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Abstract

Current Internet is not able to deploy advanced end-to-end services to support new
applications, like interactive multimedia. The best effort service, supported by the
Internet, does not offer Quality of Service (QoS) performance guarantees to these
applications. Although technology for providing QoS-based services inside domains
(networks) is available, the challenge is how domains should interconnect to each other
in order to deploy such services in an end-to-end fashion, i.e., crossing domain borders.
This paper presents the Chameleon Architecture, which enables the delivery of advanced
end-to-end services without being affected by the number of domains involved and the
underlying QoS technology that they use. A hierarchical model for service negotiation is
proposed, which is compared, via a simulation study, with the traditional bilateral
(cascade) model, most commonly used today for relationships between domains.

Key-works:[quality | fservice(QoS), servicenegotiation, resourceprovisioning.

1. Introduction

ThelInternetlhas becomel ] areality for[many[ | pople around!thelworld.[However,[the
current(best[effort[servicelis[not[suitable[for[Supporting(new advancedlapplications,Such(as
interactivemultimedia, thatWill‘only [be [provided withthelintroduction/of Quality [0f[Service
(QoS).Inforderfolachieve this,[QoS meedsto[1b lonstantlalong theTutire (path [1btween source
andl[| dstination,li.e.[lend[tolend, lacross/] @sverall]domains | (networks) | withl[|different
administrations/andfechnical(characteristics.

There[ relbasically twolapproachesforlintroducing QoS (in[theInternet[[17].[IntServ
reserves!tesources for[every flow inlevery(router along/thelpath( sing/the ' RSVPprotocol.
Therel ] eelserious ¢concerns about! thelscalability | 6 IntServ, becauselit/ generates toolmany
signaling[messages/and || aeds(to[] keplallotl oflstatelinformation. DiffServ(deals[with[flow
aggregation/in[ oder o belscalable lad  hs(been! 'sed(inlSomel kperimental [projectsitoldeploy
QoS. Somelpeopleolstate thatliflone haslan | oer [provisioned _atwork it[ stotnecessary to
implement(complex mechanisms[because QoS [is obtained [automatically.[Our opinionis that
nomatter( if{ lal Jparticular’ network | ses[IntServ,[ IDiffServ, lover(provisioning/ lor( lother
mechanism.[Alone they(aremotenoughfor offering/end(toleénd| | garantees.

Thelidealofldeployingladvanced services haslincreasingly! |benreceiving thore! #tention
inlthellastlyears[[1][2][14].[This[paper presents the[Chameleon architecture, [Which[aims[to
contribute with[the[present discussion( by lgeing[the tequired functionslintothreeldifferent
planes: [Service plane, [0peration( | fane Jadmonitoring [ fane.In(the(serviceplane, [attentionis
given(to thehierarchical I mdelloflservice megotiation, which offerslefficiency @and(scalability.
Thismodel showed significant results wWhen submitted toaperformance fealuation.

Theltestloflthe paperlhas(the following[structure. Section[2 [presents an[] ogrview[of
advanced!serviceslinthe Internet. [The[Chameleon drchitecture is[presented in'Section 3 while
Section(4 émphasizesJarvices megotiation(models. In[Section(5 [fesults[of[alSimulation[study
arelshown. [Section(6( |pesents related (workand(finally [Section[7 [draws! Jeme [ lonclusions/and
presents/future work.
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2. Advanced Services in the Internet

Theltraditional Bestleffort/service pplies lisnilar(freatment[ dlall[users(andlapplications.
On[thelotherhand, an"advanced($ervice[ may[] bl seen as[ bnelthat offers aldifferentiated
treatment [forits[traffic/(probably atidhigher(cost).

Servicesmay( b lassified ] bytheir[geographicscope.[Anlintraldomain(servicelis to be
used[ | oly [within[the[boundaries of'aldomain,[whichlis alnetwork,[¢.g.,[an | ser network, an
ISPLorlanlautonomous 8ystem. [ Anlend(tolend $ervice[may( ] blised whenl(! dtal $ources and
destinationsarelocated in[] thtinct’domains, [possibly [with [Several [other[domains[along[the
path[Jbtween them.

Transport[ services make upthe necessaryinfrastructure for_ deployinglend tolend
services, (Which[dreimplemented(andmegotiated 1 by [Jdmins. End[uiser(services(dre those[that
aremeaningful (d¢’énd I sers’and are(related [fo their metwork fequirements. Providers that(sell
services[to'end[uisers[must mpénduser(serviceslinto [fransportiservices[in‘order(tobe( /alefo
participate(inthe/deployment 6flaniendfolénd Service.

AWell Known Service (WKS)[[7]is[d[fransport[service witha[ kear[and unambiguous
definition [ the [performance guarantees(dprovider(offers toldr wants fo receive from@nother
provider[whenl[anlagreement[ sl being[ hegotiated. 1t mst[havel the samelbehaviorlinlall
domains/where[it['s'implemented, so thatend folénd[services/imay[] b deployed tolthe rd[]
users((althoughlin/principle( Jeak( |dmain is/free(toimplement/algiven/servicelusing/adifferent
technology). [ Domains must[usel ] alidentifier (WKSID) [ dr specifying/theldesired[service
during[the megotiation.

AISLAI(ServiceLevel Agreement)/is(aldescription( |6 andgreement between [d[provider
andlallkent,[which[may[]blanénd ] serlor évenlanother provider. The[SLAl¢ontains, apart
fromIsome Business(clauses, d[technical specification[ ] §the service | cHed [SLS[(ServiceLevel
Specification).[According[to[5][10][12][16],/a[SLSlincludesinformation(such(as: ‘geographic
scope, [ datal flow[identification,  traffic[profile[ (rate,[ burst), excess! traffic[treatment/ (drop,
shape, étc.), performance guarantees/and/servicelschedule.

3. The Chameleon Architecture

TheChameleon[Architecture, whichlaimsfo providelldvancedlénd[folend Serviceslin
thelInternet! sidepicted(inFigure[1.(Tt[ s’ dividedin[three(logical planes, in order fol | povide
flexibility [to/serviceldefinition(and [ agotiation, ‘éfficient[Jimlementation and/control ‘of proper
operation/ | fidontracted services. The'planes/areserviceplane, Operation fanel Jad monitoring
plane. This organization | povideslusers[with[alhomogeneouslandlintegrated view[of! the
network, @lthough(de(deployment(oflanlend to endServicetay laed(the looperation[ofimany
networks, [possibly implementing [ ifferent[QoS [fechnologies.

Service Plane

Monitoring
-1 Plane

Operation Plane

Figure(1[-The/Chameleon(Architecture

3.1. Service Plane

ThelService[Planehas/a[fundamental tolelin[the[Chameleonlarchitecture, [providing an
abstract[ iiterface for(service megotiation, o [that/dll[detworks[offer(a/similar(éxternal behavior.
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AnTabstractiterfacelis[provided through theJombination oflwell (known services, [standard
SLSslanldlservice negotiation model.

Thelntity which implements(the functions of!the Service Planelinl¢ach[| dmainl[is(the
ServiceBroker[1§B).[1t[is responsiblelfor, ¢e.g.,[the traffic prediction, service hegotiation,
resource provisioning/control,ladmission ¢ontrol‘and [ dfinitionof[policiesfor ¢ollectingland
passingfeedback linformation [ plthe Monitoring[Plane.[The SBlmay[ ] blseen as anléxtension
oflthe Bandwidth[ Broker | BB)([[8],[ proposed[ for[ DiffServ,[ but/iwith twol basicl important
differences. Unlikel the[ BB, [the SBlis[ not'tied tol anyl QoS![technology,l andlitlis[ablelto
negotiate Servicesbased [ onther QoS (parameters/(delay, jitter), and[riot(only capacity'.

The[SBlis/dlogical éntity andlitsactual implementation may [ bldistributed ] oer [Several
softwarel | ad[| hArdwarel] emponents| working[ itogether, lin[lorder(tol] gt[ flexibility land
robustness. [ It[ hasl al repositoryl where! | Hl information[ about! purchased/sold[ services! are
maintained, as(Wwelllas upto/datelinformation aboutdomain(tesources and ] pticies used to
map[services(to the Jdopted [QoSfechnology. From(the [point of View [of[SLS énforcingland
policing, (border auters are basic ] omponents whichthe[SBhaveto deal [with[(accordingto
the [proposed [@architecture, routers belong to the Operation Plane).

Traffic Prediction

The SB[ continuously [ receives] srvice[ | ativation! requests’ and trafficl linformation
collected by Thderfouters.'Sample measurements/gathered @tltegularlyspaced fimelintervals
duringlalwindowloflduration[T__ [are[made. Border[touters'¢ompute thelimean, [in, and(the
variance, &, 0fthe[samples[andsendthem[ d/the $B, Whichuses[this information[as abasis
for[predictingfuture(fraffic.[Anléxampleloflused [predictors([3][4][15]lincludes(the Gaussian
predictor[being[¢onsidered‘in this[paper. Thislis[duelto[the factIltatwhen[the humber of
individual flows[gets large the | ggregate |l mival tate[tends(tol] hvelal Gaussian(| tribution
under [Central (ILimit Theorem[B].

The Jstimation "~ 6the [ cpacity fo BeMegotiated is Galculated THIC En + ool Twherelelis
almultiplierthat/¢ontrols/the[ | etent( Jd[which[thel predictor/accommodates|variabilityin/the
samples. [ In[al Gaussian[ approximation! to! thel negotiated! capacityit[ /s expected! thatl the
capacity Clislexceeded Wwith | pobability 1+ G(0f), Where! Glis ¢umulative distribution( ] 6 the
standard [ Inomal [distribution.

The!SB uses ¢stimated ¢apacity[C (to[ | agotiate services with another[domain. [One very
important pointlisthe [predictor’s(ability [in[producing | god estimations. Twol] poblems/may
arise, ‘hamely, overestimation and[] undrestimation. Underestimation! should' | b completely
avoided, sincelit[ |may(causel lontractviolationlas' @me(ofithe QoS parameters/arenot/fulfilled.
Onlthelotherhand, [dverestimation[should [l bminimized, [in[order(tolavoid[the [provisioning of
toomuch resources thatwill not(be ised at all.

3.2. Operation Plane

Eachl] dmain, throughlanlinternalset oflpolicies, maps nhegotiated[services to[some
mechanism! used! tol resourcel provisioning[ and[ lequipment[ lconfiguration. Domains[ imay
implement[QoS [schemes like DiffServ or [ dtServ, aswell [as[use ayother fechnology[(even
over[provisioning), [aslonglas[theylare[bleltomeet[ e SLSs.[The[Chameleon architecture
aims/fo separatelservice offeringsfromladoptedtechnology! I dcisions, file., theloperation[ | fane
isléncapsulated (intoléach’ dmain/and/itsimplementation thay'bichanged, @t dast 1 Jpnciple,
without/adversely impacting[service offerings.

SEHHEEEEEEHEEEEE888000000000000000€00
! Here! |“zpacity” isbeingused instead [ /Hthe more @ambiguous term “bandwidth”.
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3.3. Monitoring Plane

Thisplanelislorthogonaltothe other two[! fanes. It collects[information[ fromthe
operation | fanel | nd[ feeds/it[Intol the service plane.  It[is[ responsible! forl continuously
measuring [ QoS[ parameters! for[ eachl service,[ sending[the tesults tolinterested[] prties and
possibly[taking[ correcting actions. This[ planemay( ! bl used[ within” domains, or between
domains, lin[order fo[police their[SLSs. It[also [ prmitsiénd [ Isers o receive information about
their(Servicesperformance,so thatla set oflactions[may(be taken for[improvingorldegrading
the'quality’.

4. Service Negotiation

Thenegotiation for'end fo endservice[subscriptionhs/twolphases, [the 'rd[user(service
negotiationand[ the[ transport[service hegotiation. "Enduser[ service[ negotiationdoes[hot
producemy[lind[0f asource(provisioning, just[ ltelintention[ 6 purchasing/selling this srvice
between( | sersland( | poviders. [ Theluser!( starts thel hegotiation! requestinglal servicel(e.g.,[a
telephony/(service). Thelserviceprovider maps/it(folaltransport/service Indlaggregates/these
requests[for[ Idither[] @negotiation with[access!providers.  Access! providers/teceivelservice
subscription Tfequests from[several [énd [user[service[providers'(manually‘orfautomated ] pla
simple protocol),land [ prform fransport/service negotiation. If'the | acces provider!(is(the end [
userserviceprovider, megotiation of'énd user/serviceslisclearly simplified.

Transportlservice megotiation/results/in fesource [provisioning linlevery ! dmainlinvolved
infanlend[folénd communication.[As[this[process islindependent[from/ ltelénd user service
negotiation, it/gives/providers|a/great/deal [of[ l€xibilitylin(choosing(the bestway! | ftransport
servicelnegotiation.

Resourcel provisioning[imay[ | bl donel throughadvanced[! o immediate teservations.
Advanced teservations/dre/based | on tilizationstatistics 'and [must/guarantee that[most(service
activation(requests/will ‘be[ | accpted. ‘Onldemand|teservations/are necessary in' | oder(toladapt
available! resources! tolinstantaneous!needs! oflusers/applications. [ This[ paper only[ considers
advanced|reservations.

4.1. Bilateral Negotiation

Bilateral [ hegotiationis[al more! traditional (| mdel, based[] uponcurrent[ relationship
modelsbetween[|dmains, [dandit(hasbeen! | poposed for Bandwidth Brokers([8]. In(thismodel,
aldomain[lagotiateswith/ameighboring[ ' dmain, whichlinlturn[lagotiateswith[d mext/domain,
“rippling”throughuntil[the destination ' dmain.[This[hegotiationiay beldone on demand
(immediatel teservations) or[triggered (] byalpreldefined event,[like[| atimelinterval, [ which
permits( thel usel ofl advanced! reservations.[ Thel hegotiation| proceeds[ by SLS! exchanges
between (| dmains, through [the luse0flsomeprotocol, likeInternet2/Qbone[SIBBS [[13].

4.2. Hierarchical Negotiation

This/model[ ntroduces(thehew¢oncept ofl Service Exchange (SE), which'is[al | catral
entitythat[ coordinates’| ervice[ definition”and_ negotiation among[ al_groupof! participant
domains. [It[is'snilar(to the[Clearing[House inodel (used in the telecomareal I ad some new
bandwidth(frading[Services[(called Bandwidth Exchanges). The[SE [performsnegotiationsion
behalfloflhis[participant’domains,unlike the bilateral [} mdel,[where[ ] eakl[ | dmain] aeds(to
havelindividual lagreements withseveral [0ther ieighboring/domains.

Inlloder(tolachievelits/goal,alSE meeds[]emelinformation,[suchlas:[available services
(WKSs);dpologyloflitsarea’ Iad inter’domain(links[¢haracteristics. Furthermore, éach[SB

SEHEEEEEEEEEEEEEE800000000000000000
2(If the [SLA [contains some! kauselabout(cost reduction for lower quality.
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periodicallylsends[Jervice purchasel ladsaleslinformation[(Figure2a). [Using(this/information,
the[SE [performs(periodically [ Jagotiation[“rounds”, which result[ filservice permission/(total lor
partial)[or(refusal.[Servicel permission[implies[that[tesourceslarel grantedlall[the[Wway[from
source[foldstination.

There[refwo types dfildomainsin thisthodel: [Service buyers(and(sellers. Some domains
may [ fay[Ibthroles.Seller/domainsendlinformation(tothe[SE[about lteirlexternal [ hiksland
internal paths. [For[éach(service, the[SLSspecifies/its/identification (WKSID), [and [some[QoS
parameters, [like bandwidth, delay, jitterand [ |pcket! dss. [For/thebuyinglofiservices, important
informationlincludelservicelidentification, scope, traffic/specification and QoS parameters.

Therhierarchical (negotiation[process[tarts(with[| dmains/making predictions[based ! on
past(service utilization'and/sending[ | prchase( Jad[sale/information/tequests/to[the SE. Then,
the[SE/computes/which tequests(will (bepermitted(accepted) and(the reservations/thatl | mst
beldonelinlevery participant[ldomain. Then[it[informsdomains[about " Heir[] @spective
negotiation/results. This[processis repeated at/éverylagotiationround. [Additionally,[domains
may[ agotiate[details ofservices with[otherneighboring | dmains[schlas[given(! grticular
QoS mechanisms|(e.g.,[RSVPIsignaling) or packet mrking(strategies forlidentifying flows.

Figure2[ ] -Hierarchical [/mdel; @) Communicationbetween SBs(and(SE;b) alationship | btween SEs

This['model[ provides! | salability land[ efficiency! to!service negotiation.[|A[serious
criticism[ d/the(bilateral I mdellis[thepossible generation oftooltany[signalingmessages([6].
Al[SElalways[teceivesarvicepurchase tequests forlaggregate traffic.(Withinan[SE[drea, SBs
aggregate(traffic/by service 'ad[]dstination, make predictionsand(send them d theSE. SEs
also[ hve diierarchical/organization.[Each[SEaggregates thetequests wherelthedestination
isloutsidelits(arealJnd[sendsthem [¢dhigher(level [SE, and[so ] n[(Figure[2b). SEs(at/a[Same
level@remotl@llowedfo[communicate[peer fo peer. Inlthispaperionly loalevel (Of[SElisbeing
considered, [that[ & one[SE land SBsfrom participant'domains.

The[ fficiencyfrom[thelhierarchical [l mdel Csiduelto [the knowledge the [SE Thasloflits
area |Howing!it(to[ | prform/negotiations/¢onsidering/several ¢riteria,¢.g.,[inter’domain QoS
Routing (QoSR).[Here, al SE[can! ] dterminel the[best/touteslamong[| dmains'atisfying[the
requested ! services. When' SBslteceive! thisl information,[ theyl feedlit!to! respectivel interior
(IGP)landlexterior (EGP)/routing protocols. Consequently, [protocols/and(touting/tables need
tol 1Bl Jetended(in/order(to/considermorelinformation/in [foute [decisions, Beside the destination
domain((service 'nd [l pssibly [Ssource domain). However, QoSR[is just(an(additional feature of
the hierarchical [ Jmdel and/it[does notneedto belimplemented plevery(SE.

During|thelservice[negotiation/process, SEslaims/tolachievelthe following(goals:

e Servicepurchase: mst(servicepurchase requestslsould bl accpted.

e Preciselreservations: once reservation/are(done, [Services! lsould I ntoffer Tower(QoS
toltheir(users/caused! | bytack of! @sources.

e Service(sale: [mstavailableservices Isould (bl ffectively sold.
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e Efficient implementation: [ implementation | hs[ tol[| bl efficient, becausel SEs[ may
experiencediigh[/pocessingload.

e Fairness: megotiation[shouldgye[ qualopportunities forallsellers and [l bugrs.

Inlthispaper, the(focuslisimainly(on/thetwo first/goals.

5. Evaluation

Thisection [ pesentseme TesultsofTaperformanceTealuationbsed[nlsimulation(that
has/being/carried! lotion/the/(Chameleon(architectureusing( /82 [9][ Jatwork [simulator.

5.1. Simulation Model

Simulations have been[ doal using thel RNP2(Brazilian” Research! Network) [11]
topology,showed[in Figure3,[Where[ | eak/state [PoPwas/considered/aldomain/(27[1 dmains).
Link capacityl] aries from[ 20 Mbps[between[| dmains[ 1 [and[ 2 (link[1[2) to[ 1 Mbps![for
domains(withlowertrafficl demands. Al domain’slinternal capacity[may | b/ 155[Mbps,[34
Mbpslor(2Mbps.[Internally,leach | dmainwas/configured with/aldelay [ 1610(ms. LLink[ | dlays
were ! onfigured according(the theirphysical [dngth(to(10,(15,20,30(@nd [ 4(ns. Forlinstance,
link[ 27and(link (113 WereJonfigured with[ Q[thsland /@ms respectively.

Figure[3[-Simulationtopology

Servicel ativation tequeststefer(tolalend user[voice service.[Thelvoicel | cHarrival ‘rate
inleach! | dmainlil(i =[1,(2,[.,[27)isimodeled as a[Poisson! | pocess oflintensity A, ¢alls per
seconddnd/call[duration/is[éxponentially(distributed (with/amean[of(1/u[=[120[s.[Traffic[load
arrivinglat/each( | dmain(is[definedlas(p, = A, /ulVoicel sources are[ modeled[aslan( | nloff
Markov [ Ipocess, which alternatesbetween “on” [ Jad/[“off "l [periods and!is/it/also [éxponentially
distributed (withlaverage duration[0f11.004[s[and[1.587(s, tespectively.[Eachlsource generates
CBR traffic[ 80[Kbps’when “on” Iad 0 Kbps(when “off".. To/support! ltislend (user service,
alsimpleltransport (WK S was(defined, Wwith just[one parameter lifesides capacity):it[acceptsa
maximum/delay [ 16150(ms.

Trafticload[] gneratedin(and(received[] bleachldomainlis/proportionalto(their output
andlinput link[c¢apacity. IDomains constantly[generatelalls targeted fo | ther[domains. [System

eSS e EeEEaeERa00000000000000000
3 [Using(a 64 KbpsPCM [coder with 20 ms frame ad @lso considering IP[(20 bytes), WDP (8 tes) and RTP
(12 1ptes) hieaders, it results(in 80 (Kbps.
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load, [given[by the number of simultaneous active services, has been[]aried between1000(and
10000. Forleach(calllits/destination domain[is generated [according tothe(load [share.

5.2. Gaussian Predictor

Simulations/in this[Jaction[évaluate/the Gaussian[Predictor, telated[tolthe[ 1xtent[] ican
deals[ with[ changes!in[laggregate throughput,[ ‘avoiding[ underestimation and ‘minimizing
overestimation. [For(this[ tudy, [it[was[considered alpredictor of alsingle[domain. Simulation
timewas /1 Thon [similarly folthe following/[sections.

100
g 15 . — Overestimation
T £ 801 - -~ Underestimation
S c
‘g 144 S
1] g 604
8 134 =
) 8
3 o 404
o 124 2 D
% [
5 114 z 209
<
10 0 —— e
1.2 3 4 5 6 7 8 9 10 20 30 1 2 5 10 30 60 120 240 480 1200
Measurementw indow - Tpeas (Minutes) Load p (calls)

(a) (b)
Figure(4[ | -Estimation/éffectiveness; [d)[0verestimation/related [to the measurement window Tmeas; b)
overestimation and underestimation(with different dads/(p);

ThelIffectiveness/ofthepredictor(for(generating ‘estimates(close fo ‘thelreal future [fraffic
is(évaluated.[Figure(4alpresents the ] cpacity[] osrestimation for(alload [p[=240(calls[Varying
the[measurement(window [T [from 1 plto[] B minutes.[The lowestloverestimation/value
(about13 %) islobtained for(T _ [=(1[minute, just becauselit/can(follow short/time(scaletraffic

meas

fluctuations. For(T,  =[20lit[presents|its highestloverestimation|aluel(almost15%)and after
thatfup(to[T_  =[30Tit fallsidown. Thus, itlis[not(strictly[ | acessary to se[short[prediction
measurement windowsand[consequently [intervalsbetween[ agotiation round may! blmore
spaced. However, [ voice! trafficl typically[] ariesl duringlal dayland[too[longmeasurement
windows! (more[ than[11[] hon)[ should[ bl avoided  [4].[ Forlall simulated[ alues[ ofl T,
underestimation was[under1%.

Figure[4bshowslanl undrestimation[with[T = for[load[p]aryingfrom[1fo1200
calls. For[pl[ lundr(10[calls, estimates areincorrect. Overestimation had(a peak (0f[80% for[p/=
107Tand[theunderestimationwas[40[%for[ p[=[1.[Below[p=[100[¢alls, dverestimation[Wwas
higher(than[]Q[%, because for[lowerloads thelaggregate [ mrivaltate doesmothave ] aiormal
distribution. In[] gneral, [the higherthe load, the lower(the[over and ] undrestimation. [In[the
following(sections, @ theasurementwindow T __ =1 minutewas[ised.

meas®

5.3. Negotiation models

Bilateral(negotiationmodellis[quite[simple. SBs/éxchange messages (SLSs)[¢ontaining
basicallylthe fequested(capacity, maximum/accepted [ ldlayand/accumulated | dlay. The [ atal
amount/oflresources granted [fo [a request(is/the Towest[(perhaps/null) ‘available @amountalong
theWay, lif'the maximuml(delay(is mot[eéxceeded.

Tolthel hierarchicall] mdel, a SB[ 'sends! requests/tol the[ SE,[which accomplishes a
negotiation round.Negotiation[ consistslin{analyzing[ duingevery!service request[ Wwhether
there[ leeltesources!in/thel 1 rd tolend [ pth, ¢checkinglalso(for[the maximum!/delay accepted.
The!SE[uses anlalgorithmbased[on[Dijkstra’s[shortest pathlalgorithm/with[$ome ¢thanges.
Twolschemes werel defined, depending onlthelmain! piority:[1)[lowest[delay: chosen!path
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always[ has[ the lowest [ delay; 2)highest[ capacity:[ chosenl path[] &s'thel higher capacity.
Computationall complexitylislal] encern!| &re, [ butlit’ does notlinvalidate!thel usel ofl such
schemes, since(there lze fficient[polynomiallalgorithms for[QoSR[when(capacity andanother
QoS/parameters|(like/delay)lare! onsidered[17]. Eachlservice[request/involves[d(search/forian
available/path(for the(tuple <source domain; destination domain; service>.
Thefirstlsimulations 0flthis [ lection [compare thesetwo [ terarchical [ mdel[schemes with
thebilateral [ mdel. [Figure 5 ¢omparesgranted [with[fequestedtesources for[load[p[] arying
from(1000(to[ | 1000(calls. Under/these' lenditions, bothlhierarchicallschemes present!similar
performance, [granting[ | 10% for p[ blow[2000(calls[and fnore[than ] 8% for[p ] uptal3000

calls. [Forlthe Simulated(Scenario,[p =[3000(¢alls[sthe maximumlacceptable bound, Solthat
the SElisableforefuseless/than[|% oflrequested resources.
1004
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Figure[5[1-Granted [resources

Thelbilateral [ mdel [presentedallower[ performancel forlevery[| alue ofl p[] Igherthan
1500. [Thislis[because the hierarchical [l mdel (performs!a type 0of [QoSR [andlit[slable fo find
alternate(paths/for negotiatingservices[and[ | mnting[tesources. The gain oflthe hierarchical
model (varies from(0[% [fo[10 %, with[5[%l[in dverage for(the higher capacity[scheme. [For[p[=
3000 the[dbserved gin(is(3.5%.
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Figure 6/ ]-Granted resources withchanges|in/link (12 [configuration;a) capacity changed [to (5 Mbps;
b)(delaychanged [fo(50 hs.

Inloderto [compare [the twolschemes(of(the hierarchical [ ] mdel, we tade[some! 'kanges
inllink[1(2,/and[resultsmay [ blobserved(inFigure 6. First, its[capacity Was ¢changed[fo 5 Mbps
from[Heloriginal [ valuelof 20 Mbps (Figure[6a). Thelhighest capacity[$schemelpresenteda
considerably [Tower performance thanthe Towest[delay scheme[(upto[12[%). Fromp[=6000
thelhighest/capacity [schemepresentsTower [performance(than(the bilateral model, [with [almost
8% Ldr[p=10000. Thisbehavioroccursbecause the bilateralmodel lalwayslooks for paths
with[lowerlcapacity,(éven/thoughthis/pathinvolvesmore /domains and [ hop [This(means that
in[] odertol take[! ceel ofl al particular( service! request, frequentlylitlises uplresources' that
otherwise[Wwould | b granted to[] ther[tequests. Thistesult! /s in[line[with[the well known
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preference(fordouting(based[ ] orshortestpaths((considering[the mumber ofThops), Which [ ses
upless(resources.

Forl(the/sameteason, thelower[delay [scheme has/alworst[performance(than the higher
capacityschemewhen(theldelay161ink12(is'changed[to[]6ms[(Figure[6b).[Thelower delay
schemel lkooses/alternate(paths((like(1(42(and2(3(1),[Which[Thve  dower/delay[ nw. Thus,a
larger[amount of T esources/isused [ upto/deal [withthesamemumber(ofiservice requests.The
outcomel is/ that/ Iltel ratio[ ofl granted’ resources' falls' down. An[interesting aspect sl that
performancelis[hotl changed[for p[l upto[ 3000, in[bothl casesl ofl Figure[ 6. Thelreasonlis
straightforward: [1ivolved links/do ot represent abottleneck with thisoad.

5.4. Admission control

In'this[ectionthe] cHladmission control (CAC)mechanism sl evaluated, .comparing
generated, [tfequested, [grantedand ladmitted(calls. [Figure 7 [shows the tesults. The number of
requested!calls((based ] on rqulicted [éstimates)(sent by all[SBs[to(the SElis[19%,[13 % and
12% Mhigher(than(thelsystem[ dad(generated (calls) for(p/=1000,30007and 10000, fespectively.
Theselresultslare lompatible with those oflsection(5.2.
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Figure[7[1-Generated [(load), fequested, ‘granted [and [admitted (calls

CAC forlthe! 1 KSlis/done by(checkingwhether there[ Jee[sufficient(tesources/(capacity)
toladmit(alservicel] agvationtequest((call). Theltatelused for(each(call /32 Kbps. [First, the
SBlchecks(forlavailability ofTinternal (tesources and(then it/ alsolchecks[the link tolthe hext
domain. Tfltherel /el lmough(resources, thel lwailable(resource! lount! siupdated(and'thel | cH[ s
admitted. [Otherwise, it siblocked. 'When'alcall sl finished, altear[down messageis[ Jent[ Ite
CACImechanism/and/the wailableresource! lount[ siincreased.

Figure 7 shows that[97[%_ofl generated calls_werel| dmitted for[ p=[3000, which
represents[ definitely[thebest” dad[ for[thesimulated[scenario. For[p[=10000, 67 %[ of
generated[¢allsare[] dmitted, althoughitlrepresents 96 % [ofl granted[¢calls. Admitted[calls
represent(91 % lofgenerated(calls for(p=1000. Thislis becauseinder lower(loads/the[ luerage
rateofeachldall differs/considerably[ 1632 Kbps.[Even/for(the best¢ase, [SBslare notlable fo
admitléveryl[call, becauseloflthebursty[ ] omffitraffic mature, [Wherel | cHslare/generated 'when
no resourcesdre aailable.

Next, wel | ealuatel thel effectiveness of! thel provisioning[| prformed( plthe[ SE forl[all
domains(and/interdomainlinks. Tolthis[énd, the local CACmechanism[described | bforewas
adapted|to/checkthel rd[tolend @vailability [0f| asources, [that[ & inlévery/domainfrom/source
to[ dstination. [Thus, welmay¢ompare the number of!calls’admitted (by [localland[énd to’end
CACmechanisms. Thiseenariois depicted [in[Figure[8. Forlalload [p[=3000,3.5% more
callslare[Jdmitted [bythelocal CAC mechanism/compared (tothe 'rd(folend [CAC thechanism.
This[sggests(thatpossiblythe metwork may face Some [problems(to meet[ lte[QoS[parameters
agreed’inl[theSLS.[Almore[ | acurate[Way![tol analyzelthe teasons for[this[behavior s/ by



254 LANOMS 2001

simulating(teal [ mafficlin(the metwork, whichWwasmot/donelin[this/ &idy becauseofpractical
limitations.

Incorrect admission (%)

000 2500 4000 5500 7000 8500 10000
Load (calls)

Figure8[dncorrectly admitted(calls

From[p=3000(this[differencelincreases according(tolthelloadl ] pltol 3.7 %[ Idr( p =
10000.'When!¢allldad[] gts'higher, (beyond[ | atwork[¢apacity,  its/ performancelis uncertain.
With[1151% oflcallsbeingadmitted incorrectly, probably most/callsiwillhave dperformance
below the 'epectations.

5.5. Resource provisioning and utilization

Ourl next/ simulations[ evaluatel the[] mountl bfl reserved[ resources/ compared/ tol the
available resources/andthe imount/or/used/resources compared|tothe(reserved/tesources, for
inter[domain links.
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Figure9[1-Resource provisioningand tilization; @) link reserved resources (%o[out(of total fesources);
b)linkused resources (% loutof_aserved resources).

Figurel 8al shows| thatl ] ltel hierarchical/ | mdell canl reservel more! resources! than! the
bilateral | mdel.[ It reserves 9.4[% [moreltesources for[ p[=3000[Wwith[anlaverage of 8.9[%
(considering(all[simulated Toads). [On/the[otherhand, bilateral "' madel uses[3 % oreresources
than[ terarchical | mdel,[ proportionally!to! thel reserved| resources! (Figure! 8b).[ Utilization
refers(toresourcesused  |upl byadmittedcalls.[Our/conclusionis that[ 1i'the hierarchical | mdel
thelover(provisioning/is [ Nghtly [ Igher[dimostloads. Itlis2.2[%higherfor[p=3000,5.5 %
higher[dr p=5000, @nd 4 % Towerfor p=10000.

Thelrelation[between(tesourceprovisioningand utilization[Wwithin[ ] dmains(is[ Jsnilarfo
inter[domainlinks. The(hierarchical "' mdel(generates(reservations(1.1% higher(inlaverageJad
thebilateral [ madel luses(3.8[%[more(tesources/(proportional [d teserved tesources). Forlboth
negotiation models/the[ percentagelof teserved tesources was under(24[%. This[is[ partially
becauselocal Iraffic[was hot[simulated and[alsol! bcause domains[are well provisioned
internally.
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6. Related work

Currently, the Bandwidth Broker (BB) [8] represents the most thorough concept for
resource negotiation and provisioning for DiffServ networks. In [15] it is suggested a two-tier
model, intra and inter-domain, for managing resources in a DiffServ network. The Internet2
QBone project has come up with its BB model and a protocol for inter-domain signaling
between BBs [13].

The TEQUILA [14] project is meant for deploying services with QoS guarantees and it
has been involved with SLS definition, negotiation protocols for SLS and intra-domain and
inter-domain traffic engineering schemes so that a network will be able to honor
commitments assumed in SLSs. Compared to Chameleon, TEQUILA has a broader scope, but
Chameleon is more concise and its hierarchical service negotiation model is innovative.

Another project, AQUILA [1], aims to define, evaluate and implement an advanced
architecture for QoS in the Internet by introducing a software layer for distributed and
adaptive resource control. AQUILA is focused on tool construction and trials in real networks
with multimedia services.

The CADENUS [2] project proposes an integrated solution for the creation,
configuration and provisioning of end-user services with QoS guarantees in IP Premium
networks. It may be considered a complementary work to Chameleon.

In [3] a QoS provisioning method based on a clearing house architecture is proposed,
which was the first motivation for our hierarchical model. However, it is limited to capacity
negotiation, that is, it is not able to identify services and perform negotiations based on other
QoS parameters.

7. Conclusion

In this paper, we presented the Chameleon architecture, which permits the deployment
of end-to-end services in the Internet, no matter the number of networks that exist along the
path between data source and destination and the QoS technology they adopt. It introduces the
Service Broker (SB), which, among other tasks, is responsible for the service negotiation that
produces the end-to-end resource provisioning. Two negotiation models are presented: the
traditional bilateral model which generates signaling messages between neighboring domains,
and the hierarchical model, which uses the Service Exchange (SE) for coordinating the
negotiation among domains.

In order to evaluate efficiency and scalability of the hierarchical model, a simulation
study was conducted. A comparative evaluation of both models showed that, for our
simulated scenario, the hierarchical model could grant up to 10 % more resources for services,
considering call load in its optimal level. The effectiveness of the provisioning performed as a
result of the hierarchical negotiation was demonstrated by the admission of up to 97 % of
generated calls. However, we also found out that under the hierarchical model over-
provisioning is 2.2 % higher than the bilateral model, although it can admit more calls.

As future work, we aim to include the operation plane in our simulations, with routers,
internal links and real traffic. Other possibilities are simulating the behavior of the
hierarchical model when two or more services are being negotiated and the introduction and
modeling of fairness in an efficient way in the negotiation performed by the SE.
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