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Abstract

In this paperwe studyWeb multicasting a serviceof-
fered by satellite operators to Internet ServiceProviders
aroundthe world. This serviceemployssatellite connec-
tionsfor disseminatingperiodicallyWebcontentto regional
and “institutional” WWWcades. We proposea theoieti-
cal frameavork for Web multicastingand formalizethe no-
tions of Utility and QoS perceivedby customes of Web
multicastingservices. We explore two alternative charg-
ing schemesUsage- and Subscription-basegricing, and
proposea framavork for negotiating the provision of the
Web multicastingservicebetweera satellite operator and
its potentialcustomes. We usethis negotiation framevork
to compae theoetically the two pricing schemesat hand.
We showthat a givenlevel of QoScan be guaranteedun-
der Subscription-basegricing at a costat leastaslow as
underUsage-basedricing. Our theoretical frameavorkcan
be usedfurther by satellite opemtors and prospectivecus-
tomess to definethe contentprovided through Web multi-
casting estimateits quality, negotiateits price and assess
its overall effectiveness.

1 Intr oduction

World Wide Web usagerepresentghe largest single
sourceof traffic on Internetand is expectedto grow fur-
ther with the rise of Internetusage[2, 17] andthe advent
of new Web-basedpplications.The increasedVWW us-
agehasresultedn heary workloadsonpopulatWebseners
andlocal networks. Currently theseloadsare difficult to
meet;in the future, if Web usecontinuesto grow asfast,
systemsand networks facethe dangerof beingeventually
overwhelmed. As a way of coping with increasedWeb-
loads,network operatorshave adoptedand deployed Web
cachinghierarchieson proxy senersresidingatlocal or re-

gionalnetworks[5, 2§].

The emegenceof proxy seners as Web cacheshas
raisednumerousesearclissuegelatedto proxy senerper
formance effective cachingandefficient cachingarchitec-
tures(e.g., see[5, 26, 20, 18, 10, 14, 11, 28]). Further
more, the wide-scaledeployment of hierarchicaland co-
operatve Web cachesopensnew groundsfor the devel-
opmentand implementationof cache-basetechniquedo
sustainadequatdevels of Web-performancdik e prefetch-
ing [14] andcontentdisseminatiori6, 15]. Our conjecture
is that, besideghe expectedperformanceadvantagessuch
techniquegepresent promisingfield for the exploration
of emeging schemesfor pricing and chaging Internet-
content21, 22, 16, 12].

Recently satellitenetworks have beenadoptedasanal-
ternative for TCP/IP provision, by ISPsthat seekto estab-
lish accessconnectvity to global Internet, backboneop-
eratorsthat wish to extend their terrestrialnetworks ary-
wherein the world, etc. [1, 3, 4]. Satellitenetworks are
also employed to expandthe performancegainsachieved
by Web-cachindhierarchiesieployedon Internet.In partic-
ular, satelliteoperatorgorovide Web multicastingservices
which consistof periodicmulticastsof Web contentto sub-
scribedclients. Typical customersare Internet Provides
seekingto enrichtheir cachehierarchieswith Web content,
without overloadingtheir terrestriallinks.

Web multicastingworks as follows: satellite operators
usetheirterrestrialconnectiongo Internetbackboneén or-
derto “pull” acollectionof WWW-objectsinto their multi-
castseners. Terrestrialmulticastsenerssendthe collected
of contentto the satellitethroughan up-link channel;this
contentis subsequentiyproadcast“pushed”)to authorized
subscribeforganizationsthrough the satellites down-link
channel. A subscriberstoresreceived contentinto anin-
stitutional Web-cachewhich is typically the “parent” in a
Web-cachinchierarchyestablishean top of proxy seners
suchasSquid[28].



In summary a satelliteoperator(“content-distributor”)
broadcastsWeb content to various client-oiganizations
aroundthe world (typically ISPs). This processis re-
peatedperiodically throughouta day, materializinga pe-
riodic pushschemefor informationdisseminatior(seethe
taxonomyin [7]). The employmentof satellitebroadcast-
ing for the disseminationof Web contentto institutional
cachess calledWebmulticastingvia satellite. This service
is currentlydeployedby majorsatelliteoperatoraroundthe
world (e.g., see[1, 3, 4, 19]), andis adoptedby client-
organizationsthat purchasethis service as a meansfor
prefetchingWeb contentthrough existing, undetutilized
satellitelinks. Clientsredistritute the contentto their user
basethroughestablishedVeb-cachingchemes.

In this paper we introducea theoreticalframework to
study issuespertinentto Web multicastingand formalize
the notionsof Utility and Quality of Serviceperceved by
clientsof Webmulticastingservices We exploretwo chag-
ing schemesUsage- and Subscription-basegricing, and
proposea framework for negotiating the provision of the
Webmulticastingservicebetweerthe satelliteoperatotand
its potentialclients. We usethis negotiationframework to
compareheoreticallythetwo pricing schemesthand.

2 Multicasting Web Content via Satellite

The basicpremisebehindWeb multicastingservicesis
thattheprefetchedontentcoversadequatelyheinterestof
subscribersimprovesthe hit-ratio of installedWeb-caches
and, therefore relieves overloadedterrestrial TCP/IP con-
nectiong25]. Thesoundnessf thispremiseandtheoverall
feasibility of the proposedpproactdependn anumberof
issuessuchas:

e The “profiles” of potential subscriberswhich rep-
resenttheir information interests, the size of their
custometbase,the level and cost of their terrestrial
Internet-connectity, culturalandlanguagessuesetc.

e Theway clientsperceve andformalizethe utility they
expectto receive with the adoptionof Web multicas-
ting. Note that utility is a measureof the “pleasure”
a client derivesfrom the consumptionof a particular
serviceor good.

e The chaging schemes proposed by content-
distributors and the negotiation framework that
can be establishedbetweendistributors and clients
to reach flexible and mutually profitable pricing
mechanisms.

e The choiceof contentmulticastto subscribers.Con-
tentselectiorshouldtake into accountlientutility and
distributor costs.

e Theschedulingof databroadcasts.

The main thrust of our work is to establisha theoreti-
cal framawork thattakesinto accountheissuesmentioned
above, andcanbe usedby satelliteoperatorsand potential
customerdgo definethe contentprovided by the Web multi-
castingservice,estimateits quality, negotiateits price and
asses#ts overall effectiveness.

RelatedWork

The developmenbf wirelessandsatellitenetworks,and
the expandingavailability of assymmetrichigh-bandwidth
links have createda lot of intereston issuesrelatedto data
broadcasting.A large numberof projectshave examined
various aspectsf information disseminationover broad-
castchannelsMost of theschemegxploredin thelitrature
dealwith the tuning of information-disseminatiosystems
to bettersene immediateuserrequestsitherthroughim-
provedmulticast-schedulinglgorithms,‘lighter” multicast
architecturesor optimizedcachingschedule$27, 7, 8, 23]

In contrast,our approachooks into the casewherethe
broadcastchannelis usedsimultaneouslywith terrestrial
links andin conjunctionwith Web-cachinchierarchiesde-
ployed. This is also the focus of the work presentedn
[24, 25]. Our approachdiffers from this, however, in a
numberof ways: Firstly, we focus on schemedor peri-
odicratherthancontinuougrefetching.Secondlywe study
the applicationof Web multicastingfor prefetchingWeb-
contentto groupsof usersthat belongto different back-
grounds. So, insteadof consideringa single, unified user
population,we considermultiple oneswith possibly dif-
ferentcharacteristicglanguage culture, size) andrequire-
ments.

Last, but not least, we focus on the modeling of is-
sueghatdeterminéVebmulticasting beyondits infrastruc-
ture requirementsUtility, Quality-of-Service Pricing,and
service-ngotiationbetweerprovider andcustomers.

3 A Theoretical Formulation of Web Multi-
casting Services

3.1 Sewice Definition

As statedearlier, a content-distrilntor multicastscontent
accordingto a simple periodic schedule.On every multi-
cast,all client-oiganizationgeceve identicalinformation.
Theseassumptiongorrespondo the actual configuration
of emepging satelliteserviceghatmulticastWWW dataon
aninternationakcale[19].

For the content-distrilator to chooseWeb contentap-
propriately we assumdurtherthatit collectsprofile infor-
mationfrom eachclient regularly; a profile representshe
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mostrecentinformation-needsf a client. Basedon client-
profiles, the distributor can selectthe contentto be pulled
from the Web andstoredon the broadcastingener for the
subsequertransmissior{seeFigure1).

For a theoretical formulation of the Web multicast-
ing service, we assumethat the multicast operator has
M clients. We representhe URL-profile of eachclient-
organization; with asetA;:

Ai:{a,'7j|j:1,...,ni},i:1,...,M (1)

wherea; ;,j = 1,...,n; correspondo “popular” URLs

in theusercommunityof organizationi. Notably, different
clientsmayhave profilesdiffering aswidely astheinterests
of an ISP clientelein Cyprusanda regional network user

basen Brasil; thatis, they maydiffer bothin termsof their

size(n;) andcontent(a;,;'s) [9]. In practicethe URLs of

an A;-setcanbeextractedirom the URL-traffic capturedy

theinstitutionalcacheof i.

Web-multicasting Sewvice Definition: Basedon the
contentsof the A;’s, the Web multicastingservicecorre-
spondgo a set.A of URL addressethatthe multicastop-
eratorwill disseminateo its subscribers.A is calledthe
multicastprofile andis definedasfollows:

A={a|k=1,...,N} @)

whereq;,’s aretheURLs disseminatetb the Webmulticas-
ting subscribers.

Themulticastprofile shouldcomplywith two fundamen-
tal conditions. First, the elementsof 4 shouldbe chosen
amongstheelementof the 4;'s, sothat:

M
Ac 4

i=1

3)

Secondly A shouldprovide some“cover” to all 4;’s, so
that:
AinA #£0,Vie{l,...,. M} 4)

Notethattheunionof all 4;’s would be anobviouschoice
for A, asit satisfiesconditions(3) and(4). Nevertheless,
dueto costconsiderationsve assumehatthe cardinalityof
themulticastprofile shouldbe muchsmallerthanthecardi-
nality of theunionof A4;’s,i.e.:

Web Content
Broadcast Server

M
Al < I Al

i=1
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The requiredmulticastprofile shouldpossess certain
level of “similarity” betweenthe multicastprofile and all
client profiles (4;’s). To gaugethis similarity, we define
two metricsthatcanbeusedto assestherelevancebetween
two URL-profiles.

Definition 1 (Resemblance)Let A and B be two URL-
profileswith: A = {a; | ¢ = 1,...,n4a}, and B =
{b;|i=1,...,np}, wheethea;'sandb;'s correspondo
URL addressesThen theresemblancbetweend and B is
definedasfollows:

_ [[An B

TeS(A,B) = m

In practice,the resemblanc®f two profiles A and B rep-
resentghe portion of the overall pool of elementof A and
B belongingto both A and B. We caneasilyprove thefol-
lowing propertiesfor resemblanced < res(A,B) < 1,
res(A,A) = 1,res(A, B) = res(B, A),and,if ANB =10
thenres(A, B) = 0.

Definition 2 (Coverage) Let A and B betwo URL-profiles
with: A = {a;|i =1,...,na},andB = {b; |i =
1,...,np}, wherethea;'sandb;’ s correspondo URL ad-
dresses.Then,the coverageof set A by setB is definedas

follows:

cov(A,B) = I40 B

14l

In practice the coverageof profile A by a setB represents
the percentagef A’s elementghatbelongto B. We can
easilyprove anumberof basicpropertiedor coverage0 <
cov(A,B) < 1, cov(4,A) =1, cov(A, B) # cov(B, A),
and,if AN B =, thencov(A4, B) = 0.

3.2 Pricing and Quality-of-Service

To selectthe URLSs of the multicastprofile 4, the mul-
ticastoperatorshouldaim at satisfyingthe utility require-
ments of all clients that adopt the satellite-based/\Veb-
content-disseminatioservice. The formalization of util-
ity, however, dependsamongotherthings,uponthepricing



modelagreechetweerthe multicastoperatorandits clients.
Here, we suggestwo simple pricing modelsand explore
how their adoptionaffectsclient utility andthe calculation
of A from A;’s.

Subscription-basedpricing: To receivethe Webmulticas-
ting service clients of the content-distrilutor pay a fixed,
monthly subscriptionfee covering leasedsatellite equip-
mentandtheperiodicdatafeed.

Usage-basegbricing: To receivethe Web multicastingser
vice clients of the content-distrilutor pay a standad fee
coveringleasedsatelliteequipmentanda monthlyfeepro-
portionalto theamountof bytesthey receivefromthesatel-
lite.

In both models, it is assumedthat each client-
organization; hasadequatetoragecapacityfor storingthe
broadcastontentin its institutional cache. Furthermore,
the institutionalcacheof i candiscardcontentnot deemed
of interestto its userbasej.e., notbelongingto 4;.

Under Subscription-basegricing, eachclient achieves
optimal utility when receving a selectionof URLs that
provide a maximal coverageof its profile (4;); in other
words, the client seeksthe maximizationof cov(4;, A).
UnderUsage-basegricing, eachclient seeksto minimize
the amountof uselessinformation receved and chaged,
i.e., A — A;, in additionto maximizingthe coverageof its
profile. Thisis equivalentto maximizingres(A;, A).

These considerationsdictate the client’s perception

aboutthe quality of the proposedservice. Therefore,we
modelthe Quality-of-Service(QoS) offered by the multi-
castoperatorasfollows:
Quality-of-Service: The Quality of Serviceoffered by a
multicastoperator to its client i is representedhs a func-
tion Q(t, A;, A), whee 4; is the URL profile of 7, A is the
multicastprofile disseminatedby the operator, andr is the
pricing modelagreedbetweerthe opemtor andits clients.
For Usage and Subscription-basegricing, @ is definedas
follows:

Q(TJAiJA) = { reS(Ai’A)’

(6)

From Equation (6), we can easily see that 0 <
Q(TJ AZ;A) S 1.

4 A Framework for
multicasting Services

Negotiating Web-

Themodelspresentedn the previous sectionenablethe
satellite-operatoto establisha framework of negotiation
with its clientsaboutthe provision of the Web multicasting
service.This framework entailsthreedimensions:
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Figure 2. A Negotiation Framework for Web
multicasting.

e Thedefinitionof theserviceprovided,whichwe model
by the multicastprofile A.

e TheQuality-of-Servicewhich we modelaccordingto
definition(6).

e The price tag paid by a particularclient for a given
serviceandservice-quality

In an ideal situation, the operatorand each client “ne-
gotiate” in order to reacha service agreement: follow-
ing the collection of URL-profiles A; from the clients,
the satellite operatorcalculatesa number of alternatve
service-preisionsin termsof alternatve multicast-profiles
A. Eachalternatve multicastprofile correspondso a dif-
ferentQuality-of-Serviceandis offeredatacostdetermined
accordingto the pre-agreegbricing scheme.

Figure2 representthespaceof alternatve multicastpro-
files proposedy thesatelliteoperatortto someclienti. Pro-
posedprofiles are representeas circular pointsin a two-

whee T = Usage-basedricingdimensionalspace: the horizontal dimensioncorresponds
cov(A;, A), wheer = Subscription-basegigiRgcardinality of multicast profiles whereasthe verti-

cal dimensioncorrespondgo their respectie QoSvalues.
Notably, the operatorcould proposeto its client a number
of differentmulticastprofileswith identicalprofile sizebut
with differentQoS values. For instance,in Figure 2, pro-
files A; and.A, havethesamecardinalitya; A1, however,
offersanimprovedQoSover A, sinceq; > ¢».

Eachmulticastprofile is offered by the satellite opera-
tor ata particularprice. We assumehat, underthe pricing
schemesntroducedearlier multicastprofiles of the same
cardinality ||.A|| have the samecost; furthermore that the
more URLSs are broadcastia the satellite, the higherthe
costof the satelliteserviceis. In otherwords,we make the
following conjecture:



Conjecture1 For anytwo multicastprofiles.4 and B pro-
posedby thesatelliteopemtor to its clients,if || A|| < [|B]|
thenprice(A) < price(B).

In summary a client canchooseamonga setof triplets
that definethe Web multicastingservicein termsof a pro-
posedmulticastprofile, its quality, andits price. It is up
to the client to agreeupon the particular servicedeemed
satishctory Taking into accountthe remarksabove, it is
not difficult to seethat from the rangeof proposedmulti-
castprofiles of Figure 2, a client is expectedto negotiate
for the“purchase”of only a smallsubsebf profilesthatwe
call candidate profilesandaremarkedasdarkcircles. The
clienthasnoreasorto considerotherprofiles: for instance,
profile A, would be rejectedsince A, offersa betterQoS
(@1 > qo) atthe sameprice. Moreover, A4 would be re-
jectedbecauseprofile A3 offersa betterQoS(gs > ¢4) at
a price thatis no worsethan A4’s (since||As|| < ||.A4]]).
Candidateprofilesaredefinedformally asfollows:

Definition 3 (Candidate Profile) A multicast profile A,
proposedby a satellite operator to someclient ¢, is called
candidate profile if and only if, for any other proposed
profile B sudh that ||B|] < ||A], it is: Q(r,A;,B) <
Q(Ta A“.A)

With theseremarksin mind, it is not difficult to establish
thefollowing conjectureandprove Lemmal.

Conjecture2 Amongthe range of multicast profiles that
are proposedby a satellite opertor to someclient, the
clientwill be willing to considerfor purchaseonly candi-
dateprofiles.

Lemmal For a client ¢, the Quality-of-Serviceof candi-
dateprofilesis monotonicallyincreasingwith respecto the
candidate-pofiles’ cardinality. In otherwords, for anytwo
candidateprofiles A and B sud that ||A|| < [|B]], it is:
Q(Ta A’ia -A) < Q(TJ Ai; B)

Proof: By contradiction,directly from Definition 3 and
Conjecture2.

Sewvice Configuration thr ough QoS-guarantees

It is impracticalto run separateautomatechegotiations
betweenthe operatorandits clients, eachtime the opera-
tor hasto constructa multicastprofile. Suchan approach
would requiresignificantcomputationand communication
resourcesand might not resultto a single multicastprofile
satisfyingall clients. Therefore to make thingssimpler, the
multicastoperatorcan incorporateclient considerationsn
a servicecontract proposedo potentialclients. According
to this contractthe satelliteoperatorundertalestherespon-
sibility of continuouslybroadcasting candidatemulticast

profile thatprovidesall clientswith a minimum,guaranteed
Quality-of-Servicdevel. This QoS-guaanteeis offeredto
eachclient s througha quality factor g, which is accepted
by bothsidesin the servicecontract.The quality factorde-
finesthe minimum guaranteeduality-of-Servicdevel of-
fered by the operatorto all clients, throughthe following
inequality:

Q(r, Ai A) > g (7)

The utility requirementsf the clients are accommodated
in this contractthroughthe quality factorg. Undersucha
schemawe canprove thefollowing theorem:

Theorem1 LetA, and.A, betwocandidatemulticastpro-
files of minimumcardinality that provide all clients with
the Quality-of-Serviceguaranteeq underSubscriptiorand
Usage-basedpricing, respectivelyThen: || A|| < [|Aul|-

Proof (by contradiction):We assumethat:
1Al > [l Al (8)

Giventhat 4, is a minimum-cadinality candidateprofile

under Subscription-basegricing, for ary other candidate
profile B with cardinality lessthan ||.4;||, therewould be

atleastoneclient for which the QoSprovided by B would

be lessthangq, underSubscription-basegricing. This re-

mark holds for A,, aswell, accordingto our assumption
(8). Therefore:

3j + cov( A, Au) < g (9)
Fromthedefinitionof .A,, and(6), however, it is:
ViareS(Aia-Au) >q (10)

Furthermorefrom Definitions1 and2 of Resemblancand
Coverage, we caneasilyseethat:

ViaCOU(Aia-Au) > Tes(AiaAu) (11)
Hence:
(10), (11) = Vi, cov(4;, Au) > q,

which is a direct contradictionto inequality (9). Conse-
guently assumptior{8) is wrongandthereforewe conclude
that|| A, || < [|Au]l-

Whatthis theoremshaws, in combinationwith Conjec-
ture 1, is thatif the satelliteoperatorandits clientsaccept
thenegotiationschemeresente@arlier agivenlevel of the
QoS-guaranteeanbeestablishedinderSubscription-based
pricing atapriceat leastaslow asunderUsage-baseqric-
ing.

Besidesthe satishction of client-utility, however, the
multicast operatoris expectedto pursuethe maximiza-
tion of profit it recevesfrom the deploymentof the Web-
multicastingservice.UnderSubscription-basegricing, the



operators“income” is constanfor agivennumberof client
organizations. Therefore,we can assumethat the opera-
tor seeksto minimize its collection and distribution costs
in its selectionof multicastcontentwhile atthe sametime
maintainingthe QoS-guaranteagreedwith its customers.
We modelthe operators costswith v x ||.A]|, a valuepro-
portionalto the total numberof Web-objectsdisseminated,
i.e., to the cardinality of A. It shouldbe notedthat mod-
eling distributor’s costsproportionatelyto ||.A|| is only an
approximationas this doesnot take into accountthe byte
sizeof objects.

The operators incomeand benefitsare proportionalto
[|A]], under Usage-basegbricing. Consequentlywe as-
sumethat the multicastoperatorseeksto sendmore con-
tent when selectingits multicastprofile A, thatis to in-
creasd|A||. Nevertheless||.A|| cannotbe increasedip to
[ Ufil A;|l; in mostcasessuchan increasecould violate
the QoS-guarantedescribeduy definition (6) andinequal-
ity (7), and/orexhauststorageandnetworking resource®f
the operator

It shouldbe notedthat issuessuchas the selectionof
content,the profitability of the servicefor a variednumber
of clients,etc. arebeyondthe scopeof this paper

5 Conclusionsand Future Work

In this paperwe studiedWeb multicasting,a periodic
“push” schemethat usessatellite links to disseminatan-
formation to WWW-cachesworldwide. This informa-
tion disseminatiortakes place undera serviceoffered by
satellite-netwrk operatorsto subscriberlSPsaroundthe
world. Satellite-basedisseminatioris combinedwith hier-
archicalcachingschemesleployed by the ISPs, providing
prefetchedNVeb-contento WWW-cachinghierarchies.

In this context, we introduceda novel theoreticaframe-
work thattakesinto accountUtility, Pricingand Quality of
Servicefor Web multicasting. Within this frameavork we
proposethe notion of QoS-guaranteethat canbe adopted
by satellite operatorsand prospectie customergo deter
mine the contentof the Web multicastingservice. Based
on our modeling,we provedthatthe multicastoperatorcan
guaranteaunder Subscription-basegricing, a Quality-of-
Serviceat leastas good as underUsage-basegricing, at
the sameor lower cost. This conclusionprovides a ba-
sisfor preferringthe Subscription-basegricing schemedor
Web multicastingservicesestablishediponthe negotiation
frameawork introducedhere. Upon selectionof a particu-
lar pricing scheme pur framework canbe usedfor deriv-
ing content-selectioalgorithms(seefor instancg13)]), es-
timatingthe advantagegainedby the satellitemutlicasting
approachover traditional solutions,analyzethe effects of
customeiprofileson servicecost,etc.
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