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Abstract—In recent years, the upgrade of access networks negotiate private deals with their Internet service prexid
to broadband networks together with the P2P technology has The pricing is usually based on a combination of bandwidth
brought many new applications to the Intemet. P2P applicaions 5546 (which costs the ICPs), as well as the value of the ICP
have quickly become the biggest consumer of network resoues. .
ISPs of access networks as well as backbone networks are a”content to the .ISPS (which CO_StS the ISPs). The use of the P2P
wondering how to better manage their network resources. We te€chnology shifts the bandwidth usage from the ICPs to the
explore the idea of uplink pricing as a way to provide differential  users, and at the same time makes all the users little ICPs (by

pricing to P2P and regular users. In particular, we formulate a  offering content). Arguably, the negotiated ICP pricingshu

simple economic model to analyze under what scenarios upin 5150 pe shifted to the P2P users

pricing will be adopted by all ISPs in a competitive market. . . N .
Index Terms—ISP, P2P traffic management, network eco- N this paper, we consider a simple model of a competitive

nomics ISP market, to study if a new pricing scheme callgalink
pricing will be adopted by ISPs to control P2P traffic. An
l. INTRODUCTION ISP is said to adopt uplink pricing if it charges its users at
It is no secret that the Internet illed with Peer-to- a fraction of the original flat rate pricing for downloading
Peer (P2P) traffic. P2P-based content distribution effelsti services, and imposes a usage-based charge for uploading
distributes the load from a single server and its uplink 1o adervices. We defer the problem of how ISPs should set the
the receivers of the content and the rest of the network. Mauglink price, to (presumably) maximize their profits, as jpi¢o
large-scale Internet content providers (ICPs) are rephyrte for future studies. Instead, we assume the ISPs would take
looking into this technology. While the P2P technology ia profit-neutral stance when setting the uplink price. Under
going through improvements (in its network efficiency) viahis setting, we analyze whether a single ISP adopting kiplin
experimentation and research, the expectation is thatlit wiricing would lead to this form of pricing adopted by the
continue to demand more and more network bandwidth. market, or would it lead to the co-existence of both forms of
The natural question to ask is whether Internet Serviggicing, or would it result in the market revert back to flat-
Providers (ISPs) will be able to estimate the P2P traffiate pricing. The contribution of this paper is to determine
growth and provision enough bandwidth for P2P users, atige factors and conditions which lead to various equilitoriu
if not quite enough, how ISPs will be able to manage theutcomes.
resource contention by different types of users? Many ISPs;The rest of the paper is organized as follows. In Section I,
from backbone ISPs to small campus network administratq{a set up our model. In Section I11, we apply a game-theoretic
are all grappling with these questions. analysis to define all the possible outcomes, and give exanpl
In a non-competitive scenario, the network administratofs jljustrate how these outcomes can be realized. In Sebtion
can instrument a policy by fiat. For example, a campus netwafle derive the conditions for different outcomes to occur. In
may let the P2P users consume the currently provisiongdction v, we discuss the implications of our analysis, aowl h
bandwidth to its capacity (the critical resource is oftee thyyr model can be extended to relax some of the assumptions.

link connecting to the uplink service provider), and theye also briefly discuss related works. In the last section, we
apply some measure to limit further growth of P2P trafficgive a conclusion for this paper.

In a competitive market, the situation is more interestind a

complicated. Controlling P2P traffic may cause an ISP to lose

market share, yet not controlling P2P traffic may alienate-noll. A SIMPLE 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 the simplest representation of a competitive
seems a perfectly reasonable approach is by properly ayplylSP market, consisting of two ISPs competing for a poputatio
pricing to reflect the utility of network resource usageemet 0f 2V subscribers. Initially, both ISPs adoitat-rate pricing,
users are used to flat-rate pricing. The reasons are modti§h the same pricep. Each ISP has a subscriber population
psychological - a consumer prefers not to repeatedly spe®fd!V.
the energy making small decisions for incremental network The idea ofuplink pricingis to divide the user subscription
usage [1]. Internet content providers, however, often have price into two parts: (a) a flat-rate charge as before; ané (b)



usage-basédcomponent which is designed to charge the us&he fixed cost in Eq. (2) captures a simple formegbnomies
when it is behaving as a server (or ICP). Under uplink pricingf scale 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
_p discuss in section V, in order to represent different lewls
p=35+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-rate@ri o yser Behavior

The parameter represents the uplink traffic volume generated _ o
by a user, ang is the charge per volume of traffic. Users are assumed to select ISP based on price, to minimize

We are interested in studying the user behavior due to uplitat they pay. When both ISPs have the same pricing scheme,
pricing, and in turn how the new market conditions affedlOWever, we assume the markesismmetric In other words,
the eventual adoption of uplink pricing by ISPs. We makgach of the two ISPs will hth_e hglf of the subscribers and the
a number of assumptions about types of users, traffic, I$B€" types are also equally distributed in these two ISPs.
costs and ISP behavior (pricing decisions), and user behavi Another aspect of user behavior is how the P2P users react

(bandwidth usage and ISP choices). to uplink pricing. We assume there is some degree of elgstici
represented by a paramejerGiven uplink pricep > p, with
A. User Types probability p, a P2P user will lower its uplink usage to

maintain the same payment as under flat-rate pricing =0,

A regular user generates negligible uplink traffic comparéﬁmeans the P2P traffic imelastic i.e. all users would stick

to a P2P user, whereas a P2P user generates uplink tr iéhel'lr original P|2detraff|c Iever:s;_ WP;PL h(;ryvever, 't. me_an?] .
at a constant rate of — V. Out of the whole subscriber thatall users would decrease their traffic to maintain their

population, a fractions is of the P2P type previous payment levels. On the other hand, we assume the
' ' uplink usagev is the maximum a P2P user would incur. Even
B. Traffic if p <p, a P2P user would not increase its P2P traffic.

There are two types of usenggular users and?2P users.

Regular users generate an insignificant amount of upIirEk ISP Behavior and Market Assumptions
traffic in comparison to P2P users. Out of the uplink traffic

generated by a P2P usdr, a fractiona leaves the ISP’s We assume the ISP’s profit is simply the sum of the

network, which contributes to the ISP’s peering costs. payments from its subscribers minus its costs. Initialtycler
flat-rate pricing, based on the assumption of user behavior,

C. ISP Costs k = BN, so the profit for each ISP can be expressed as:

Each ISP has sufficient funds for capital investments to P, = Np— (C; + NCp, + afVNC). 4)

support all users in the market if necessary, so we do not

explicitly consider capital costs, but only an ISP’s op@@t \Without losing generality, suppos&SP; first converts to
costs. We assume there are three components to the operaijfithk pricing. The most critical question is halis P, would
cost: set the incremental price. After the conversion, the regular
users will pay lessg/2 vs p). It is reasonable to assume the

C(n. k) = Cy + Cnn+ Cyvp (k). @ pop users will pay more than what they pay under flat-rate
The first component’; is a fixed cost; the second componer®ricing, hence:
depends on the number of users, wherés the subscriber D
population size and’,, is the marginal cost per additional Q= DY )

subscriber; the third component depends on the outboun . . .
external traffic volumey,.. Notice thatv, is a function of the %lﬁ exactly how much the converting ISP will charge is a

number of P2P users, denoted byandC; is the marginal rather complicated question. On the one hand, ISPs want to

cost per outbound external traffic volume. Normally, an gopimaximize their profit by extracting as much out of the paying

! . stomers as possible depending on their utility functioms
payment for external traffic depends on both inbound art?# other hand, ISPs must also be concerned about market

outbound traffic volume. Here, we assume the cost for inbounfgleare and arowth of the business. For this paper we assume
external traffic, if any, is part of the second component of E ' 9 ' paper,

: . , e converting ISP takes grofit-neutral position. In other
2). From the previous assumption on traffic, we get . e
(2) P P 9 words, the converting ISP assumes that if it has the same
v (k) = akV. (3) customer base after the conversion, its profit would stay
neutral. This also implies that if both ISPs convert to uplin
Lin general, the uplink price does not need to be usage-bage ISP pricing, they will both stay profit-neutral, since, in thesea
strategy analysis in this paper does not depend on the aisampf a poth convert they will become symmetric again based on the
usage-based uplink price either. However, we believe itasermeasonable to behavi . h I ival h ISP
consider a usage-based uplink price because it is the foni@hg between user behavior assumption, hence It Is equivalent to eac

the ISPs and ICPs. retaining the same customer base.



Let P’ denote the profit for each ISP after both convert. 5P

) '~ flat-rate pricing [ uplink pricing
Based on the form of P2P traffic elasticity assumed above, we ISP, | flat-rate pricing P,.P,) (P2,P1)
have uplink pricing (P1,P2) (Po,Po)
, P D TABLE Il
P = N§ + pﬂN§ +(1—-p)BNVq PAYOFF MATRIX OF ISP PRICING GAME

~(Cy+ NC + (pye + (1= p)V)aBNC1). 6)

The first term is the flat-rate pricing contribution by alkwo conditions: 1) if it will get a higher profit than its origal

subscribers; the second term is the usage-based paymeet npadfit; 2) if the other ISP would also convert.

by the P2P users with elastic traffic; and the third term is theIn general, the situation can be viewed as a Stackelberg

usage-based payment made by the inelastic P2P users. Jame with].SP; as the leader. The payoff matrix of this game

forth term is the cost of the converted ISP. According to thig shown in Table 1l. The payoff when both ISPs adopt uplink

profit-neutral assumption, we can deriy®y settingP’ = P,. pricing is the same as when both adopt flat-rate pricing, due
AssumeISP; adopts the uplink pricing first, given P2Pto the profit-neutral price setting assumption.

users will be paying more under uplink pricing than flat-rate In a Stackelberg game, the leader knows the other player’s

pricing (Eqg. (5)), and the user behavior assumed above ré@action to its own actions. With the knowledge of all the

follows that all P2P users will move to the flat-rate pricingpossible outcomes, the leader can then choose its own action

ISP (ISP,), and all the regular users will move to the uplinko maximize its payoff.

pricing ISP (SP;). As a result, the number of users in each In this case, ifISP, converts first, the resulting profit

network becomes: distribution would be(P,,P). If P, > P, > P, ISP,
would predictably follow/ S P; and also convert, which leads
ni = 2N(1-p), (7) to a better outcome. FroniSP;’s point of view, although
ne = 2Nf. (8) it earns less money than before after the conversion, this is

) o only temporary since it knows that aftdiS P, follows its
It follows that after /5P, converts to uplink pricing, the gecision to convert, they can both return to the originatled
profits for the two ISPs becomg, and P, respectively: profitability. Therefore, we can conclude that if the partene

. P in our model lead to the conditioR, > P; > P,, thenISP;
Po= mg = (G mCn), ©) Would be willing to adopt uplink pricing first and would expec
Py = ngp— (Cf +n2Ch, + aVnoCy). (10) 18P, to follow.

There are seven possible relationships betwegnP;, Ps.
ased on the same kind of logic, we conclude these distinct
conditions may lead to three different outcomes, as shown in

To summarize, we list all the notations of our model in thg
following table.

Symbol Explanation Table 1I1.
2N Total number of users in this market Condition Outcome
Z . Number of users in one ISP PSP S b, Both choose
umber of P2P users in one ISP PSP, S D, uplink pricing
Ct ' Fixed operation cost . P, S P, S P Both choose
Cm ‘Marglnal cost per additional subscrl_ber P> D, > D flat-rate pricing
Ch Marginal cost per outbound external traffic volume P >D,> D -
D Original flat-rate price 0 Co—eX|sten_ce of_ﬂ‘at—rate
= v : : — Py > P > Fo and uplink pricing
P Subscription price under uplink pricing P, =P =D,
q Price for per uplink traffic volume
v Uplink traffic volume generated by one user TABLE lII
o (F) Outbound external traffic volume generated by k P2P ugers CONDITIONS ON PROFIT RELATIONS AND CORRESPONDING OUTCOMES
Ie] Fraction of P2P users
@ Fraction of traffic leaving the ISP’s network
2 Degﬁ;ﬁ;f;ﬁgf‘g ggshz'rsgsage To illustrate some possible outcomes, let us consider some
A . . . .
2 Brofit of ISP, after ISP, converts to uplink pricing typical scenarios. The payoff matrix of each case is shown
P’ Profit of each ISP after both ISPs convert in Table IV ("UP” denotes "uplink pricing” for short in the
TABLE | table):
NOTATIONS Case 1Parameters:N = 100,p = 1,Cy = 10,0, =

04,C; =025, =10.3,V =20,8=0.2,p=0.9.
Under flat-rate pricing, each ISP earns a revenue of 100
(pN), incurring total costs of 80 (fixed cost 10, management
HIl. GAME -THEORETIC ANALYSIS cost 40, and bandwidth cost 30), so the profit is 20 (Eq. (4)).
From an ISP’s perspective, whether to convert to uplinkfter /5P, converts to uplink pricing/SP, would lose all
pricing depends on the possible outcomes of this conversi®2P customers and earn a revenue of 80, with cost 74, which
An ISP would be the first one to adopt uplink pricing unddeaves a profit of 6 (Eq. (9)). MeanwhiléS P, would get all



the P2P customers to earn a revenue of 40, with cost 86, mrameters of the model are: flat prigg, @nd the ratio of P2P
15P, would run a deficit of 46 (Eq. (10)). FakS P, to stay users 3). Using Eq. (4), (9) and (10) and the rules in Table Ill,
in business, a wise choice is to follow th& P;’s decision to we can summarize all the conditions that lead to each outcome
apply uplink pricing. Based on the profit-neutral uplinkginig in terms of different values gf and 8 and their relations to
assumption, both ISPs would set the usage-based part akuplarious ISP cost parameters, as shown in Fig. 1, 2 and 3.
price to 0.39, which is reasonable.

Outcome:Both choose the uplink pricing strategy.

Case 2Parameters:N = 100,p = 1,Cy = 10,C,, = -
0.55,Cy = 0.1,a = 0.5,V = 6,3 = 0.5, p = 0.9. o | Bothchoose Both choose

Compared with Case 1, we now change the valu€'gf £ | uplink pricing Hlat-rate pricing
Cy, a, 8, andV. The profit-neutral uplink price becomes 0.54. & F
Applying similar calculations, we find that the original fito 2
of each ISP is 20]S P, gets a deficit of 15 after applying 2| Both choose Both choose
the uplink pricing, and S P, gets a profit as 5. FromSP;’s " | flat-rate pricing uplink pricing
perspective, this conversion to the uplink pricing does oody
to itself, so it will revert to flat-rate pricing. P

Outcome:Both choose the flat-rate pricing strategy. Original flat-rate price p

Fig. 1. Pricing outcomes resulting from different model graeters when
fIat-ra(t:ease lUP flat-ra?ease 2UP 2Cm = Cm +aVCy
flat-rate [ (20,20) | (-46,6) (20,20) | (5,-15)
P (6-46) | (20.20) (15) | (20.20) In the parameter space pfand 3, there is awvatershedor
0 TABLE IV each value, as shown in Fig. 1. The watershed3fés defined
’AYOFF MATRICES OF THE TWO EXAMPLES by ﬂ*:
e_(C.,

Given the current gssumptions in our model, there is no p* = Z—Cpn) +2(p7 Cn —aVCy) (12)
example for theco-existenceoutcome. After/SP; converts ) )
to uplink pricing, the total P2P traffic in this market doeg nol "€ watershed fop is defined by two values:
decrease since all the P2P users can switchStB; (flat-rate P = 2C, (13)
pricing hence unrestrained P2P traffic). Therefore, thal tot w04 aVC (14)
costs of these two ISPs remain the same as before. On the p mn b

other hand, the total revenue of the two ISPs has reduced sifor ease of presentation, we temporarily assgie p**, as

regular users are charged only half of the original price amsthown in Fig. 1.

P2P users are charged the same price as before. That meaf$e result can be summarized as follows, wipen p* and

the total profit in the market has reduced: 8 > §*, or whenp > p* and g < *, a single ISP adopting
uplink pricing will lead to the adoption of uplink pricing tilie

P+ Py <2P. A1 ket (both ISPs). Otherwise, Both ISP Willpstay with flat-
Refer to Table Ill, we can conclude that the outcome of céate pricing. Intuitively, we can explain the reasons akofos:
existence of both pricing strategies cannot be realizeceund 1) If p < p*, meaning thap < 2C,,, andp < C,, +aV (Y,

the current problem formulation. In general, however, dges- it is easy to see that both ISPs would be running a deficit
based pricing leads to increased efficiency hence increased for each additional user or additional volume of traffic.
profit for both ISPs, then co-existence is still possibleisTh Under this condition, the larger the fraction of P2P users
will be further discussed in Section V. (largerp), the more losses fakS P,, and thereford S P,

will follow I.SP; to adopt uplink pricing. This is true
unless when the fraction of P2P users is so small, smaller
In the previous section, we point out three different out- than a threshold ag*, such that/SP; would get too
comes in deploying a new pricing scheme in a competitive  many regular users to cause it to lose more money than
ISP market, namely (1) both adopt new pricing, (2) both stay  I.SP,. In this latter case/SP; will revert to flat-rate
with old pricing, and (3) co-existence of different pricing pricing.
schemes. Simple game-theoretic analysis illustrates twow t 2) If p > p*, meaning thap > 2C,,, andp > C,, +aV C;,
determine the outcome of a particular market scenario,cbase  then both ISPs can expect a positive profit from each

IV. WHEN WILL UPLINK PRICING BE ADOPTED

on computingP,, P;, P, and hence the payoff matrix. In additional user, so that both of them prefer larger market

this section, we further analyze the parameter space and share. Largep would decreasésS P;'s market share, so

characterize all the conditions that lead to each outcome. 15 P; would revert. On the other hand, smalféwould
Since the incremental uplink price is determined by decreasd SP,’s market share, and therefore encourage

other parameters under the profit-neutral assumption, efge k ISP, to convert.



To make it easier to understand Fig. 1, we temporarilyore realistic model would be to represent the users’ upload
assumed* = p**, or in other wordsC,,, + oV C; = 2C,,. volume as a random variable, following either an exponéntia
The cases whep* < p** andp* > p** are depicted in Fig. distribution or some heavy tail type of distribution. Ingluase,

2 and 3. In these cases, when< min(p*,p**) or when the expected ISP profits before and after (one ISP) adopting
p > max(p*,p**), the result is the same as shown in Figuplink pricing can still be derived. Based &1F,], E[P;] and

1. Whenmin(p*, p**) < p < max(p*,p**), the outcome is E[P.], the same game-theoretic analysis can be carried out to
independent off, but depends on whethet or p** is larger: characterize what market conditions will lead to uplinkcprg
adoption. Due to space limitations, we have not included the
analysis in this paper.

B. Modeling External P2P Traffic

In this paper, our analysis is based on a crude model of
P2P external traffic. The external traffic generated by a peer
is assumed to be a fraction of the peer’s uplink traffic. This
p* P assumption implies that there is no economies of scale; in
other words, as the number of peers in an ISP increases, the
external traffic per peer does not decrease. It is not hard to
Fig. 2. Pricing outcomes resulting from different model gmaeters when Show that in this case, the condition for co-existence canno
2Cm < Cm +aV arise.

Nonetheless, there ought to be some economies of scale by
intuition, although this may be difficult to model. One way to
approach is to assume that there are a totaNoP2P peers
(engaging in some common P2P activity) in the entire Interne
g+ Both choose and each peer in the local market randomly selects othes peer
flat-rate pricing to communicate with. Recall that represents the number of
P2P users in one ISP, so the volume of outbound external
traffic of one ISP can be expressed as
P P k
v (k) =kV(1 - ﬁ>' (15)

3* Both choose

uplink pricing

Fraction of P2P users ﬁ

Original flat-rate price p

Fraction of P2P users ﬁ

Original flat-rate price p

Fig. 3. Pricing outcomes resulting from different model gvaeters when Comparing Eq. (15) with Eq. (3), we can see that the— fixed
9C > Coy 1+ aVCy percentage of external traffic is replaced with a function of
k. This is one way to characterize the efficiency (in terms of
external traffic) of the P2P technology. Under this new model
1) If 2Cy < p < Cp + aV Gy, the situation isISPy will e can find scenarios for two ISPs adopting different pricing
make a profit whereasS P, will lose money. Therefore, strategies to co-exist. One such example is for the follgwin
whatever is the fraction of P2P users),(1SP, will parametersN = 1000, N = 100,Cp, = 0.1,C; = 0.1,Cf =
definitely follow I.5P; and adopt uplink pricing. 10,V = 19,p = 1.8,8 = 0.86,p = 0.9. According to the
2) If Cr4aVCy < p < 2Cy, however, the situation is just profit-neutral assumption; = 0.18, and it follows that the
the opposite. Irrespective of, /SP, will lose money resulting profits are:P, = 10.65, P, = 12.4, P, = 11.8,
whereasl.SP, will make a profit; sol.SP; will revert \which satisfies the co-existence conditin > P, > P,. In
to flat-rate pricing. this example, afted SP; adopts uplink pricing/S P, would
Although the analysis assumé$ P, makes a move first, prefer to stay with its flat-rate pricing because otherwise i
and then possibly reverts to flat-rate pricing, such an ésercprofit would be lowered; meanwhileSP; has no incentive to
does not necessarily need to be carried out. ISPs can estinmatvert, as uplink pricing has increased its profit. In cosicn,
some of the parameters through network measurement ahere will be different ISP pricing schemes in this market,
other parameters through market studies. The analysissn therving different types of users. In the above example, the
paper can then shed some light on the likely outcomes. fraction of P2P users3, needed to produce the co-existence
If we assume the current ISP market competition is fiercscenario is rather high; but with improved peer-selection
p is possibly lower thap* andp**. In that case, the marketstrategy hence improved economies of scale of serving P2P
would convert to uplink pricing only if3 is sufficiently large. users, the required fraction of P2P users for co-existerite w
be lower.
_ Vf FL_JRTHER DISCUSSIONS OFTHE MODEL In Eq. (15), we note that wheN 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 uploalis new model degenerates to a special case of the original
traffic and P2P users with constant upload volufie A model (with outbound external traffic linear k), with o = 1.



C. The Effect of Complete Adoption of Uplink Pricing approaches to management P2P traffic for ISPs. These works

In this paper, we made two assumptions regarding the cofil- help to motivate our problem.
plete adoption of uplink pricing and its effect on P2P users. N this paper, we study a form of pricing that can be used to
First, we assumed the ISP would take a profit-neutral starf@@nage P2P traffic. There are many papers on Internet pricing
towards pricing change. This is but one view of the situatiofPr €xample, flat-rate pricing [8], usage-based pricing, [9]
How ISP should provide network services and price them j[9mart” Market pricing [10]. Our work is a new look at
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 mugtwork.
price their services at a rate conmensurate to user pedceive VIl. CONCLUSION

utility. From this perspective, the profit-neutral assuiomt
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\é? bﬁur:kavI\yhirer?:Irziithilalt ?" I|SPs s\re gr?th:ilpgt vvlléhpthggFEZP
will be rewarded with all the efficiency savings from the>rovlem. chironically Is aiso an opportunity to S

cconomies o sele e e et b
Secondly, we tried to model the user reaction to upIinrk e limiting, which sometimés have led to negative semms;e
pricing by assuming a percentage of elastic users, and ass% 9 9

ing the elastic users will restrain their P2P traffic to maiimt y their customers. In this paper, we revisit pricing as a

the same subscription payment as flat-rate pricing. ObWou§JOSS'bIe mechanism to manage ISP networks in the P2P era.

there is much room for alternative views about this treattmegnlg dpc:\(/)vrr)wtljirS]II? gfusﬂg]gcﬁglglzghmect?gﬁ :ﬁgglfjagzargh;elfggka
of P2P traffic elasticity. The best approach would be to cohdu , ) =P
t{aly, to some extent. A user’s uplink, when used for a high

some market research in this area. Note, the economies ® L . ;
scale of P2P external traffic also affect this assumptiordddn V? ume of traffic, is serving Fhe ,samelz_ pkurpcr)]se ?S the _upllmk
profit-neutrality, the more economies of scale, the lesstiela Oh an.lnternet Content Prowders, upink. Therefore, san!

the users would be. A more realistic treatment would be {2 9'"9 plans as that for an ICP’s link should be applied to

independently model these factors, which is an item forriutu 2P users as vyell. .
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 tRdggest three possible outcomes: both ISPs adopting uplink

accounting cost associated with implementing such schem®¥4¢ing: both ISPs keeping flat-rate pricing, and uplinicprg
While a full-fledged user traffic accounting system may intle&©-€Xisting with flat-rate pricing. We completely charaize

be a significant undertaking, the required accounting eféor all th.e market.condmons fo_r each outcomg. In Section V,
uplink pricing can be at a very coarse level. For example, € discuss various as;umptlons and extgnsmns, and how the
our analysis, we actually characterized users into two gypl@mework can be applied to further studies.

only. One possible implementation is to put any user exceedi REFERENCES
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