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Abstract— The proportion of dynamic objects has been grow-
ing at a fast rate in the world wide web. However, becauseof ad-
ditional resource requirementsand the changing nature of these
objects, the performance of accessingdynamic web contents has
beenobsewed to be poor in the current generation web setvices.
We proposea framework called WebGraph that helpsin impr oving
the responsetime for accessingdynamic objects. The WebGraph
framework managesa graph for eachof the web pages. Both the
nodesand the edgeshave attrib utesthat are usedin managingthe
web pages.Instead of recomputingand recreating the entire page,
the nodeand edgeattrib utesare usedto update a subsetof the we-
blets are are then integrated to form the entire page. In addition
to the performance benefitsin terms of lower responsetime, the
WebGraph framework facilitates web caching, QoS support, load
balancing, overload control, personalizedsewices,and security for
both dynamic aswell asstatic web pages.

Keywords—Dynamic Web Requests)nter net, Quality of Sewice, World Wide Web,
WebGraph, Weblet, Web Servers.

I. INTRODUCTION

Performancendmanagementf websenershasbeenavery active
areaof researclin recentyears.Severaltechniquesiave beenproposed
for improving theperformancendmanagemerdf webservices Some
of the mostcommontechniqueghat have beenproposednclude mir-
roring, cachingweb contentsat proxy seners,distributedsener farms
with load balancersTheseapproachesareeffective for web sitesthat
have predominantlystatic web contents. However, all of thesetech-
niquesarelimited in termsof handlingdynamicrequestsscalability
overload, personalizedservices,and Quality of Service(QoS)assur
ances.

Thecurrentgeneratiorwebserviceusedin thee-commercerviron-
mentsuffersfrom severalseriousproblems Becausef thepresencef
a high proportionof dynamiccontentsthe responsdime for acessing
thesesiteshasbeenvery poor[4]. Both network andsener contritute
to theresponsalelay Poorresponsalelayleadto significantrevenue
lossedn e-commercervironments.Therevenuelossin 1998wases-
timatedto be 1.9 billion dollarsowing to long responselelays[22]. In
addition, overload conditionshave seriousimpositionson the perfor
manceof webseners. FurthermoreQoS supportthroughservicedif-
ferentiationand personalizedservicesare highly desirablefeaturesin
mostwebsites,especiallythe onesusedin commerciakervironments.

An examinationof severaldynamicpagesonthewebrevealedthatin
mostcasespnly apartor afew partsof thepagesaredynamicin nature.
Otherportionsof thesepagesonstitutestaticimagesor text. However,
for every acces®f thedynamicpagesthe entirepagegetsconstructed
andrenderedo the clientsor the proxies. Thusthe staticcharacteris-
tics of thesepagesarenot beingexploitedin the currentmodelof web
accessQurinitial motivationwasto exploit this natureof thedynamic
pages.Thuswe developeda framework, calledWebGraphthatusesa
graphicalrepresentationf web pageso sene dynamicpagesvery ef-
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ficiently. Partsof theweb pagethathave the sameattributesarecalled
weblets Thewebletscanbestaticor dynamicandareusedto construct
andreconstructhe web pages.In addition,we have alsoenrichedthe
frameawork suchthatit canbeusedfor otherimportantattributessuchas
overloadcontrol,QoSassurancesachingefficiency, personalizeder

vices,andload balancingin web seners. This enrichments achiered

by attachingattributesto the graphelementgnodesandedges)n the
frameavork. WebGraphnteractsbetweerthe primary sener(s)andthe
proxiesor edgesenerswhile facilitating the serviceof requestdrom

theclients.

In additionto the performancebenefits,overloadcontrol, and QoS
support,WebGraphalso facilitatespersonalizedand value-addedser
vices, easymanagementand publishingof web contents. The paper
discussesndjustifiestheseclaims. We alsooutline the implementa-
tion andmanagemerdetailsof theframeawvork in additionto thediscus-
sionson its impacton the performancecachingbehaior, overloads,
andQosS.

Therestof the paperis organizedasfollows. The WebGraphrame-
work is discussedhn detailin Sectionll. Theimpactandbenefitsof the
schemes discussedh Sectionlll. Theexperimentaket-upandprelim-
inary resultsaredepictedin SectionlV. Therelatedwork is discussed
in SectionV, followedby the concludingremarksin SectionVI.

Il. WEBGRAPH FRAMEWORK

Themainideaof the WebGraphramework is to divide thedynamic
web pagesinto multiple componentknowvn asweblets. Web pages
canbe formedfrom thesewebletsby creatingtemplatesn a markup
language.Webletstypically represenpartsof a dynamicpagewhere
changegio not happen(static parts)or happenconcurrently(dynamic
parts). Thus, a webletcan be a static object (representingan image
or text) or a dynamicobject (representinca part of the pagewhere
datachangeslynamically).Uponacces$o a dynamicpage insteadof
recreatiorof theentirepage only theweblets(basedn their attributes
asdiscussedater) thathave changedarerecreatedandintegratedwith
theprecomposegartial page.

Unlike other scripting languagedik e Active Sener Pages[2] and
JaraSener Pageg[19] in which all the scriptswithin a dynamicpage
mustbe executedserially, in WebGraphthesecomponentsre capable
of beingexecutedndependentlyn parallelandapartfrom thetemplate.
Thusary changen adynamicpageis reflectedcby re-executingonly the
relatedweblet(s).

A webpagecanhave multiple weblets,andcorverselya webletcan
beembeddedh multiple webpages Furthermoreawebletcaninclude
one or more weblets. A web pagecan be representeds a directed
graphwherethenodesarewebletsandtheedgesepresentheinclusion
relationship A directededgefrom weblet-Ato weblet-Bindicateshat
weblet-Aisincludedin weblet-B.Severalattributesaredefinedfor each
of thenodesaswell astheedgesNodeattributesaredifferentfrom the
edgeattributes. Node attributesrefer to the propertiesof the weblets,
whereasthe edgeattributes define the control information regarding
theinclusionof the nodein renderingthe web page. Theseattributes
provide informationto theprimaryandproxy senersonhow to manage



the dataefficiently. The attributescouldincludeinformationregarding
the cachingnature,security quality of service,time to live, andary
otherrelatedinformation.

To clarify theconcepiandthe structureof the WebGraph|et uscon-
sider an example of the web pageof a company xyz.comshawvn in
Figurel. Thetop andbottomof thepagesncludead\ertisementsThe
globaladwertisemen{GA) targetsanationalaudienceandthelocal ad-
vertisemen{LA) targetstheaudiencewvithin asmallerregion. Like the
network television (i.e.,ABC, NBC, CBS, etc.),which allows thelocal
channeldo includelocaladwertisementWebGrapHacilitatesthe prox-
iesto includelocalizedad\ertisement®r ary otherinformation(static
or dynamic)thatareof local interest. The site alsocontainsnews arti-
clesandweatherinformationin additionto display of transaction®n
whichthecompaly thrives.Eachof thesecomponentgontainstaticas
well asdynamicelementsFor example thenevswould containtextual
links, staticimages,andstockindexes, thatneedupdatingat different
timeintenals.

‘ Global Advertisements

Local Weather

Transactions

Local Advertisements

News

Fig. 1. An examplewebpagefor acompary xyz.com.

In the WebGraphframework, the pageshavn in Figure1l is repre-
sentedasa graphasshawvn in Figure2. The nodesrepresentlifferent
webletsandthe edgesdenotetheir inclusiveness.The directionof the
edgedefinethe dependenceelationof the weblets. The “News” we-
bletincludesstaticimagestextuallinks, stockindexesandthesitelogo.
All of thesewebletsarestaticexceptingthe stockindexes. The weblet
with site logo is includedin multiple weblets. In the WebGraphof
Figure2, thedynamicwebletsarestockindexes,radarimagescurrent
conditionsand forecast,accountprofile, shoppingcart, GA, and LA.
The nodeattributesare marked as W1-W14, and the edgeattributes
aremarkedasL1-L15.

Site Logo

wi4

GA: Global Advertisement
LA: Local Advertisement

Fig. 2. TheWebGraphfor thewebpageof xyz.com.

Thepossibleattributesfor nodegshouldbe consideregustasanex-
ample)aretakulatedin Tablel. We have shaovn four differentattributes
for the nodes: dependeng TTL, QoS,andsecurity Therecould be
moreor lessnumberof attributesasdesiredor dependingon the appli-
cationsandthewebsitecomposition.Thedependencattributedefines
thevalidity of aweblet,which meanghatif all thewebletson whichit

TABLE |
NODE (WEBLET) ATTRIBUTES OF THE WEBGRAPH.

Weblet Dependeng TTL QoS | Security
w1 W2,W3,W4,W5,W6 - - mixed
w2 - 10 B no
w3 W7,W8,W9,W14 - - no
w4 W10,w11,W14 - - no
W5 W12,wW13,W14 - - mixed
W6 - 5 B no
w7 - 1440 B no
w8 - 60 C no
w9 - 5 A no

w10 - 15 B no
wil - 30 C no
W12 - 0 C yes
W13 - 0 C yes
w14 - 10,000 B no

depend®n (is composeaf) arevalid thenit is consideredialid. A we-
bletis consideredalid if its TTL hasnotexpiredandits otherattributes
aresatisfied.Theleaf nodeshave no dependenciesA nodeis consid-
eredinvalid if its TTL hasexpired,andwill needto be retrieved from
the primarysener. A TTL of “0” meanshatthe objectis not cached
andis retrievedfor every accessThenodeshathave dependenbodes
do not have ary TTL asthey are not updatedas a whole. The third
attribute for thenodesis the QoS.As anexample,we have considered
threelevelsof QoS:A, B, andC, correspondingo delay-sensitieness,
throughput-sensiteness andloss-sensitienessyespectiely. For ex-
ample,the stockindex nodewould be delaysensitie, the radarimage
nodewould be throughputsensitve, andthe accountprofile would be
losssensitve. The nodeswith dependeciesould have the QoSfield
as blank becauseheir QoS would dependon the QoS requirements
of the dependentveblets. The fourth parameteiin Table| refersto
the securityrequirement®f a site. Somewebletsmay requirethe use
of a secureprotocoland authenticatiorwhile othersmay be accessed
by anyone. The securityattribute makes that differentiation. A node
that hasdependablenodeswith different securitylevel is marked as
“mixed”.

Tablell shaws the possibleattributesof the edges.Althoughthese
attributesareshown in abinarymodein our example,it neednot have
to bethatway. Theattributesin all thethreecolumnsindicateif anedge
would beremosedon notbasedntheincreaseof load,inability to sat-
isfy the requiredQoS, or dueto securityreasons.For example,under
high senerload,L6 and/orL10 couldberemoved. Similarly if there-
quiredQoScannotesatisfiedhensomeobjectsmayprovide incorrect
or uselessnformation. A delayedstockindex value may not be useful
or averylow quality radarimagemaybeincomprehensiblandthusbe
uselessThethird attribute controlsthe securityaspectsin caseof ary
breachin securityor while servicingin aninsecuremode,somelinks
shouldbe removed. Thesefour attributesmay be changedand other
attributescanbe addedbasedon the web applicationervironment;our
intentis to emphasizen the concepbof the proposedramenork.

WebGraphinteractsbetweerthe primary sener (the sourcesener)
andthe proxiesand/orthe edgeseners(e.g. Akamaiseners[3]). For
the easeof explanationwe do not distinguishbetweerthe proxiesand
the edgeseners. The implementatiorandthe supportmechanisnof
WebGraphs the samefor both of thesetypesof seners. WebGraphs
usually createdand updatedat the primary sener. The proxiesmain-
tain andcanmodify partsof the WebGraphasmentionedater When
a requestfrom a client comesto the primary sener througha proxy;
theprimarysener sendgherequesteghageandthe correspondiniyVe-



TABLE Il
EDGE ATTRIBUTES OF THE WEBGRAPH.

Edges| Load | QoS | Security
L1 yes/no| no no
L2 yes no no
L3 yes no no
L4 no no yes
L5 yes/no| no no
L6 yes yes no
L7 yes no no
L8 yes no no
L9 no yes no
L10 yes no no
L11 no yes no
L12 yes no no
L13 no yes no
L14 no no yes
L15 no no yes

bGraph(the graphwith all its attributes). The proxy storesthe Web-
Graphandthe webletsconstitutingthe page,andwhile renderingthe
pagein responseo future client requestsusesthe WebGraphframe-
work. The topology of the graphis expectedto remainstatic for an
elongatedperiod of time. The overheadfor updatingchangesn the
WebGraphis insignificantsincethe graphtopology is unlikely to be
changedrequently

The proxiessene requestsisingthe WebGraphwhich reduceshe
bandwidthdemandon the Internet,expeditesthe client responseime,
while reducingtheloadontheprimarysener. In theWebGraphrame-
work, a considerableamountof load is transferredfrom the primary
sener onto the proxy seners. Thussener bottlenecksanbe avoided
usingthis framework.

I11. IMPACT OF WEBGRAPH

In this sectionwe describethe usageof WebGraphframewvork and
howv we canderive benefitsfrom it in termsof performancegquality
of servicesupport,load balancing,overloadcontrol, and personalized
services.

A. Performancdmpact

The primary performanceparametein web serviceis the response
time. WebGraphis likely to reducethe responsdime of web requests
significantlybecausef two reasonsFirst, the weblet-baseépproach
allows for partial processingof web pagesand reducesthe unneces-
saryrecomputationsf the entire pagecomprisingof oneor moredy-
namicweblets.Thusthe processingf comple pagestructuresvould
befaster The secondeasorfor thefasterresponsé¢ime would bedue
to thetransferof load (to a certaindegree)from the primary sener to
the proxies. This load transferreduceshe load of the primary sener
which aremorelikely to be the bottleneckscomparedo the proxies.
The load transferalsoreducesthe bandwidthdemandon the Internet
asthe requestsandfile transfersfrom the primary sener is reduced.
Only thespecificwebletsarerecomputedndsentacrosgfrom thepri-
mary sener to the proxies)ratherthantransferringthe entire pageall
thetime. Sincethe proxiesare geographicallycloserto the clients, it
malesmoresensdo transferadditionalload on to the proxies thereby
reducingthe bandwidthdemandon the longeraccesgathto the pri-
maryseners.

B. ImpactonWeb Cading

WebGraphprovidesan efficient solutionto the problemsin caching
dynamicweb pages.Sincethe proxy hasthe imageof the graphthat
forms the page,all the webletsare cachedat the proxies. Upon ac-
cessto a page the proxy senerschecksthe validity of the webletsby
examiningthe nodeand edgeattributes. Only the invalid webletsare
requestedrom the primary sener or back-endsenersandareusedin
reconstructinghe page whichis renderedo the clients. Sincethe we-
bletattributesdefinetheir validity, the capacityof thewebcachecanbe
utilized very efficiently. Thus,by usingWebGraphdynamicrequests
canbecachedandonly partsof it areretrievedfromtheprimaryseners
asandwhennecessaty

C. Quality of ServiceSupport

The QoS supportcanbe handledin a muchefficient mannerin the
WebGraphramenork. Oneof the attributesof thewebletcoulddefine
the QoSparameteansdescribedn our examplein theprevioussection.
The QoScould berelatedto delay throughputlossrate,or ary other
serviceparameters.Thusfor eachof the weblets,the QoS constraint
canbe imposedfor betterdelivery of data. A webletthat hasstrict
timing requirementss expectedto be retrievedin atimely manner A
time-sensitie weblet(wherethe delayedvaluesareof nouse)mayget
droppedf delayed.Similarly for dynamicimageg(e.g.,directionsmap
from Mapquest.comtheQoSsupporicanbeprovidedthroughresource
allocationusingthe WebGraphramework.

The edgeattribute on QoS-sensitiity definesthe links that canbe
removedif therequiredQoSrequirementgannotbe satisfied.For ex-
ample,a poor quality radarimagemay be incomprehensible Thusa
significantamountof resourcesnay be saved ratherthangettingused
in datadelivery thatis of nouse.In otherwords,if thequality of anob-
jectfalls below certainlevel of QoSbecaus®f resourcainavailability,
the edgesfrom the WebGraphare remored and thoseobjectsare not
fetched. This approactresultsin savzing of resourceswhich could be
usedby otherobjects.

Another approachfor QoS supportcan be also provided by Web-
Graph. For example,differentversionsof the webletscould be used
for representinglifferentquality of the dataor image. Basedon the
QoSrequirementthe appropriatenvebletcanbe usedfor creatingthe
web page. Thusdependingon the QoS requirementdifferentsetsof
edgeswill beaddedor removed. In addition,attributescanalsobeused
for servicedifferentiation;preferredcustomersaregiven additionalor
differentwebletsrepresentingalue-enhanceservicesetc.

On anotherissue,it is beingpredictedthattherewill be aninflux of
handheldvirelessdevicessurfingthelnternet. This scenariawill create
adifferentproblem.The handheldlevicesmaybelimited in resources
(bandwidth,buffering capacity powver consumption processingabil-
ity) andthusmaynotbeableto handletherich contentsof awebpage.
Using the WebGraphframenork, we canhave the attributesof some
of thewebletsconfiguredto matchthe needsandresourceavailability
of the clients. For example,denseand high-qualityimagescanbere-
placedby lightweightandlower quality graphicsif they do not hinder
the purpose.Thusfor suchapplications by usingthe edgeattributes,
we canreconfigurethe topology (by removing webletscorresponding
to densecontentsandaddingwebletscorrespondingdo the lightweight
contentspf thegraphin theWebGraphramewnork andrendetthepages
effectively andefficiently.

D. LoadBalancing

For traditionalweb applications the whole processmustresideon
one sener irrespectve of their capacityor load. In the WebGraph
framework, the webletswithin a dynamicpagecan be distributed on
differentsenersaccordingto their capacityandworkload. SomeCPU
intensive work canberun on senerswith highfrequeng CPU'’s. Like-
wise,l/O intensive work canberun onthosewith highl/O buscapacity



In addition,the affinity of thewebletswith respecto the nodescanbe
exploited! to betterutilize the cachingeffect at the nodesas proposed
earlierin [21]. The schedulings moreflexible androbustthanother
load balancingschemesThe load balancingapproachessingthe we-
bletscanbeusedfor clustershothattheprimaryseneraswell asatthe
proxies. At the proxy sener clustersthe distribution of webletsmay
easethe manageabilityand distribute the network accesdoad evenly.
Webletswith very shortupdatedurationshouldbe spreadon different
nodes otherwisea singlenodemay getchoked with network accesses
to reachthe sener for updates.Load balancingon the basisof other
constraintssuchascontent-avarenesg$7], canbe acieved throughthe
proposedramework.

E. OverloadContmol

Theresponseime from overloadedsenersis usuallyunacceptable.
As aresult,a numberof requestsare abortedcausingsevere financial
lossesin the e-commerceervironment. Not much hasbeenreported
on the overloadcontrolissuess web seners. In fact, mostof the cur
rentgeneratiore-commercaenersdo notempla ary overloadcontrol
support.In theabsencef this supportthesesenersareproneto cause
denial of services. In the WebGraphframework, an attribute can be
addedatthelink level, which getsusedduringthe overloadsituations.
Anotherapproachs to have a secondversionof lightweightwebletfor
someof the objectsthat canbe comprehensiblat a coarsergranular
ity. Theseattributesarelabeledon the basisof the relative priority of
differentwebletsduring overloadedconfigurations For efficient over
load control, the web sener musttake actionbeforethe occurrencenf
the overloadsituation. Thus a load indicator can be usedto indicate
the onset(lik elihoodof overloadin nearfuture) of overload. With the
onsetof anoverload,the primarysener or the proxy sener canusethe
attributesof theedgego decidewhatedgescanberemovedentirely or
be replacedwith anotheredgewith a lower servicedemand.Basedon
theloadindex, a prioritized approactof eliminatingedgescanbe de-
ployed. Mary otherperceved load managemenapproachesanalso
adoptedusingthe WebGraptfarmevork.

F. Personalizationof Web Pages

The WebGraphframework allows and facilitatespersonalizedser
vicesthatare of high value andsignificancein the e-commerceervi-
ronment.Basedon the history of accesseandthe cookieinformation,
personalizedyraphsfor differentclasseof usersor individualscanbe
created. Thesegraphswill be storedat the proxiesandwill be used
uponaccesdy theclientsto disseminatalatain a very effective man-
ner. The attributesof the webletsandthe edgeswould dependon the
personalrequirementof the individuals or the class. Several value-
addedservicescan be also consideredthat can be supportedby the
proposedramework.

Sincethe proxiesalso have limited accesso somechangesn the
WebGraphJocalizedinformationsuchaslocal adwertisementssched-
ule of local events,etc. canbe integratedwith the original web page.
Similar approachis usedin the contemporarytelevision services,as
indicatedearlier Thusthe personalizatiorsupportcan be adoptedat
differentlevels; for a single user a group os users,or for a service
locality.

1V. EXPERIMENTAL IMPLEMENTATION AND PERFORMANCE
STuDY

To demonstratéhefeasibility andvalidatetheexpectedperformance
improvementwe implementeda smallprototypeset-upof awebsener
anda proxy sener usingthe WebGraphframewvork. The sener was
built on the Apachesener 1.3.120n Microsoft Windows 2000. Web-
Graphexists asa dynamicloadablemoduleandwebletsare Windows
DLL. URL's with sufix wgr areinterpretedby ApacheasWebGraph

TABLE IlI
WEBLETS USED IN THE EXPERIMENT.

Name | Nature Mempry | CPU | Cache | TTL
A CPUintensve 90% 80% yes 10s
B Reference 90% 90% no 0Os

counter
C Databasejuery 90% 90% yes 20s

requestsand handledby the WebGraphmodule. The WebGraphcon-
figurationis setup in Apacheinitialization procesgo readall thetem-
platesandloadtheassociateavebleffiles. In theproxyside,WebGraph
is directly integratedinto the Apacheproxy module.

Currently only systemload, proxy side cache-abilityand TTL at-
tributesarerealizedin the prototype.The proxy sidecache-abilityis a
directive particularfor proxy senersthattells whethera certainweblet
canbe loadedandexecutedon the proxy side. For example,the con-
figuration (memory: 80%, CPU: 90%, cache-ability: yes, TTL: 10s)
of the webletA tells thatthe webletcanbe loadedfor executiononly
whenthe currentsystemmemoryand CPU usageare belov 80% and
90%, respectiely, andthe webletcanbe run on boththe proxy sener
andweb sener andthe outputis valid for 10 seconds.If the system
resourcestatuscannotsatisfytheweblets requirementanadaptedut-
put(probablywith alowerresolutionrweblet)is renderedheclient. The
contentadaptatiorconsumesesssystenresourceshanthenormalout-
put. The CPUandmemoryusageareobtainedfrom the Windowvs NT
performanceounterandtheir valuesarereadevery 50ms.

We setupa web pagewith threewebletsin it to simulatethreedif-
ferenttypesof tasksthat are commonlyexperiencedn dynamicweb
pages.Tablelll lists the natureandlink attributesof thethreeweblets
in the examplepage. The performancameasuremenwasdonefor the
proxy andweb sener configurationwith andwithout WebGraph.The
web sener hasa Pentiumlll 733MHZ CPU with 128MB RAM, and
theproxy is with a Pentiumll 350MHZ CPUwith 128MB RAM, both
run a modified Apacheweb sener on MS Windows 2000. The client
runs Netscapebrowserfor Linux. The WebGraphoutputincludesan
embededaascriptcodeto reloadthe sameURL immediately It was
obsered thatthe memoryusageduring the experimentkeptrelatively
constantaround80%, soonly requesprocessindime andCPU usage
areusedfor performanceneasurement.

In this test,a relative low endcomputeractedasa HTTP proxy for
theclient to simulatethe proxy sener. In this architectureall weblets
thatarenot cache-abl@r cannotmeetthe load conditionsin the proxy
sener areexecutedby the primaryweb sener. Fromtheweb sener’s
perspectie, the incomingtraffic is initiated by the proxy andis con-
finedmostlyto individual webletsresultingin reducedsener load.

TablelV presentghe averagevaluesunderdifferentconfigurations.
The Location column indicateswhere the datawere collected. The
Configuation columnidentifiesthe configurationof the sener-proxy
set-up. CPU Usage is measuredn percentageand ProcessingTime
is therequesiprocessingime in Apachelog file measuredn seconds.
The logging codewas modifiedto provide high resolutionof timing.
The proxy side worked as a requestrelay so the processingime in-
cludesboth requestforwarding time and waiting for sener response
time. The proxy wasmonitoredvia Windows 2000PerformancéMon-
itor. Throughputis measuredn the numberof requestcompletionper
second.Someof the cellsin TablelV areempty Whenusedbehind
a proxy with WebGraphfunctionality the sener seesthe requestsas
individual webletinitiated from the proxy, sothethroughputdoesnot
male sensehere, so doesprocessingime. The CPU Usagefor the
proxy without WebGraphfunctionalitywasnotrecorded.

From TablelV, we obsene thatthe WebGraphramevork provides
throughputimprovementof about60% for the small prototypeimple-



TABLE IV
PERFORMANCE IMPROVEMENT DUE TO WEBGRAPH.

Node | Configuation CPU| Proc.| Throughput
Us- | Time
age
Sener | Senerandproxy 87%| 12.92 1.03
Proxy | (proxywithoutWebGraph)| - 12.80| 1.03
Sener | Senerandproxy 49%| - -
Proxy (proxy with WebGraph) | 90%| 2.12 | 1.67

mentationwith the simple example. Thus,we believe, thereis a very
high potentialof this framevork andneedsfurthervalidationsanden-
hancementsin addition,aswe predictedearlier the load on the pri-
maryseneris drasticallyreducedby about40%for theexample)even
if it is servingmuch high throughput. We arein the processof eval-
uatingthesepotentialsof the proposedNebGraphframenork through
a large-scalamplementatiorand consideringexamplesof portal web
sites.

V. RELATED WORK

Therehasbeena lot of approachegroposedearlierfor improving
performanceof web seners. Sereral work hasbeenreportedon the
webcachingissued6], [8], [9]. Frequentlyaccessedtaticwebobjects
canberetrievedfrom the cachesaving a significantamountof network
bandwidthanddelay Web caching,althougheffective for moststatic
web sites,is not applicablefor dynamicpageswhich are usually not
cached.

Load balancinghasbeena very effective techniquefor managing
load at sener clusters. Mirror andreplicationof senersare beenex-
tensie usedin thecommerciaknvironment.Severaleffective loadbal-
ancingtechniqueshave beenproposedby researcher§s], [10], [12].
Overloadcontrolissuesin web seners have not beenadequatelyad-
dressedet. A content-basedverloadcontroltechniquevasproposed
in [1]. Theservicedifferentiationapproacheproposedor webseners
[13] canbealsousedfor load managementThesework have targeted
primarily for providing QoSsupportatthewebseners.

Therehasbeenvery limited work on addressingperformancédssues
of dynamicrequests.Caoet al. [11] have proposedthe conceptof
active cachefor cachingdynamic contentson the web, which may
not be applicablefor dynamicrequestghat needto accessa back-end
sener. Furthertheactive cacheframeavork cannotprovide all theaddi-
tional featureghat WebGraphcanprovide asdiscussedn Sectionlll.
Cachingof dynamicdatahasbeenstudiedin [15] and[18], wherethe
work hasfocussedn rewriting thesener applicationgo handlethein-
sertionanddeletionof cacheatems. Themaingoalin theseapproaches
is theimprovementof cachehit ratesfor dynamicrequestsA publish-
ing framework for websiteswasproposedn [14] thatusesa graphical
representationf theweb pagesHowever, thegraphdoesnotincludes
ary attributes,andthusis usedonly for managingthe publishingas-
pect. Theworksin [16] and[17] addressedlynamicpagecachingby
separatingstaticportionsfrom dynamicportionsandusedspecialtags
in the markuplanguageo instructthe client which partcanbe cached
andhow to fetchdynamiccontent.

Our work is differentfrom all of the previous work on the perfor
manceof dynamicrequests.Almost all of the earlierworks have fo-
cussedn the cachingbehaior of the dynamicrequestswhich is just
oneaspecbf theWebGraphUnlike mostof theearlierwork, noclient-
side supportis neededfor WebGraph. Sincewe are targeting Web-
Graphimplementatiorfor proxies,the performancebenefitswould be
for large groupsof clientsratherthanprogrammingndividual clients
andderiing performancéenefitsfor them. In addition,asmentioned
earlier WebGraphcansupportandfacilitate several otherfunctionali-

ties, which areequallyimportantin several web applicationserviron-
ments.

V1. CONCLUDING REMARKS

A new framework calledWebGraph hasheenproposedn this paper
for supportingdynamicaswell as static contentsin the web environ-
ment. Theframeavork operatedbetweerthe primary seners(the front-
endaswell asary back-endseners)andtheproxiesor edgeseners. A
graphicalrepresentationf thewebwith bothnodeandedgeattributes
arestoredfor eachof thewebpageswhich helpsin renderingthe web
pagesfrom the proxies. In additionto the performancein terms of
lower responselelay WebGraphalsofacilitatescaching,QoSsupport,
overloadcontrol,loadbalancingpersonalizedervicesandsecurity It
providesa very flexible environmentto managingandservingobjects
in thewebenvironment.
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