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France
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Abstract

Network neutrality is the topic of a vivid and very sensitive debate, in both
the telecommunication and political worlds, because of its potential impact
in everyday life. That debate has been raised by Internet Service Providers
(ISPs), complaining that content providers (CPs) congest the network with
insufficient monetary compensation, and threatening to impose side pay-
ments to CPs in order to support their infrastructure costs. While there
have been many studies discussing the advantages and drawbacks of neutral-
ity, there is no game-theoretical work dealing with the observable situation
of competitive ISPs in front of a (quasi-)monopolistic CP. Though, this is a
typical situation that is condemned by ISPs, and, according to them, another
reason of the non-neutrality need. We develop and analyze here a model de-
scribing the relations between two competitive ISPs and a single CP, played
as a three-level game corresponding to three different time scales. At the
largest time scale, side payments (if any) are determined. At a smaller time
scale, ISPs decide their (flat-rate) subscription fee (toward users), then the
CP chooses the (flat-rate) price to charge users. Users finally select their ISP
(if any) using a price-based discrete choice model, and decide whether to also
subscribe to the CP service. The game is analyzed by backward induction.
As a conclusion, we obtain among other things that non-neutrality may be
beneficial to the CP, and not necessarily to ISPs, unless the side payments
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are decided by ISPs (through a non-cooperative game).

Keywords: Network neutrality, Game theory, Pricing

1. Introduction

There has recently been a strong debate around the so-called network
neutrality. The debate has been ignited by the increasing traffic asymmetry
between Internet Service Providers (ISPs), mainly due to some prominent
and resource consuming content providers (CPs) which are usually connected
to a single ISP. The typical example is YouTube (owned by Google), accessed
by all users while hosted by a single Tier 1 ISP, and whose traffic now con-
stitutes a non-negligible part of the whole Internet traffic. Another example
is the subscription-based video service Netflix, that is in the US the most
bandwidth-consuming source of traffic, representing 23.3% of the total Inter-
net traffic in late 2011 [1], while having commercial relationships with only
one ISP. For those reasons, there has been a surge of protest among ISPs,
complaining that the current Internet business model where ISPs charge both
end-users and content providers directly connected to them, and have public
peering or transit agreements with other ISPs, is not relevant anymore. The
main solution proposed is that ISPs should also charge content providers that
are associated with other ISPs [2], as first advocated by Ed Whitacre (CEO
of AT&T) at the end of 2005 [3].

The underlying concern is that investment is made by ISPs but content
providers get an important part of the dividends. The revenue arising from
on-line advertising (meaning showing graphical ads on regular web pages) is
estimated at approximately a $24 billion in 2009 [4], while textual ads on
search pages has led to a combined revenue of $8.5 billion in 2007 [5], those
figures increasing every year. Meanwhile, transit prices - which constitute
the main source of revenues for transit ISPs - are decreasing. ISPs argue
that there is no sufficient incentive for them to continue to invest on the net-
work infrastructures if most benefits go to content providers. The threat is to
lower the quality of service of CPs that do not pay any fee to them, or even to
block their traffic. This possibility has led to protests from CPs and user as-
sociations, complaining that this might impact the network development and
is an impingement of freedom of speech [3]. The debate was thus launched,
essentially at the law and policy makers level, to decide whether the Internet
should be neutral, i.e., all packets should receive equal treatments in terms of



price and service. In the US, the Federal Trade Commission (FTC) released
in 2007 a report not supporting neutrality constraints, increasing the debate
at the political level. This debate is also active in Europe and in France,
as illustrated by the open consultation on network neutrality launched in
2010. For instance, the French regulation authority, ARCEP, has published
in its response a proposal intending to define how net neutrality could be
implemented |6, 7|.

There has been an increasing attention in the literature on providing
a mathematical analysis of the advantages and drawbacks of network neu-
trality. The idea is to investigate the output of the interactions between
selfish actors that are end users, CPs and ISPs, using the framework of non-
cooperative game theory [8, 9]. Let us briefly describe here, non exhaustively,
some important existing works in that direction. In [10, 11], the authors pro-
pose to share the revenue among providers using the Shapley value, the only
mechanism that satisfies a set of axioms representing a sense of fairness; in
this case CPs participate to the network access cost. The work in [12]| ana-
lyzes how neutrality or non-neutrality affects provider investment incentives,
network quality, and user prices. A similar comparison is made in [13] be-
tween a two-sided pricing scheme where ISPs are allowed to charge CPs, and
one-sided pricing where such side-payments are not allowed. In each case,
at the equilibrium of the game, the levels of investment in content and ar-
chitecture are determined. The paper gives conditions on the ratio between
parameters characterizing advertising rates and end-user price sensitivity, un-
der which a non-neutral network outperforms a neutral one in terms of social
welfare. On the other hand, [14] investigates the case where ISPs negotiate
joint investment contracts with a CP in order to enhance the quality of ser-
vice and increase industry profits. It is found that an unregulated regime
leads to higher quality investments, but that ISPs have an incentive to de-
grade content quality. The paper [15] studies the implications of non-neutral
behaviors, taking into account advertising revenues and considering both co-
operative and non-cooperative scenarios. In [16], we analyze and compare
thanks to game-theoretic tools three different situations of interactions be-
tween ISPs: the case of peering between the ISPs, the case where ISPs do
not share their traffic (exclusivity arrangements), and the case where they
fix a transfer price per unit of volume. The paper supports the transit price
scenario and suggests a limited regulation (enforcing global connectivity) to
prevent incumbent ISPs from having a dominant position in the bargaining.
Finally, in [17], a game-theoretic model is considered with a single CP, a sin-
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gle ISP, a (consumers’) demand function that depends on price and quality
of service, and involving advertisement and network investment components.

In those works, there is in general a single ISP, and one or several CPs.
Though, in practice, we often have ISPs in competition for customers, while
for many services, the CPs are in a quasi monopole, a characteristic ISPs
complain about. (Typical examples are YouTube for non-copyrighted videos,
and Netflix for movies and TV shows in the US.) We propose to specifically
address this issue in this paper. Remark that in addition to [13], consider-
ing competitive ISPs has been proposed in [18|, but with competition over
consumers, quality and prices for heterogeneous CPs: none of those works
consider a monopolistic CP as can be encountered for some applications. In
our conference version of the paper [19], whose model was inspired by [15],
users were assumed to always go with the cheapest provider. As a conse-
quence, we ended up with a price war (a classical Bertrand competition)
such that ISPs always decrease their subscription price in order to attract all
demand.

We consider here a more realistic user association model such that users
make their choice still based on the price of ISPs, but also on other unknown
considerations, hence the use of a classical discrete choice model as in [16].
This requires a derivation of results totally different from[19]. To analyze
that situation, we propose a multi-level game where decisions are taken at
different time scales. The solutions of the games at the largest time scales,
played first, are determined using backward induction, meaning that players
anticipate the impact on, and the resulting solution of, the games played
later on at smaller time scales.

The paper is organized as follows. Section 2 presents the basic assump-
tions of the model we are going to consider, the different levels of game,
and the mathematical description of the investigated comparison between
the neutral and the non-neutral regimes. It also describes how users select
their ISP (if any), and how the aggregated demand at the CP is determined.
The next sections present the various game levels for providers’ decisions:
we describe in Section 3 how the CP, anticipating the decisions of end users,
chooses the content price. At a higher level, by backward induction, ISPs
play a game on the access charge for end users; this competition is described
in Section 4. We then describe the game at the highest level, on the eco-
nomic relationships between the ISPs and the CP, by determining the side
payments of the CP to the ISPs in Section 5. We address the case when
those prices are fixed by ISPs, based on a game; we also look at the case
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when they are decided by the CP, or by a regulator (maximizing the supply
chain value for instance). Section 6 concludes by discussing the impact and
relevance of side payments on the providers’ revenues, highlighting that it is
not always in the interest of the ISPs (but could be), while an appropriate
choice of side payments may increase the CP revenue. We also give in that
section directions for future research.

2. Model

2.1. Topology and Pricing Structure

We consider a single CP, whose parameters will be indexed by 1, and two
ISPs, named (and indexed by) A and B. The access prices charged to users
are flat rate subscription fees, denoted by pi, p4 and pp for respectively the
CP, ISP A and ISP B. In order to study non-neutrality, we also introduce
side payments ¢4 and gp representing the per unit of volume prices that
the CP has to pay to A and B, respectively. All prices are assumed to be
positive. Finally, the set of end users is considered continuous and (without
loss of generality) of mass one, so that we will indifferently refer to “mass”
and “proportion” of users. The charges imposed by actors to other players
are summarized in Figure 1, the arrows indicating the cash flows.

Av[ ISP A ]«h

[ End-users ] >[ CP1 ]
4!

pg\[ ISP B ]4/613

Figure 1: Charging interactions between stakeholders. Prices p1, pa and pp are positive
flat rates, whereas ¢4 and gp are positive per volume unit prices.

2.2. User Demand

Users have to pay both the ISP and the CP to access the content. We
assume that without pricing, the global user demand, in terms of volume,
for CP data (shared between ISPs A and B) during a unit of time would be



Dy. This corresponds to the case where all users access the content for free,
and Dj can be seen as the average amount of data that a user downloads
from the CP. In the general case, the global demand for CP content comes
from users subscribing to an ISP. Since users need an Internet access, not
only to reach the content of the CP, but also for other purposes (e-mail, web
browsing, ...), we de-correlate the ISP choice from the (individual) decision
to subscribe to the CP in addition.

Let us focus first on the ISP selection by users. In a previous work [19],
we have considered users simply selecting the cheapest ISP (or choosing it
randomly if price equality holds). However, this does not take into account
the phenomenon of stickiness or loyalty of the users, proposed in [20]. In the
model considered here, user choices are influenced by the ISP subscription
prices, but also by other considerations (reputation or preferences) that can
be modeled as an additive noise to the main criteria determining the choice.
Mathematically, we assume that a user has a valuation of the form v, =
Blog(1/p;) + k; for ISP i (see [16] for details). The case p; = 0 leads to the
maximal possible valuation, independently of the random term, meaning that
ISP i attracts all users, or (say, from symmetry) half of them if the other ISP
chooses a null price as well. The parameter 5 represents the user sensitivity
to the subscription prices: values of  close to zero lead to an uniform choice
over the three alternatives (connect to one of the two ISPs, or not having
access to the Internet) regardless of the prices set, whereas large values of
[ make the users choose the least expensive option. The term log(1/p;)
expresses the dissatisfaction for higher prices, the logarithm being used to
represent the fact that the same variation of price is felt smaller at high prices
than at low prices: users are sensitive to relative price variations rather than
absolute ones. Finally, k; is an individual-specific random term, taking into
account unknown aspects and assumed to follow a Gumbel distribution as
in standard discrete choice models [21]. We additionally assume that there
is a fictitious price pg, assumed to be strictly positive, and representing the
cost of the outside option, i.e., the perceived cost of not having access to the
Internet. Thus if the (random) valuation associated to that outside option is
larger than the ones associated to each ISP, the user prefers not to join the
network.

At a macroscopic level, by discrete choice analysis, the proportion (or
equivalently, the mass) o; of users selecting ISP ¢ (with also j € {4, B};



J # 1), equals

-8
—3 pi_ﬁ —3 if pa >0 and pg >0
P4 +DPp + Do
o; = 1 if p =0and p; >0 (1)
1/2 if po=0and pp=0
0 if p; > 0 and p; = 0.

This repartition function expresses the fact that all users select an ISP if at
least one of the subscription prices is null (ps = 0 or pp = 0).

In this paper, we propose a new aggregated user demand in terms of data
volume on ISP 7, where users having selected an ISP then decide whether to
use the content offered by the CP, depending on the unit price p;. We con-
sider that users’ willingness-to-pay for the CP service follows an exponential
distribution, independent of the ISP choice. Such a distribution reflects the
high heterogeneity of preferences and willingness-to-pay among the popula-
tion. As a result, the proportion of users subscribing simultaneously to the
CP and to ISP i is 0;e7°?', and the corresponding data volume is given by:

Di = D()O'ie_apl. (2)

The parameter o > 0 represents the sensitivity of users to the CP price: the
global demand (sum of demands on each ISP) is a decreasing function of a.

Notice that demand does not directly depend on the side payments g4
and ¢p. But the introduction of side payments will induce a reaction on the
prices pa, pp and p; set by ISPs and the CP at equilibrium, which, in turn,
indirectly affects demand. Finally, the global volume demand for CP data
D4+ Dg equals (04 + o) Doe™ P,

2.8. Utility and revenue functions

Among the proportion o4 + op of users having accepted to pay for an
access to the network, and then paying a flat-rate price p; to the CP, some
would have accepted to pay more to benefit from the content of the CP.
The surplus of users that would have accepted to pay p is p — p1, while the
proportion of users willing to pay more than p is e *P*,

We can then compute the user welfare associated to the existence of the
CP, as the sum over all users of the benefit they make accessing the content
of the CP. Note that this does not include the benefit that users make by



selecting an ISP, which is associated to other (free) on-line services. The user
welfare due to the CP can be computed as:

o 0
UWep = (UA -+ UB) / — (%e—ax) (ZE . pl)dfl?
p1
e_apl
= (0a+o0p)
B Dy + Dp

The utilities (revenues) of the ISPs come from the end users subscription
fee, and from the CP through the possible side payment. The first one
depends on the mass of users with the ISP, and the second one on the total
amount of volume downloaded by users. Hence, for ISP i (i € {A, B}), the
revenue is

U, = pioi + ¢;D;. (4)

Remark here that the revenue is always positive since we do not consider the
cost of the network.

The utility of the CP in this model is the sum of revenues gained by users
subscribing through A and through B. It is thus given by

Ui = (p1/Do — qa)Da+ (p1/Do — qB)Dp. (5)

Since p; is decided after ¢4 and ¢g, the CP can also ensure a positive revenue
by setting p1 /Dy > max(qa, ¢p).

2.4. Multi-stage Decision Problem

The decision variables are the prices p1, pa, pB, 4, ¢, impacting end users
(demand), as well as revenues of providers. Those variables are decided at
different time scales or levels, that can be described as follows.

1. At the largest time scale, the side payments g4 and ¢p are decided.
In the neutral case, they are either fixed to 0, or determined as a
common value. They can be different in the non-neutral case, and can
be determined either by the ISPs (in a game), the CP, or a regulator.
All those options will be investigated. Those determinations will be
obtained anticipating the solution of the games below whatever the
values of ¢4 and gp (the so-called backward induction).



2. At a smaller time scale, for fixed values of ¢4 and ¢g, the ISPs fix their
prices ps and pp during a non-cooperative game to attract customers
and maximize their revenues. Here again, the decisions are made an-
ticipating the solutions at lower levels.

3. At an even smaller time scale, the CP sets the price p;.

Finally, for those fixed values of pi,pa, ps, qa, g, users choose their ISP
(if not too expensive), and decide whether to use the service offered by the
CP, as described by formulas (1) and (2).

All those interacting levels are now solved by backward induction, from
the smallest time scale to the largest one.

3. Content provider price determination

The CP aims at maximizing his revenue U, for fixed values of p4, pg, qa, ¢35,
making use of what the total user demand D4 + Dp, with D; given by (2),
will be. For convenience, we define P; := p/.

Proposition 1. Given the side payments qa and qp and the prices pa and
pp decided by the ISPs, the price of the CP mazimizing its revenue (4) is

_ Pa 1 Pp 1. .
b @ D - >0 >0
pr= PA+pB< OQB1+ 04)+ PA+PB( 0ga + a) if pa or pg
DOQA_;qB‘i‘— if pa =0 and pg =0
o

(6)

Proof. We first consider the case p4 > 0 and pg > 0. The derivative of the
CP revenue is then
oUy Pa(ags +1/Dy — ap,/Dy) + Pp(agqa 4+ 1/Dy — apy /D)

Yl peon
op1 0 PyPa + PyPp + PyPg

which is strictly positive until p; achieves the value given in the first equation
of (6), and strictly negative after. Hence the result.

If p4 =0 (and then P4 = 0) and pp > 0 (the opposite case is symmetric
and then omitted), the CP revenue is e "' (p; — Dyqa), whose derivative is
e (1 — a(p1 — Doga)).

Finally, if p4 = pp = 0, then the CP revenue is 1e7*P'(2p; — Do(qa+¢5)),
and its derivative is e”*"* (1 — ap; + $Do(qa + qB)). O
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Notice that the optimal price does not depend on the outside option
valuation pg. One can also check that it increases with the price p; of ISP ¢
that has the biggest side payment ¢;, and decreases with the other price. In
the limit (that can be interpreted as neutral) case g4 = qp = q, the optimal

pricing for the CP is gD+ 1/« whatever the value of p4 and pg. In that case,

. . Da+D .
as an important remark, the CP’s revenue is %, which corresponds to
o

the CP-related user welfare: the interest of users and that of the CP coincide
here. Finally, remark that the optimal price for the CP is always greater
than Do min(ga, gg)+ 1/, because it is a convex combination of Dygs+ 1/«
and Dygp + 1/c. In particular, it is greater than the inverse of the user price
sensitivity a.

4. Pricing game between ISPs

Before the users decide which ISP to join and the CP chooses p;, the
ISPs play a pricing game, making use of what the CP and users decisions
would be. In this section, we determine the Nash equilibrium solutions of
this pricing game in an analytical way when there are no side payments, and
numerically (because intractable) in the general case. Recall (see [9]) that
a Nash equilibrium would be a price profile (pa, pg) such that no ISP can
improve (strictly) his utility by unilaterally changing his price. The best-
response curves are defined as (by expliciting the dependence of Uy and Up
on pa,pn)

BRa(pg) = argmaxUx(pa,pps) and
pa>0
BRg(pa) = argmaxUg(pa,ps).
pp=>0
With those notations, a Nash equilibrium is a point (p3Z, pRF) for which
BRA(pFF) = piF and BRp(phF) = pRE. Graphically, if we draw the two best-

response curves on the same figure, the set of Nash equilibria is then the
(possibly empty) set of intersection points of those curves.

4.1. No side payments

In the case where no side payments are established, g4 = g = 0, we get
a simple formulation for the revenue of ISPs. From the previous section, the
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optimal CP pricing is 1/a. Using the notation P, = pf7 the revenue of ISP
A is then (the revenue of ISP B being symmetrical)

PoPppa
Uy = PyPs+ PyPg + P4Pp
0

if py >0and pg >0 (7)

iprZOOI"pB:O

We first stress that p4 = pg = 0 is a Nash equilibrium since no player can
strictly increase his revenue by unilaterally changing his action: the revenue
always remains equal to zero. But setting one’s price to zero is a dominated
strategy, that is strictly dominated as soon as the adversary price is not
zero: it always yields no revenue whereas a strictly positive revenue can be
guaranteed with any other choice. Therefore it is not likely to be chosen by
ISPs if another equilibrium exists.

Proposition 2. Assuming that there are no side payments, i.e. g4 = qg = 0,
then

o if 5 <1, there is a unique Nash equilibrium different from (0,0) with
PYEZ PYF = o,

o if 1 < (8 <2, there is a unique Nash equilibrium different from (0,0)

9 _
with PY¥ = PY¥ = b R,
5—1
e if 5>2,(0,0) is the unique Nash equilibrium, yielding no revenue for

the ISPs.
The proof relies on the following general result about symmetric games.
Lemma 1. If the best response function BR4y and BRg are
e cqual: BRy = BRg = BR,
o single-valued,
e strictly increasing,

then (pa,pp) is a Nash equilibrium if and only if pa = pp = p with p a fized
point of the best-response function: p = BR(p).
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Proof. (Lemma) The pair of prices (pa, pg) is a Nash equilibrium if and only
if pa = BR(pp) and pgp = BR(pa). Let us suppose that p4 # pg, for instance
pa > pp (should the indexes be permuted). Then:

ps = BR(pa) > BR(ps) = pa,

where the inequality comes from the strict increasingness of BR, hence a
contradiction. At Nash equilibrium, py = pg is then a necessary condition,

and from the definition of such an equilibrium, it is necessary and sufficient
to have p = BR(p). O

Proof. (Proposition) Assuming that p4 > 0 and pg > 0, the derivative of
ISP A revenue (7) is

Pphy
(PAPg + PPy + PaPy)?

(Pa(l1—B)(Pp+ Py) + Pphy) .

Hence the derivative has the same sign as the affine function of P4: P4(1 —
B)(Pg + Py) + PpPy which is strictly positive while P, is smaller than the
unique root, and negative afterwards. Hence, given pg > 0, the best-response
of ISP A is

+00 if <1
BRa(Pp) = PpP,
(8—=1)(Pp+ R)

The case § < 1 is then solved.

For the case > 1, notice that the best response is the same function
for ISP B due to symmetry, that equals BR(P) = m, and is a
strictly increasing function of P. Hence it follows from the previous lemma
that every Nash equilibrium is symmetric, which results here in the necessary
and sufficient condition at Nash equilibrium P5* = PY¥ = BR4(PY"). The
last equation has a unique strictly positive solution in the case 1 < g < 2,
the one given in the proposition, and no solution otherwise. O

otherwise.

This proposition shows in particular that, when the price sensitivity of
users is high (5 > 2), we are led to the same price war as in the model of
Bertrand competition studied in [19]. But for smaller levels of price sensi-
tivity, this does no longer happen: the price set by ISPs at equilibrium is
strictly positive, hence providing some revenue from users to both ISPs.

12



4.2. Positive side payments

In the general case, the computation of the Nash equilibrium or even the
best response function is not analytically tractable. We are then led to study
numerically the price competition between ISPs. From here, we take a = 1,
po=1, Dy=1,and § = 1.5.

Let us first remark that if the price set by an ISP (say ISP A) is equal
to zero, then the other ISP (ISP B), at a Nash equilibrium, sets his price to
zero as well. This is because ISP B does not attract any users if his price is not
zero, and then his revenue is null, whereas the revenue is %qBDOe_%DO(qAWB)_l
otherwise, hence strictly positive.

Numerical computations show that there is a set of side payments g4 and
qp for which the price war phenomenon between ISP happens. That set is
shown in Figure 2. In the following, we will denote by P, the set of side
payments for which a price war between ISPs takes place, leading to null
subscription prices.

qdB

qA

Figure 2: Set P,, of side payments (ga,gg) for which the Nash equilibrium is such that
piE = ng =0, i.e. price war holds.

Figures 3 to 6 show the prices and revenues at Nash equilibrium (recall
that this is for ¢4 and ¢p fixed). Numerical computations point out the
fact that the revenue of the CP, and the user welfare he creates, are always
equal at equilibrium, the reason why we do not plot user welfare here. While
this equality is clear when side payments are the same, our numerical results
suggest that it remains true in the general case.

13



qa

Figure 3: ISP A user price p\* at equilibrium as a function of the side payments g4 with
gp € {0,1,2,3}.

Figure 3 represents the price p\" set by ISP A at Nash equilibrium, when
the side payment ¢ varies, and for several ISP B side payments ¢g. This
reveals that the price at equilibrium first decreases with the side payment
set by the ISP, and then increases. For some value of the opponent ISP
side payment, it goes to zero when a threshold is reached. This threshold
corresponds to the case where the side payment revenue that ISPs get by
setting their prices to zero, and then attracting the whole set of users, be-
comes larger than the one they get on a limited market share with both the
subscription fees and the side payments. Finally, there is no monotonicity in
the opponent side payment.

Figure 4 displays the optimal price p} of the CP in terms of g4 for different
values of gg. We can notice the discontinuity due to the price war thresholds
(for the cases gg = 1 and gg = 2, since there are no such thresholds for
the two other cases from Figure 2). It can be remarked that the optimal
price increases with g4 (and ¢g) both before and after the thresholds, but
not in general. One can also check here the general property that pj >
Domin(qa, gg)+ 1/, which, in particular, ensures a strictly positive revenue
to the CP.

Figure 5 shows that the revenue of ISPs is not monotonous with the side
payment. Moreover, depending on the ISP B side payment, the maximal
revenue of ISP A is reached either for a null side payment (e.g., when ¢p =
3.0) or for a strictly positive value (e.g., when ¢gg = 0.0). On the other
hand, the CP revenue, plotted in Figure 6, has a tendency to decrease with

14



Figure 4: CP optimal price at equilibrium as a function of the side payments g4 with
gs € {0,1,2,3}.

N o]
\-\ ~~~~~ — ,_,_/.,/’——’
< L
= 0.2+ ———
----qp =1
..................... 4z = 2
,/:,,’,._’. .............................. gy —
0
' 4
qa

Figure 5: ISP A revenue at equilibrium as a function of the side payments g4 with gp €
{0,1,2,3}.

15



side payments, even if it is not strictly the case, as can be seen for gg = 1
and small values of ¢4. When a discontinuity occurs, the CP revenue is

—qp =0
g = 1
02N\ | ol
L N —-—qB :3
)
0.1

—
—

~<.
fe— e Y=o
——— - e

qa

Figure 6: CP revenue at equilibrium as a function of the side payment g4, with ¢ €
{0,1,2,3}.

maximized for the smallest side payment leading to the price war.
Finally, over the price war set P, the CP subscription price is p; = Do% + é
and the revenues are

1 o
U = =qDpe 7 @atas)-1 (8)

2
1%(

U = UWep = ae qa+ap)—1 (9)

5. Side payments determination

We consider at the highest level three possibilities for the choice of the
side payments ¢4 and gg. We first look at the case when they are determined
by the CP (even if unlikely in practice), then the case when they result from
a game played between ISPs, and finally the case when they are determined
by a regulator (e.g., to maximize social welfare).

Since we don’t have the analytical expression for the ISPs price at Nash
equilibrium, we provide numerical results, where we take « = 1, g = 1.5,
po =1 and Dy = 1.
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5.1. Determined by the CP

The revenue of the CP is maximized when the side payments are g4 =
gp = 0.3 as illustrated in Figure 7(instead of plotting a hard-to-read 3D-curve
of CP revenue in terms of g4 and ¢g, we have preferred to draw 2D-curves
in terms of one of the parameters for values various of the second parameter
close to optimal). It is interesting to notice that, for such a set of side
payments, there is a price war on the user prices, i.e., p"” = pR¥ = 0 here.
In fact it corresponds to the symmetric (g4 = gg) point of the price war set
P, described in Figure 2 for which the sum of side payments is minimized.

Indeed, if pi¥ = pRF = 0, then the revenue of the CP can be rewritten as

_aDg _ . L . ..
Uy = Le= 72 (@atas)=1 and then is maximized when g4 + ¢p is minimal.

[0}

—(4p = 0.2
cqp = 0.3

qaA

Figure 7: CP revenue at equilibrium as a function of the side payment ¢, with gqg €
{0.2,0.3,0.4}. The maximal revenue is reached when g4 = g = 0.3.

At this point the revenues of the stakeholders are U4y = Up ~ 0.04, and
UWep = U; = 0.27. Hence the revenues of ISPs are much smaller than the
one of the CP. Note that the situation is quite counter-intuitive, since the CP
gains to introduce side payments. This is because those payments exacerbate
the competition between ISPs, which is beneficial to end users, and finally
to the CP who can reach more customers.

5.2. Determined by the ISPs, through a game

If we instead assume that the side payments are non-cooperatively de-
termined by the ISPs, we are led to study the best response of each ISP
to the other ISP side payment. As shown in Figure 8, the best response is
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Figure 8: The optimal side payment of each ISP as a function of the opponent ISP side
payment. There is a threshold ¢; =~ 2.80 beyond which the best response falls to zero.
There are two Nash equilibria (NE) where one ISP sets its side payment to zero.

first increasing in the other ISP side payments, and then falls to zero above
a threshold, which is approximately 2.80. Since the best-response to a null
price is 2.80, it follows that (0,2.80) and the symmetric point (2.80,0) are
Nash equilibria, and they are the only ones. It is interesting to notice that
the resulting side payments are not symmetric at Nash equilibrium, so are
the revenues equalling 0.42 for the ISP with side payment 2.80 and 0.34 for
the other ISP.

Now let us compare that outcome to the case without any side payments.
From Subsection 4.1, with § = 1.5, the revenue of ISPs is 0.33. Hence the
ISPs global revenue increases by about 15%, which goes in the direction
of ISPs arguments about side payments improving their revenue. On the
other side, the CP revenue decreases from 0.25 to 0.06, hence losing nearly
75% of its value. The benefit of ISPs is then at the expense of the CP and
consequently of the user welfare.

5.3. Determined by a regulator

A regulator can either decide to maximize the revenue of the supply chain
(sum of utilities of the ISPs plus the CP), the user welfare (end-users surplus),
or the social welfare (including user welfare and all providers utilities).

The total value of the supply chain is the total revenue got from the users,
ie., U +Us+ Up.
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User welfare can be decomposed into two components: the user welfare
due to the existence of the CP -that is computed in (3)-, and the user welfare
due to the presence of the ISPs. Let us focus on the latter part: we have
assumed that users not connected to the Internet perceive a cost py (thus pg
can be seen as the value of the connectivity service). When a user decides
to subscribe to ISP i and pay the corresponding price p;, its benefit is then
po — p; with respect to the no-ISP situation: the user does not bear anymore
the cost py of not having Internet access, and instead perceives the monetary
cost p;. Aggregating over the whole population, the user welfare that is due
to the presence of the ISPs (with their prices p4 and pg) equals

UWisps = ga(po — pa) + oB(po — pB)-
The global user welfare generated by the system (ISPs and CP) is therefore
UW = UW¢p + UWigps (10)

Finally, social welfare is defined as the overall value of the service for
the society. It therefore includes the surpluses of all actors, and equals
SW = U; + Uy + Ug + UW Note that Social Welfare also corresponds to
the total value that the service has for subscribers, without considering any
monetary exchanges because they stay within the society. We indeed obtain,
simplifying the sum of the terms in SW:

1
SW = (04 +0B) (Po + (Pl + a) eapl) )

where the term (04 + op)po is the value of the connectivity service for ISPs’
subscribers, and the other term is the value of the CP service for CP sub-
o0
scribers, computed as (o4 + 03)/ ae” ' du.
p1
5.8.1. Side payments to maximize User Welfare
Since CP revenue and user welfare are equal at Nash equilibrium, it fol-

lows that user welfare is maximized when the CP revenue is maximized. This
case has already been treated in Subsection 5.1.

5.3.2. Side payments to mazximize Social Welfare

We have obtained numerically that the social welfare is maximized for
the same side payments than the ones maximizing the CP revenue and the
user welfare.
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5.3.3. Side payments to mazximize the supply chain value

The supply chain value is maximized when the side payments are both
null, which has been studied in Subsection 4.1. In this neutral case the rev-
enue of ISPs is approximately 0.33 whereas that of the CP (and the induced
user welfare) is 0.25. Remark that among the three alternatives considered in

this subsection, this one leads to the fairest revenue sharing between stake-
holders.

6. Discussion, conclusions and future work

We have provided in this paper a model describing the interactions be-
tween two ISPs in competition, a CP, and end users connecting to the net-
work. With respect to the literature, we believe that considering competitive
ISPs and a single CP is a more realistic representation of the current net-
work where we have a quasi-monopole for some applications (for instance
YouTube or Netflix), while several ISPs are in competition (an argument
of ISPs). The goal is to study the impact of side payments on providers’
revenues, and conclude whether they can help reduce the unfairness of the
current revenue sharing among all actors, as claimed by ISPs in the current
network neutrality debate.

In this paper, we have presented a three-level game where (from the
largest to the shortest time scale) the side payments are first determined, then
a pricing game is played between ISPs, followed by the content provider price,
and finally, knowing all those prices, end users choose their ISP (or none if too
expensive) and possibly decide to subscribe also to the CP service. All those
levels are played by backward induction, meaning that players anticipate the
solutions of the later games when choosing their strategies.

Our results have highlighted the fact that side payments, unless decided
by ISPs, have little chance to address the concern from ISPs regarding the
fairness of the revenue sharing associated to users accessing content through
their infrastructures. This is due, to a great extent, to the competition
played among ISPs on the access prices that drives their revenues to low
values. On the other hand, the CP being in a monopolist situation, always
obtains significant revenues. An interesting paradox we have highlighted is
that side payments may be beneficial to the CP. Nevertheless, when side
payments are decided by the ISPs (non-cooperatively), it can be beneficial
to them, but at the expense of both the CP and the users. Remarkably, in
terms of social and user welfare, the optimal side payments are the same than
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those maximizing the CP revenue. But looking at the whole supply chain, in
order to avoid too big disparities between revenues of providers, the neutral
case is the most suitable. If the side payments are decided non-cooperatively
by ISPs, in our experiment, one (only) is a big winner, while the other ISP
gains a bit more than in the neutral case. This asymmetry may be a problem
and can create complicated tensions and negotiations.

As future research, we would like to go into several directions: first to
include several CPs with different contents, but such that some end users are
targeting only a subset of them, for all possible subsets. ISPs may also charge
each other to let the CPs not connected to them reach their own customers
(transit pricing). Other extensions to our model could include architecture
investment and content innovation characteristics, for the ISPs and the CP
respectively.
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