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Abstract

Web Servicesare an emeging softwaretechnologythatemploy XML to shareandexchangedata.
They may sene aswrappersfor legag/ datasourcesjntegrate multiple remotedatasourcesfilter in-
formationby processingjueries(function shipping),etc. With thosethat interactwith an enduser a
fastresponsdime might be the differencebetweena frustratedand a satisfieduser A Web Service
may employ a loss-lesscompressiortechnique.e.g., Zip, XMill, etc.,to reducethe size of an XML
messagén orderto enhancets transmissiortime. This saving might be outweighedby the overhead
of compressinghe outputof a Web Serviceat a sener anddecompressing at a client. The primary
contribution of this paperis NAM, a middlevarethatstrikesa compromiseébetweerthesetwo factorsin
orderto enhanceesponsgime. NAM decidesvhento compresglatabasedon the availableclientand
sener processospeedsandnetwork characteristicsWhencomparedvith today’'s commonpracticeto
transmitthe outputof a Web Serviceuncompressediways,our experimentakresultsshav NAM either
providessimilar or significantlyimprovedresponsdimes (at timesmorethan90% improvement)with
Internetconnectionghatoffer bandwidthgangingbetweer80to 100 Mbps.

1 Introduction

Many organizationservision web servicesasan enablingcomponenbf Internet-scaleeomputing. A web
serviceis eithera computatioror aninformationservicewith a publishednterface.Its essencés aremote
procedurecall (RPC)thatconsumesndprocessesomeinput datain orderto produceoutputdata. It is a
conceptthat rendersweb applicationsextensible: By identifying eachcomponenbf a web applicationas
aweb service,anorganizationmay combinetheseweb serviceswith othersto rapidly develop a nev web
application. The nenv web applicationmay consistof web serviceghat spanthe boundarieof sereral (if
not mary) organizations A final vision of web servicess to realizea dynamicernvironmentthatidentifies,
composeandintegratesweb servicesin responsdo a query This is similar to how a relationaldatabase
managemertystemidentifiesandcomposeshe appropriateelationalalgebraoperatoiinto a queryplanto
processa SQL command.

ExtensibleMarkup Languageg(XML) produceseadabldgext andis emeging asthe standardor data
interoperabilityamongwebservicesandcooperatie applicationghatexchangeandsharedata.Well-formed
XML documentsonsistof elementstags,attributes,etc., andsatisfy cleargrammaticakules. The major
commerciavendorsg.g.,Microsoft,IBM, etc.,emplg/ XML to publish,invoke, andexchangeadatabetween
webservices A web servicepublishesdts interfaceusingthe Web ServiceDescriptionLanguaggWSDL).

*This researclwassupportedn partby anunrestricteccashgift from Microsoftresearch.



An Internetapplicationmay invoke a remoteweb serviceusing Simple Object AccessProtocol (SQAP).
Typically, aninvoked web serviceproducesaan XML-formattedresponse.

Binary is analternatve encodingmechanismhatproducesompacttreamdor efficient parsingwhich
arenothumanreadable A binaryformattedmessagés smallerthanits XML formattedcounterpart. This
is becauseXML encodingincludesrepeatedags,labelsand attributes. One may employ compressionn
orderto reducethe sizeof both XML andbinaryformattedmessageslwo popularcompressiotechniques
areZip/Gzip andXMill [9]. Bothemplogy techniquedbasedn Lempel-Ziv [15]. Theirkey differences that
XMill emplg/sthesemantianformationprovidedby XML tagsto (a) groupdataitemswith relatedmeaning
into containersand, (b) compressegachcontainerindependentlyf9]. This column-wisecompressioris
generallybetterthan row-wise compressiori8] for large messagesizes. With XMill, compresseXML
messageareattimessmallerthantheir Zip compressedinaryrepresentationThis typically holdstruefor
thosemessagethataremorethanoneMegabytein size[9, 3].

Thefocusof this paperis on transmissiorof dataandwhencompressiorenhanceperformance.Two
popular metrics usedto quantify the performanceof a computingervironmentare: responsdgime and
throughput. Throughputdenotesthe numberof simultaneousactive requestsprocessedy the erviron-
ment. Responséime is the delayobsered from whena client invokes a remoteweb serviceto thetime it
recevesthelastbyte of therespons@roducedy this webservice.Obviously, the objective is to maximize
throughputandminimizeresponsdime (lesswait time). Unfortunately a higherthroughputdoesnot mean
a lower responsdime. For example,one may compressnessages orderto increasehe throughputof
a sharednetwork (desirable).However, if this is a small messagethe CPU overheadof compressingnd
decompressing mayincreasaesponséime (undesirable).

The primary contrikution of this paperis NAM, a network adaptablemiddlevare with the objective
to enhanceresponsdime. NAM consistsof a client and a sener componentand is designedwith the
objectie to scalefor thoseervironmentsconsistingof millions of clientsthatinvoke a singleweb service.
If awebserviceis standalonenddoesnot dependon anothemweb service,denotedi? S, it is configured
with NAM’s sener component. Otherwise,a web serviceplays dual roles of being a client of one or
more web servicesand a sener for others,denotedW Ss¢, andis configuredwith both the client and
sener component®f NAM. NAM’ s componentsnight beincludedaslibrariesof a software development
environmentsuchasMicrosoft’'s .NET in orderto be deplo/ed seamlesslyvhenawebserviceis deployed.

Our experimentalresultsfrom both an Internetandintranetdeploymentof NAM demonstratéhe fea-
sibility of NAM. NAM readily adaptsto its ervironmentto usethe appropriataransmissiorparadigmto
minimize responsdime. Experimentalresultsof Section3 demonstratehat NAM provides significant
savings whencomparedwith an uncompressettansmissiorrepresentingurrentdeplg/mentsfor todays
Internetwith bandwidthan the orderof tensof Mbps.

Therestof this paperis organizedasfollows. In Section2, we provide an overviev of NAM andits
componentsSection3 presentanexperimentalevaluationof NAM. Brief conclusionsandfutureresearch
directionsarecontainedn Sectiorn4.

2 NAM

NAM consistsof a sener and a client componentdenotedVAMgs and NAM¢c respecitely. NAM¢
constructsand maintains(a) a profile of messageprocessedy a client, namely thetime requiredto de-
compressa messageand b) a profile of network roundtrip time andlossrate for eachcontactedsener.
N AMg maintainsa profile of the time requiredto compressa messageProfilesgatheredoy both N AMg
and N A M might be maintainedn a persistentmannerto ensuretheir cumulatve grownth in the presence
of shutdevns, power failures,etc.

The primary adwvantageof maintainingthe profile at the client are: a) the client may customizeits es-



NAMg (byte[] M, ClientW Ss¢) {
S = M.Length();
Sc = Estimatesizeof M whencompressed;
Tcomp = Estimatetime to compressv atsener,
Tpecomp = Estimatetime to decompresM at W Ssc;
Estimatenetwork round-triptime RT'T andlossratep for network connectiorbetweersener andW Sgc;
RTy =transmissiontime (S, RTT, p);
RT¢ = transmissiontime (S¢, RTT, p) + Tcomp + Tpecomp;
if (RTy < RTI¢) then“transmituncompressed”;
else“compressandthentransmit”;

Figurel: Pseudo-codef NAM, anetwork adaptableniddlevare

timator basedon the characteristic®f its hardware andstatisticalpeculiaritiesof its requestedlata,b) the
seneris freedto supportmillions of clientswithoutincurringthe overheadf maintaininga decompression
profile onbehalfof eachclient. A dravbackof thisapproachs theextra CPUoverheadandstoragerequired
ataclientto maintainthe profile. As detailedin Section2.1,onemay useregressionn orderto maintaina
compactrepresentationf theseprofilesin the orderof tensof bytes. Moreover, its CPU overheads neg-
ligible for thoseclientsthat performdecompressiorandretrieve andprocesdensof thousand®f bytesof
data.Experimentalesultsof Section3 shav the benefitsof NAM significantlyoutweighstheseoverheads.

Given a web serviceconfiguredwith NAM (actingeitherasa W Sg or W Sg¢), it continuesto inter-
operatewith thoselegag clientsandWeb Servicesot configuredwith NAM. Thisis supportedasfollows.
When a client configuredwith NAM¢ (saya W Sg¢) invokes a remoteweb service,its SOAP header
includesa flag (along with several othertaggeddataitems requiredby NAM) denotingthe presenceof
NAM. If the referencedveb serviceis not configuredwith N AMg, it ignoresthis flag and provides an
uncompressedutputalways. If it is configuredwith NAM (sayit isa W Sg), it utilizesthis flag to transmit
its outputin eithera compressedr an uncompressethanner If this webservicerecevesa SQAP header
without the NAM flag, it assumeshe client is not configuredwith NAM and producesan uncompressed
reply. To simplify discussionandwithoutlossof generalitywe assumeanervironmentthatconsistof two
webservicesaW Ss anda W Ss¢, configuredwith NAM. TheW Ss¢ invokesremotemethodspublished
by W Ss.

Figure 1 shavs the pseudo-coddéor N AMg. It consistsof a collectionof estimationtechniquesn
orderto rendera decisionquickly. WhenW Sg producesa responseM to arequestissuedby a W Ss¢,
it invokesthis pseudo-codevith the byte array correspondindo M andW Sg¢'s SOCAP header NAMg
estimates:a) the size of this messagence compressedbh) the time requiredto compresghis message,
c) the time to decompresshis messaget the client, W Ss¢, andd) the network characteristics.Next,
it employs an analyticalmodelof the underlyingnetwork protocolto estimatetransmissiortime with the
estimatechetwork characteristicgivenamessagsize.If theestimatedesponséime usingacompression
techniqueis betterthanan uncompressettansmissiorthenNAM compressethe messagaand transmits
it. Otherwisethemessagés transmittedn uncompressetbrmat. If N AMg includesseveralcompression
techniqueghenit mustestimateresponsdime with eachandchoosethe onewith the bestresponsdime.
Thistrivial extensionis notshawvn in Figurel.

In Section2.1, we describea generalpurposetechniqueto estimatecompressednessagesize, com-
pressiontime, and decompressioime as a function of messagesize. Next, Section2.2 describeshow
NAM estimatesietwork transmissiortime. This modelis specificto the TCP protocol[13]. The overall
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Term Definition

NAMg | Senercomponendf NAM.

NAM¢ | Clientcomponenbf NAM.

WSs A Web Servicethatis not dependenbn otherWeb Servicesconfiguredwith N AMg only.
WSse | A WebServicethatdepend®n otherWeb Servicesconfiguredwith both N AMg and N AM .
ms milli-seconds.

Mbps Megabits persecond.

Gbps Gigabits persecond.

Tablel: Termsandtheir definitions
performancef NAM is dependenbn theaccurag of theseestimationtechniques.

2.1 Regression to Estimate Compression Time and Compressed M essage Size

This sectiondescribesa generictechniqueto estimatecompressiortime, decompressiotime and com-
pressednessagaizefor a given messageOf course therearemary waysto performthis estimationand
onemay develop anddeplg/ an applicationspecificapproach.NAM is ervisionedasa collectionof dif-
ferentplug-and-playcomponentsenablingan applicationdeveloperto replaceour generictechniquewith
their own specificmodel. Section3 shavs thetradeof associatedvith usingour genericapproactandhow
it impactsNAM’ sdecisions.

We utilize a genericpolynomialregressiontechniqueto detecta curviliniear function betweena mes-
sagesizeand(a) its compresseanessagsize, (b) compressiortime, and(c) decompressiotime. In the
following, we provide an overview of polynomialregressionandits alternatve models. The key adwan-
tageof regressionis thatit represents large samplesetwith a finite setof variables. NAMs computes
the coeficients of a regressionmodelfor decompressiotime andtransmitsit to N AMg to estimatethe
decompressiotime of amessageattheclient.

Polynomialregressiorcomputegherelationship(suchaslinear, exponential Jogarithmic,etc.,)between
a dependenvariable(sayy) andan independenvariable(sayz). Basedon Taylor approximationjf the
original functions are difficult or impossibleto evaluatedirectly, the partial sumsof the corresponding
infinite seriess polynomialsandcanbe evaluatedasfollows:

o
y:f(w):Zaixxi:a0+(a1 X Z)+ ... + (an X ") + ...
i=0

Linear, quadratic cubicregressiorarespecialcase®f this generalequation:

Linear regression : y = f(z) = ag + (a1 X 1) Q)
Quadratic regression : y = f(z) = ag + (a1 x z) + (az x 2?) 2
Cubic regression : y = f(z) = ag + (a1 x z) + (ag x z?) + (a3 x 2°) (3)

Givenn obseredsamples{zi, y1}, ..., {zn, yn }, aregressiormodelsolvesfor a; valueswith theobjectve
to minimize the sumof differencebetweerthe estimatedsaluey; andits obseredvaluey;, i.e., minimize
Yo (yi— y})2. Conceptuallythisis accomplishedby computingthe partialderivativesat every pointof z;
andsetits resultto zero.With cubicregressionthisis realizedby maintainingthreematrices seeFigure2,
whereY = X x A. Onemay solve for matrix A to obtainthe coeficientsby computingthe inverseof X,
e, A=X"1xY.

At run time, the systemmay accumulaten new samplesy maintainingseparateX’ andY’ matrices.
The systemmay addtheseinto the existing X, andY matricesand solve for a nev A matrix. The space
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Figure2: Matricesmaintainedn supportof Cubicregression.

compleity of this approactis the sizeof matricesandindependentf the total numberof sampleslts time
complity is to solve for matrix A: computetheinverseof matrix X andmultiply it by matrixY".

2.2 Network Models

The network characteristichave a significantimpacton the responsdime associatedavith transmittingthe
outputof aweb service. The responsdime clearly dependson network bandwidth,andtransmissiorand
propagatiordelays;however, responsdime alsodependsn the interactionof the transportprotocolwith
loss. In this paperwe focuson the TCP[13] transporfprotocolbecausef its wide spreaduse.

Themainchallengdor NAM is to devisemechanism#o estimateheresponséime of asenerbasedn
informationsuchasround-trip-time(RTT), bandwidth,outputsizeandlossrate. Of theseonly the output
sizeis known, andthe othervariablesmustbe eithermeasurear estimated NAM builds on existing work
on TCPmodeling.AccuratelymodelingTCPoverawide rangeof network conditionsis achallengingssue,
andmostexisting modelswork only underastrictsetof assumptionsTCPmodelingis alsocomplicateddue
to theexistenceof several TCPvariants but notall of themarewidely deployed. SuchvariantsincludeTCP
SACK [10], whichspeedsiplossrecoverywith selectve retransmissioandTCPVegas[2], which proposes
enhancedechniquegor congestiordetection.ThedominanfT CPvarianttodayis TCPReno[5], andthusis
thefocusof NAM. As otherTCP variantsbecomepopular NAM mustbe enhancedo accommodat¢hem.

Several analyticalmodelsexist to estimateresponsdime with TCP Reno. Theseinclude modelsby
Padhye[11] and Sikdar[14], eachwith a differentsetof assumptions.We analyzedthesetwo models
with bothns2[6] andin a testbedusingNIST Net [4], anddetailedresultsare presentedn Section3. In
summarywe obsered both strengthsandweaknessem thesemodels:the Padhyemodelwasaccurateat
modelinglong flows but inaccuratevhenmodelingshortflows (suchasthosefrequentlyproducedby web
services).The Sikdarmodelwasaccurateat modelingboth shortandlong flows, but wasinaccuratevhen
flows experiencedoss. Figure2 shavs the accurag of both the Sikdarand Padhyemodelsin estimating
responsaime. The x-axis shawvs the messagsizeandthey-axis shawvs the percentagelifferencefrom the
obseredtime. Thetwo modelsarepresentedn moredetailbelow.

In orderto understandr CP’s contrikution to responsdime, we first summarizethe behaior of TCP.
A TCP connectionbegins with a three-vay handshad, which takes up a round-triptime (RTT). For data
largerthana singlepaclet, TCP entersthe slow startphasewhereit increasedts transmissiorwindow by
onefor eachrecevedacknaviedgmentACK). In theabsencef delayedACKs,therecever sendsan ACK
for eachnew paclet. If thereis noloss,the senders windowv doublesevery Round-Tip-Time (RTT) until
it reachesa pre-specifiedimit, termedmaximumwindow size W, typically boundedby the recever’s
buffer size. At this point, thesendeentersa steadystateandcontinuedo transmitiW,,,., pacletseveryRTT
until the entiremessagés transmitted.Thereforein the absencef losswe canusethe modeldescribedy
Sikdar[14] to modelthetransfertime of a messageonsistingof NV pacletsasfollows:

RTT x LlOggNJ ZfN < Newp

RTT x (|logoeWaz| + [ WN””] +2) otherwise @

Network transmission time = {

whereN,,, is the numberof pacletstransmittecduringslow startphase Ne;,=2 [tog2Wmaz] 4 W, 0 — 1.
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Figure3: A comparisorof analyticalmodels bandwidth= 100Mbps,lateny = 100msec.

N AM s maintainsa history of measurementsith all thesenerscontactedecently This historyis kept
in alocal databasewhich is consultedbeforearequesis sentto asener. If pastexperiencehasshovn the
network pathis relatively free of loss,or if theresponsesizeis small (afew paclets)thenusingthe above
modelis reasonableln ourframewnork, N AM- maintainsanestimateof RTT for eachof thecorresponding
seners.Whencommunicatingvith aspecificsener, N AM¢ providesits RTT estimatedo N AMg asapart
of itsrequesfe.g.,in aSOAP header) Notethathaving N A M communicatehisinformationto N AMg is
morescalableébecausdt freesthe sener from maintaininga centralizeddatabaséor all its clients. NAM¢
might estimatethis RTT to N AMg either off-line by using PING, or by monitoringthe RTT on recent
transactionsvith the sener, or a hybrid of thesetwo. With PING andlow bandwidthconnectionse.g.,
DSL, Modem, etc.,wheretransmissiortime of datadominatesRTT, the transmittedmessagenustbe the
sizeof afull paclet. Otherwisethe estimate®f Equationd will beinaccurate.

NAM needsadditionalparameters$o estimateresponsdime, suchasthe maximumTCP window size
andthe lossrate. Both residein the kernelin the TCP protocol control block (a control block contains
the statethe protocol requiresfor eachconnection). Currently thereis no interface that provides these
parameters$o the application.Work in CongestiorManagei{1], however, aimsto remedythis problemby
allowing congestionnformationto be sharedamongall protocolsresidingon a machine. For our NAM
prototypewe modifiedthe Linux kernelto returnsuchinformationto the applicationvia the getsockpt()
systemcall. This wasa simplemodificationrequiringa few linesof code.

The Sikdarmodelworkswell if thereis no paclet loss. Paclet lossin TCP mayleadto atimeout,and
theimpactonresponsdime is dramaticbecausé addsidle time andcauseghe protocolto enterslow start
again. Whenhistory indicatesthatlossis likely during the transmissiorof a particularlarge messagewe
estimatethe network transmissiortime of messagéf by usingits size, M.length(), andan estimationof

network bandwidth,3(p): %{gt’lo Usingthe modelsof [11], the network bandwidthis estimateds:

- Wz 2p . 3p 2
I~ T — + 1 1 —)p(1 2 5
Bp) m min( e, RTTY | == + To min(1, 31/ =)p(1 + 32p7) (5)

wherep is thelossprobability Equation5 is appropriatdor bulk transmissionsvhich sendalarge amount
of data.

In light of the aboave, NAM hasadopteda hybrid model, building on the strengthsof both models. A
hybrid modelenableNAM to be flexible enoughto handlea broadsetof conditionsexperiencedy both
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shortandlong flows. For connectionsverethe expectedlossis zero (basedon previous statistics)or if
the messageizeis small (just a few paclets), NAM usesthe Sikdarmodelto estimateresponsdime. If
previousstatisticgeveala highlikelihoodof lossandthe messagsizeis significantlylarge,thenNAM uses
the Padhyemodel.

3 Performance Results

We conductednumerousexperimentsto evaluatethe feasibility of NAM in both a controlledlaboratory
settingand an Internetdeployment. The controlledlaboratorysettingwas configuredwith a variety of
network switchesand processospeeds.This was essentiato developmentand delugging of NAM. We
usedNIST Net[4] to studyNAM with a variety of paclet lossandbandwidths. This experimentalsetup
enabledusto studyNAM with 1 GbpsEthernetswitches. Suchbandwidthsare expectedto appearin the
nearfuture.

The Internetexperimentswere conductedusing connectionsbetweenUSC and (a) clients at different
academidnstitutions,and (b) at home clients connectedusing either DSL or 56 Kbps modems. These
experimentoffereda variety of network bandwidthsandlatencies.A connectiormight offer eithera low
(4 L), moderatg«» L), or high (1 L) lateny. With a given lateng, a connectionmay offer eithera low
({ B), moderate(«<+ B), or high (1 B) bandwidth. This yields nine combinations.This paperdescribes
our obsenationswith five of these.They werechoserto shav: a) NAM is ageneralpurposeechniquethat
adaptdo its taigetervironmentandapplication,andb) NAM'’ s overall behaior is determinedy how well
regressiommodelof Section2.1andanalyticalmodelsof Section2.2 performtheir estimations.

Thefive reportedexperimentalenvironmentsare:

e SouthernCalifornia, SC;, ., g: An Internetdeploymentwith a Linux sener at USC anda client at
University of California,SanDiego. This connectiorofferstypical bandwidthof 90 to 96 Mbps,and
latenciesof 3.5 ms (RTT = 7 ms). This experimentrepresentsa low lateng, moderatebandwidth
connection.

e US, 1 B: An Internetdeplymentwith a Linux sener at USC (westcoast)andISI at Washington
DC (eastcoast). The ISI connectionis a T1 with typical bandwidthsof 1 to 1.2 Mbps and45 ms
latenciegRTT = 90 ms). This experimentrepresents moderatdateng, low bandwidthconnection.

e US, 1 B An Internetdeploymentconsistingof onemachineon the eastcoast,University of Mas-
sachusettat Amherst,andanothewonthewestcoastUSC.ThebandwidthbetweerJSCandAmherst
is approximately87 to 96 Mbpswith 45 mslatencieRTT = 90 ms). This experimentrepresents
moderatdatengy, moderatedbandwidthconnection.

e Trans-Atlantigy, ., p: An Internetdeployymentwith a Linux sener at USCanda SunOS 5.8 client
at the University of Saarlandesn Germar. Network bandwidthbetweenUSC and Saarlandess
typically betweerf0to 97 Mbpswith 89 mslatenciefRTT=178ms). Thisrepresentsa high lateng,
moderatébandwidthconnection.

e 1-Gbpsr +p: An intranetconfigurationconsistingof two machinesonnectedisinga Gigabit Eth-
ernetswitch. The harnessetbandwidthis limited by the processospeedandvariesfrom 300to 500
Mbps. Its lateny is low, 0.15ms (RTT = 0.3 ms), because¢he machinesarephysicallyin the same
room,USC’s databaséaboratory This representa high bandwidth Jow latengy connection.

We analyzedNAM' s behaior usingTPC-HbenchmarK12], a decisionsupportbenchmarkwvith docu-
mentedqueriesanddatasets.This benchmarlcanbe configuredwith differentdatabassizes.We analyzed
two: 1 and 10 Gigabytedatabasesizes. TPC-H includesboth retrieval and refreshqueries. The refresh
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Zip Compression XMill Compression
Query MSG MSG Comp Comp Decomp Msg Comp Comp Decomp
size size Factor | Time (ms) | Time(ms) size Factor | Time(ms) | Time(ms)
Qs (Q12) 929 303 3.1 0.68 0.07 358 2.6 1.78 0.70
Qnr (Q20) 46,219 6,766 6.8 2.8 0.85 5,962 7.75 9.54 3.04
Qr (Q3) 3,513,484 || 243,912 | 144 146.40 55.32 199,671 | 17.60 356.54 173.1
Qu (Qo) || 25,927,167| 4,166,404| 6.2 1,493.00 569.00 3,259,501 7.95 2,916.6 273.3

Table2: Samplecompressiomnddecompressiotimesusinga 3.06 GHz processorThequeryid in paren-
theseglenotegshe TPC-Hqueryusedasa representate of acateyory. Thegranularityof reportedmessage
sizeandtimesarein bytesandms,respecirely.

Speedup
—®— Linear
—#— Zip compression time
Zip decompression time
—%— XMill compression time
XMill decompression time

e
P —

i

T T T T T T T T T T 1
0 500 1000 1500 2000 2500 3060
Processor Speed (MHz)

Figure4: Speedumf compressiomnddecompressiotimesfor TPC-HQueryl3asafunctionof processor
speed.

commandgeneratdarge requestandsmallresponsesTheretrieval queriesoffer amix of commandshat

generateeither (a) large requestsaand small responsesand (b) large requestsand large responses.Since

NAM'’ sfocusis on network transmissiortimes,we focuson retrieval queriesandignorerefreshcommands
from further consideration We catayorizedthe 22 retrieval queriesinto four catayories: a) Small queries,
denoted? s, with XML formattedresultsetsizesequalto or smallerthanl Kilobyte, b) moderatejueries,
Q. With resultsetsizesgreaterthanor equalto 1 Kilobyte andsmallerthan1l Megabyte ) large queries,
Qr, with resultsetsizesgreaterthanor equalto 1 Megabyteandsmallerthan 10 Megabytesandd) huge

queriesQ g, with resultssetsizesgreatethan10 Megabytesandsmallerthan50 Megabytes.

We analyzedthe performanceof Zip and XMill with thesequery classesas a function of different
processospeeds450MHz, 1 GHz, 2 GHz, and3.06 GHz. Table 2 shavs thesenumbersfor four TPC-
H queries(1 Gigabytedatabasesize) with a 3.06 GHz PC. Eachqueryis a memberof different query
classandshawn for illustration purposes(We referthe interestedeaderto [3, 7] for tablesshaving these
numberfor all queriesanddifferentprocessospeeds.)Table2 shavs threeimportantobserations. First,
the compressioriactordoesnot necessarilyncreaseasa function of messageize. Second XMill yields
morecompactmessagewhencomparedvith Zip for messagekrgerthanathousandytes. Third, XMill
is moretime consuminghanZip.

It is alsoimportantto notethatcompressiomnddecompressiotimesdo not scalelinearly asafunction
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of processospeedsin Figure4, we shav the speedumbseredwith one TPC-Hquery(Q13) asafunction
of differentprocessospeeds.The breakdown is appliedto bothcompressioranddecompressiotimesof
Zip and XMill. Similar trendshold for other TPC-H queries.In particular noneof the queriesobsere a
linearspeedumsafunctionof processospeed.

The Internetis a sharedresourceandwe did not wantto imposeunnecessaripad that might interfere
with existing network applications. Thus, we usedthe ervironmentof Figure5 to analyzethe impactof
alternatve estimationtechniqueson NAM. The detailsof this ervironmentare asfollows. We storedthe
resultof eachTPC-H queriesin afile andregisteredthe compressiormnddecompressiotime of eachdata
setwith alternatve processoispeeds.Thesetimes excludethe time to readthe file into memory These
correspondo the “compressiorprofiles” box of Figure5. Next, we setupan experimentconsistingof an
Internetapplicationconfiguredwith a N AM¢ invoking a remotesener with the identity of a query The
gueryid uniquelyidentifiesthedatasetsizethatmustbe transmittedrom thesenerto NAMe. Thesener
emplo/s NAM to determinef the referenceddatasetshouldbe transmittedcompressear uncompressed
and logs this information. Next, it transmitsthe datasetin uncompressedZip compressednd XMill
compressetb N A M andregistertheobseredresponsg¢ime andnetwork characteristicgn alog file. An
off-line program,“NAM’ s decisionmaking” box of Figure 5, processesheselogs andemulatedifferent
processospeedsin addition,it computedhe percentagémprovementprovided by NAM whencompared
with: a)uncompressettansmissioralways,correspondingo how WebServicesaredeplo/edtoday termed
Uncompressed) Zip transmissioralways,a simpleimprovementon today’s statushatwould emplg Zip
always,c) XMill transmissioralways,anervironmentthatemplo/s XMill atall times.

Figure 6 shavs the percentagémprovementwith NAM when configuredwith a 3.06 GHz processor
speedfor five differentdeployments. For each,the y-axis shawvs the percentagemprovementof NAM
whencomparedvith XMill compressioralways,Zip compressioralways,anduncompressediways. We
obseredazerolossratein theseexperimentsNAM emplo/s anuncompressettansmissiorior Q¢ always
becausehe messagés smallerthana TCP paclet (a pacletis 1480bytesbetweertwo Linux machinesand
1460bytesbetweera Linux machineanda SunOS5.8 machine).lts modelassumed CP musttransmitat
leastonepaclet worth of dataandattributeszerobenefitsto usingeitherZip or XMill. The resultsshavs
the superiorityof this decisionwith thelow lateny connectionghatoffer moderateo high bandwidthg1-
Gbps,SC).With alow bandwidth,moderatdateny connectionUS,, 1, | g, compressiomprovidesmamginal
benefitq1 to 3%)with a3.06 GHz processobecaus¢hemodels assumptiornis violated(transmittingfewer
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Figure6: Percentagenprovementwith NAM for Qs with 3.06 GHz processors.

thanonepaclet wroth of datadoesprovide savingsin network transmissiorimes). With a2 GHz processor
speedthis maginal benefitdisappearswith both1 GHz and450 MHz processospeedsyseof eitherZip
or XMill is inferior to anuncompressettansmission.

Figure7 shaws the percentagesavings for (), anda 2 GHz processospeed. With the 1-Gbpsy, 15
environment,NAM continuego transmitdatauncompressegyoviding substantiabasingswhencompared
with environmentsconfiguredo useeitherZip or XMill always.With Trans-Atlanti¢;, ., g andUS,, 1, ., s,
NAM emplagrs XMill for 77% of queries,Zip for 14% of queries,anduncompressettansmissiorfor the
remaining9% of queries.An ervironmentthatwould employ XMill compressiomwaysoutperformdNAM
by approximatelyl 9%for Trans-Atlantig;, ., 5. Thisdropsto 2%with a1 GHz processorWith a450MHz
processqrNAM is superiorto XMill always. NotethatNAM providessubstantiabavingswhencompared
with todays commonpracticeto transmituncompressediways.

Theresultsobsered with bothUS,, 1, | p andSCy;, ., g demonstratehe importanceof estimatingnet-
work characteristiaand datacompressiortimes accurately Considereachof experimentsin turn. With
US. 1, B, NAM employs XMill for 68% of queries,Zip for 22% of queries,and uncompressetrans-
missionfor the remaining10%. This is partly becausecubic regressioncannotestimatethe compressed
messageize, compressiorand decompressiotimesaccuratelywith samplefrom boththe 1 and 10 Gi-
gabytedatabaseslf perfectestimatesvere provided, NAM would employ Zip and XMill 81% and19%
of thetime respecitiely, providing savingswhencomparedwvith XMill. Thesamewould hold trueif NAM
wasprovidedwith samplefrom 1 GigabytedatabaseTheUS,, ;. | p resultsdemonstrat¢éheimportanceof
estimatingcompressiomnddecompressiolimesaccurately

With SC, 1, ., NAM emplg/s XMill for morequeriesthandesired resultingin inferior performance
whencomparedwith an ervironmentthatemplgys Zip always. This is partly dueto inaccurateestimates
provided by regression.However, evenwith perfectknovledgeof compresseanessageize,compression
anddecompressiotimes, an ervironmentthatemplo/s Zip alwayswill continueto outperformNAM by
7%. Thisis becaus®&AM obseresalossfrom aprior transmissioranduseghisto estimataesponséimes
with differentcompressiotechniquesHowever, theobsenedtransmissiomoesnotencountetheexpected
lossrate,causingthe Zip compressedesponsdimesto appearsuperior

Figure 8 shaws the percentagesavings for the (1, anda 1 GHz processorspeed. With low lateny
connectionghat offer moderateto high bandwidthg(1-Gbpsy, +p andSC,y, ., g) NAM transmitsdataun-
compressedproducingsignificantsavings. With Trans-Atlantier, .5, US 1,5 andUS, 1, B, NAM

10
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switchesto Zip compressionproviding savingswhencomparedvith anuncompressettansmissionWith
Trans-Atlanti¢;, ., 5, NAM’s savings whencomparedwith an ervironmentthatemplo/s XMill alwaysis
mauginal. Thisis dueto alargerRTT betweerlJSCandUniversityof Saarlandethatdominateghenetwork
responsdime. It is interestingto notethatwith SC;, ..z, NAM emplg/s anuncompressettansmission
for Q1 becaus®f thesmall RTT (7 ms). With fasterprocessospeed42 and3.06 GHz) processordNAM
switchesto Zip compression.

Figure9 shaws the percentagsavingsfor Q7 anda 450 MHz processospeed.The 1-Gbpsy, +p and
SC, 1« B continueto transmitdatauncompressedgyroviding significantsasingswhencomparedvith those
ernvironmentsthat emplg either XMill or Zip always. Evenwith a 3.06 GHz processQrNAM emplo/s
uncompressetransmissiorwith the 1-Gbpsz, +p connection. The only differenceis a lower percentage
savings when comparedwith XMill and Zip, i.e., NAM outperformsXMill and Zip by 82% and 60%,
respectiely. With Trans-Atlantigr, .5, USo 1,8 andUS 1, B, NAM emplos Zip compressiorto
provide savings. With fasterprocessospeedgl GHz andabore), NAM switchesto XMill.

Resultsof Figures6, 7, 8, and9 shav NAM adaptsto enhanceaesponsdime acrossdifferentoutput
XML datasetsizes,processospeedsandnetwork conditions.It maynot provide a superiorresponsdime
for every single transmissionhowever, it significantly improves the averageresponsdime acrossmary
transmissionsOf course givena specificprocessospeedandqueryoutputsize,onemaytailor the system
to outperformNAM. Resultsof Figure7 for US., 1, 5 is a demonstratiorof this claim. However, NAM
is designedo be generalpurposeandadaptto its ervironment. Its gatheredstatisticsare the first stepto
fine-tuningandtailoring a system.

4 Conclusion and Future Research Directions

This paperpresentdNAM asa middlevareto enhanceesponsdime of Web Servicesusingcompression
techniquesvhenappropriate.Our performanceaesultsdemonstratthon NAM switchesfrom using XMill
compressiorto Zip anduncompressettansmissiorselectvely to improve responsgime. We analyzedhe
performancef this middlevarewith TPC-Hquerieghatproducedatasetsizesrangingfrom afew hundred
bytesto tensof Megabytes.Thiswasdonein the contet of differentinternetandintranetsettings.

NAM is designedo adaptbasedn the datacharacteristicef anapplication availableclientandsener
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processospeedsandnetwork characteristicslt exchangegrofile informationbetweerawebserviceclient

(IVAM¢) andthe Web Service(N AMg) in supportof intelligentdecisions.This distributesthe overhead
of NAM betweertheclientandthe Web Servicein orderto freethe Web Serviceto scaleto alarge number
of clients.

NAM assumes Web Serviceproducests outputin its entirety prior to its transmission.While this
assumptiomatchegodays practiceswe anticipateemegenceof XML streamingarchitecturesn support
of integratedWeb Services. Thesewill incrementallyproduceandtransmittheir XML formattedoutput
in a pipelinedmanney overlappingthe sener’s productionof output with the client’s consumptionand
processingf this output. We intendto explore extensionsof NAM to thesearchitecturesn thenearfuture.
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