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Abstract—In recent years, the upgrade of access networks the energy making small decisions for incremental network
to broadband networks together with the P2P technology has ysage [1]. Internet content providers, however, often Have
brought many new applications to the Internet. P2P applicaions  aqotigte private deals with their Internet service presd
have quickly become the biggest consumer of network resoues. T L v based binati f bandwidth
ISPs of access networks as well as backbone networks are all' "€ p“c'”g IS usually based on a combination of bandwi
wondering how to better manage their network resources. We Usage (which costs the ICPs), as well as the value of the ICP
explore the idea of uplink pricing as a way to provide differential  content to the ISPs (which costs the ISPs). The use of the P2P
pricing to P2P and regular users. In particular, we formulate a technology shifts the bandwidth usage from the ICPs to the
simple economic model to analyze under what scenarios upkn ;sers, and at the same time makes all the users little ICPs (by
pricing will be adopted by all ISPs in a competitive market. fferi tent). A blv. th tiated ICP pricinast

Index Terms—ISP, P2P traffic management, network eco- ortering Co_n ent). Arguably, the negotiate pricingsnu
nomics also be shifted to the P2P users.

In this paper, we consider a simple model of a competitive

. INTRODUCTION ISP market, to study if a new pricing scheme callgalink

It is no secret that the Internet ifilled with Peer-to- Pricing will be adopted by ISPs to control P2P traffic. An
Peer (P2P) traffic. P2P-based content distribution effetyti 'SP 1S said to adopt uplink pricing if it charges its users at
distributes the load from a single server and its uplink fo gt fraction of the original flat rate pricing for downloading
the receivers of the content and the rest of the network. Mot/Vices, and imposes a usage-based charge for uploading
large-scale Internet content providers (ICPs) are reglyrte S€Tvices. We defer the problem of how ISPs should set the
looking into this technology. While the P2P technology i§Plink price, to (presumably) maximize their profits, as pico
going through improvements (in its network efficiency) vidor futgre studies. Instead, we assume the .ISPs .Would take
experimentation and research, the expectation is thatlit wf Profit-neutral stance when setting the uplink price. Under
continue to demand more and more network bandwidth, thiS setting, we analyze whether a single ISP adopting kplin

The natural question to ask is whether Internet Servi@&icing would lead to this form of pricing adopted by the
Providers (ISPs) will be able to estimate the P2P traﬁl@‘?‘r_ket’ or would |_t lead to_the co-existence of both forms of
growth and provision enough bandwidth for P2P users, aRfCing, or would it result in the market revert back to flat-
if not quite enough, how ISPs will be able to manage tH&t€ Pricing. The contribution of this paper is to determine
resource contention by different types of users? Many ISF‘Q? factors and conditions which lead to various equiliforiu

from backbone ISPs to small campus network administratdf4{comes. _ _ ,
are all grappling with these questions. The rest of the paper is organized as follows. In Section II,

In a non-competitive scenario, the network administratofée Set up our model. In Section lil, we apply a game-theoretic
can instrument a policy by fiat. For example, a campus netwd#Ralysis to define all the possible outcomes, and give exampl
may let the P2P users consume the currently provision%'"usnate how these outcomes can be realized. In Seb#ion
bandwidth to its capacity (the critical resource is ofter thVe derive the conditions for different outcomes to occur. In
link connecting to the uplink service provider), and thepection V, we discuss the implications ofouranaly3|s,amr_1
apply some measure to limit further growth of P2P traffi@Ur model can bg extended to relax some of the assumptions.
In a competitive market, the situation is more interesting a We also brleﬂy dlscuss_related works. In the last section, we
complicated. Controlling P2P traffic may cause an ISP to [0§&/€ & conclusion for this paper.
market share, yet not controlling P2P traffic may alienate-no || A s;vpLE MODEL OF A COMPETITIVE ISP MARKET
P2P users and increase the ISP’s operation costs. . . . .

Leaving the practicality issues aside for a moment, it We consider tr_le_5|mplest representatlo_n of a competlyve
seems a perfectly reasonable approach is by properly amply|SP market, c_0n5|st|ng_0f two ISPs competing for a p_o_puiatlo
pricing to reflect the utility of network resource usageemet Of, 2N subscr|ber§. Initially, both I1SPs add;lmt-rate pricing,
users are used to flat-rate pricing. The reasons are mong';m the same price. Each ISP has a subscriber population

psychological - a consumer prefers not to repeatedly spe?]dN' . , L . .
The idea ofuplink pricingis to divide the user subscription

978-1-4244-2036-0/08/$25.00)2008 IEEE price into two parts: (a) a flat-rate charge as before; ana (b)



usage-basédcomponent which is designed to charge the us@he fixed cost in (2) captures a simple formexfonomies of
when it is behaving as a server (or ICP). Under uplink pricingcale namely, the more subscribers (or remote traffic), the

the subscription pricej, can be expressed as: less the per user (or per traffic volume) cost. As we will
) discuss in section V, in order to represent different lewafls
p=3 +vg. (1) efficiency of the P2P technology, we will need to introduce

L . more sophisticated models of economies of scale.
For simplicity of presentation (one fewer parameter), we

assume the flat-rate part is half of the original flat-rateqri D. User Behavior
The parameter represents the uplink traffic volume generated ysers are assumed to select ISP based on price, to minimize
by a user, ang is the charge per volume of traffic. what they pay. When both ISPs have the same pricing scheme,
We are interested in studying the user behavior due to Up"ﬂbwever, we assume the markesigmmetric In other words,
pricing, and in turn how the new market conditions affeciach of the two ISPs will have half of the subscribers and the
the eventual adoption of uplink pricing by ISPs. We makgser types are also equally distributed in these two ISPs.
a number of assumptions about types of users, traffic, ISPanother aspect of user behavior is how the P2P users react
costs and ISP behavior (pricing decisions), and user behavj, yplink pricing. We assume there is some degree of elagstici
(bandwidth usage and ISP choices). represented by a parameferGiven uplink pricep > p, with
probability p, a P2P user will lower its uplink usage to
maintain the same payment as under flat-rate pricing =0,
There are two types of usenggular users andP2P users. it means the P2P traffic imelastig i.e. all users would stick
A regular user generates negligible uplink traffic comparad their original P2P traffic levels; if = 1, however, it means
to a P2P user, whereas a P2P user generates uplink trafigtall users would decrease their P2P traffic to maintain their
at a constant rate of = V. Out of the whole subscriber previous payment levels. On the other hand, we assume the
population, a fractior is of the P2P type. uplink usagev is the maximum a P2P user would incur. Even
if p <p, a P2P user would not increase its P2P traffic.

A. User Types

B. Traffic

Regular users generate an insignificant amount of upIiFk ISP Behavior and Market A.ssgmp.tlons
traffic in comparison to P2P users. Out of the uplink traffic We assume the ISP’s profit is simply the sum of the
generated by a P2P usér, a fractiona leaves the ISP's payments from its subscribers minus its costs. Initiallyder

network, which contributes to the ISP’s peering costs. flat-rate pricing, based on the assumption of user behavior,
k = BN, so the profit for each ISP can be expressed as:
C. ISP Costs
P,=Np—(C;+ NCy, + afVNC)). 4)

Each ISP has sufficient funds for capital investments to
support all users in the market if necessary, so we do ribtis reasonable to assume that under flat-rate pricing, the
explicitly consider capital costs, but only an ISP’s opieigit market is stable and each ISP’s original profit is nonnegativ
costs. We assume there are three components to the operdgfhghat it can stay in its business. Under this assumption,

cost: Cy
p> =+ Cp +afVC. ©)
C(n,k) = Cf + Cun + Cyrop (k). @) N

Without losing generality, supposéSP; first converts to
The first component’; is a fixed cost; the second componentiplink pricing. The most critical question is hali§ P, would
depends on the number of users, wherés the subscriber set the incremental pricg. After the conversion, the regular
population size and’,, is the marginal cost per additionalusers will pay lessy(/2 vs p). It is reasonable to assume the
subscriber; the third component depends on the outboupgpP users will pay more than what they pay under flat-rate
external traffic volumey,.. Notice thatv, is a function of the pricing, hence:
number of P2P users, denoted byand C; is the marginal D
cost per outbound external traffic volume. Normally, an §SP’ q= B (6)
payment for external traffic depends on both inbound and

outbound traffic volume. Here, we assume the cost forinbouR t exactly how much the converting ISP will charge is a

external traffic, if any, is part of the second component df ( ather complicated question. On the one hand, ISPs want to

. . ! maximize their profit by extracting as much out of the paying
From the previous assumption on traffic, we get X . C .
customers as possible depending on their utility functioms
v (k) = akV. (3) the other hand, ISPs must also be concerned about market
share, and growth of the business. For this paper, we assume
Lin general, the uplink price does not need to be usage-baged ISP the converting ISP takes profit-neutral position. In other
strategy analysis in this paper does not depend on the assumif a ords, the converting ISP assumes that if it has the same
usage-based uplink price either. However, we believe itasermeasonable to . . .
customer base after the conversion, its profit would stay

consider a usage-based uplink price because it is the fopni@hg between - ) . ) >
the ISPs and ICPs. neutral. This also implies that if both ISPs convert to uplin



TABLE |

pricing, they will both stay profit-neutral, since, in thesea NOTATIONS
both convert they will become symmetric again based on the
user behavior assumption, hence it is equivalent to each 1$Bymbol Explanation
retaining the same customer base. 2N Total number of users in this market
Let P’ denote the profit for each ISP after both convert, = Number of users in one ISP
Based on the form of P2P traffic elasticity assumed above, we & Number of P2P users in one ISP
have Cy Fixed operation cost
Cm Marginal cost per additional subscriber
P = Ng + pﬁNg + (1 o p)ﬂNVq Ct Marginal cost per outbound external traffic volume
—(Cy+ NCpy + (p£ £ (11— p)V)aBNC,). (7) p Original flat-rate price
2q p Subscription price under uplink pricing
The first term is the flat-rate pricing contribution by all q Price for per uplink traffic volume
subscribers; the second term is the usage-based paymeat mad v Uplink traffic volume generated by one user
by the P2P users with elastic traffic; and the third term is the v-(k) | Outbound external traffic volume generated by k P2P ugers
usage-based payment made by the inelastic P2P users. The 8 Fraction of P2P users
forth term is the cost of the converted ISP. According to the  « Fraction of traffic leaving the ISP's network
profit-neutral assumption, we can deriy®y settingP’ = P,. P Degree of elasticity of P2P usage
AssumeISP; adopts the uplink pricing first, given P2P| P Original profit of each ISP
users will be paying more under uplink pricing than flat-rat¢ 7 Profit of I.SP; after ISP converts to uplink pricing
pricing (6), and the user behavior assumed above, it follows P’ Profit of each ISP after both ISPs convert
that all P2P users will move to the flat-rate pricing 1ISB %),
and all the regular users will move to the uplink pricing ISP TABLE Il
(ISPy). As a result, the number of users in each network PAYOFF MATRIX OF ISPPRICING GAME
becomes: ISP,
ny = 2]\7(1 _ ﬁ), (8) flat-rate pricing | uplink pricing
1SP; | flat-rate pricing (Po,Ps) (P2,P1)
ng = 2NG ©) uplink pricing (Pr.P2) (PorPo)

It follows that after/.SP; converts to uplink pricing, the
profits for the two ISPs becom®, and P, respectively:
P only temporary since it knows that aftdtSP, follows its
ho= My~ (Cr +mCm), (10)  gecision to convert, they can both return to the originatlef
Py, = ngp— (Ct+neCpy + aVnoCh). (11) profitability. Therefore, we can conclude that if the partene
To summarize, we list all the notations of our model in thin our mod(_al_lead to the cor_lditioﬁo_> P-l > Py, then ISPy
following table’ (Table I ?/g;ldtbefmllllllmg to adopt uplink pricing first and would expec
' » to follow.

I1l. GAME-THEORETIC ANALYSIS There are seven possible relationships betwBgnPy, P».
From an ISP’s perspective, whether to convert to up"rﬁased on the same kind of logic, we conclude these distinct
pricing depends on the possible outcomes of this conversiGinditions may lead to three different outcomes, as shown in

An ISP would be the first one to adopt uplink pricing undefaPle !ll. _ _
two conditions: 1) if it will get a higher profit than its origal 10 illustrate some possible outcomes, let us consider some
profit; 2) if the other ISP would also convert. typical scenarios. The payoff matrix of each case is shown

In general, the situation can be viewed as a StackelbdigTable IV ("UP” denotes "uplink pricing” for short in the
game with SP; as the leader. The payoff matrix of this gamé&2 le):
is shown in Table Il. The payoff when both ISPs adopt uplink

pricing is the same as when both adopt flat-rate pricing, due TABLE Il

to the profit-neutral price setting assumption. CONDITIONS ON PROFIT RELATIONS AND CORRESPONDING OUTCOMES
In a Stackelberg game, the leader knows the other player’s

reaction to its own actions. With the knowledge of all the Condition Outcome

possible outcomes, the leader can then choose its own action Po> P> Py

to maximize its payoff. P> P, > P> Both choose uplink pricing
In this case, ifISP; converts first, the resulting profit Po>P> P

distribution would be(Py, ). If P, > P, > P, ISP, P> P, > P Both choose flat-rate pricing

would predictably follow/S P, and also convert, which leads P> P> P Co-existence of flat-rate

to a better outcome. FromiSP;’s point of view, although PB>h > b and uplink pricing

it earns less money than before after the conversion, this_is Po=P =P




TABLE IV

PAYOFF MATRICES OF THE TWO EXAMPLES ISP market, namely (1) both adopt new pricing, (2) both stay
with old pricing, and (3) co-existence of different pricing
Case 1 Case 2 schemes. Simple game-theoretic analysis illustrates how t
flat-rate | UP flat-rate up determine the outcome of a particular market scenario,cbase
flat-rate | (20,20) | (-46,6) (74.5,745)| (78,26) on computingP,, P;, P, and hence the payoff matrix. In
up (6.-46) | (20,20) (26,78) | (74.5,74.5) this section, we further analyze the parameter space and

characterize all the conditions that lead to each outcome.
Since the incremental uplink price is determined by
Case 1Parameters:N = 100,p = 1,Cy = 10,Cn = other parameters under the profit-neutral assumption, ¢ie k
0.4,Ct =025, =03,V =20,8=0.2,p=0.9. parameters of the model are: flat prigg, @nd the ratio of P2P
Under flat-rate pricing, each ISP earns a revenue of 1Q8ers (3). Using (4), (10) and (11) and the rules in Table IlI,
(pN), incurring total costs of 80 (fixed cost 10, managemeffe can summarize all the conditions that lead to each outcome
cost 40, and bandwidth cost 30), so the profit is 20 (using (4)n terms of different values of and 3 and their relations to
After ISPy converts to uplink pricing/SP; would lose all various ISP cost parameters, as shown in Fig. 1.
P2P customers and earn a revenue of 80, with cost 74, whichn the parameter space pfand 3, there is athresholdfor
leaves a profit of 6 (using (10)). MeanwhilE$ P, would get  each value, as shown in Fig. 1. The thresholddds defined
all the P2P customers to earn a revenue of 40, with cost 86,i5p5*:

15 P, would run a deficit of 46 (using (11)). FdiS P, to stay p—C

in business, a wise choice is to follow ti& P;'s decision to g = . (13)
apply uplink pricing. Based on the profit-neutral uplinkgimnig 2p = 2Cm — VaCy
assumption, both ISPs would set the usage-based part akuplThe threshold fop is defined by two values:
price to 0.39, which is reasonable. % C (14)
Outcome:Both choose the uplink pricing strategy. " "
Case 2Parameters:N = 100,p = 1,C; = 10,Cp, = P = CntaVC. (15)
01,0 =0.1,a =05,V =2,5=0.55p=0.9. The reason that Fig. 1 starts frop comes from (5), which

Compared with Case 1, we now change the valu€gf shows the lower bound of original flat-rate prigeObviously,
Ct, o, 8, andV. The profit-neutral uplink price becomes 1.93 > (), so to meet this lower bound constraint pnignoring
After similar calculations, we find that the original profit o the fixed cost distributed to each customé¥ {s relatively
each ISP is 74.5 S P, gets a lower profit of 26 after applying|arge), we neegh > C,,.
the uplink pricing, and'SP, gets a higher profit as 78. From  The threshold of the fraction of P2P usetsis a function
ISP,’s perspective/SPy’s conversion to the uplink pricing of flat-rate pricep. We can see from (13) that, when the flat-
suits great, so it will stay with flat-rate pricing add P, will  (ate price isC,, + VaC;, 8* = 1, and asp increases from
have to revert back. Cm + VaCy, 3* will decrease accordingly. Whem goes to

Outcome:Both choose the flat-rate pricing strategy. infinity, 5* gets close to 0.5, which meam will never be

Given the current assumptions in our model, there is Rgnaller than 0.5 ap increases. The curvé* in Fig.1 shows
example for theco-existenceoutcome. After/.SP; converts the above property.

to Upllnk pricing, the total P2P traffic in this market doeg no The result can be summarized as follows, WhérK p <
decrease since all the P2P users can switchStB, (flat-rate  ,** or whenp > p** and 3 < 3*, a single ISP adopting
pricing hence unrestrained P2P traffic). Therefore, thal toyplink pricing will lead to the adoption of uplink pricing Hize

costs of these two ISPs remain the same as before. On fhgrket (both ISPs). Otherwise, both ISPs will stay with flat-
other hand, the total revenue of the two ISPs has reduced Siﬂﬁe pricing_ |ntuitive|y’ we can exp|ain the reasons akfas:

regular users are charged only half of the original price and
P2P users are charged the same price as before. That means
the total profit in the market has reduced:

Both choose

P+ P, < 2P, (12) k! flat-rate pricing

Refer to Table Ill, we can conclude that the outcome of co- g Both choose
existence of both pricing strategies cannot be realizeceiund &, uplink pricing
the current problem formulation. In general, however, dges- e Both choose
based pricing leads to increased efficiency hence increased ke uplink pricing 3+
profit for both ISPs, then co-existence is still possibleisTh E
will be further discussed in Section V. P P

IV. WHEN WILL UPLINK PRICING BE ADOPTED Original flat-rate price p

In the previous section, we point out three different out-

. . h . o Fig. 1. Pricing outcomes resulting from different modelgraeters
comes in deploying a new pricing scheme in a competitive



1) If p* < p < p**, meaning that’,,, < p < Cy,, + aV C,, adoption. Due to space limitations, we have not included the
it is easy to see thatSP, would be running a deficit analysis in this paper.
for each additional user or additional volume of traffic ) )
(11). Under this condition].SP, would definitely earn B- Modeling External P2P Traffic
less than before because of ISP1’s adoption of uplinkin this paper, our analysis is based on a crude model of
pricing. The best response of ISP2 to this change is R2P external traffic. The external traffic generated by a peer
follow the IS P;’s conversion and adopt uplink pricingis assumed to be a fraction of the peer's uplink traffic. This
as well. assumption implies that there is no economies of scale; in
2) If p > p**, meaning thatp > C,, + aVC,, then other words, as the number of peers in an ISP increases, the
15P, can expect a positive profit from each additionadxternal traffic per peer does not decrease. It is not hard to
user, so that/ 'SP, prefers larger market share. Largeshow that in this case, the condition for co-existence canno
6 would increasel SP,’'s market share, which meansarise.
IS P;’s conversion is beneficial tbS P,, solS P, would Nonetheless, there ought to be some economies of scale by
stay with flat-rate pricing and finallyS P, has to revert intuition, although this may be difficult to model. One way to
to flat-rate pricing because its market share is too smadlpproach is to assume that there are a totaNoP2P peers
On the other hand, smalle? would decreasd SP»’s (engaging in some common P2P activity) in the entire Interne
market share, and therefore encourdgé” to convert. and each peer in the local market randomly selects othes peer

Although the analysis assumés$ P, makes a move first, to communicate with. Recall that represents the number of
and then possibly reverts to flat-rate pricing, such an ésercP2P users in one ISP, so the volume of outbound external
does not necessarily need to be carried out. ISPs can estinigffic of one ISP can be expressed as
some of the parameters through network measurement and k
other parameters through market studies. The analysissn th vp(k) =kV(1 - ﬁ)' (16)

paper can then shed some light on the likely outcomes. _ ) _
In the original market when both ISPs adopt flat-rate pricing Comparing (16) with (3), we can see that the fixed percent-

the competition between them can be described as a Bertr@@§ Of external traffic is replaced with a function faf This
game. Customers are prone to choose an ISP which char§ege Way to characterize the efﬁuency (in terms of externa
less, so the one that charges more would lose almost all {fdfic) of the P2P technology. Under this new model, we can
customers and earn nothing. In this competition, both 1SBad scenarios for two ISPs adopting different pricing sigits
have to make the simultaneous choice of price to maximi¥@ CO-€xist. One such example is for the following parangeter
their profits. A simple analysis shows that the stable p(B'nt1N = 1000, N = 100,Cr, = 0.1,C; = 0.1,C = 10,V =
that both ISPs would set a price that merely covers the total:? = 18,5 = 0.86, p = 0.9. According to the profit-neutral
operation cost, otherwise, the other ISP can further under@SSUmptiong = 0.18, and it follows that the resulting profits
the price and attract most customers. Therefore, in thénafig &€ Lo = 10.65, 1 = 12.4, P, = 11.8, which satisfies the
market under flat-rate pricing, — % +C, +aBVC, (using co-existence cor.1d|t|0l.1P} > P, > P,. In this example,.aft_er
(4)). This value shows that in most situations, original-flat © 1 @dopts uplink pricing/:5 P, would prefer to stay with its
rate pricep resides in the regiofip*,p**]. In that case, we flat-rate pricing because otherwise its profit would be leder

can expect that the market would convert to uplink pricing]e‘"‘m’vh”ejSP1 has no incentive to revert, as uplink pricing
finally if one ISP leads the conversion. as increased its profit. In conclusion, there will be défdr

The implication from this result is that one ISP’s convensio!SP Pricing schemes in this market, serying different types
to uplink pricing is most likely to result in a global adoptio of users. In the above examplg, the fraction _Of PZP usaiers,_
of uplink pricing. Once uplink pricing is adopted by the eeti needed to produce the co-existence scenario is rather high;

market, there can be some control on the P2P traffic. but with improved peer-selection strategy hence improved
economies of scale of serving P2P users, the requireddracti

V. FURTHER DISCUSSIONS OFTHE MODEL of P2P users for co-existence will be lower.
o In (16), we note that whev is much greater thah, the
A. Distribution of P2P Users fraction of external traffic approaches 1, meaning thatIgear

In the ISP model, we assume that there are only two typal the traffic generated by P2P peers are going outside. Then
of users in the market, regular users with negligible uplodtis new model degenerates to a special case of the original
traffic and P2P users with constant upload voluiie A model (with outbound external traffic linear &), with oo = 1.
more realistic model would be to represent the users’ upload ] ) o
volume as a random variable, following either an exponéntig- 1he Effect of Complete Adoption of Uplink Pricing
distribution or some heavy tail type of distribution. Ingliase, In this paper, we made two assumptions regarding the com-
the expected ISP profits before and after (one ISP) adoptipigte adoption of uplink pricing and its effect on P2P users.
uplink pricing can still be derived. Based &1FP,], E[P;] and First, we assumed the ISP would take a profit-neutral stance
E[P], the same game-theoretic analysis can be carried outdaards pricing change. This is but one view of the situation
characterize what market conditions will lead to uplinkcprg How ISP should provide network services and price them is



partly a public policy issue, and has been under considerabpplying pricing to manage different types of users in a
debate [2], [3]. From a business growth viewpoint, ISPs musétwork.
price their services at a rate conmensurate to user pecceive
utility. From this perspective, the profit-neutral assuimpt VII. ConcLusioN

is probably a safe bet. Under this assumption, if there isWhen you talk to people who work for ISPs, large or small,
economies of scale to the P2P external traffic, then P2P us¢@y quickly realize that all ISPs are grappling with the P2P

will be rewarded with all the efficiency savings from theéProblem, which ironically is also an opportunity to ISPs 2P
economies of scale. can be viewed as a renewed content provider technology. ISPs

Seconc“y’ we tried to model the user reaction to up”nlkave tried different methOdS, such as P2P traffic blOCking, a

pricing by assuming a percentage of elastic users, and assti€ limiting, which sometimes have led to negative sentitsie
ing the elastic users will restrain their P2P traffic to maimt DY their customers. In this paper, we revisit pricing as a
the same subscription payment as flat-rate pricing. Obwpuspossible mechanism to manage ISP networks in the P2P era.
there is much room for alternative views about this treatmen In proposing uplink pricing, we are advocating the uplink
of P2P traffic elasticity. The best approach would be to condiand downlink of subscribe connection should be treated-sepa
some market research in this area. Note, the economies'@ely, to some extent. A user’s uplink, when used for a high
scale of P2P external traffic also affect this assumptiordddn volume of traffic, is serving the same purpose as the uplink
profit-neutrality, the more economies of scale, the lesstiela ©f an Internet Content Provider’s uplink. Therefore, samil
the users would be. A more realistic treatment would be €&harging plans as that for an ICP’s link should be applied to
independently model these factors, which is an item forrutuP2P users as well.

studies. In this preliminary study, we focus on the issue of whether
_ and under what market and user behavior conditions uplink
D. Accounting Cost pricing will be adopted. We use a game-theoretic analysis to

One of the concerns with any usage-based pricing is theggest three possible outcomes: both ISPs adopting uplink
accounting cost associated with implementing such schem®cing; both ISPs keeping flat-rate pricing, and uplinicprg
While a full-fledged user traffic accounting system may inbe€0-€existing with flat-rate pricing. We completely charaize
be asigniﬁcant undertaking, the required accounting eftor all the market conditions for each outcome. In Section V,
uplink pricing can be at a very coarse level. For example, e discuss various assumptions and extensions, and how the
our analysis, we actually characterized users into two gyp&amework can be applied to further studies.
only. One possible implementation is to put any user exeggdi

a certain threshold of uplink traffic volume into one class] a ) ] ) )
treat the rest as regular users. Such coarse classification '€ Work described in this paper was partially supported

no more difficult than most traffic rate limiting mechanism8Y Hong Kong RGC grant 411505 and NSFC/RGC grant
deployed by some ISPs for managing P2P traffic. N_CUHK414/06.
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