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Abstract

In thisworkwe propcsea lightweight schemefor negoti-
ating client’s capabilities in the contect of endendconten
adaptation for wirelessweb access. Our methodis mud
lesscomplex thenW3C's proposedCC/PP framevork. e
suggestthat for thepurpose®of contentnegatiation all (mo-
bile) clientscouldbegroupedinto a few relativelylarge cat-
egaries. With this assumptiorwe simplify the CC/PP pro-
tocol and implementit as an Apade modue. This paper
describeghe simple CC/PP protocd, issuesrelatedto its
implemetation, and performarce measuemers.

1. Intr oduction

With theadwent of dynamc andexecutableconten, in-
tegration of securitymechanismsand emeging metadéa
standadls, it is clearthatthe Web is transfoming into the
basisof a globally distributed computing and information
accesssystem. Further wirelessaccesdso the web from
molhile/palmtopdevicesis increasinglyattractize to mary
users,sinceit enablesnew applicatiors in areaslike m-
comnerce, pulic information services, edication, tele-
medicire, battlefieldawarenes®tc. For exanple business
userswith palmtoglaptoptypedevices(akaRoadwWarriors)
corstitutealargeandgrowing segmer of users.Theirwork
typically involvesaccessinggndmodifying corporateinfor-
mation repositoies with multimeda dataover low band-
width connectiaistypified by wirelessor phane-lineaccess.
More oftenthannot, the applicdions they useareweb en-
abledandusethebrowserasa“thin” client.

As was discovered fairly early on[JwM+96, JWH97,
Kat94], the web (more specifically the HTTP protacol)
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is designedto work in wired, high bandvidth ernviron-

ments,anddoesnot opeateparticularlywell whenthe ac-
cesspointis a molle host. The reasondehindthis such
as low/variale bandvidth, disconrections, etc.[JWH97

FZ94 are quite well known. Further the mobile hostis

typically resourcgpoor. Eventhoud thevery highendlap-

top machirescannow deliver performarce comparableto

low-erd to moceratedesktopsmost“thin andlight” sub-
notetnoks and PDA/PCS type devices are constréned in

termsof CPU, powver, memoy, disk, display capabilities
etc. This createsa capallity mismatt betweenthe mul-

timediarich datathat the web seners have on one hand,
andthe capability of the client to handle/dsplay that data
andthe capabilityof thewirelessnetwork to deliver it in an
acceptale time ontheother

These bandvidth and resouce related prodems are
sometimeghough of astransient,sincewirelessnetwork
speedsas well asthe resoucesavailable on molile plat-
forms are steadilyincreasing. It shouldbe notedthouch
thatthe speedonwired networks andthe resouces(mem-
ory, CPU speedgtc.) on statichostsareincreasingust as
fast,if not faster As hasbeenamply demmstratedover
the last decade software catchesup and usesall available
hardvareresoures— Existingapplicatiors will evolve,and
novel applicatiors will becreatedto usetheseenhancd ca-
pabilities. Sowhile the absoluteperfomancemeasues of
molile systemswill undaubtedlyimprove, the bandvidth
gapandresoucegapwill remainJos0qQ.

Thereexists a large body of work which hartles the
prodem of capaility mismatt for multimeda contentin
wirelessweb access. The solution typically, hasbeento
useaclient-proxy-senermodel. Theproxy transcoésmul-
timediaformats,mostoftenimages, accordirg to somepre-
definedrules,usuallyin somemanne thattradesguality for
bandvidth. We presentmary suchsystemsn the related
work section.However, asPDA or thin-light notelmoksbe-
comemorepopuar, the proxy’s functiorality will increase.
For exanple, someproxiesnow seekto dealwith videcs
aswell asimages. This includeswork dore at Berkeley,



aswell asour own recentwork[BJA98]. We have alsoex-
aminedotherquestios that relateespeciallyto PDA type
mokile clients,suchaswhatto do with active conten and
HTML fonts/ styleswhich the PDAs typically canrot han-
dle. Thereare also proxy appoachesthat re-rerder the
HTML in a format appopriatefor the PDA before trans-
mitting. Thisaddedunctiorality of theproxy increaseshe
computationalresourced requires.

We have amued[J&00] that a purely proxy basedsolu-
tion will becone increasinty nonscalablegspeciallywith
thenumbe of usersconrectingwirelesslyexpectedo grow.
We notethatlimited fundionality proxy systemdave been
developedrecentlythat are quite scalable. A good exam-
pleis Inktomi'straffic sener, or theproxy developedby the
Daedals projectat Berkeley for dial in connetions. How-
ever, with theadwert of palmtg type devices,the transfor
mationneededy the client, and hencethe compuational
resoucesneededy the proxy to affed it, increae signif-
icantly. While workstationclusterssuppoting proxies can
possiblybedeplo/edto provide compuationalresoures, it
is not clearthatthis proxy only appro&h providesthe best
solutionto the prodem. Therole of proxies hasbeenre-
cently questiord elsavhereaswell — thereis somedebde
asto whetherproxy basedsolutionsare really needd to
provide networking servicesto mokle clients. Moreover,
the proxy basedapprachtypically assumeghat the data
is being sened by a hoston the wired side. This means
thata proxy canberun on somehostwith lots of MIPS on
the wired sidewhich is on the pathfrom the sener to the
mohle client. Most often, thisis at the mohile suppat sta-
tion. Clearly, in ad-toc networksthatwill beengenleredoy
Bluetoothlik e devices,suchanassumptia would be falla-
cious.

The alternatve is to make the sener itself provide data
in aformatthatis mostsuitedfor mobile accessThis rep-
resentsan instanceof an endend appoach. End-em ap-
proachesarewell known in networking andsystemditer-
ature. In the web contet, dual versions (graphics heary
vs. text only) of web pageskept at seners representan
endendapprach. To the bestof our knowvledge, Seshan
[SSK97 wereoneof thefirst to presenthe notionthatthe
Web clients could usenetwork performarce paranetersto
downloaddocunentsfrom a sener at different “fidelities”,
and explicitly mentiored that this was somethingbeyond
text only pagesImplicit in their paperwastheideathatthe
sener would indeal have differert fidelities to presentto
theclient. In prior work[Jos0(, we have shavn how avari-
ationof theHTTP/1.1conten negcdtiation couldbe usedto
createanend—ed systenfor webacces$rom molile hosts.
However, thatappoachis awkwardsinceit requilesthecre-
ation and proliferation of new mime subtyges. Moreover,
it alsoassumeshat contentin differen versionsis always
precreated.

However, recentstandard from the W3C, in particu-
lar CompositeCapability/ Preferere Profile (CC/PP)and
XSLT, provide us with an efficient and robust mechanism
with which to build and end—ed systemfor mokile web
access.In this paper we point out prodemswith the ex-
isting CC/PPapprachin the cortext of mobileaccessand
presentvariationcalledSimpleCC/PP. We implenentthis
appoachas an Apacle modue and provide experimental
resultsof its efficacy.

2.Background & Related Work
2.1 Proxy basedTranscading approaches

In the pasta corsiderableamoun of work has been
dore in the areaof the web accessfrom mobile clients.
Due to spacelimitations, we presenthere some of the
larger efforts in enablingweb accessfrom mobile com-
putes. Other related work dore earlier includes the
TeleWeb systemof Schilit , the notion of streamtrans-
duces adwancedby Brooks [BMMM96], location spe-
cific persomlization[STS], IBM’s WebExpras[Cor],and
RoveJdT+95.

Significant work in this area has been done by the
Daedals group at Berkeley. In GloMop [KBA +96, FB94,
the proxy perfams distillation of the docunent receved
from the sener before sendingit to the client. Distilla-
tion is definedhereasa highly lossy real-time,datatye-
specific compression that preseves most of the seman-
tic contentof the docunent. For instance,GloMop per
forms transcothg of motion JPEGto sub-sampledd.261
for video data. A more formal modelfor proxy function-
ality (TACC), alongwith an overview of their system,is
describe in [BKC*98]. Morerecentlythisgroy hasused
a similar appoachto createa split brovser[FGG9§] for
the Palm pilot PDA. Note however that their apprachis
essentiallyproxy based.

The Mowgli system[LKR96] consistsof two mediatos
locatedon the mokile hostandthe mobile-canectionhost
whichusetheMowgli HTTP protocd to communicatewith
eachother redicing the numter of rourd-tripsbetweerthe
clientandsener. Mowgli reducs thedatatransferoverthe
wirelesslink in threeways: datacomgessioncachirg, and
intelligentfiltering.

The notion of web intermedariesto affect transcothg
andpersomlizationrelatedfundionalitiesis alsothe focus
of IBM’ s WBI[BMK97] system.

In thework of Noble [ea], the proxy is developedin the
contet of what the authas term agile, application aware
adgptation Basically they allow an applicationto regis-
ter with the OS its expedationsabou a resoure andthe
variahlity it cantolerate.The Odyssg systemmonita's re-
sourcesandinforms the applicatims via upcallswhenthe



resouicevaluestraysoutsidethe bourds deciced by the ap-
plication Theapplicationcanthenadaptits betavior. For
webbrowsingin particular a modue calledCellophaie on
theclienttransforns HTTP reqLestsfrom Netscapénto file
opeationson Odyssg web objeds andselectdidelity lev-
elsfor imageswhich areforwarcedto a distillation sener.
However, this approachis specificto the Odyss# file sys-
temandrequiresa modifiedversionof theNet BSD kernel.
Thisalsorequiresheaddition of amodue ontheclient.

2.2 XSL and XSLT

A few yearsagoW3C proppsedXML asanev method
for informationrepresentationXML standsor eXtensible
Markup Language[BSM96]. The main featuresof XML
is the ability for a userto defineher own tagsandthe re-
quirementthat eachXML documentmustbe well formed
in termsof XML grammar. The later requrementsimpli-
fies writing the progamsthat dealwith marked-up docu-
ments. Although it is possibleto write suchprogramsfor
HTML docunentsaswell, the taskis muchmore compli-
catedbecausef corsiderablenunber of non confaming
doamentson the web, which areusuallyfine for display-
ing in thebrowser, but arevery problematicwhenparsedy
computer programs. Typical examges of non confamity
include overlappirng tag groyps andnot closedtags. Using
XML aweb mastercanmark up her docunentsbasedon
the natue of the information contaired in the docunent.
For exampe a pagein a catalogwill have tagsfor item’s
price, catalognumbe, item descriptionandso on. Sepa-
ratelyfrom docunentstheweb mastemustcreatean XSL
(XML Stylesheetangwage)style sheet. XSL style sheet
specify how different tagsshouldbe rendeed. Suchap-
proachcreatesa cleanerseparatiorbetweernthe contentof
a documentandits presentions. Whena userrequetsa
particdar docurent one of the two things could hapgen.
The documentcould be combined with the style sheeton
the sener side andresultingHTML file sentto the user
alterndively in casethe users browseris capableof ren-
dering XML/XSL doamentsdirectly, both the requested
XML docunentandthe XSL style sheetarebe sentto the
users browvserandthencombinedandrendeed at the user
side. In the contet of providing Webbasedservicego the
molile devices,this allows usto have differert style sheets
for different kinds of devices arich andcolorfu style with
interadive conter canbeusedfor desktg devices andmin-
imally adonedstylecanbeusedfor mobiledevicessuchas
PDA.

2.3 CC/PP Protocol

RecentlyW3C corsortium has proposeda new proto-
colwhichis supposedo solve a prablemof delivering web

basedservicego mobileclients. Thenew pratocolis called
CompositeCapalility/ PrefeeenceProfiles CC/PPallows
the clientto specifyits profile, andfor the proxy e.g. WAP
gatevay to tailor the content basedonit. Thetwo partsof
CC/PPsolutionarethe CC/PPExdarge Protocolandthe
CC/PPDescriptionFramevork. CC/PPExchangeProtocol
is usedfor delivering descrigions of client’s capalities to
thesenerover standarddTTP proto®l. CC/PPDescription
Framavork is away of describinghesecapabilities.

CC/PP Exchange Protocd [HH99] works on top of
HTTP/1.1proto®l using standardHTTP Extensims pro-
tocol [NNOO]. The useof HTTP Extersionsprotocd as-
suresthattherewill be no interfelencewith otherpossible
HTTP extersionsandthat CC/PPdatathatwasattachedo
the HTTP requestwill be delivered to the otherendwith-
outary damaeevenif gatavays andproxy senersexist on
theway. An exanple of extended HTTP requesthatuses
HTTPEXxtprotocd is shovn on Figure3.

CC/PP Description framevork [RHDS99 is an RDF
[Las97 baseddocunent specificationwhich allows to de-
scribevarious capabilitiesof the client’s hardvare aswell
asusercustomizatio prdfiles. CC/PPallows compaing of
capalities from multiple sourcesEachcapabilitydescrip-
tion mustbe pulicly accessiblevia a unigue URI, which
is usedas a capability identifier Capability descriptiors
are usedto descrile all software and hardvare aspectof
the client’s device, suchas CPU mocel andspeed amaunt
of installedmemoy, screenresolutionand depth,version
of the operding systemandthe client’s software,anduser
prefeencessuchaswhethe soundis turredonor off. It is
expectedthat a “standard”descriptia of the client would
be provided by the mandacturer

CC/PP Exchange pratocol specificationdescribesan
elaboate systemof cachesso that capability descriptiors
dorit have to be transfeed from the repcsitory for every
inconming HTTP request. Thereareprovisionsin the speci-
ficationfor auserto sendonly thosepartsof the descripion
they alteredtherefae differ from the standarddescrigion
that was provided by the manufcturerof the client’s de-
vice.

However, thereare certainprodemsthat arisewith the
useof the propasedCC/PPsolution In a mohkle environ-
mentthe first problemis that CC/PP DescriptionFrame-
work tries to describeevery possibleconfiguation of the
clientmachne including all little details.Suchfine graired
descriptvenessseemsof the very limited usegiven that it
compicatesthe developmentof the web services becase
thewebsenerwill have to fetchall the necessargescrip-
tionsthatarespecifiedby theclient, applytherequiredpro-
file differerces"DIFFS” andmaintainprofile cachesn or-
derto redue the perfamancehit createdby downloading
of the descriptios. In additionto thatthe web sener has
to analyze the receved descripions and provide the suit-



able conten. Given the large nunber of variabes in the
CC/PPdescriptioms the correspading number of transfor
matiors of ary particdar documnentis vety large. This not
only makesthetransfamationproessverycomgey, it also
makescachingof the transfemeddocunentlessattractve
in termsof perfamance On the sener side mostdetails
of this descriptios would likely endup beingignored, or
would leadto extremely complex andhardto maintainweb
sites.

The fine grarularity of CC/PP descripions also con-
tributesto the compleity of the client’s software,becase
thewebbrowsermustbeawareof all possiblecorfiguration
chargesonthe client, andcreatethe necessaryDIFFS” to
standad configuration which requres relatively expensive
computation of MD5 signatues for the original prdfiles.
Giventhatthis protacol is suppsedto be usedon mokle
devicesthathave verylimited resourcessuchcompleity is
atleastincornveniert.

Finally, having a separatedescrigion for every single
mockl of clientdevice evenif thosedevices areessentially
thesamein termsof their capaliities andcomectiity (e.g.
Dell's notelmokvs. Compay Notebook3COM'’s Palm Pilot
vs. Handsping’s Misor) will generée a lot of extra traf-
fic andwill requirealot of storagein the cachedor fetch-
ing andstoringduplicatecapaliity descrigions, which is
notdesiralte in wirelessnetworks. In additionto thatthere
is a consicrableprocessingverheadon the sener associ-
atedwith meming the standardaapabilitydescriptiorof the
clientdevice with usersuppied differences.

3. Problemswith CC/PP

In this work, we presentan alternatie implemernation
of the CC/PPdescriptionframework which addresseshe
aforementiord problens. In our framework eachdevice
is classified,without loss of generdty, to belorg in one
of four different cateyories. Theseare: Desktopor high
endnoteb@k with thebroadandconnectio, Notebod on
theroadwith dial up/wirdessconrection,Handheld com-
puterwith CDPDmodem or WAP device. Thesecatgyories
cover a vastmajoiity of possibleclient resourceand con-
nectvity combnations. However, addirg a few more cate-
goriesif neededor usinga different setof categoiies, still
does not affect the uncerlying ideabehindour framework.
Thecasewe makeis thatasmallfixednumberof catgyories
cancoveravastmajoiity of clientresouceandconrectivity
combnations.

Suchcategyarization allows for straightfoward web site
mainterance. A small number of versionsof tailoredcon-
tentneedbekeptonthewebsite,andvery simpletranscod-
ing rulesaresuficientfor geneatedcontent.

Tailored, pre created,cortent shouldbe usedin cases
whenthe contentis very different for different categyories

of clients. For examge, the braadbandversionof the site
might useelabaate scriptsor plug-ins that are eitherim-
possibleto transfom to lower fidelity represent#ons us-
ing universal rules (e.g. scripts), or canna be so trans-
formed in nearreal time (e.g. selectingkey framesfrom
avideo) Another examge would be imagesthat contain
high quality threedimersional corpaatelogos. Suchim-
agesusuallylook very poorwhentransfomedto lower res-
olution or color depthusingditheiing or similar technique,
andshouldbetterbe redravn in flat two dimensioml ver
sions. Othertransforns, suchas corverting markup from
XML to HTML or WML canbedoneonthefly. Thiscon-
tentshoud begeneatedthefirst time arequest comedor it
andthencached.

Sincethe numbe of possibledevice capabilitydescrip-
tions is very small, thosecapaliity descripions could be
very well repiesentedvith a single URI. Note that URI it-
self describeghe capabilitiesof the device not the datalo-
catedat that URI, sothereis no needfor generatig extra
HTTP requestdor fetchingthe capabilitiesandthereis no
needor comgicatedandresource&onsuning capabilityde-
scriptioncachesHowever for of beingcommtible with the
W3C specificationsheactualcapabilitydescripionscanbe
placedat thelocationsspecifiedby thoseURIs.

We found that CC/PPExchangeProtocd is adeaiatefor
our purpasessowe adopedit asis for ourimplementation.
However, dueto simplified capabilitydescriptio apprach
mary of thefeatuesof ExchangeProtocd suchashanding
of DIFFsto profiles, suppot for different versionsof the
CC/PPdescriptios andprofile cachenfrastricturesarenot
needd andtherefae they werenotimplemened.

4. Implementation

We implemenied “Simple CC/PP”asanadd-inmodule
for thepopula Apacte Web Sener. We chooseApachebe-
causeof its widespreadise,high performarce andthe ease
of implemernting addin modules. Add-in modues have a
nunber of advantagsover popudar CGI apprach. Unlike
CGl scriptsaddin modules are integral part of the Web
sener processtherefoe thereis no needfor time consum-
ing processesxection for everyinconing HTTP request.
Another advartageof add-inmoduleswhich is extensvely
usedin ourimplementéon is the ability to contrd the be-
havior of theWebsenerin all stagef HTTP requestpro-
cessing.

The“Simple CC/PP module presentedh thiswork was
implemented in Perl language using Apache’s mod_perl
module [SM99] which providesthe interfacebetweenin-
ternalworkings of Apacle anda perl interpreterwhich is
embededinto mod perl modue. Perlwaschoserfor rela-
tively high speedf exeaution, excellert abilities of pattern
matchig andautomationemorymanagment.



We consideed to useJava servletfor implenentingthe
simple CC/PPmodule, but decidel not to do so becase
of very poor execution speedof Java for applicatiors that
are very depeaxdenton the I/O performane. The study
dore by Kernigran andVan Wyk [KW98] shaws at on av-
erag atypical /O bourd Java applicationis abouthunded
timesslower thenC or Perl versionof the sameprogam.
Suchinefficieng is causedby the designof Java I/O li-
braies. In additionto thatthe typical string manipuation
programin Javais alsovery poa. The samestudydore by
KernghanandvVanWyk shavsthatJavaversionof atypical
stringmanipulationprogamis abou tentimesslower then
Perl’s countepart. Sincethe performarce of input/output
andstringmanipuation operatimsis veryimporantfor this
appication we chosenotto useJava.

4.1 Web site setup

To usethe “Simple CC/PP modue the Web sener has
to besetupin acertainway. Firstthewebmasterhasto de-
cide which conten will betailoredandwhich conten will
begeneated.A documentshouldbelongto tailoredcontert
sectionif thereareseparat@re-malerepresetationsavail-
ablefor eachtype of the client. For examge a mapcould
bedrawnin full colorfor desktops,grayscaldor laptofsto
minimize the useof bandwidh, andmadeblack andwhite
andreducedin size and/orresolutionfor PDAs. If docu-
mentdoesnot needcustommodificatiors thenit shoud be
placedinto geneatedconten section.A goodexanple of a
gereratedconten documentis a phanedirectol of asmall
group, which is madeflashy and coloiful for laptops and
desktopsandsimpleplaintablefor PDAs. Suchpagecould
beencoddasXML documentwith two differert XSL style
sheetonefor desktopandlaptopclientsandonefor PDAs.

After it's clearwhich documentswould go into tailored
cortent categary the web mastershould createa root di-
rectoy for the tailored cortent docunentsandalso create
subdrectoriesfor eachtype of tailoredcontert. One pos-
sible tailoredcontenttreeis shavn on Figure 1, this setup
cortainsthreedifferent tailored contentsubdirectoies one
for Desktopconputers,onefor Laptogs on a wirelesslink
andthe onefor PDAs. The Desktopsubdiretory contans
interative andmultimediarich contentwith javascriptap-
pletsandtrue-colg animatedmages.the subdirectoy for
laptops contairs the contentthatis optimizedfor transfer
ring over slow wirelesslinks in particularthe color depth
andthe resolutionof the imagesis redued, animatedm-
agesaredowngradedo simplestaticimagesmostof theap-
pletsandhearyweight scriptsaredropped. And finally the
PDA directoly contairs very minimal HTML files thatare
corveniert to seeonthesmall PDA screensall theimages
areeitherdropedor redwcedto bareminimum black and
white low resolutionfiles. All of thesethreetailored con-
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Figure 1. Example of Tailored content tree

tentdirectaiesareplacedunder / usr/ web/ t ai | or ed
directay whichis therootdirectay of tailoredconten tree.

Thesetupof generatd contentsectioris eveneasietthen
tailoredconten section. First the web mastershouldmark
up all the docunentsthat belorg to the geneatedcontent
sectionin XML. ThenshemustcreateXSL stylesheetdor
eachtype of the suppoted device. The style sheetshould
follow thesameguideliresasthetailoredconten files: me-
dia and color rich for the deskto, bandwidh optimized
for thelaptopsandscreersizeandbandwidh optimizedfor
PDAs.

In order for the “Simple CC/PP”to function propely
the Apache web sener musthave nod per | modude and
XSLT contentgeneationpackag [Cla99. Thenod per |
module providesembedthePERL interpeterandprovides
all thenecessargener API suppat for perlmoddes. The
XSLT contentgeneratio packa@ providesthe suppot for
handing XML/XSL docunentsanddelivering them back
to theclient.

4.2 Module internals

The “Simple CC/PP”module is usually set-upto han-
dle all requestghatreferto the documentsunder “/CCPP”
directay of theweb sener. All the documentsunde this
directay aresaidto belorg to the “virtual CC/PPspace”.
All thework doneby the“Simple CC/PP modulehagpens
during conten geneation phaseof the HTTP request pro-
cessing.At the beginning of this phasetherequesheades
have beensuccessfullyprocessed all necessarputhetica-
tion have beenperfamedandthe modue thatis supmsed
to generée a content is identified. So the work that's re-
quired to do by our modue is to checkfor the presencef
HTTP-ExX relatedheagrsandif suchhearsarepresent
thentry to extract“Simple CC/PP"relatednformationfrom



them. If “Simple CC/PP” relatedinformation is presen
in the HTTP-Ext heades the modue repla@s the virtual

CCPPportion of theinconing URI to referto thedocument
thatis specificto this particdar device. In the casewhen
“Simple CC/PP”information is not presentin the reqiest
heaers,themodue chargestheURI to referto thedesktop
variant of thedocument.

After URI hasbeenchangdto referto thedoaumentthat
is appopriateto be display@ on the device that sentthis
particdar reqiestthe“Simple CC/PP"modue perfamsan
interral redirectionof therequest. Theinterral redirection
is similar to the standardHTTP redirection but it is per
formed entirely inside of the web sener process so that
no extra commuicationbetweenclient anda sener takes
place. Moreover the client is not even awvarethat redirec-
tion eventook place.Fromtheclient’s perspetive the URI
of thedocunentedreturred by the seneris the sameasthe
URI of therequestediocunent.

The“Simple CC/PP moduleuseghefollowing logic to
selectthe proper URI for redirection. After receving the
URI andthetype of the client’s device it replaceghe por
tion of URI thatrefers to virtual CC/PPsubdrectory with
the subdiectorythatis refersto tailoredversionof a doc-
umert for this device andthen checls if suchversionof
thedocunentdoesexist. If thetailoredversionof thedocu-
mentindeedexiststhemodule selectdherewritten URI asa
target for internalredirection. Otherwiseit checls if it pos-
sible to generatdhe requestedlocumentfrom XML/XSL
files. If it is possiblethenit constructhe URI which refers
to XSLT servletand contairs the referercesto document
templateandXSL style sheefile thatis appopriatefor the
client's device. The resultingURI is usedas a target for
interral redirection. After module finally decidel on the
appopriatetargetURI it instructsthewebsenerto retrieve
the documentrefered by the tamget URI, perfam all nec-
essaryactionslike ruming scripts, processingsener side
includesandexecuting properservlets,andthenreturnthe
doaumentbackto the userasif it wasthe locateddocu-
mentin thevirtual CCPPspace.Note thatthe clientis not
aware of the true location of the requesteddocunent, this
impliesthatall the absolutereferacesto the documentsin
bothtailoredcortentsectionsand XML documentsections
mustreferto the docunentsasif they werepartof the vir-
tual CCPPspacelf neithertailoredversionof thedocunent
nor XML/XSL templateexist thenthe moduleinstructsthe
websenerto generaté404 Not found” resposse.

5. Results

To testthe “Simple CC/PP”modue we usedthreedif-
feren client progams: NetscapeCommuricator 4.5 with
a customproxy thatinserts“Simple CC/PP”relatedhead-
ersinto incomirg requestandforwards it to the appraori-

. site com TailoredPOAndex il |

"simple CC/PP" Module Space

hitp:liwww.site.com/CCPPlindex. htm
Client Type = PDA

Figure 2. Example Request of tailored data for
PDA

GET / HTTP/1.1
Cont ent - Lengt h: 421

Opt: "http://wwmv w3. org/ 1999/ 06/ 24- CCPPexchange" ;

15-Profile="http://ww.cs. unbc. edu/ SCCPP/ PDA"

Figure 3. Example of Extended HTTP request
with the PDA profile

ate sener, an opensourceversionof Netscapes browser
(Mozilla) modfied to send“Simple CC/PP” prdfiles with
eachrequest and NetscapeCommuiicator 4.5 talking di-
rectly to the web sener for insuringa correctbehaior of
themodulein theabsencef “Simple CC/PP"relatedinfor-
mation

For tailoredcontert we usedUMBC'’s web site in three
differentversions Forresouceandcomectvity rich clients
we usedunmadlified site with a lot high resolutionimages,
andextersive interactve javascriptcontent.For connetiv-
ity poor clients but resouce rich clients such as laptogs
we replacedall color imageson the web site with their
grayscalecownterparts.And for PDA's which areresource
andconrectivity poa strippedall theimages from theweb
site togetherwith interactize conten. The relative sizesof
differentversionsof the web site andtheir relative transfer
timesareshavnin thetablel.

For the pumposesof perfamancetestingwe usedsev-
eral customperl scriptsthat senda continwus streamof
HTTP requestdo the sener, receve docunentssentby the
web sener and then simply discardreceived docurrents.
The documentswerediscardd without any processingoe-
causewe are interestedonly in the delayscausedby the
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Figure 4. Request time with and witho ut
CC/PP (Plain HTML)

network transmissiorandprocessingf the requestby the
web sener. Thetransmissiortimesshawn in thetableare
given for the plain requestwithout CCPPmodue. These
measuesrepresetithecasevhenbothclientandsenerma-
chines arecomectedo the samelocal network.

Site Size Trarsfertime
Unaltered 1,956kb 9.74sec
Laptop 1,892kb 8.5 sec
PDA 850kb 3.#Asec

Table 1. Relative sizes and transf er times for
diff erent versions of test web site

To measue the perfomanceoverheadcreatedby our
“Simple CC/PP” module we used aforementiord perl
scriptthat sendsout cortinuousstreamof HTTP requests
togetlerwith perl's Benchmar k  module. The Bench-
mar k module provides mectanismto measue runnng
time of the perl script. We perfamedtwo seriesof mea-
suremats. In thefirst serieswe measuredhetime it takes
to downloadall the objectsonthemainpageof ourwebsite
directly from thewebsener without the useof CC/PPpro-
tocol (CC/PPheades werepresentput CC/PPmodule did
nothande therequest.)In thenext serieswe perfamedthe
sameexperiment,but this time CC/PPmodule participated
in handing of therequest.

The web sener wasrunring on a Linux machire with
Pentium200MHZ CPU and 128 of ram. We chocse such
low power machingor thesener sothatperformane over
headassociatedvith extra processingcould be obsered

Seconds

— No CC/PP
—— CC/PP and XSLT

10 20 30 40 50 60 70 80

Figure 5. Request time with and without
CC/PP (XML Documents)

more easily The client script was runring on the Sili-
con Graplics O, machire with 200MHZ R5000CPU and
128vVIB of RAM. Eachtestin the serieswasmadeof three
hurdred churks. Eachchunkcontainedhunded requests
for themainpageof thewebsite.We run bothseriesof tests
at the sametime by running onechunkat a time for each
seriesalternatvely. This wasdonein orderto minimizein-
accuraies causedby spuriaus network traffic and system
CPU actvity. Also befole we run thesetests,we executed
severalchunis of eachtestwithout recordng thetime. This
wasdore in order to redice inaccuacy createdby various
cachedike file systemcache,DNS cache ARP cacheetc.
We chosenot to recordthis databecauset is very hard
to insurethatall the cachesareempty unlessall the tests
areexecuedin tightly cortrolled environment.As anextra
precation we disabledthe child spavning behaior of the
Apachewebsenerin orderto minimizetime measurerent
errorcreatedy the overtheadof spavning extra process.
The resultsof the testare shovn on Figure4. The X
axis of the graphrepresentsthe churk numker of the test.
And theY axisof the graphrepesentghetime in second
it took for the churk to comgete. The graphshaws that
it take approxmately threetimeslonge for CCPPreqest
to compete compaed to the requestwithout CCPPhead-
ers. This is so becauseeachCCPPrequestis essentially
two requestsonerequestis therequestfrom theclientto the
web sener thatendsup in “Simple CC/PP”module And
the otherrequestis the requet sendfrom “Simple CC/PP”
module to theweb senerwhich geneatesthe actualdow-
mentthatis sentto the client. Sinceit took about31 hours
for thewholetestto compete andthetestingwasdore on



thesharedEtherretseggment all thetestsweresuspectibléo
erras causedy variousfactorssuchasnetwork traffic cre-
atedby otherusersandCPUactuity createdy thenetwork
traffic etc. Sincethetestingstartedon Fridayafternan, by
thetime 2/3 of the testswas completedt wasa Saturday
night andmostof the systemactiity hasdroppedseverdy.
Thiscouldbeseernthegraphthattherunning timesof the
testhasseverely Also it shouldbe notedthatactivity drop
creatednoresevereimpacton the CC/PPreqieststhenon
thethenon the non CC/PPrequest.This canbe explained
by the fact that handlirg of CC/PPrequest requies more
CPUtime thenhandlingof plain requestsandthatactiity
affeded the available CPU cycleson the web sener more
thenthe network traffic.

In addition to measung time overheadcreatedby the
hardling of CC/PPrequest,we perfamed measurenas
of time ovetheadcreatedby the processingof XML doc-
umerts. Sincewe did not have accesgo anactualwebsite
that usesXML/XSL we useda small numter of nonweb
relatedXML files from the Centauus projed, aswell as
a simple XSL transfam stylesheefrom that formatsary
given XML docunentusingandperformssomecolor high-
lighting of differentelemers of XML documents. This
stylesheetomesasapartof XSLT packag.

As in thefirst setof testswe hadtwo seriesof request.
For the first seriesof testswe requestedwo XML docu-
mentsusingstraightfowardHTTP without CCPPprotccol.
For the secondseriesof testswe reqlestedthe samedocu-
mentsusingextende HTTP protacol with CC/PPheades.
All the requestdn the secondserieswere handed by the
“Simple CC/PP"modue andXSLT servlet. The sameperl
scriptsthatwereusedfor measuing thetime overheadcre-
atedby “Simple CC/PP modue werealsousedfor in this
setof testsaswell. The machinesfor the client and the
sener andthe measuringechniqieswerealsoidenticalto
the thosein the first seriesof tests. Becausean this series
of testswe wereinterestedonly in the time overheadcre-
atedby the XML to HTML transfomation,all the caching
betavior of the“Simple CC/PP"modulewasdisabled.The
resultsof thetestsareshavn ontheFigure5. Becaus@f the
significart overheadcreatedby the XML to HTML trans-
formationthe logaithmic scalewasused. Also dueto the
factthatit takessomuchlongerfor therequesthatinvolves
XML to HTML transfomationto comgete we limited the
nunberof testsin the seriesto 80 insteadof threehunded
asit wasin thefirst set.

The low perormarce of the XML to HTML transfor
mationis causedby severd factors. One of themis the
performarce of Java progamsin gener§ which was dis-
cussedn sectiond. Secondactoris themethodof XML to
HTML transfomationwhichrequrestheall XML filesand
stylesheet$o beloadedinto memorybefae transfamation
canbggin.

Although suchlow perfomancemight seemasnot ac-
ceptablefrom the first sight, it shouldbe notedthat the
all thesetestsweredore on thevery low perfomanceweb
sener. Moreover, this extra oveteadis a tradedf whichis
morethancompemsatedby thegainin timetakento transfer
thesmallerdocunenton the slow wirelessnetworks (espe-
cially in CDPDandWAP), andthereduce consumgion of
batterypower by the clientin receving andprocessingthe
simplifieddata.Of course,in certaincaseslescribd above
if XML to HTML or WML transfamationwerenot done,
theclientwouldnt beableto displaythe documentatall.
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