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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
beenobserved to be poor in the curr ent generation web services.
Weproposea framework calledWebGraph 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 benefits in terms of lower responsetime, the
WebGraph framework facilitates web caching,QoS support, load
balancing,overload control, personalizedservices,and security for
both dynamic aswell asstatic web pages.

Keywords—DynamicWebRequests,Inter net, Quality of Service,World Wide Web,
WebGraph, Weblet,Web Servers.

I . INTRODUCTION

Performanceandmanagementof webservershasbeena very active
areaof researchin recentyears.Severaltechniqueshavebeenproposed
for improving theperformanceandmanagementof webservices.Some
of themostcommontechniquesthathave beenproposedincludemir-
roring, cachingwebcontentsat proxy servers,distributedserver farms
with loadbalancers.Theseapproachesareeffective for websitesthat
have predominantlystatic web contents. However, all of thesetech-
niquesarelimited in termsof handlingdynamicrequests,scalability,
overload,personalizedservices,andQuality of Service(QoS)assur-
ances.

Thecurrentgenerationwebserviceusedin thee-commerceenviron-
mentsuffersfrom severalseriousproblems.Becauseof thepresenceof
a high proportionof dynamiccontents,theresponsetime for acessing
thesesiteshasbeenvery poor [4]. Both network andserver contribute
to theresponsedelay. Poorresponsedelayleadto significantrevenue
lossesin e-commerceenvironments.Therevenuelossin 1998wases-
timatedto be1.9billion dollarsowing to long responsedelays[22]. In
addition,overloadconditionshave seriousimpositionson the perfor-
manceof webservers. Furthermore,QoSsupportthroughservicedif-
ferentiationandpersonalizedservicesarehighly desirablefeaturesin
mostwebsites,especiallytheonesusedin commercialenvironments.

An examinationof severaldynamicpagesonthewebrevealedthatin
mostcases,only apartor afew partsof thepagesaredynamicin nature.
Otherportionsof thesepagesconstitutestaticimagesor text. However,
for every accessof thedynamicpages,theentirepagegetsconstructed
andrenderedto theclientsor theproxies. Thusthestaticcharacteris-
tics of thesepagesarenot beingexploitedin thecurrentmodelof web
access.Our initial motivationwasto exploit thisnatureof thedynamic
pages.Thuswe developeda framework, calledWebGraph thatusesa
graphicalrepresentationof webpagesto serve dynamicpagesvery ef-
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ficiently. Partsof thewebpagethathave thesameattributesarecalled
weblets. Thewebletscanbestaticor dynamicandareusedto construct
andreconstructthewebpages.In addition,we have alsoenrichedthe
framework suchthatit canbeusedfor otherimportantattributessuchas
overloadcontrol,QoSassurances,cachingefficiency, personalizedser-
vices,andloadbalancingin webservers. This enrichmentis achieved
by attachingattributesto thegraphelements(nodesandedges)in the
framework. WebGraphinteractsbetweentheprimaryserver(s)andthe
proxiesor edgeserverswhile facilitating the serviceof requestsfrom
theclients.

In additionto the performancebenefits,overloadcontrol, andQoS
support,WebGraphalso facilitatespersonalizedandvalue-addedser-
vices,easymanagement,andpublishingof web contents.The paper
discussesandjustifiestheseclaims. We alsooutline the implementa-
tion andmanagementdetailsof theframework in additionto thediscus-
sionson its impacton the performance,cachingbehavior, overloads,
andQoS.

Therestof thepaperis organizedasfollows. TheWebGraphframe-
work is discussedin detailin SectionII. Theimpactandbenefitsof the
schemeis discussedin SectionIII. Theexperimentalset-upandprelim-
inary resultsaredepictedin SectionIV. Therelatedwork is discussed
in SectionV, followedby theconcludingremarksin SectionVI.

I I . WEBGRAPH FRAMEWORK

Themainideaof theWebGraphframework is to divide thedynamic
web pagesinto multiple componentsknown as weblets. Web pages
canbe formedfrom thesewebletsby creatingtemplatesin a markup
language.Webletstypically representpartsof a dynamicpagewhere
changesdo not happen(staticparts)or happenconcurrently(dynamic
parts). Thus, a weblet can be a static object (representingan image
or text) or a dynamicobject (representinga part of the pagewhere
datachangesdynamically).Uponaccessto a dynamicpage,insteadof
recreationof theentirepage,only theweblets(basedon theirattributes
asdiscussedlater) thathave changedarerecreatedandintegratedwith
theprecomposedpartialpage.

Unlike other scripting languageslike Active Server Pages[2] and
JavaServer Pages[19] in which all the scriptswithin a dynamicpage
mustbeexecutedserially, in WebGraphthesecomponentsarecapable
of beingexecutedindependentlyin parallelandapartfrom thetemplate.
Thusany changein adynamicpageis reflectedby re-executingonly the
relatedweblet(s).

A webpagecanhave multiple weblets,andconverselya webletcan
beembeddedin multiplewebpages.Furthermore,awebletcaninclude
one or more weblets. A web pagecan be representedas a directed
graphwherethenodesarewebletsandtheedgesrepresenttheinclusion
relationship.A directededgefrom weblet-Ato weblet-Bindicatesthat
weblet-Ais includedin weblet-B.Severalattributesaredefinedfor each
of thenodesaswell astheedges.Nodeattributesaredifferentfrom the
edgeattributes. Nodeattributesrefer to thepropertiesof the weblets,
whereasthe edgeattributesdefinethe control information regarding
the inclusionof the nodein renderingthe web page.Theseattributes
provideinformationto theprimaryandproxyserversonhow to manage



thedataefficiently. Theattributescouldincludeinformationregarding
the caching

�
nature,security, quality of service,time to live, andany

otherrelatedinformation.
To clarify theconceptandthestructureof theWebGraph,let uscon-

sider an exampleof the web pageof a company xyz.com shown in
Figure1. Thetopandbottomof thepagesincludeadvertisements.The
globaladvertisement(GA) targetsanationalaudience,andthelocalad-
vertisement(LA) targetstheaudiencewithin asmallerregion. Like the
network television (i.e.,ABC, NBC, CBS,etc.),whichallows thelocal
channelsto includelocaladvertisement,WebGraphfacilitatestheprox-
iesto includelocalizedadvertisementsor any otherinformation(static
or dynamic)thatareof local interest.Thesitealsocontainsnews arti-
clesandweatherinformationin additionto displayof transactionson
which thecompany thrives.Eachof thesecomponentscontainstaticas
well asdynamicelements.Forexample,thenewswouldcontaintextual
links, staticimages,andstockindexes,thatneedupdatingat different
time intervals.

News

Local Advertisements

Transactions

Local Weather

Global Advertisements

Fig. 1. An examplewebpagefor acompany xyz.com.

In the WebGraphframework, the pageshown in Figure1 is repre-
sentedasa graphasshown in Figure2. Thenodesrepresentdifferent
webletsandtheedgesdenotetheir inclusiveness.Thedirectionof the
edgesdefinethedependencerelationof theweblets.The“News” we-
bletincludesstaticimages,textuallinks,stockindexesandthesitelogo.
All of thesewebletsarestaticexceptingthestockindexes.Theweblet
with site logo is includedin multiple weblets. In the WebGraphof
Figure2, thedynamicwebletsarestockindexes,radarimages,current
conditionsandforecast,accountprofile, shoppingcart, GA, andLA.
The nodeattributesaremarked asW1–W14,and the edgeattributes
aremarkedasL1–L15.
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Fig. 2. TheWebGraphfor thewebpageof xyz.com.

Thepossibleattributesfor nodes(shouldbeconsideredjustasanex-
ample)aretabulatedin TableI. Wehaveshown four differentattributes
for the nodes:dependency, TTL, QoS,andsecurity. Therecould be
moreor lessnumberof attributesasdesiredor dependingon theappli-
cationsandthewebsitecomposition.Thedependency attributedefines
thevalidity of a weblet,whichmeansthatif all thewebletson which it

TABLE I

NODE (WEBLET) ATTRIBUTES OF THE WEBGRAPH.

Weblet Dependency 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,W13,W14 - - mixed
W6 - 5 B no
W7 - 1440 B no
W8 - 60 C no
W9 - 5 A no
W10 - 15 B no
W11 - 30 C no
W12 - 0 C yes
W13 - 0 C yes
W14 - 10,000 B no

dependson(is composedof) arevalid thenit is consideredvalid. A we-
bletis consideredvalid if its TTL hasnotexpiredandits otherattributes
aresatisfied.Theleaf nodeshave no dependencies.A nodeis consid-
eredinvalid if its TTL hasexpired,andwill needto beretrieved from
theprimaryserver. A TTL of “0” meansthat theobjectis not cached
andis retrievedfor every access.Thenodesthathave dependentnodes
do not have any TTL as they arenot updatedasa whole. The third
attributefor thenodesis theQoS.As anexample,we have considered
threelevelsof QoS:A, B, andC, correspondingto delay-sensitiveness,
throughput-sensitiveness,andloss-sensitiveness,respectively. For ex-
ample,thestockindex nodewould bedelaysensitive, theradarimage
nodewould bethroughputsensitive, andtheaccountprofile would be
losssensitive. Thenodeswith dependecieswould have the QoSfield
as blank becausetheir QoS would dependon the QoS requirements
of the dependentweblets. The fourth parameterin Table I refersto
thesecurityrequirementsof a site. Somewebletsmayrequiretheuse
of a secureprotocolandauthenticationwhile othersmay be accessed
by anyone. The securityattribute makes that differentiation. A node
that hasdependablenodeswith different security level is marked as
“mixed”.

TableII shows the possibleattributesof theedges.Although these
attributesareshown in a binarymodein our example,it neednot have
to bethatway. Theattributesin all thethreecolumnsindicateif anedge
wouldberemovedonnotbasedontheincreaseof load,inability to sat-
isfy the requiredQoS,or dueto securityreasons.For example,under
high server load,L6 and/orL10 couldberemoved. Similarly if there-
quiredQoScannotbesatisfiedthensomeobjectsmayprovideincorrect
or uselessinformation.A delayedstockindex valuemaynot beuseful
or avery low quality radarimagemaybeincomprehensibleandthusbe
useless.Thethird attributecontrolsthesecurityaspects.In caseof any
breachin securityor while servicingin an insecuremode,somelinks
shouldbe removed. Thesefour attributesmay be changedandother
attributescanbeaddedbasedon thewebapplicationenvironment;our
intentis to emphasizeon theconceptof theproposedframework.

WebGraphinteractsbetweenthe primary server (thesourceserver)
andtheproxiesand/ortheedgeservers(e.g. Akamaiservers[3]). For
theeaseof explanation,we donot distinguishbetweentheproxiesand
the edgeservers. The implementationandthe supportmechanismof
WebGraphis thesamefor bothof thesetypesof servers.WebGraphis
usuallycreatedandupdatedat the primary server. Theproxiesmain-
tain andcanmodify partsof theWebGraphasmentionedlater. When
a requestfrom a client comesto the primary server througha proxy,
theprimaryserversendstherequestedpageandthecorrespondingWe-



TABLE II

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 responseto future client requests,usesthe WebGraphframe-
work. The topologyof the graphis expectedto remainstatic for an
elongatedperiodof time. The overheadfor updatingchangesin the
WebGraphis insignificantsincethe graphtopology is unlikely to be
changedfrequently.

Theproxiesserve requestsusingtheWebGraph,which reducesthe
bandwidthdemandon theInternet,expeditestheclient responsetime,
while reducingtheloadontheprimaryserver. In theWebGraphframe-
work, a considerableamountof load is transferredfrom the primary
server on to theproxy servers.Thusserver bottleneckscanbeavoided
usingthis framework.

I I I . IMPACT OF WEBGRAPH

In this sectionwe describethe usageof WebGraphframework and
how we can derive benefitsfrom it in termsof performance,quality
of servicesupport,load balancing,overloadcontrol,andpersonalized
services.

A. PerformanceImpact

The primary performanceparameterin web serviceis the response
time. WebGraphis likely to reducetheresponsetime of webrequests
significantlybecauseof two reasons.First, theweblet-basedapproach
allows for partial processingof web pagesand reducesthe unneces-
saryrecomputationsof theentirepagecomprisingof oneor moredy-
namicweblets.Thustheprocessingof complex pagestructureswould
befaster. Thesecondreasonfor thefasterresponsetime would bedue
to the transferof load (to a certaindegree)from theprimaryserver to
the proxies. This load transferreducesthe load of the primary server
which aremorelikely to be the bottleneckscomparedto the proxies.
The load transferalsoreducesthe bandwidthdemandon the Internet
as the requestsandfile transfersfrom the primary server is reduced.
Only thespecificwebletsarerecomputedandsentacross(from thepri-
mary server to theproxies)ratherthantransferringthe entirepageall
the time. Sincethe proxiesaregeographicallycloserto the clients,it
makesmoresenseto transferadditionalloadon to theproxies,thereby
reducingthe bandwidthdemandon the longeraccesspath to the pri-
maryservers.

B. ImpactonWebCaching

WebGraphprovidesanefficient solutionto theproblemsin caching
dynamicweb pages.Sincethe proxy hasthe imageof the graphthat
forms the page,all the webletsarecachedat the proxies. Upon ac-
cessto a page,theproxy serverschecksthevalidity of thewebletsby
examiningthe nodeandedgeattributes. Only the invalid webletsare
requestedfrom theprimaryserver or back-endserversandareusedin
reconstructingthepage,which is renderedto theclients.Sincethewe-
bletattributesdefinetheirvalidity, thecapacityof thewebcachecanbe
utilized very efficiently. Thus,by usingWebGraph,dynamicrequests
canbecached,andonlypartsof it areretrievedfromtheprimaryservers
asandwhennecessary.

C. Quality of ServiceSupport

TheQoSsupportcanbe handledin a muchefficient mannerin the
WebGraphframework. Oneof theattributesof thewebletcoulddefine
theQoSparameterasdescribedin ourexamplein theprevioussection.
TheQoScouldbe relatedto delay, throughput,lossrate,or any other
serviceparameters.Thusfor eachof the weblets,the QoSconstraint
can be imposedfor betterdelivery of data. A weblet that hasstrict
timing requirementsis expectedto be retrieved in a timely manner. A
time-sensitive weblet(wherethedelayedvaluesareof nouse)mayget
droppedif delayed.Similarly for dynamicimages(e.g.,directionsmap
from Mapquest.com)theQoSsupportcanbeprovidedthroughresource
allocationusingtheWebGraphframework.

The edgeattribute on QoS-sensitivity definesthe links that canbe
removed if therequiredQoSrequirementscannotbesatisfied.For ex-
ample,a poor quality radarimagemay be incomprehensible.Thusa
significantamountof resourcesmaybesaved ratherthangettingused
in datadelivery thatis of nouse.In otherwords,if thequalityof anob-
ject fallsbelow certainlevel of QoSbecauseof resourceunavailability,
the edgesfrom the WebGraphareremoved andthoseobjectsarenot
fetched.This approachresultsin saving of resources,which couldbe
usedby otherobjects.

Another approachfor QoS supportcan be also provided by Web-
Graph. For example,differentversionsof the webletscould be used
for representingdifferentquality of the dataor image. Basedon the
QoSrequirement,the appropriatewebletcanbe usedfor creatingthe
web page. Thusdependingon the QoSrequirement,differentsetsof
edgeswill beaddedor removed. In addition,attributescanalsobeused
for servicedifferentiation;preferredcustomersaregivenadditionalor
differentwebletsrepresentingvalue-enhancedservices,etc.

On anotherissue,it is beingpredictedthattherewill beaninflux of
handheldwirelessdevicessurfingtheInternet.Thisscenariowill create
a differentproblem.Thehandhelddevicesmaybelimited in resources
(bandwidth,buffering capacity, power consumption,processingabil-
ity) andthusmaynotbeableto handletherich contentsof awebpage.
Using the WebGraphframework, we canhave the attributesof some
of thewebletsconfiguredto matchtheneedsandresourceavailability
of theclients. For example,denseandhigh-qualityimagescanbere-
placedby lightweightandlower quality graphicsif they do not hinder
the purpose.Thusfor suchapplications,by usingtheedgeattributes,
we canreconfigurethe topology(by removing webletscorresponding
to densecontentsandaddingwebletscorrespondingto thelightweight
contents)of thegraphin theWebGraphframework andrenderthepages
effectively andefficiently.

D. LoadBalancing

For traditionalweb applications,the whole processmust resideon
one server irrespective of their capacityor load. In the WebGraph
framework, the webletswithin a dynamicpagecanbe distributedon
differentserversaccordingto their capacityandworkload.SomeCPU
intensivework canberunonserverswith highfrequency CPU’s. Like-
wise,I/O intensivework canberunonthosewith highI/O buscapacity.



In addition,theaffinity of thewebletswith respectto thenodescanbe
exploited� to betterutilize the cachingeffect at the nodesasproposed
earlier in [21]. The schedulingis moreflexible androbust thanother
loadbalancingschemes.Theloadbalancingapproachesusingthewe-
bletscanbeusedfor clustersbothat theprimaryserveraswell asat the
proxies. At the proxy server clustersthe distribution of webletsmay
easethe manageabilityanddistribute the network accessload evenly.
Webletswith very shortupdatedurationshouldbespreadon different
nodes,otherwisea singlenodemaygetchokedwith network accesses
to reachthe server for updates.Load balancingon the basisof other
constraints,suchascontent-awareness[7], canbeacievedthroughthe
proposedframework.

E. OverloadControl

Theresponsetime from overloadedserversis usuallyunacceptable.
As a result,a numberof requestsareabortedcausingseverefinancial
lossesin the e-commerceenvironment. Not muchhasbeenreported
on theoverloadcontrol issuesis webservers. In fact,mostof thecur-
rentgeneratione-commerceserversdonotemploy any overloadcontrol
support.In theabsenceof thissupport,theseserversareproneto cause
denial of services. In the WebGraphframework, an attribute can be
addedat thelink level, which getsusedduringtheoverloadsituations.
Anotherapproachis to have asecondversionof lightweightwebletfor
someof theobjectsthat canbe comprehensibleat a coarsergranular-
ity. Theseattributesarelabeledon thebasisof the relative priority of
differentwebletsduringoverloadedconfigurations.For efficient over-
loadcontrol, thewebserver musttake actionbeforetheoccurrenceof
the overloadsituation. Thusa load indicatorcanbe usedto indicate
theonset(likelihoodof overloadin nearfuture)of overload.With the
onsetof anoverload,theprimaryserver or theproxyservercanusethe
attributesof theedgesto decidewhatedgescanberemovedentirelyor
bereplacedwith anotheredgewith a lower servicedemand.Basedon
the load index, a prioritizedapproachof eliminatingedgescanbede-
ployed. Many otherperceived load managementapproachescanalso
adoptedusingtheWebGraphfarmework.

F. Personalizationof WebPages

The WebGraphframework allows and facilitatespersonalizedser-
vicesthat areof high valueandsignificancein the e-commerceenvi-
ronment.Basedon thehistoryof accessesandthecookieinformation,
personalizedgraphsfor differentclassesof usersor individualscanbe
created.Thesegraphswill be storedat the proxiesandwill be used
uponaccessby theclientsto disseminatedatain a very effective man-
ner. Theattributesof the webletsandthe edgeswould dependon the
personalrequirementsof the individuals or the class. Several value-
addedservicescan be also consideredthat can be supportedby the
proposedframework.

Sincethe proxiesalsohave limited accessto somechangesin the
WebGraph,localizedinformationsuchaslocal advertisements,sched-
ule of local events,etc. canbe integratedwith the original webpage.
Similar approachis usedin the contemporarytelevision services,as
indicatedearlier. Thusthe personalizationsupportcanbe adoptedat
different levels; for a single user, a group os users,or for a service
locality.

IV. EXPERIMENTAL IMPLEMENTATION AND PERFORMANCE

STUDY

To demonstratethefeasibilityandvalidatetheexpectedperformance
improvement,weimplementedasmallprototypeset-upof awebserver
anda proxy server using the WebGraphframework. The server was
built on theApacheserver 1.3.12on Microsoft Windows 2000. Web-
Graphexistsasa dynamicloadablemoduleandwebletsareWindows
DLL. URL’s with suffix wgr areinterpretedby ApacheasWebGraph

TABLE III

WEBLETS USED IN THE EXPERIMENT.

Name Nature Mempry CPU Cache TTL
A CPUintensive 90% 80% yes 10s
B Reference

counter
90% 90% no 0s

C Databasequery 90% 90% yes 20s

requestsandhandledby theWebGraphmodule. TheWebGraphcon-
figurationis setup in Apacheinitialization processto readall thetem-
platesandloadtheassociatedwebletfiles. In theproxyside,WebGraph
is directly integratedinto theApacheproxymodule.

Currently only systemload, proxy side cache-abilityand TTL at-
tributesarerealizedin theprototype.Theproxy sidecache-abilityis a
directive particularfor proxyserversthattellswhetheracertainweblet
canbe loadedandexecutedon theproxy side. For example,thecon-
figuration (memory: 80%, CPU: 90%, cache-ability: yes,TTL: 10s)
of thewebletA tells that thewebletcanbe loadedfor executiononly
whenthecurrentsystemmemoryandCPU usagearebelow 80% and
90%,respectively, andthewebletcanberun on both theproxy server
andweb server andthe output is valid for 10 seconds.If the system
resourcestatuscannotsatisfytheweblet’s requirement,anadaptedout-
put(probablywith alowerresolutionweblet)is renderedtheclient. The
contentadaptationconsumeslesssystemresourcesthanthenormalout-
put. TheCPUandmemoryusageareobtainedfrom theWindows NT
performancecounterandtheir valuesarereadevery 50ms.

We setupa web pagewith threewebletsin it to simulatethreedif-
ferent typesof tasksthat arecommonlyexperiencedin dynamicweb
pages.TableIII lists thenatureandlink attributesof thethreeweblets
in theexamplepage.Theperformancemeasurementwasdonefor the
proxy andwebserver configurationwith andwithout WebGraph.The
web server hasa PentiumIII 733MHZ CPU with 128MB RAM, and
theproxy is with a PentiumII 350MHZ CPUwith 128MBRAM, both
run a modifiedApachewebserver on MS Windows 2000. Theclient
runsNetscapebrowser for Linux. The WebGraphoutput includesan
embededJavascriptcodeto reloadthesameURL immediately. It was
observed that thememoryusageduringtheexperimentkept relatively
constantaround80%,soonly requestprocessingtime andCPUusage
areusedfor performancemeasurement.

In this test,a relative low endcomputeractedasa HTTP proxy for
theclient to simulatetheproxy server. In this architecture,all weblets
thatarenot cache-ableor cannotmeettheloadconditionsin theproxy
server areexecutedby theprimarywebserver. Fromthewebserver’s
perspective, the incomingtraffic is initiated by the proxy andis con-
finedmostlyto individual webletsresultingin reducedserver load.

TableIV presentstheaveragevaluesunderdifferentconfigurations.
The Location column indicateswherethe datawere collected. The
Configuration columnidentifiesthe configurationof the server-proxy
set-up. CPU Usage is measuredin percentage,andProcessingTime
is therequestprocessingtime in Apachelog file measuredin seconds.
The logging codewasmodifiedto provide high resolutionof timing.
The proxy sideworked asa requestrelay so the processingtime in-
cludesboth requestforwarding time and waiting for server response
time. Theproxywasmonitoredvia Windows 2000PerformanceMon-
itor. Throughputis measuredin thenumberof requestcompletionper
second.Someof the cells in TableIV areempty. Whenusedbehind
a proxy with WebGraphfunctionality, the server seesthe requestsas
individual webletinitiated from theproxy, so the throughputdoesnot
make sensehere,so doesprocessingtime. The CPU Usagefor the
proxywithoutWebGraphfunctionalitywasnot recorded.

FromTableIV, we observe that theWebGraphframework provides
throughputimprovementof about60%for thesmallprototypeimple-



TABLE IV

PERFORMANCE IMPROVEMENT DUE TO WEBGRAPH.

Node Configuration CPU
Us-
age

Proc.
Time

Throughput

Server Serverandproxy 87% 12.92 1.03
Proxy (proxy withoutWebGraph) - 12.80 1.03
Server Serverandproxy 49% - -
Proxy (proxy with WebGraph) 90% 2.12 1.67

mentationwith thesimpleexample. Thus,we believe, thereis a very
high potentialof this framework andneedsfurthervalidationsanden-
hancements.In addition,aswe predictedearlier, the load on the pri-
maryserver is drasticallyreduced(by about40%for theexample)even
if it is servingmuchhigh throughput. We arein the processof eval-
uatingthesepotentialsof theproposedWebGraphframework through
a large-scaleimplementationandconsideringexamplesof portal web
sites.

V. RELATED WORK

Therehasbeena lot of approachesproposedearlier for improving
performanceof web servers. Several work hasbeenreportedon the
webcachingissues[6], [8], [9]. Frequentlyaccessedstaticwebobjects
canberetrievedfrom thecachesaving asignificantamountof network
bandwidthanddelay. Webcaching,althougheffective for moststatic
web sites,is not applicablefor dynamicpages,which areusuallynot
cached.

Load balancinghasbeena very effective techniquefor managing
load at server clusters.Mirror andreplicationof serversarebeenex-
tensiveusedin thecommercialenvironment.Severaleffectiveloadbal-
ancingtechniqueshave beenproposedby researchers[5], [10], [12].
Overloadcontrol issuesin web servershave not beenadequatelyad-
dressedyet. A content-basedoverloadcontroltechniquewasproposed
in [1]. Theservicedifferentiationapproachesproposedfor webservers
[13] canbealsousedfor loadmanagement.Thesework have targeted
primarily for providing QoSsupportat thewebservers.

Therehasbeenvery limited work on addressingperformanceissues
of dynamicrequests.Cao et al. [11] have proposedthe conceptof
active cachefor cachingdynamic contentson the web, which may
not beapplicablefor dynamicrequeststhatneedto accessa back-end
server. Furthertheactive cacheframework cannotprovide all theaddi-
tional featuresthatWebGraphcanprovide asdiscussedin SectionIII.
Cachingof dynamicdatahasbeenstudiedin [15] and[18], wherethe
work hasfocussedonrewriting theserverapplicationsto handlethein-
sertionanddeletionof cacheitems.Themaingoalin theseapproaches
is theimprovementof cachehit ratesfor dynamicrequests.A publish-
ing framework for websiteswasproposedin [14] thatusesa graphical
representationof thewebpages.However, thegraphdoesnot includes
any attributes,and thus is usedonly for managingthe publishingas-
pect. Theworks in [16] and[17] addresseddynamicpagecachingby
separatingstaticportionsfrom dynamicportionsandusedspecialtags
in themarkuplanguageto instructtheclient which partcanbecached
andhow to fetchdynamiccontent.

Our work is different from all of the previous work on the perfor-
manceof dynamicrequests.Almost all of the earlierworks have fo-
cussedon thecachingbehavior of thedynamicrequests,which is just
oneaspectof theWebGraph.Unlikemostof theearlierwork, noclient-
side supportis neededfor WebGraph. Sincewe are targeting Web-
Graphimplementationfor proxies,theperformancebenefitswould be
for largegroupsof clientsratherthanprogrammingindividual clients
andderiving performancebenefitsfor them. In addition,asmentioned
earlier, WebGraphcansupportandfacilitateseveral otherfunctionali-

ties,which areequallyimportantin several webapplicationsenviron-
ments.

VI . CONCLUDING REMARKS

A new framework calledWebGraphhasbeenproposedin this paper
for supportingdynamicaswell asstaticcontentsin the web environ-
ment.Theframework operatesbetweentheprimaryservers(thefront-
endaswell asany back-endservers)andtheproxiesor edgeservers.A
graphicalrepresentationof thewebwith bothnodeandedgeattributes
arestoredfor eachof thewebpages,which helpsin renderingtheweb
pagesfrom the proxies. In addition to the performancein termsof
lower responsedelay, WebGraphalsofacilitatescaching,QoSsupport,
overloadcontrol,loadbalancing,personalizedservices,andsecurity. It
providesa very flexible environmentto managingandservingobjects
in thewebenvironment.
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