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This paperpresents concepf ascalablenetworking architecturevith end-to-endQoSsig-
nalingandresourceesenationsupport.lt is asynthesiof boththe DifferentiatedServicesand
the IntegratedServicesapproach.The approaclhrelieson end-to-endesourcaesenationand
takesadwantageof traffic aggregationto reducethe numberof resenation statesin the router
MIBs. Signalingcostsare further decreasedby making overreseration, i.e. bandwidtheffi-
cieng is tradedfor signalingreduction.We give recommendationt dimensionthe degreeof
overreserationandcomputetheresultingtradeof analytically Thenumericakesultsshow that
networksrunningthe proposedarchitecturecanbe operatecefficiently in spiteof overresera-
tion.

1. INTRODUCTION

The succes®f the InternetProtocol(IP) hasbeenoverwhelmingin the pastdueto the sim-
plicity of theaddressingchemeandthe tremendougrowth of theworld wide weh However,
for thesupportof real-timeservicedik e voiceover|P (VolP) or videoconferencetheshortcom-
ingsof besteffort IP networksareobvious. Thelack of real-timedelivery preventstheir merge
with corventionalreal-timenetworks. Therefore severalmechanisméave beenintroducedto
supportreal-timetransporin IP networksbut all of themhave majordravbacks.

The IntegratedServiceqIntServ)approachs ableto give absoluteend-to-ende2e)quality
of service(QoS)guarantee$o a micro flow (host-to-hospaclet flow). For every flow, trans-
missioncapacityis reseredin eachrouteralongthe pathfrom its sourceto its destination.This
requiresthe allocationof aninformationstateper flow in all intermediaterouters. Therouters
cannothandleatremendousmountof connectiorstatesn theirmanagemennhformationbase
(MIB) in real-timeand,in addition,they areoverloadedwith perflow signalingin the presence
of mary QoSprovisionedmicro flows. ThereforentServis not suitedfor networkswith mary
datastreamgequiringQoSsupport.

TheDifferentiatedServicegDiffServ) approachdefinesdifferenttreatmenfor IP pacletsin
arouterdependingn their DiffServmarking. This scaleswell becausensteadof considering
mary flows only a few traffic classesof relatively differentiatedQoS levels are introduced.
DiffServ operateson a per paclet basisand the absenceof the connectionconceptprevents
admissioncontrol (AC). SinceabsoluteQoSis a function of availableandrequesteatapacity
DiffServcannot provide absoluteQoSguarantees.



Many multimediaapplicationddemandor real-timedelivery of large mediastreamsut there
is no establishedscalablesolution to provide hard e2e QoS guaranteesn IP networks. In
this paperwe presenta network architecturethat overcomeshe scalability problemfor e2e
signalingandresenation. It is a synthesiof boththe IntServandthe DiffServapproach.The
architecturerelieson e2eresourceresenation and usesresenation aggreationto reducethe
numberof resenationstatesn therouterMIBs. Signalingcostsarefurtherdecreasedy taking
overreseration,i.e., bandwidthefficiengy is tradedfor reductionof signaling. The aggreation
concepftcanalsobefoundin [1-7] andour findingsalsoapplyto theseprotocols.

In thenext sectionthelntServandDiffServapproachaswell asMultiprotocol Label Switch-
ing (MPLS) aredescribedandtheir dravbacksarepointedout. Section3 explainstheideafor a
scalablenetwork architecturendpresentswo differentprotocolimplementationsWe propose
an updateschemefor aggregateresenationswith overreseration. In Section4 the tradeof
betweerbandwidthefficiency andsignalingcostis analyticallycomputedanda rule of thumb
for overreserationis derived. The numericalresultsof Section5 illustratethe influenceof the
updatemechanisnon the network performance.Finally, the paperconcludeshat a network
runningsuchanarchitecturecanbe operatecefficiently in spiteof overreseration.

2. PROTOCOL ARCHITECTURES FOR QOS SUPPORT IN IP NETWORKS

TheInternetEngineeringraskForce(IETF) hassuggestetiwo mainalternatvesto equipIP
networkswith real-timecapabilities:the IntServandthe DiffServapproachln addition,MPLS
hasbeendefinedin orderto facilitate the processof traffic engineering. Theseconceptsare
briefly introducedn thefollowing.

2.1. Integrated ServicesAr chitecture (IntServ)

ThelntServapproach8] satisfiesthe QoSdemand®y makinge2eresenationsfor every mi-
croflow in eachrouteralongthe path. The Resourcdreseration Protocol(RSVP)[9] supports
signaling,it performspathdiscovery, resenation establishmentsenderor recever notification
in caseof failure,andresenationteardavn. Whenaresenationis setup, eachrouterperforms
AC andaresenationrequesbnly succeedd thelocal capacitysufiicesto sene boththeexist-
ing micro flows andthe new request.This sarestherouterfrom beingoverloadedwith priority
traffic andQoScanevenbeenforcedduringbusy hoursat the expenseof blocked connections.
As aresult,QoSsupportedstreamsseean unloadedhetwork andthe remainingbandwidthcan
be usedby besteffort (BE) traffic.

The routersneedflow specifierslike traffic (7,..) and reseration (R,y..) descriptorsfor
every admittedmicro flow to recordthe expectedtraffic volume andthe requiredQoS. The
filter specshelpto mapIP pacletsto the respectre micro flows andto classifythemfor the
scheduler The policer usesthesedatato control the traffic contractandto drop IP paclets
thatare out of profile. The perflow informationcreatesa statein every IntServrouterandis
storedin the MIB. This hasseveraldisadwantages.The IP network losesits statelesproperty
thatmadeit very robustagainstailures. The administratioroverheador settingup, updating,
terminatingaconnectionaswell asfor forwardinglP paclketsconsumesdditionalCPUcycles.
Lookupshave to be donein real-timefor every IP paclet, sothatthe MIB is implementedn
fastmemory TheneededMIB sizescaleswvith thenumberof admittedflows, thereforentServ
workswell if thenumberof QoSflowsis smallbutit is notlikely to runin the coreof anetwork
wheremary streamshave to be supported.



2.2. Differ entiated ServicesAr chitecture (DiffServ)

The DiffServapproact10] introducedraffic classesIP pacletsareclassifiedaccordingto
their DiffServcodepoint(DSCP)in the header They aretreatedby the routerswith a DSCP
specificPerHop-Behaior (PHB) to realizethe servicedifferentiation.At the momentthe As-
suredrForwarding(AF) andthe ExpeditedForwarding(EF) PHB groupsaredefinedin addition
to normalbesteffort BE traffic.

DiffServ routersdo not perform AC for flows but they drop or recolor IP pacletsif the
preconfiguredraffic volumefor a certainPHB is exceededTraffic conditioneramaybeusedat
the network boundariego limit thetraffic volumewithin the DiffServdomain. In busy hours,
the network can either be overloadedwith high priority traffic or the transmissiorof a flow
suffersfrom servicedegradationat the traffic conditionerghatoperateon paclet level. Unlike
in IntSery blockingsomeconnectionsn favor of alreadyadmittedsessionss not possibleand
absoluteQoScannotbeguaranteed.

2.3. Multipr otocol Label Switching (MPLS)

MPLS is a mechanisnto allow paclet switchinginsteadof routing over ary network layer
protocol[11]. Packetsthat sharea commonattribute createa Forwarding EquivalenceClass
(FEC)andareforwaredvia alabel switchedpath(LSP) by labelswitchingrouters(LSR). The
first LSR of an LSP putsa label onto the IP paclet andthe lastLSR removesit. A certain
capacitycanbe associateavith sucha connectiornto achieve QoSprovisioninglike in IntServ
but a FEC usuallyconsistsnot of a singlemicro flow, sowe talk aboutaggreateresenations.
The local labelsfor every LSP are storedin the MIB of the LSRs which introducesalso a
statepersessionBoth anextensionto RSVP[12] andthe Constraint-Basetdabel Distribution
Protocol(CR-LSP)[13] areusedfor signaling.

MPLS hassomefeaturesthat distinguishit for traffic engineering.Load balancingcanbe
achieved by creatingseveral LSPswith differentroutesfor pacletswith the samedestination.
In caseof a nodefailure, fastreroutingrepairsthe connectiorwithin afew millisecondswhile
theconvergenceof IP routingalgorithmstakesin theorderof secondsMPLS s oftenviewedas
modifiedversionof the AsynchronoudransferMode (ATM) with variablecell size. But there
is a profounddifference: ATM exhibits with its virtual connectionand virtual path concept
two levels of aggreationwhile MPLS allows for mary-fold aggreationusingmultiple label
stacking,.e. anLSP maybetransporteaver anotherone.

3. A SCALABLE ARCHITECTURE FOR E2E QOS SIGNALING AND RESOURCE
RESERVATION

IntServis ableto offer hardQoSguaranteebecauseger flow signalingenablesAC but the
numberof resenation statesandthe amountof signalingdo not scalefor large networks. Diff-
Servavoids the scalability problemby providing relatve QoS differentiationto a few service
classedut dueto the lack of signaling,AC is not possibleand absoluteQoS guaranteegan
not be given. MPLS itself hashardly ary QoSsupportbut it offers capabilitiesfor traffic en-
gineering. In this sectionwe sketcha scalableprotocolarchitecturethat gives absoluteQoS
guaranteeandthatreliesonideasfrom IntServandDiffServ We discusghe generaideaand
presentwo existing protocolsolutions.



3.1. Concept

In alargeIntServnetwork, mary micro flows sharea commonsubpattof their routes.Their
numbermight be too large to supportthem on that subpathby IntServ mechanisms.So we
grantthemanaggregatedresenationto supportthemasawhole andto reducethe statesn the
intermediateoutersto asingleone. TheRSVPsignalingmessagefor themicro flows arehid-
denby the aggreatingrouterto preventthemfrom beingprocessedh theinterior nodes.They
arerecoveredby the deaggrgatingrouter Theaggreatorlabelsthe aggreyatedpacletswith a
commontagto keepthe classificatiorandschedulingnechanismassimpleasin DiffServ A
new flow or aflow updateis admittedif the capacityof theaggreatereserationsuffices. Oth-
erwise thesizeof theaggreatereserationcanbeincreasedif thisfails,too,thenew requests
rejected.Policingis alsoenforcedor aggreateresenations.Fromthesignalingpoint of view,
aggrgateresenationsdo not differ substantiallyfrom ane2eresenations.Therefore they can
be aggregatedin the sameway creatinga hierarchicalresenation structure(Figure 1). This
makesthe approaclscalableconcerninghe amountof informationstatesn therouterMIBs.

Theproposedchemallowsfor e2esignalingpermicroflow, for AC, andfor resourceeser
vation so that absoluteQoS guaranteegsan be granted. Hierarchicalresenation aggreation
reduceghe numberof statesn intermediataoutersandmakesthe approachscalableavenfor
large networks.

3.2. Protocol Solutions
We presennow two differentprotocolsolutionsthatimplementheabove explainedconcept.
Both arecurrentlydiscussedhn the IETF.

3.2.1. RSVP Aggregation

In [2], anextensionto RSVPis proposedo summarizeseveral RSVPsessionito anew ag-
gregateresenation. Thefirst routerchangeshe IP protocolnumberin the RSVPcontrolmes-
sage®f theindividualresenationsto RSVP-E2E-IGNOREuchthatthey arenotprocessety
intermediateoutersandthe correspondingleaggrgatorresetsthe protocolnumberto RSVP
(46). The aggreationlevel is recordedn the routeralert option field so that a deaggrgator
knows which RSVP messagdasto be setbackto RSVP This facilitatesthe recursve appli-
cationof thatscheme The aggregatorsetsthe DSCPof the aggreatedIP pacletsto a specific
value, suchthat forwarding within the aggreationregion is doneonly by the corresponding
PHB.

3.2.2. MPLS Aggregation

In [1], hierarchicaltraffic aggreationis achiezed usingMPLS. An LSP is establishedvith
QoSrequirement®n the way from anaggreatingrouterto a deaggrgatingrouter Both the
userandthe dataplanetraffic from aggregatedsessionsare assignedo the samelLSP. Thus,
the RSVP control messagesare tunneledby MPLS paclets, suchthat they are automatically
bypassedt the intermediateroutersand no additionalmechanismare requiredto reveal the
RSVP control messagest the end of the tunnel. The traffic may be additionally mappedto
DSCPsto reducethe numberof classificatiorandschedulingstates.SinceFECsdo not differ
substantiallyfrom micro flows with regardto signaling,the schemecanbe appliedrecursvely.
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3.3. Signaling Reduction by Overresewation

Bestuseis madeof the booked capacityfor an aggregateif its resenationis tight, i.e. it
cannot supportmore thanthe alreadyaggreatedflows. In this case,establishingupdating,
andterminatingan e2esessiorentailsa changeof the aggreateresenration. In a hierarchical
structure theseupdatesarepropagatedip to the highestlevel of aggreation,which leadsto a
sessiorupdatein eachrouteron the pathof the concernede2esession.Hence,the proposed
architectureeducesessiorstatesut notthesignalingamount.lf anaggregatecomprisesnary
sessionstheir updatesankeepall participatingroutersbusy, evenif the capacitychangesre
negligible comparedo the overall aggr@ateresenation. Therefore,an aggregateresenration
shouldoutlastat leasta few sessiorrequestsupdatespor teardavns. This canbe achieved at
the expenseof somesmall capacityoverreseration. Here,overreserationis understoodn the
sensahatthe AC mechanisntanallow somemoreflows within theaggreate.It doesnotmean
thatcapacityoverbookingis prohibitive.

Overreserationdecreasesetwork performancesowe proposea simplecontrolmechanism
to avoid extensivewasteof capacity It isillustratedin Figure2. Theoverallcapacitydemandor
anaggreateresenationis denotedoy §. Whenanupdatetakesplace,fy,, capacityis ordered
andalowerthreshold,,,, is defined.Thenext updatefor theaggreateis only necessarywhen
8 < b0 OF Bhign < 0 occurs. Eventually bandwidthefficiency is tradedfor signalingcosts.
Thisissuewill beinvestigatedn the next section.

4. ANALYSIS OF THE MEAN INTER-UPDATE TIME

In this sectionwe establisha modelfor aggrgyateresenation updatesandgive simpleequa-
tionsto computethe meaninter-updatetime analytically Furthermorewe proposea rule of
thumbfor overreserationthatyieldsbestresults.



4.1. Model for AggregateResewation Updates

We investigatethe previously describedupdatescheme(f;,,,, 0, Ohigr) in an IP telephoty
ervironment. All voice calls have the samestatisticalpropertiesand require a toll QoS so
thatoverbookingis not possible. The usedcapacityf(t) is proportionalto the numbern(t) of
admittede2esessions.We will useonly n(t) in the following and adoptn;,, andn,, for
810, andéy,;4, accordingly Theaggrgatereserationis updatedvhenn(t) leavesthetolerance
WINdow [10u; Thign] for thefirst time. Sincewe focuson the updatebehaior, we assumehat
bandwidthalwayssufficessothatall requestzanbe sened.

From corventionaltelepholy systemswve know thatthe inter-arrival time betweerntwo calls
is bestdescribedcby an exponentiallydistributedrandomvariable A (A(t) = 1 — e~*?). The
meaninter-arrival time is the inverseof the arrival rate (E[A] = %). The call holdingtime B
is aswell exponentiallydistributedwith meanE[B] = i If therearecurrentlyn sessionsn
place,the overall call terminationrateis » - ;. Hence,we canview n(t) asa continuougime
Markovian birth-deathprocess.

4.2. PerformanceAnalysis

We computethe meanof thatinter-updatetime in the abose modelbut first we describethe
processi(t). Theprobabilityfor atransitionfrom astaten(t¢,) = ¢ to anotherstaten (¢, +t) = j
is denotedby p; ;(¢). Thetransitionratefrom a state; to anotherstate;j is definedby
i =l Pt )
We caneasilygivethetransitionratesfor thereserationprocesdecausel and B areexponen-
tially distributed. A statetransitionfrom state: to ¢ + 1 happensvith thearrival rateg; ;11 = A
while a transitionto state: — 1 occurswith a departurgateg; ;_; = ¢ - u. As aconsequence,
the processioesnotchangeits statewith rateg; ; = —\ + ¢ - © andall otherstatetransitionsare
not possible. The statetransitionratesareaccommodateth the statetransitionmatrix

A for j=14+1, 0<i<o0
i for j=1—1, 0<i<oo
(@)iy = . . . : (2)
—(A+i-p) for j=i, 0<i<o©
0 else

The waiting procesdor a single updateeventcompriseonly the statesV = {i|njp, < i <
nhigh} iN the tolerancewindow for the aggreyatereseration. The correspondingate matrix
is givenby Q" = (Q);,jew andthe processstopswhenn(t) leavesthe tolerancewindow. Its
first passagéime is the desiredinter-updatetime. In [14], arecursve method,basedon taboo
sets[15], is proposedo computethe momentsof the passagédime analytically This method
hasalsobeenappliedin [16]. In the following we adaptthis techniqueto our problem. The
complementaryvaiting time distribution function W£(t) dependn theinitial staten(ty) = ¢
andcanbecomputedoy

Wi = D w0 (3)
JEW

The sumof theratesin statesn;,,, andny;g, is negative andthe processeventuallydies. This

entailsfor thecomplementaryrobability densityfunction of thewaiting time

tliglowi(t) = 0. (4)



Theanalysisis asfollows. Startingfrom the Kolmogorav backward equation a differential
equationfor the waiting time distribution is established.Using Laplacetransformation(see
Appendixfor notation),a simplerecursiorto obtainthen-th momentds derved.

d .
—pis(t) = > gt - pi,(t) sumoverj € W
kew
d
D pyt) = Y al ) pi,(t) useEan.(3)
JEW kew JEW
%Wﬁ() = qu’jk-W,f(t) useEqgn.(12) anddifferentiation
kew
d w
Twilt) = > g% - wi(t) uselT andEqn.(14)
kew
s-W;i(s)+wi(0) = Y q-Wi(s) usedifferentiationandlimit
kew
lim @ (s-Wi(s)) )] = lim Zq?" a Wi(s) | useEqn.(15)
s—0 \ ds” ¢ s—0 Z’kdsn k )
kew
I e "y 1
iy (o gns W)+ o)) = 5 il (Wi
usekEqgn.(16),Eqn.(12),Eqgn.(4), andEqn.(17)
()" e BWPT = (D)"Y al - EW]
kew
EW™ = = ai- BWE] (5)
kew

Thecolumnvectorm(™ = (E[Wi”])nl <i<n,,,, CONtainsthen-th momentsof theinter-update
. . ow XxtXTbhig
time W;. Eqn.(5) canberewritten as

—Q¥-m™ = n.meD

m® = Q") n-m. ©)
The meanof the inter-updatetime canbe computedby Eqgn. (6) andm® = (1...1)" andthe
coeficientof variationis calculateddy ¢, (W;) = w

4.3. A Rule of Thumb for Overresewation

Theaverageaggreatesizeisn = ﬁ We derive aformulathattells theradiusof thetolerance
window [ — r; 7 + r|, suchthatthe meanof theinter-updatetime is approximatelyconstanfor
different\ andp. If 7 is largeandr is small,we canapproximatehe call terminationrates - A,
i € [m—r;m+r], inthetransitionmatrix Q* by m - u = % -1 = X andwe getanapproximated
waiting procesgjivenby

A for j=1+1, nlow<i§nhigh
(QY)iy = §—2X for j =14, nipw <@ < Npign . (7)
A for j=1—1, Ny <1< Thigh



For all statesi € [m — r; 7@ + r|, thetransitionratestowardsstater in the waiting procesg)"
aregreaterthanor equalto theratesin the approximatedvaiting proces¥. Thereforethe
meaninter-updatetime basedn QY is alowerboundontherealinter-updatetime. Theinverse
of theapproximatedatematrix QY is

(@)Y, = { e, s @®
%J —% fOI’ 7> _]

If thewaiting processstartsin staten(ty) =n = % themeaninter-updatetime W is computed
accordingio Eqn. (6) asthe negative sumof the elementf themiddlerow in (Q¥)~*:

. 41 2r+1-(r+1) .
EW5] = EFTe [(r-l— 1)- ;H (r+1)- kﬁ;_w k] =55 (r+1)% (9)
If we chooser = /71 = ﬁ we get
E[Wz] = %-(r+1)2:%-< %+1)2:i-<1+ %)2
- 20 (1, %) (10)

This expressioncornvergesfor large aggreatesizesn andwe have found a rule of thumbto
keeptheinterupdatetime constanfor variousaggreatesizesrn.

5. NUMERICAL RESULTS

In this sectionwe illustratethe performancdehaior of the presentedggregateresenation
updatemodel. Thestateprocessiepend®nthearrival rate A andonthemeancall holdingtime
E[B]. We preferstudiesthatareapplicableto differentparametesets(\, ), sowe choosehe
averageaggreatesizen = % asthe normalizednput parameteandmeasurehetime in units
of E[B] for thegivenresults.

5.1. Influenceson Inter-Update Time

The meaninter-updatetime E[IV;] dependn theinitial staten(t,) = 4, in which the pro-
cesshasbeenupdated.Furthermorejt alsodepend®n the positionof the tolerancewindow
[Tuow, Mhign]- 1N Figure 3 the meaninter-updatetime is given for an averageaggregate size
7 = 10000, anda tolerancewindow of radius100. The curvesfor E[W;] shov a clearmax-
imum. If thewindow is locatedbelown 7, the maximumof E[IW;] is in the lower part of the
window, if thewindow is positionedabore 7z, themaximumof E[W;] isin theupperpartof the
window. If we considera symmetricwindow aroundr, the maximuminter-updatetime canbe
expectedwhentheinitial staten(ty) is in themiddle of thewindow.

Figure 4 shaws the coeficient of variationof W;. Note that the variability of W; is also
reduceddy optimizingthemeaninter-updateiime. Thecoeficientof variationis clearlysmaller
thanl for E[WW5], hencetheinter-updatetime distribution is not Markovian.

Thecurrentarrival ratein acommunicatiometwork is unknovn andstronglytime dependent.
However, it is mostprobablethatthe processi(t) residesin stater, thus,we take the present
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aggreatesizen(t) asanestimatefor the presentn = ﬁ This justifiesthatwe considerin the
following only symmetrictolerancenvindows aroundthe averageaggreatesizer.

It is obvious that the inter-updatetime dependson the radiusr of the tolerancewindow
[n — r,m + r]. FromEqn.(10) it is clearthatthe inter-updatetime risesquadraticlywith the
window radiusr aslong asthetheassumedpproximations good.Figure5 illustratesthatthe
meaninter-updateime increasegxponentiallyassoonasthedifference®f thecall termination
ratesin Q* carryweight.

5.2. An EnhancedRule of Thumb for Adjusting the Radius of the ToleranceWindow

The integral size of the tolerancewindow aswell asthe quadraticand exponentialgrowth
of the meaninter-updatetime make the dimensioningof the updateschemedifficult because
thereis no analyticalformulathatcomputesherequiredwindow size. Therule of thumbgives
a meansto adjustthe radiusof the tolerancewindow suchthat the meaninter-updatetime is
constantWe scalethatrule by alinearfactors suchthatthe radiusof thewindow is computed

by
ro= [6-Val. (11)

Figure 6 depictsthe meaninter-updatetime of an aggregateresenation processdepending
on the sizeof the aggregate. E[W5] is larger thanthe asymptoticmeaninter-updatetime and
the deviations are considerabldor small aggreates. However, if we try a slightly smaller
reseration with » = |6 - v/i| — 1 for the radiusof the tolerancewindow, the meaninter-
updatetime will be smallerthanthe asymptoticvalue andwe getthe samestrongdeviations
to the oppositeside. This suggestdhat the proposedrule of thumbis very accurate. The
discontinuoushapeof the curvesjustshavsthat E[W7] is hardto control. However, this effect
is diminishedwith largerresenationaggregates.Thederivationof therule of thumbwasbased
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ontheapproximatedatematrix Q%. Thereforethemeaninter-updatetime cornvergesfor § = 1
with increasingaverageaggreyatesizen to 0.597 - E[B] insteadto 0.5 - E[B].

Figure 7 illustratesthat § enableghe rule of thumbto producewindow sizesfor different
meaninter-updateimes. Thismakestherule of thumbrelevantfor practicaluse.A suitedj may
be configuredin aggreatingroutersdependingon the desiredmeaninter-updatetime. Then,
the appropriateradiusfor the tolerancewindow, that determineshe degreeof overreseration
for anaggreateresenation,canbe computedavenin real-time.

5.3. Overresewation and Efficiency

The proposedupdateschemeusesoverreserationto limit the numberof updatedor aggre-
gateresenations.Thisimpactstheefficientuseof network resourcesTherule of thumbis able
to adjustthetolerancewindow in the presentedipdatemodelsuchthatthe meaninter-update
time remainsconstant.The window radiusr scaleswith the squareroot of the averageaggre-
gatesize. Thereforethe degreeof overreserationcorvergestowardszerofor largeaggreates:
limz 00 L‘j'fJ = 0. Figure8 illustratesthe efficiency of the updatescheme.

Thus, we have proven that the scalablee2e signalingand resenation architecturewastes
only little capacityfor large aggreatesin spite of overreseration and networks runningthat

architecturecanbe operatecefficiently.

6. CONCLUSION

We presentec conceptof a protocolarchitecturdor signalingandresourceesenationthat
overcomeghe scalingproblemof IntServ In contrasto DiffSery, it is ableto provide harde2e
QoSguaranteesThekey ideais resenation statereductionin therouterMIBs by hierarchical
resenation aggreyation. In addition,overreserationfor aggreyatesdiminishesthe updatefre-
quengy for their resenationswhich reduceghe signalingamount. This conceptis realizedin
variousprotocolimplementations.
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For this scenariove suggeste@ simplemechanisnto controlthetime betweertwo updates
of anaggreyateresenationandto limit thewasteof capacitydueto overreseration. We mod-
eledthe processf aggr@ateresenation updatesandinvestigatedhe influenceof the update
schemeon the inter-updatetimesanalytically We found a rule of thumbto determinethe ap-
propriateamountof overreserationthatkeepsthe meaninter-updatetime constant.With this
engineeringule, it turnsoutthattherequiredoverreserationfor largeresenationaggreatess
only asmallfractionof the allocatedcapacity This provesthatnetworksrunningthe proposed
architecturecanbe operatecefficiently in spiteof overreseration.

APPENDIX

We give somebasicequationdrom probability theorythat we have usedin the calculations
of Section4.2.

C - d c — d J—
a’(t) = A%(t) = (1= A()) =—a(t) (12)
LT{a(t)} ~A(s) = /0 e=*a(l) d (13)
LT{%a(t)} = 5 A(s) — al0) (14)
dd:n (s- A*(s)) = li_r}xas . dd:n (s-A*(s)) +n- dd:nlA*(s) (15)
ii_lgs-A*(s) = tl_i)rgloa(t) (16)
E[A"] = lim(—1)*- & A*(s) (17)

s—0 d s™
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