplicitly serializingmessagesn each
send. Thatis, we characterizehe potential performance
bene t of perfectstructuralmatches. Again, we vary the
type of datasent,the sizeof the data,andthe SQAP imple-
mentation. Our implementatiorwith differentialserializa
tion variesthe numberof dataitemsthat needto be over-
written in the serializedversionof thearray For this setof
testswe assumehatthesizeof thearray andeachof its el-
ementsarethe samein thetemplateasthey arein the new
outgoingmessageso shifting andstealingareunnecessary

Figure 4 plots SendTime for various size arrays of
MIQ's. Thegraphre-plotshSQAP: Messagé&ontentMatch
andbSQAP: Full Serialization from Figurel. We alsoin-
cludebSQAP when25%,50%, 75%,and100%of the MIO
doublesmustbe re-serializedthe remainingportion stays
thesameasin thesavedmessageasdo MIO integers).Fig-
ure5 shavsresultsof the sametestsfor doubles.

of gSQAP whenmulti-ref supportis added.
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Figure 4. SendTime in millisecondsfor various
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Figure 5. SendTimein milliseconddor varioussize
arraysof doubles,when various percentagesf the
storedvaluesmustbere-serialized.



Worst Case Shifting: MIO's

N

=
o,

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

e
S,

=
S

Send Time (per call) in Milliseconds (Log Scale)

. . .
10° 10° 10*

10" o
Number of MIO's in the Array (Log Scale)

10

Figure 6. SendTimein milliseconddfor varioussize
arraysof MIO's. For worstcaseshifting, eachvalue
of the array must be expandedfrom the size of the
smallestpossibleMIO (threecharactersjo the size
of thelargestpossibleMIO (46 characters).

Figures4 and 5 demonstratehat, as expected,Send
Time dependdirectly on arraysizeandon the percentage
of valuesthatmustbere-serializedThedifferencebetween
100% Value Re-serializatiorand Full Serializationshowns
the costof generatingandwriting SQAP tags,comparedo
serializingonly thedataitself.

4.3 Shifting

This sectionquanti es the worst-casecostof shifting. Fig-
ure6 shavstheamountof time neededo insertlargestsize
(46 characterMIQ'sinto anarrayof smallestsizedoubles,
causingshifting for eachre-serializedsalue. Sinceshifting
performanceandependnmessagehunksize,we ranthe
testswith achunksizeof both8K and32K. Figure7 shavs
theresultsof repeatinghetestswith arraysof doubles.

Figuresé andand 7 show thatshifting in theworstcase
canincur a signi cant performancepenalty In particular
SendTimewhenshiftingall MIO' sanddoublesy themax-
imum possibleamountis approximatelyfour to ve times
slower whencomparedo re-serializationwhen shifting is
unnecessary

Fortunatelywe don't expecttheworstcaseto occurvery
often. Figures8 and 9 plot SendTimes for intermediate
size valuesto maximumsize values,when not all of the
array valuesneedto be re-serialized. These gures shav
that as the numberof valuesthat needto be re-serialized
andshiftedis reducedtheperformancepproachethecase

Worst Case Shifting: Doubles
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Figure 7. SendTimein milliseconddor varioussize
arraysof doubles.For worstcaseshifting, eachvalue
of the array must be expandedfrom the size of the
smallestipossibledouble(onecharacterjo thesizeof
thelargestpossibledouble(24 characters).

whereshifting is unnecessary
4.4 Stufng

Oneway to avoid shifting altogetheris to alwaysallocate
the maximumpossiblespacefor the value,andstuff to |I
the unusedportion with whitespace For doublesthe max-
imum encodedsize is 24 characterglus the size of the
tags, and for integersit is 11 charactersplus the size of
thetags. Therearetwo sourcesf overheaddueto this ap-
proach.First, the client senddargermessagesto quantify
the costdueto larger messagesye comparedhe cost of
sendingthe smallestpossibleencodedvaluesfor doubles
andMIO's (oneandthreecharactersespectiely), with the
costof sendingthe samevalueswithin the maximum eld
size (24 and 46 characters).We alsoplot an intermediate
eld sizefor each(38and18 charactergor MIO'sanddou-
bles). Theresultsareshavnin FigureslOand11,for arrays
of MIO'sanddoublesfespectiely.

The secondsourceof overheadies in shifting the clos-
ing tag whenwriting valuesthat are smallerthanthosein
the previous storedmessage.For example,when a large
doubleis encodedjt consumeshe full extentof the eld
size. Whena smallervalueis written on top of it for the
next sendtheclosingtagmustbewritten furtherleft within
the eld, andwhitespacanustbe written in the remainder
of the eld. To quantifythiseffect,wewrotesmallespossi-
ble valuesfor doublesandMIQO' s on top of largestpossible
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Figure 8. SendTimein milliseconddor varioussize
arraysof MIO's, wheredifferentpercentagesf the
array mustbe expandedrom a 36-characteMIO to
thesizeof thelargestpossibleMIO (46 characters).
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Figure 9. SendTimein milliseconddor varioussize
arraysof doubleswheredifferentpercentagesf the
arraymustto be expandedrom an 18 charactedou-

bleto thelargestpossibledouble(24 characters).
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Figure 10. SendTime in millisecondsfor various
sizearraysof MIO's, wherevaluesare stuffed to 46
charactergmaximumwidth), 36 characterginterme-
diate width) andthree charactergminimum width).
Also plotted is the cost of writing three-character
MIO'sinto elds containing46 characteMIO's, re-
quiring atagshift.

values;this resultsin the closingtag beingshiftedasmuch
aspossible.Theseplots arelabelledas“Max Field Width:
Full ClosingTag Shift” on FigureslOand 11.

Figures10,and11 demonstrat¢hatthe mostsigni cant
performancepenaltyof stufng lies in shifting the closing
tagratherthansendingarger messagedpr our worst-case
tests. We expectthis caseto occur much lessfrequently
thansmallertag shifts. This testwasdesignedo revealan
upperboundon the performanceenaltyincurredby stuff-
ing. However, writing singlecharactedoubleds lesscostly
thanwriting largerdoubles.Thereforejt is possiblethatthe
worstcasdies somavherebetween(a) writing the smallest
doubleandthe mostwhitespaceand(b) writing the largest
doubleandno whitespace.Our currenttestsdo not reveal
wherethis worstcasemay actuallylie.

4.5 Chunk Overlaying

To characterizehe performanceof chunk overlaying, we
sentanarrayof doublesfrom a single32K chunkof mem-
ory, andfrom separat®2K chunksof memory all of which
werein memory With chunkoverlaying,serializatiorof all
values(exceptpotentially somein the rst chunk)is nec-
essaryso we expectperformancedo be comparablégo the
100%ValueRe-serializatiorplot 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 characterdmaximum width), 18

characterg(intermediatewidth), and one character
(minimum width). Also plottedis the costof writ-

ing single-charactedoublesinto elds containing24

charactedoublesyequiringatagshift.
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Figure 12. SendTime in millisecondsfor various
sizearraysof MIO'sanddoubleswhensendingrom
a single overlayedchunkvs. sendingfrom multiple
separatehunks.

5 RelatedWork

Chiuk et. al. [6] addressSQAP performancebottlenecks
by usingtrie datato reducethe numberof comparisongor
XML tags. This optimizationis usefulin SQAP deserial-
ization, and is orthogonalto the issueof saring message
templatesThe otheroptimizationthey useis chunkingand
streamingof messagesgSQAP alsoprovidesthis feature,
in additionto compressionyouting, and the use of opti-
mizedXML datarepresentationssingXML schemaexten-
sibility. Thesaechniquesrecomplementaryo theoneswe
have proposed.They canbe usedwhenan RPC call must
beserializedhe rst time; differentialserializatiorcanthen
beusedfor subsequentalls.

The SQAP speci cation allows the use of “multi-ref
accessors’—identi erghatreferto previouslyserializedn-
stance®f speci ¢ elementf the SQAP call. Multi-ref ac-
cessoran be includedwithin our serializedmessageto
furtherimprove serializationperformance.

Devaramet. al. [8] describe'parameterizedlient-side
caching”of message® les. Entire messagesanbe sent
asis, andpartial cachingallows the client to reusecached
messagesnd changea few of the parameterdor subse-
guentsends. The authorsreport a best casespeedupof
800% over their own original code; this resultis consis-
tentwith our speedupmf approximatelyl000%. However,
the authorsstatethattheir approactis mostappropriateor
requestsnvolving few parametersThe authorsdo not ad-
dresshow to applytheir optimizationto large arraysof sci-
enti ¢ data(whichwefeelis thecasewvherethetechniqués
mostuseful),how to track which changeseedto be made
to the cachedmessagenor how to handlemismatchediata
sizes(requiringon-the- y messagexpansioror stufng).

The SQAP community has suggestedseveral different
speci cationsthatwould standardiz&QAP binaryformats,
including base64encoding, DIME [16] and BEEP [2].
While thesetechniqueslo achieve performanceains,they
reducethe simplicity anduniversalityof SQAP, the charac-
teristicthatmakesit interoperable@andattractve.

6 FutureWork

Currently eachremoteWeb Servicehasits own savedtem-
plate. For applicationghat sendthe same(or similar) data
to differentremoteserviceswe planto investigatethe ex-
tentto which is would be bene cial for themto sharemes-
sagechunksacrossemplates.This would allow serializa-
tion costto be amortizedacrosamultiple sendso different
Web Serviceslt alsomaybeusefulto storemultiple differ-
entmessagetemplatedor the sameremoteservice rather
thanone per call type. We planto quantify the effect that
stufng hason sener-sidedecodingof incomingmessages.
Finally, storing messageat a SOQAP sener could helpin



a completelydifferentway, by suggestinghe structureof
future messagearrivals. This could help avoid complete
sener-sideparsingandimprove performancethroughdif-
ferentialdeserialization.

7 Summary

We describea new technique called differential serializa-
tion, thathelpsalleviate the SQAP serializationbottleneck.
Ratherthan reserializingeachmessagdrom scratch,our
approaclsavesacopy in thesendestub,tracksthechanges
thatneedto be madefor the next messagef thesametype,
andreuseghis saved copy asatemplatefor the next send.
We describaechniqueso increasaheeffectivenesandap-
plicability of differentialserialization,including on-the- y
messagexpansionstufng, messagehunking,andchunk
overlaying. For applicationsthat resendthe samemes-
sagesrepeatedly our performancestudy demonstratesn
improvementn SendTime by afactorof four to tenfor ar
raysof differenttypesof data.We alsoshav thatresending
messagewith similar structurebut containingsomediffer-
entvaluescanalsoachiese signi cant speedup.We char
acterizethe performanceenaltyfor on-the- y messagex-
pansion,anddescribeseveraltechniquedor counteracting
its adwerseeffect, includingstufng andchunkoverlaying.
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