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Abstract—Hahn and Wallsten [1] wrote that network neutrality
“usually means that broadband service providers charge con
sumers only once for Internet access, do not favor one conten
provider over another, and do not charge content providers
for sending information over broadband lines to end users.”In
this paper we study the implications of non-neutral behavies
under a simple model of linear demand-response toisage-based
prices. We take into account advertising revenues for the cdent
provider and consider both cooperative and non-cooperatie
scenarios. In particular, we model the impact of side-paymets
between service and content providers.

|I. INTRODUCTION

Internet Service Providers (ISPs) may have interest irfidraf
discrimination either for technological or economic pwes.
Traffic congestion, especially due to high-volume peer-to-
peer traffic, has been a central argument for ISPs against the
enforcement of net neutrality principles. However, it seem
many ISPs have blocked or throttled such traffic indepergent
of congestion considerations.

ISPs recently claimed that net neutrality acts as a disin-
centive for capacity expansion of their networks. In [2]e th
authors studied the validity of this argument and came to the
conclusion that, under net neutrality, ISPs invest to reach

Network neutrality is an approach to providing networkocial optimal level, while they tend to under/over-inueben

access without unfair discrimination among applicatiams)-

neutrality is dropped. In their setting, ISPs stand as wisne

tent or traffic sources. Discrimination occurs when them awhile content providers (CPs) are left in a worse positiord a

two applications, services or content providers that meghie

users who pay the ISPs for preferential treatment are better

same network resources, but one is offered better quality ¢ff while other consumers have a significantly worse setvice

service (shorter delays, higher transmission capagity, than

ISPs often justify charging CPs by quantifying the large

the other. How to define what is “fair” discrimination is btil gmount of network resources “big” content providers use.
subject to controversy A preferential treatment of traffic is On the other hand, the content a CP offers contributes to
considered fair as long as the preference is left to the®usafhe demand for Internet access, and thus benefits the access
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5The recent decision on Comcast v. the FCC was expected towdtal
the subject of “fair” traffic discrimination, as the FCC ordé Comcast to
stop interfering with subscribers’ traffic generated byrgeepeer networking
applications. The Court of Appeals for the District of Cohim Circuit was
asked to review this order by Comcast, arguing not only onnéseessity of
managing scarce network resources, but also on the notesxjsrisdiction of
the FCC over network management practices. The Court ditide the FCC
did not have express statutory authority over the subjeither demonstrated
that its action was "reasonably ancillary to the [...] efifiee performance of its
statutorily mandated responsibilities”. The FCC was degntfeen, unable to
sanction discriminatory practices on Internet’s trafficrieal out by American
ISPs, and the underlying case on the “fairness” of their ritisnatory
practices was not even discussed.

6Nonetheless, users are just one of many actors in the netatigut
debate, which has been enliven [?] throughout the world eraé public
consultations for new legislations on the subject. The firg, proposed in
the USA, was looking for the best means of preserving a fred @men
Internet. The second one, carried out in France, asks féerelft points of
view over net neutrality. A third one is intended to be preésérby the EU
during summer 2010, looking for a balance on the parties @mec as users
are entitled to access the services they want, while ISPsCGiP&l should
have the right incentives and opportunities to keep inmgstcompeting and
innovating. See [7], [3], [6].

providers.

Many references advocate the use of the Shapley value as a
fair way to share profits between the providers, seg, [4],
[5]. One of the main benefits of this approach is that it yields
Pareto optimality for all players, and requires in partul
that CPs, many of whom receive third-party income such as
advertising revenue from consumers’ demand, help pay ér th
network access that makes this new income possible.

In this paper, we focus on violations of the neutrality
principles defined in [1] where broadband service providers

« charge consumers more than “only once” through usage-
based pricing, and
« charge content providers through side-payments.

Within a simple game-theoretic model, we examine how
regulated side payments, in either direction, and demand-
dependent advertising revenues affect equilibrium useged

7In the European Union, dominating positions in telecommaiions mar-
kets (such as an ISP imposing side-payments to CPs at a prigs choice)
are controlled by the article 14, paragraph 3 of the Direc009/140/EC,
considering the application of remedies to prevent theré®e of a large
market power over a secondary market closely related.



prices. We also address equilibria in Stackelberg lead&: Collaboration

follower dynamics. Now suppose there is a coalition between ISP1 and CP2.

The rest of the paper is organized as follows. In sectiollfheir overall utility is thenUsesar := Uy + Us = Dp, and an
Il, we describe a basic model and derive Nash equilibria feiep (p%,p3) satisfies

competitive and collaborative scenarios. We considerrpote
tially non-neutral side-payments in section Ill and adigary 3Utota|( * pt)
revenues in section IV, analyzing in each case how they impac 9p; P1, Pz

equilibrium revenues. In section V, we study leader-fokow hich yields p* := pi + p; = Dy/(2d). The demand at

dynamics. We conclude in section VI and discuss future work ¢! ¥ . .
y equilibrium is thenD* = D,/2, greater than in the non-

cooperative setting. The overall utility/ .., = D32/(4d)
is also greater thanD3?/(4.5d) for the competitive case.
Assuming both players share this revenue equally (trigiall

) . the Shapley values add /2,1/2} in this case), the utility per
« the internauts (users), collectively, layer becomes

« a network access provider for the internauts, collectively D2
* 0
called ISP1, and U = 4’

4
« a content provider and its ISP, collectively called CP2.

The two providers play a game to settle on their (usage-t)as%vcg"(:h is greater than in the competitive case. So, both piaye

prices. The internauts are modeled through their deman(am:ﬂclt from this coalition.
response.

Consumers are assumed willing to pay a usage-based fee
(which can be $0/byte) for service/content that requirethbo Let us suppose now that there iele paymentdetween
providers. ISP1 and CP2 at (usage-based) prige The revenues of the

Denote byp; > 0 the usage-based price leveed by providdoviders become:

i (ISP1 beingi = 1 and CP2 beingi = 2). We assume

that the demand-response of customers, which corresponds t U = D +ps) ()
the amount (in bytes) of content/bandwidth they are ready to Uy = D(p2—ps) (6)
consume given pricgs andp., follows a simple linear model:

= D*—d(p;+p5) =0 fori=1,2,

Il. BASIC MODEL

Our model encompasses three actors:

IlIl. SIDE-PAYMENTS UNDER COMPETITION

Note thatp; can be positive (ISP1 charges CP2 for “transit”
_ costs) or negative (CP2 charges ISRilg, for copyright
D=Dy—d ) 1 . . ; - .
0 (P2 +p2) @) remuneratiof). It is expected thap, is nota decision variable

With such a profile, we are dealing with a set of homogeneo@kthe players, since their utilities are monotoniginand the
users sharing the same response coeffiaiettt price varia- player without control would likely set (usage-priced) derd

tions. ParameteD, corresponds to the demand under pur® Z€ro to avoid negative utility. That ig, would normally
flat-rate pricing (p1 = 0 = p»). be regulatedand we will consider it as a fixed parameter in

the following (with |ps| < pmax)-

Demand should be non-negatives,, ) : 1 o ] )
First, if [ps| < 3Pmax. the equilibrium prices are given by

Dy
p1+p2 < 7 =! Pmax- % 1
VS — gpmax — Ps
Provideri's usage-based revenue is given b " 1
g g y p2 = gpmax + Ds
Ui = Dpi @) but demandd* = Dy/3 and utiliies
A. Competition o D_%
Suppose the providers do not cooperate. A Nash Equilib- ’ 9d

rium Point (NEP)(p}, p5) of this two-player game satisfies: are exactly the same as (3) in the competitive setting with
o no side payment. Therefore, though setting > 0 at first
—(pl,p5)=D* —pid=0 fori=1,2, seems to favor ISP1 over CP2, it turns out to have no effect
Ipi on equilibrium revenues for both providers.

which leads topt = p5 = Dy/(3d). The demand at equilib- Alternatively, if ps > %pmax, a bouncliary Nash equiliprium

rium is thus D* = Dy/3 and the revenue of each providefS réached whemi = 0 andp; = 3(pmax + ps), Which

IS
D2 8In France, a new law has been proposed recently to allow @adnbf
Ux = 20 (3) unauthorized copyright content, and in return be chapegortionally to the
‘ 9d volume of the download.



means ISP1 does not charge usage-based fees to its consurfibBessNEP demand is the®* = (Dy + dp,)/2, and the total

Demand become®* = (D, — dp,), and utilities are revenue at Nash equilibrium g%, = (Do+dp,)?/(4d). As-
(Do — dps)d suming this revenue is split equally between the two pragide
U = W we get for each provider the equilibrium utility
2
;- Doy s = Do+ dpa)? 12
U2 — T 1 8d ) ( )

Thoughp? = 0, U is still strictly positive, with revenues for which generalizes equation (4). As before, providers amdsus

ISP1 coming from side-payments (and possibly from flat-rafé€ better off when they cooperate. _ _
monthly fees as well). Furthermorg, > ipma < dps > Thus, we see that, > 0 leads to lower prices, increased

%(Do — dp,), which meandJ/; > Uy: in this setting, ISP1’s demand and more revenue footh providers {.e., including

best move is to set his usage-based price to zero (to incre2BL):
demand), while he is sure to achieve better revenue than CP2 V. STACKELBERG EQUILIBRIUM
through side-payments.

Finally, if ps < —%pmax, the situation is similar to the
previous case (with-p, instead ofp,). So, hereps = 0 and

x 1 _ i * * . .
pl_l_— 2(pm.axd 7;8)' I_eadmg tog; = Uy q b akes action first, and then the follower reacts.
0 remind, Nerein revenues; are assumed usage-based, r,,qh the dynamics of the games are different from the

which means there COL_JId also be flat-rate charges in playr}pevious study, equations (7) and (8) still hold, with fixed>
generate revenue for either party. Studies of flat-rate @OEP ) and regulateg,. In the following, we need to assume that
to usage-based pricing schemes can be found in the literatur 1 1

Stackelberg equilibrium corresponds to asymmetric compe-
tition in which one competitor is the leader and the other a
follower. Actions are no longer taken independently: trealkr

see,e.g, [8]. ps < 5 Pmax + 5Pa
IV. ADVERTISING REVENUES 1 1
. DPa S 5 Pmax + —Ds
We suppose now that CP2 has an additional source of 3 . 4 N _
(usage-based) revenue from advertising that amouni3ptp SO that NEPs are reachable with positive prices.
Herep, is not a decision variable but a fixed paraméter. If ISP1 setsp;, then CP2's optimal move is to set
. 1
A. Competition p2 = 5(—p1 + Pmax + Ps — Pa)-
The utilities for ISP1 and CP2 are now: . . .
This expression yield® = 4 (pmax — p1 — ps +pa) andU; =
Ui = [Do—d-(p1+p2)] (p1+ps) (7)  %(pmax — P1 — Ps +pa)(p1 + ps). Anticipating CP2’s reaction
Uy = [Do—d-(p1+p2)](p2—ps+pa) (8) in trying to optimizeU;, the best move for ISP1 is thus to set
- . 1 1
Here, the Nash equilibrium prices are: pi = 5 Pmax — Ds T SPa
o= 2 — - which yields
P1 3pmax ps + 3pa . 1 3
1 2 Po = —Pmax + Ps — =Pa-
ko _z 4 4
b = Pmax + Ds Pa . .
3 3 Therefore, when ISP1 is the leader, at the NEP demand is

The cost to users is thys = Zpmax — 1p, While demand is D* = (Do + dp,) and utilities are:

D* = %(Do + dpg). Nash equilibrium utilities are given by i} 1 )
Uf = (Do+dpa)”, (13)
* (DO + dpa)2 . 8d
Uf = ———=— fori=1,2, 9 . 1 9
9d Uy = —(Do+dp.)°. (14)
which generalizes equation (3) and shows how advertisi 16d
9 >S equa Y r’g‘%ppose now that CP2 is the leader and gefist. Similarly,
revenue quadratically raises players’ utilities. we find-
B. Collaboration . o1 L 1
The overall income for cooperating providers is P2 %pmax b %pa
Usetal = (Do — dp)(p + pa)- (10) P = gPmex=Ps¥ gPa
So, solving the associated NEP equation yields These values yield the same cgstand demand)* for the
internauts at the NEP, while providers’ utilities become:
p* _ Pmax — pa. (11) 1
2 Uf = —(Dg+dpa)?, (15)

16d
90ne may see, as the result of an independent game between CP2 and " 1 2
his advertising sources, the details of which are out of dops of this paper. Uy = @ (DO + dpa)”. (16)



Therefore, in either case of leader-follower dynamics, th¢s] R.T.B. Ma, D.-M. Chiu, J.C.S. Lui, V. Misra, and D. Rubégis, “On

leader obtains twice the utiIity of the follower at the NEI%I(y cooperative settlement between content, transit and Byietsnet ser-
. . . . vice providers”, inProc. ACM Int'| Conference on Emerging Networking
his revenue is not better than in the collaborative case). Experiments and Technologies (CONEX)08.
[6] “Neelie Kroes, Vice-President of the European ComnoissiCommis-
VI. CONCLUSIONS AND ON-GOING WORK sioner for the Digital Agenda’Press release RAPIDApril 2010.

Using a simple model of Iinearly diminishing consumerl?] “Notice of proposed rulemaking (FCC 09/93)", October026April

. ; : 010.
demand as a function Of_ u§age-based price, we StUd'e_d [Eﬁl G. Kesidis, A. Das, G. de Veciana, “On Flat-Rate and Udaamed Pric-
game between a monopolistic ISP and a CP under a variety ing for Tiered Commodity Internet Services”, Rroc. CISS Princeton,

of scenarios including consideration of: non-neutral siged March 2008. _ . .
[9] G. Kesidis, “Congestion control alternatives for resitial broadband

transit pricing (either CP2 participating in network costs access by CMTS”, ifProc. IEEE/IFIP NOMSOsaka, Japan, Apr. 2010.
ISP1 paying for copyright remuneration), advertising rewe

competition, cooperation and leadership.

In a basic model without side-payments and advertising
revenues, both providers achieve the same utility at dguili
rium, and all actors are better off when they cooperate @igh
demand and providers’ utility).

When regulated, usage-based side-paymgntsome into
play, the outcome depends on the valuef compared to
the maximum usage-based prigg.x consumers can tolerate:

o when |ps| < %pmax, providers shift their prices to fall
back to the demand of the competitive setting with no
side-payments;

o when|p,| > %pmax, the provider receiving side payments
sets its usage-based price to zero to increase demand,
while it is sure to be better off than his opponent.

When advertising revenues to the CP come into play, they
increase the utilities dboth providers by reducing the overall
usage-based price applied to the users. ISP1 and CP2 atd sh
the same utility at equilibrium, and the increase in revetue
to advertising is quadratic.

Under leader-follower dynamics, the leader obtains twice
the utility of his follower at equilibrium; yet, he does not
achieve a better revenue than in the cooperative scenario.

We have also explored a generalization of our model to mul-
tiple competitive content (or access) providers togethith w
customer loyalty (stickiness) factors. At Nash equilibniuve
found that competing providers do not engage in usage-based
pricing (.e., they employ only flat-rate pricing). However, such
results highly depend on the consumer stickiness model used

In on-going work, we are considering configurations where
the ISP provides multipleservice classese.g, a best-effort
service at pricep; and a premium network access at price
pr > pi. We are also exploring the effects of content-specific
(i.e., not application neutral) pricing, including multiple CPs
providing different types of content.
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