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Abstract

When reservation-basedservicedifferentiation is
offered in an IP network, it is crucial for a net-
work provider to appropriately chargefor service
invocations.For internal calculation aswell asex-
ternal price representation,a notion of costsand
prices for communication servicesis needed.In
this paper, general requirements for cost and
price calculation are analysed for packet-
switched multi-service networks. We conclude
that internal price calculation should be linear,
basedon resourceusageand uniform acrossmul-
tiple service classesAccordingly, we specify re-
finementsfor serviceclassdefinitions and present
a price calculation method for the IETF's Inte-
grated Servicesarchitecture. The application of
sucha price representationto existingpricing and
charging approachesis shown. Finally, certain
economicaspectsof the Guaranteed serviceclass
are analysedand the results are expressedusing
linear price representation.

Keywords IntegratedServices,Charging, Costs,
Prices, Calculation, Business Model, QoS

1 Intr oduction

Thetransitionof thelnternettowardsacommercially
fundedandusedintegratedservicesnetworkraises,
amongothersthequestiorabouthownetworkusage
can be chargedappropriately.Clearly, the current
chargingschemegqmainly flat-fee access-basedr
time/volume-basedyill notbesufficientin thepres-
enceof multiple serviceclassestesourcaeservation
anddiscriminationbetweendifferentusagerequests
[MMV97]. From an economicpoint of view, com-
munication services are characterized by:

« availability of a non-storableesourcgnetwork

capacity)
* high fixed costs & lav variable costs
In economictheory,thesecharacteristicsyhich are

similar to traditional telephony,electricity, aircraft
seats,etc., are dealt with by using a management

techniquecalled Yield Management [Lei98]. When
Yield Managements used,calculationis basedon

profit contribution andopportunity costs, insteadof

usingfull-costor variable-costalculation.Thecon-
ceptof profit contributionmeanghat eachresource
unit is soldfor a price higherthanits marginalcost.
Thedifferenceof bothcontributego theoverallrev-

enue,which mustexceedhe overallinvestmentor

theappropriatdusinesgycle.Opportunitycostsde-

scribethe fact that selling a resourceunit prohibits
usingit for anotherbusinesdransactionlndergiv-

enprice-demangbatternspricescanbeoptimizedto

maximize the overall revenue.

ThelETF's IntegratedServiceqIntServ)archi-
tecture[BCS94]definesmultiple serviceclassesor
packet-switchedetwork communicationFor each
class,quality of service(QoS)is describedy avec-
tor of partially different parametersAll service
classesompetdor thesameunderlyingnetworkre-
sources,such that an internal calculation model
shouldberelatedto resourcausage However,serv-
ice requestscannotdirectly be comparedwith re-
spect to resourceconsumption,especially across
serviceclassesTherefore the existenceof multiple
serviceclassepresentsiewchallengego a costand
price calculationmodel,which areonly partially ad-
dressedby existingwork. In thispaperwe attempto
formulatethesechallengesand specifically analyse
theIntServmodelandserviceclassesvith respecto
the resulting requirements.

We beginby briefly reviewingexistingrelated
work in Section2, thenwe give a shortintroduction
to provider-orientegbricecalculationn Section3.In
Sectiond, we extendthe point of view to multiple
serviceclassesn a packet-switchedetwork.After-
wards,we presenbur modelfor price calculationin
Section5 and show applicationsof this methodin
Section6. In Section7, an analysisof certaineco-
nomicaspect®f the Guaranteed serviceclassis giv-
en. Finally, we summarizeour findings andgive an
outlook on further research issues in Sec@ion
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2 Related Work

Sofar, significantresearclwork hasbeenpublished
on the issueof pricing in telephonenetworks(see
e.g.[MV91] andreferencegsontainecherein).In the
areaof packet-switcheanulti-servicenetworks,ap-
proachesto find welfare-optimizingprice models
canbefoundin e.g.[MM97,PSC98,SFY95]Onthe
otherhand,little work hasbeendoneto find a pro-
vider-oriented calculation model for packet-
switched multi-service networks. A very general,
completeandhencecomplexpricecalculationrmodel
hasbeenpresentedh [WPS97],althoughit lacksfull
applicabilityto multiple serviceclassesParticularly,
detailsabouttherelationof pricesto resource-orient-
edadmissiorcontrolarenotconsideredn [WPS97].

It has been establishedby many researchers
[MMV97,WPS97,SFY95thatpricing basedonreal
marginal cost is not sufficient for communication
networks.Fromaneconomigpoint of view, conges-
tion costsareoftenusedasmarginalcosts,i.e., con-
sumptionof resourcegrohibits other usersto use
themandlowerstheirutility. Thegoalof apricingal-
gorithm is thento provide optimal resourcealloca-
tion with respectto the users’ utility function
[MMV95, SFY95, GSW95, KVA98].

In this paperthe problemof appropriatelypric-
ing integratedservicesnetworksis examinedfrom
the oppositepoint of view. This, we believe,is a
highly realisticapproachsincethe networkprovid-
er's contextmight eventuallydetermineprice strate-
gies. From a businessmanagementperspective,
optimalwelfareis nottheprimarygoalof pricing.In-
steadof users’utility functions,a networkprovider
only experiencesheir willingness-to-pay.In that
sensemarginalcostshaveto be combinedwith op-
portunity costsand optimizationof profit becomes
theoverallgoal[MV91,WPS97].0urwork is based
on previous results from [KSWS99].

3 Single-Service Provider-Oriented Price
Calculation

Certainrestrictionsare usuallyappliedto a calcula-
tion modelto keepthe economidime horizonlimit-
ed and the complexity of the overall problem
tractable.Specifically, we employ the notion of a
business cycle asatime periodin whichaspecificin-
vestmenvolumehasto berecoveredWe furtheras-
sumethe existenceof an aggregated price-demand
estimationfor eachtime during the businesscycle.

A simple profit-maximizingcalculationmodelfor a
network providing a single communicationservice
class can be expressed as follows [MV91]:

Tb

[ R(y(t))dt —K(C) (1)
0

under the constraint:
yt)<C t O[O, Th] (2)

Variables used:

y(t) aggrgated demand at time t
R(y(t)) aggreated reenue at time t
Tb duration of lisiness ycle

C total available resource capacity
K(C) amortization of capital westment ger
one lusiness ycle

In sucha model, the time parametelis a constant
scalingfactor,i.e., price anddemandareapplicable
per fixed time unit, which canbe chosenarbitrarily
small. In the big view, a calculationmodel can be
usedin two areasof the cyclic calculationandplan-
ning processshownin Figurel. First,duringcapac-

capacity planning—_ g pricing

\ demand estimatio/

Fig. 1: Cyclic dependency among calculation ta

ity planning,network capacitycan be increasedas
longaseachincreasas coveredoy expectedevenue
for this investment. However, changing a
communicationnetwork’s capacity happenson a
rathedongtime-scalethereforeasecondapplication
is to usethis calculationmodelto optimizerevenue
undera given limited capacity.In the secondcase,
opportunitycostscomeinto play whenthereis more
demandhansupply.If aservicerequeshasto bere-

fusedbecauseanotherservicerequestoccupiesre-

sources then the potential revenueof the refused
requestanbeconsideredsopportunitycostsof the
accepteane.Althoughopportunitycostsarenot di-

rectly expressedn (1), they areimplicitly included
whenoptimizingit. In generalduringcapacityplan-
ning aswell as network operation,a certaintarget
valuecanbeexpectedo limit thefractionof resourc-
esusuallyavailablefor reservationsThis is desira-
ble, for example,to keepthe blocking probability
low or to prohibit starvation of unreserved traffic.
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4 M ulti-Service Provider-Oriented Price
Calculation

Thereare severalconstrainingfactorsfor price cal-
culationof packet-switchednulti-servicenetworks,
resulting from multiple service classesusing the
sameresourceslin the following subsectionswe
first establishtwo axiomaticrequirementsthenwe
presengenerakharacteristicef acalculationmodel
resulting from theserequirementsFinally, we list
additional aspectswhich strongly devise cost and
pricecalculationto be modelledaccordingo the ax-
iomatic constraints.

Undera profit-contributionmodelfor commu-
nication services,the termscost and price can be
used somewhatinterchangeablyirom the network
provider'sperspectiveMarginalcostsarenegligibly
low andin caseof limited capacity ppportunitycosts
basically equal prices and are implicitly included
whensuchamodelis optimized We assumehatac-
tual marketprices consistof a transactioncompo-
nent,aresourceaeservatiorcomponenandpossibly
othercomponentsi-urthermoreactualpricescanbe
influencedby marketingconsiderationgnddeviate
from calculatedprices.Neverthelesst is important
to internally use precisecalculationas a reference
model for the daily businessprocess.We usethe
term price calculation to refer to internal costand
pricecalculationfor theresourcaeservatiorcompo-
nent.

4.1 Axiomatic Constraints

Linearity Thepricecomponentor resourcaisage
must be linear.

alp(x) = p(ax) (3)

Thisrequirements dueto the possibilityof arbitrage
(resaleat low transactioncosts)in packet-switched
communicationnetworks. Becausethe service of
transmittingpacketdrom onenodeto anothercanbe
usedfor many different applications,it might be
hardly feasiblefor regulationauthoritiesto prohibit
arbitragen aconventiona(i.e.legislative)way.Fur-
thermore,the objective of prohibiting resalemight
bedropped Any non-linearpricing schemehowev-
er,canbeexploitedby arbitragdMV91]. Evenif ex-
ternalarbitrageis notanissue linearresourceprices
seemto be mostappropriateor internalcalculation,

for resource usage X

Uniformity The price componentfor each re-
source’susagenustbeuniformacrossserviceclass-
es

Ps1(Xg) = PsAXy)  for each resource g, usage x
for each pair of service classes S1,S2 (4)

Therearetwo reasongor this axiom.First, requests
for different serviceclassesnight be substitutedoy
customersexploitingthe knowledgeabouta service
class’definition. This canbedonefor immediateuse
or for resale Secondppportunitycostsmight apply
acrossserviceclassesjf a requestfor one service
classhasto berefusedpecausarequestor another
service class occupies the resources.

4.2 General Characteristics

A commonrequiremenffor pricing communication
servicess thatpricesshouldbeknownbeforeaserv-
ice is requestedFD98,FSVP98,KSWS98]hence
the price per resourceunit mustbe stableduring a

specifictime period. Assumingthis andtaking into

accountbothaxiomsof Sectiord.1,aninternalprice

calculationfor multi-servicenetworksshouldbe de-

fined as follows:

P(X.t) = axy + &Xp t+...+ §Xy
resource gctor X = (%,Xp,...,%,) at time t

for complete
(5)

Thislinearpriceformulamustbeusedfor all service
classesForcapacityplanningit canbeusedto deter-
minetheoptimalnetworkcapacityIn caseof limited
capacity,the optimal traffic mix during peak-load
periodscanbe estimatedsimilarly. This calculation
method is calledinear price calculation.

4.3 Further Considerations

Auctions From an economicpoint of view, every
salestransactioncan be consideredas an auction
[MM98]. Winner determinationtakesplace by or-
dering all bids and choosingthe highestone(s).In
caseof a multi-servicenetwork, multiple resources
haveto beconsideredwhichis calledcombinatorial
auction. Theunderlyingtheoreticalproblemof win-
nerdeterminationn combinatorialauctionsis prov-
en to be NP-complete[RPH98], but approximate
solutionsexist[San98].The problembecomesven
harder jf bidsfrom multiple serviceclassegor mul-
tiple resourcesannotbe orderedat all. However,if
costand price calculationis uniform for all service

because they properly reflect resource consumptiopiasses; this additional complexity is resolved.
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Demand Interdependence For packet-switched
multi-servicenetworksiit is very likely thatdemand
patternsareinterdependeriietweerdifferentservice
classespecausaisersmight combineor substitute
traffic flows of multiple serviceclassesvithin asin-
gle application. Additionally, interdependencye-
tweenresourcgparametersanexist.As anexample,
for adelayguaranteedervice the amountof buffer
neededs largelydeterminedy bandwidthanddelay
characteristicdf thepricefor acritical resourcege.g.
bandwidth, is increased,demandfor the service
class andthusdemandor otherresourcesjecreases
aswell. If auniformpricefunctionis usedyepresent-
ing all resourceparametersper-flow demandesti-
mationfor eachserviceclasscanbe eliminatedand
replacedby estimatingaggregatediemandinterde-
pendencyper resourceparameterThis seemdo be
easierto accomplish,basedon pastmeasurements
and experiences.

Multicast A thorough study of allocating costs
amongmembersf a multicastgroupis presentedn

[HSE97]. Cost allocationis describedby splitting

eachlink’s costsamonga defined subsetof group
membersDefinition of the subsetleterminesheal-

locationstrategy Of coursethe sumof all costfrac-
tions mustequalthe total costsfor a link. Realizing
suchanapproactbecomesnuchsimpler,if costscan
be expressed@sa linearfunctionof resourceparam-
eters,especiallyif chargesaresharedamongreceiv-
ers with heterogeneous QoS requirements.

5Linear Calculation for Integrated
Services

The mostevidentobstaclefor developinga calcula-
tion modelfor the IntServarchitecturas thatservice
classesare currently not preciselydefined. There-
fore, we begin by refining the servicedefinitions.
The other detailsof eachservicedefinition canbe
foundin [Wro97b],[SPG97]and[GGPR96] respec-
tively. For reasonf brevity andsimplicity, we do
notexplicitly consideithe effectsof traffic distortion
for this model,otherthanwhatis specifiedin the er-
ror termsduring GuaranteedervicenegotiationIn-
itially, we focuson a singlelink or a specific path
throughanetworkcloud,connectingwo IntServ-en-
abled routers, althoughthis restriction is partially
droppedin Section7. We briefly list the relevant
flow specification and error term parameters
[Wro97a] which are used throughout this paper:

b bucket depth

peak rate

token rate

flow MTU

service rate

slack term

rate-dependent error term
rate-independent error term

OOwnmwWaonmZL T O

Theapproactdescribedn this papermpresentagen-
eralideafor acalculationmethod ratherthanspecif-
ic calculation rules to be used for each
implementation.However, we believe the service
definitionrefinementgivenin thenextsubsectiono
closely resemble realistic services.

5.1 IntServ Service Classes

Guaranteed Forthedurationof a serviceinvoca-

tion, eachrouteris guaranteetb alwayshaveservice
rateR availablefor aflow conformingto therequest-
edtokenbucket.Furthermoreall incomingpackets
exceedingateR areforwardedwithin the (indirect-

ly) specifieddelayboundandno conformingpackets
are dropped due to buffer overflow.

Guaranteed Rate A flow is guaranteetb beserv-
iced with average rate r. No buffering is guaranteed.

Controlled Load A flow conformingto a token
bucketis forwardedalmostwithout queuingdelayor
loss, as long asits datarate is not higher thanr.
Burstsareforwardedwith aslittle queuingdelayand
lossaspossible dependingon the actualload situa-
tion. Thisis achievedoy allocatinga specificexcess
servicerate and buffer for eachflow andenabling
flows to borrow unusedresourcesrom eachother.
An implementatiormight, for example usea guar-
anteed rate scheduler [GLV95] in conjunctionwith
hierarchical link sharing [FJ95]to accomplishsuch
forwarding.We assumeonstanexcesparameters
andg to beusedfor eachflow (dependingor exam-
ple on the total numberof flows anddesiredfailing
probability) anddefinethe following simpleformu-
las for the amountof servicerateR andtotal buffer
B:

R=r+(p-r)d,B =Dbly

with f, g0 [0,1] (6)
Pleasenotethatthe following considerationslo not
rely on exactly the abovedefinitionsandformulas,

but only on having any precisespecificationof re-
source usage in the first place.
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5.2 Virtual Rate Parameters

In reality, only oneparamete(servicerate,i.e., for-
wardingcapacity)denoteghetotal availableservice
rateof anoutgoinglink. However thereareupto two
rateparameters,andR, in IntServservicespecifica-
tionswith evendifferentsemanticglependingnthe
actualserviceclass.In orderto allocatecoststo res-
ervationrequestsye thereforeestablisha resource
model using threeirtual rate parameters:

» The token rate (qy) describesthe forwarding
ratethatis alwaysavailable andexpectedto be
constantly used by a fio

» Theclearing rate (qc) denotesaguaranteedbr-
warding rate on top of the token rate that is
reserned per delay-guaranteed flow, but
expected to be used only foutsts of data.

» Theresidual rate (gg) is a forwarding rate on
top of the tokenrate,which is only statistically
availableto a flow. This resourcecanconsume
the unused capacity ofq

Thesegparametersanbeusedio expressheresource
consumptiorof servicerequestdy mappingtherate
parameters andR from an IntServflow specifica-
tion to the virtual rate parametersaccording to
Tablel. This mapping follows directly from
Section5.1andthedefinition of virtual rateparame-
ters.

service class Or dc Or

Guaranteed r R-r -
Controlled Load r - (pr) OO
Guaranteed Rate - - r

Table 1: Rate allocation for IntServ service classe

5.3 IntServ Calculation Model

Consideringbuffer spaceasadditionalresourcepa-
rameter, we can establish a linear function

P XcXrXg) = @rXT + acXc t &RXR + &Xg  (7)
to assignresourceconsumptiorrespectivelyprices
to a flow requestingokenrate xt, clearingrate Xc,
residualratexg andbuffer spacexg. Pricesareappli-
cableperfixed time unit, which canbe choserarbi-
trarily small. Theformulafor calculatingtheamount
of buffer B for Guaranteedservice is given in
[SPG97].Convertedbackto the original IntServpa-
rametersoy usingthe definitionsin Section5.1 and

Section5.2,thepricefunctionfor eachserviceslass
can be expressed as follows:

Pe(R)=p(rR-r0,B) =& + ac (R-r)

+gg (B (8)
PcL(r) = p(r0,(p-nf.bg)= arr + ag Lp-r)

+a by (9)
pGR(r) = p(0,0,[O) = 3R [t (10)

Theseprice functionsform the basisfor an IntServ
calculation model, which is linear and uniform
acrosanultiple serviceslassesandthereforefulfils
this important requirement derived in SectbA.

For certain scheduling approaches (see
[Zha95]), schedulability is anadditionalinternalre-
sourceparameterHowever,the serviceclassesur-
rently under considerationfor IntegratedServices
heavilyrely onrate-basedchedulingsemanticsPar-
ticularly, for Guaranteedervice eachschedulehas
to approximatea rate-basedschedulingbehaviour.
Thereforewe donotexplicitly consideischedulabil-
ity as separate resource.

6 Applications of Linear Calculation

Linearcalculationcanbe usedfor internalprice cal-
culationaswell asexternalprice representationln
this section,exampledor both applicationsaregiv-
en.

6.1 Optimal Pricing

The authorsof [WPS97]presenta very generaland
completemodelfor optimalpricing of multiple guar-
anteedserviceclassesinderconsideratiorof price-
demandfunctions.lt is correctly pointedout there
ghat analytically solving the whole modelis mathe-
matically intractable, therefore an approximating
proceduras describedo carryoutplanningandcal-
culation.While otherresearclapproachesftendeal
with optimal pricing in a senseof optimal welfare,
thispricing schemas targetedo maximizeprofit for
the provider.However,asnotedin [WPS97],a sim-
ilar modelcanbe developedo maximizeotherob-
jectives.By slightly modifying and applying linear
calculationfor IntServ serviceclasseswe simplify
and,at the sametime, enhancehe modelin several
ways:
* We concentrateon resenation-basedservices,
thereforebest-efort traffic is notexplicitly con-
sidered in our model.
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* Insteadof usingvery generalssumptiongabout
admissioncontrol andthe propertiesof service
classeswe specifically considerthe definition
of IntServ service classesby using resource-
based parameters and linear calculation.
Thereby the applicability to multiple real serv-
ice classes is gen.

e In [WPS97], communication services and
demandpatternsare modelledby the notion of
calls, i.e., call probability, call duration, static
QoS,etc. While beingapplicableto ATM serv-
ice classesthis modeldoesnotfit well with the
IntServ framavork. Instead, our model only
usesaggrgateddemandunctionsfor eachtime
period,i.e., no assumptioraboutspecificflows
is needed,but only an overall estimation of
aggregated demand per network resource,
dependingon the price-vector By that,the new
modelimplicitly encompassethie above details
and also ceers dynamic QoS.

» As mentionedn the article, [WPS97]doesnot
cover interdependenc among service classes
and furthermoreimplicitly assumesa discrete
setof serviceclassesln our model,thefactthat
each service class offers a vectorspace of
resource quantities is taken into account,
althoughthe estimationof demandnterdepend-
eng/ betweenresourcesremainsas an open
issue.

In accordancewith Section3, the price function
from (7) is extendedby a time parameteto express
different price settingsat different points in time.
Thecoreformulawhich showsthetotal revenuehat
is to beoptimizedcanthenbe specifiedandlooksas
follows (roughly using the notation of [WPS97]):

TbD §
-K(C 11
{ER:T%RYBaX(t) D/x(t)%dt (C) (11)

under constraints
Yr(@r(t), t) < Crer tu[oTh] (12)
Yc(@c(t), ) < Crer—Yr(ar(t), t) tO[0,TH] (13)
Yr(@r(1), 1) < Crer—Vr(ar(t), 1) t [0, Th] (14)
ye(@g(t), ) < Cg t[0,Th] (15)

Variables used:

ax(t)  price coeficient for each unit of g at
time t, corresponding to (7)
yx(t)  aggreated demand forygat time t, for

price \ector (&,ac,ar,ag)

Tb duration of lisiness ycle

Crcr total available service rate (resee
bandwidth)

Cg total available luffer space

K(C) amortization of capital vestment wer

one lusiness ycle

Constraintg12), (13) and (14) denotethe fact that
theamountof serviceratereservedstokenratecan-
not be reusedwhereasservicerateusedasclearing
rate can be used simultaneouslyas residual rate.
Constraint(15) stateghatbuffer spacecannotbere-
used Pleasenotethatthisis in no contradictionwith
multiple ControlledLoadflows borrowingresources
from each other.

Comparing11)with thecorrespondindormula
in [WPS97]showsthatusingvirtual rateparameters
andconsideringpnly aggregatedemandsignificant-
ly reduceshe mathematicatomplexity but never-
thelessenhanceshe level of detail by considering
realresourcesnsteadof agenerabdmissiorcontrol
expressionWhile beingsubjectof ongoingwork, it
IS our assumptiorthatin suchaway, the problemof
optimal pricing might be analytically tractable. We
are convincedthat in generalsuch an approachis
very usefulto apply theoreticresultsin a real envi-
ronment.

6.2 Application to Charging M echanisms

In [KSWS98],anapproactio exchangehargingin-
formation betweenRSVP routersis presentedThe
problemof appropriatelyepresentingriceswasleft
openfor further study. Using the linear cost func-
tionsaspricerepresentationye canestablisha con-
cisenotationfor priceswhich fits with the protocol-
oriented approach of [KSWS98]. Although in
[KSWS98]it wasassumedhat price representation
probablydependson the serviceclass,we cannow
formulate a single price function representingall
service classes considered in this paper:
price := price for gt

price for gc

price for ggr

price for qgg

ot her charge conponents

Using this notation, all necessaryQoS-dependent
priceinformationis transmittedTheremightbeoth-
er chargecomponentsfor examplea flow setupfee.
This is representedy the genericfield <ot her
char ge conponent s>. Pricescanbeaccumulat-
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edat eachhopandbecausehe price functionis lin-
ear,upstreanthargesaneasilybe split at multicast
branches (see also Sectib3).

Notethatevenwhenthe chargecoefficientsfor
eachrouterarelargely stable,it is usuallynecessary
to transmitprice informationwith eachPATH mes-
sage(see[KSWS98] for details).Accordingto the
Edge Pricing paradigm[SCEH96], the price func-
tion expresseshe total accumulatecchargesfrom
the sendetto therespectivenexthop. Therefore ac-
cumulatedprice functionsfor different flows using
different paths are very likely to differ.

It is clearthat an indirect price representation
like this addsadditionalcomplexityto the endsys-
tems,in thatthis pricerepresentatiohasto betrans-
lated into a user-friendly format. However,
translationof QoS parameterfiasto take placefor
IntServrequestanywayandit is acommondesign
paradigmn thelnternetto pushintelligencetowards
theendsystemavhile lettingthenetworktechnology
be as simple as possible.Therefore,we do not be-
lieve this slight additionalcomplexityto be a major
problem.

7 Economic Aspects of Guaranteed Serv-
ice

Linear calculationis introducedas an approachto
model resourceand price calculation for single
IntServroutersandattachedinks. In thissectionwe
showhowthis modellingtechniquecanbe exploited
to further analysecertain economicaspectsof the
Guaranteedservice class. This also demonstrates
how linearcalculationcanbe extendedo eventually
coverawholenetworkdomainconsistingof multiple
IntServ routers and respectivetransmissionlines,
and to analyse economic end-to-end aspects.

For theseexaminationsye assumea charging
modelwherechargedrom eachrouterareaccumu-
lated and sharedbetweensender(shndreceiver(s),
similarto [KSWS98,FSVP98,CSZ98T hevaluesof
price coefficientsay usedin this sectionarenot as-
sumedto be globally uniform, insteadtheyarelocal
to eachrouter.The servicerateR is assumedo al-
ways be larger than token rate r.

7.1 Token Ratevs. Clearing Rate

In [DVR98], it is pointedout that a receivermight
choosdo lowerits serviceraterequirement® by in-
creasingthe averagedatarate r when requesting

Guaranteedervice Sinceqg, thedifferenceof R and

r, canbeusedfor providingGuaranteedRateservice
and Controlled Load service, a pricing scheme
shouldgive theright incentivesfor usersto chooser

accordingo theiraveragelatarate.Usinglinearcal-

culation,this canbeachievedy settinganappropri-
ate higher price for gy than gc. The economically
optimal pricerelationbetweemngt, qc andgg is part
of the optimization problem from Sectiril.

7.2 Error Terms

The C andD errorterms,which arepartof Guaran-
teedservicenegotiationpartiallydetermingheserv-
ice rate that must be requestedby a receiverto
guarante@aspecificdelaybound.In generalfrom an
economicpoint of view, higherincomingC and D
valueslower the servicequality, because largerR
is neededo achievethe samedelay. The economic
impactshouldbe consideredfor example jf anad-
vanced QoS-orientedrouting algorithm takesinto
accounthargesit mightbeveryimportantto havea
guantitatively precise expressionfor this service
degradationn orderto valueandcomparedifferent
paths.Theincreasén servicerateintroducedby ad-
ditional errorterms(C,,D,) canbe expresseasfol-
lows:

let X = b-M

(16)

pX+M+C+C, pX+M+C
X+Q-(D+D,) X+Q-D
_Cy(X+Q-D) +D,(pX +M +C)

~ (X+Q-D-D/)(X+Q-D)

Ra(CaDa) =

17)

Becaus&r > r, R, is partof the g resourcethe cost
increase at each router is given by:

P(CaDa) = & [R{(C4Dy)

Not consideringhe economicdmpactof errorterms
couldleadto asituationwhereaserviceproviderex-
portshigh C andD valuesin orderto causea higher
reservatiorfor R. Internally,howevertherealC and
D valuescanbeusedanda smallerreservatiorfor R
is needed to guarantee the end-to-end delay.

(18)

7.3 Slack Term

As denotedn therelevantresearctandstandardiza-
tion documents about Guaranteedservice, e.g.
[WC97,SPG97,GGI®5], theslacktermparametes
in a servicerequests intendedto flexibly relaxthe
resource requirements at intermediate routers.
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Among other scenariosthis parameteicanbe used
by first calculatingthe necessargervicerate R de-
pendingon the deswedend to-enddelayQ. Then,a
hlgherserwcerateR is requestedindtheresulting
differenceof end-to-endlelayis setasslacktermpa-
rameterTheslacktermcanbe“consumedy anin-
termediaterouter for reducingboth delay and rate
requirementsijependingnthetype of schedulerln
case rate requirementsare reduced a bottleneck
routerinstallsa smallerservicerate R accordingto
theformulagivenin [SPG97]*andadjustghereser-
vation messagesuchthatupstreanroutersonly in-
stallR' aswell. Theeffectsof usingtheslacktermin
suchaway canbestbeexplainedoy rewritingthede-
lay formula for Guaranteed service [SPG97] as:

Q= (b—M) Hp-min(R)))
min(R;) L(p—-r)

M ! i
T minR) i;ﬁ. *Duat

(19)

for n routerswith R; andC; denotingthelocal serv-
ice rate and error term at each router.

All downstreanmmoutersafterabottleneckouter
installtherequestedervicerateR", which generates
aneconomicallyunfortunatesituationfor thereceiv-
er. Considering(19), the smallestserwce rate in-
stalledalongthepath(in this caseR) determlne$he
pureend-to-endqueuingdelay. HavmglnstalledR
at a numberof routersonly locally affectsthe addi-
tive delay componentresultingfrom the local rate
dependenterror term C. Thereby,usability of the

slack term in such a scenario largely depends on:

« the relation of delay introducedby C to pure
gueuingdelay (mainly dependingon p andb),
and

* the relation of total upstreamto total down-
stream amount of C

as given at the bottleneck router.

Effectively, the receiverpaysfor a higherserv-
ice rateatsomerouters butdoesnotperceivetheto-
tal utility from it. The costscan be expresseds
follows:

costjac(R™R) = & OR" - R)
at each router installing*R (20)
Ontheotherhand pricesareloweratroutersinstall-
ing R

*. Notethattheslacktermformulaon pagel3of [SPG97]shouldread:

out (b_M)(p_Rout) " M +Ctoti Ssin+ (b_M)(p_Rin) i M +Ctoti
Rout(p_r) Rout Rin(p_r) Rin

saregaelR\R) = & OR - R)

at each router installingI R (21)

Whendifferent serviceratesareinstalledat routers
dueto thebasicslacktermmechanismit is verylike-
ly thatcostsexceedsavingshecaus¢heresultingin-
creasdn purequeuingdelaycanonly berecovered
under pathologicalerror term settings.Again, this
economidmpactshouldbe consideredvheninstall-
ing reservations using the slack term parameter.

Given (19), somesuggestiongan be madeto
extendthe slackterm mechanismOftenit couldbe
advantageoutc) only Iocally install alower rateand
forward R" insteadof R' to upstreanrouters.This
would increasethe maximum reductionof service
rateandgeneratean evenlargerrangeof adaptabili-
ty. In this case the globalminimumR (R,,i,) hasto
betransmittedn additionto thecurrentlydefinedpa-
rametersaandthe slacktermformulaof [SPG97]has
to be changed to:

S (b_M)(p_Rnew)+M+Ctoti_Ci+M+Ci
out Rnew(p - r) Rout Ri
< Sm + (b_M)(p_Rmin) + M + Ctoti
Rmin(p_r) Rin

with R, = min(R,,;,R;) and G andR; denot-

ing the local service rate and error term. (22)
The remainingvariableshavethe samemeaningas
in [SPG97].Whenthereservations forwarded Ryin
is set to Reyy

This idea can evenbe extendedas follows. A

router using the slack term sendsa confirmation
messageontainingts local C andD termsaswell as
its local serviceratebackto thereceiver.Giventhis
information, a receivercan optimize R" when re-
freshingits reservationln caseof globalpriceinfor-
mation, further optimizationwould be possmleby
settinga certainR" at* ‘cheap”links while settlngR
at“expensive”onesg.g.atransatlantidink. In theo-
ry, this createsa linear optimization problem, but
evenif this canbesolved,the necessarynformation
exchangeseemshardly be feasiblewith the current
design of RSVP.

8 Summary and Future Work

In this paperwe examinedricecalculationfor Inte-
grated Servicesfrom a provider-oriented,profit-
maximizingpoint of view. We establisheevidence
thatan internal price calculationformula shouldbe
linear for resourceparametersand uniform across
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multiple serviceclassesGiven theserequirements,
we suggestedervicerefinementdor IntServclasses
anda mappingto uniform resourceparametersWe
demonstratethe applicability of this approachboth
for internalcalculationandexternalpricerepresenta-
tion. Finally, we presentecain economicanalysisof
certain characteristicsof the Guaranteedservice
class with respect to such a calculation model.

Many issuesremainopenfor further research.
Theproblemof modellinginterdependencletween
serviceclassegespectivelyresourceparameterse-
quiresa detailedunderstandingf usagepatterndor
future integratedservicesnetworks.The optimiza-
tion problem presentedn Section6.1 is yet to be
solved.Insteadof afull theoreticalanalysisjt might
be possibleto build a periodically adaptivepricing
systemthat measuresctualdemandand automati-
cally derivesdemandestimations.n the technical
areaof IntegratedServicesa refinementof service
definitionsis neededo preciselydeterminaesource
usage Whenfuture servicesareintroduced this re-
guirement should be kept in mind.

We arecurrentlybuilding a chargingsystemin-
corporatingmechanismso exchangéasiccharging
informationwhensettingup RSVPflows [KSWS98]
as well as the concepts presented in this paper.
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