WiFi Access Point Pricing asa Dynamic Game

John Musacchio , musacchj@eecs.berkeley.edu
Jean Walrand , wir@eecs.berkeley.edu

Keywords: Pricing, Game Theory, Wireless Networks

1. Introduction

In this work we study the relationship between a WLAN owneirgcas a wireless access provider and a
paying client. We model the interaction as a dynamic gamehichwthe players have asymmetric information
— the client knows more about her utility function than theess provider knows. In earlier work [1], we
found that if a client has a “web browser” utility function t@mporal utility function that grows linearly), it

is a Nash Equilibrium for the provider to charge the clienbastant price per unit time. While if the client
has a “file transferor” utility function (a temporal utilifyanction that is a step function), and also has an a
priori bounded file length, the client would be unwilling taypuntil the final time slot of the file transfer. In
this new work, we show that the equilibrium strategy profilewweb browser clients is unique under certain
assumptions. We also find that the earlier result for filesdfamor clients can extend to a more general class
of utility functions. Finally we extend our web browser rltga a three player game with multiple wireless
hops, and show in this scenario that constant price is a Nshbgium.

2. Basic Mod€

We formulate the interaction between a base station anah@alient using a simple two-player game model,
that we first introduced in [1]. The game progresses in disdime slots or “periods.” At the beginning of
the first time slot, the base station proposes an access prifte access during the first time slot. The client
can either accept the price and connect, or reject the pnideat connect. If the price is rejected, the game
ends and both client and base station receive zero payoff.

In general, the base station offers connectivity at therbegg of time slot; at pricep;. The game ends the
first time the client rejects the base station’s proposal.

On completion of the game, the client’s utility functigif¢, K) is a function of the number of time slots the
client was connected, and a paramedtewhich we call the client’s intended session length. Thentkenet
payoff is f (¢, K) — Zlepi. The base station’s net payoff is simpﬂlepi. The underlying assumption
is that the base station’s marginal cost to provide the sera the client is negligible. We study the Nash
equilibria of this game under different assumptions of thecture of the utility functionf (¢, K).

3. Web Browser Model

In a version of the basic model we call the web browsing maithel,client’s utility is proportional to the
length of timet connected, up until the maximum intended session leAgth

The parameter§ andK of expression 1 may have a random distribution. The clieotlgthe sample value,
the base station just knows the distribution.

Theorem 1 Consider a web browser client with utility defined by exp@s$l). Suppose thdf and K are
independent and finite mean. Then the following strategfji@lis a perfect Bayesian equilibrium (PBE):



e The client connects or remains connected in each slotdff K andp; < U. (We refer to this as the
“myopic strategy.”)

e The base station charges prigé in all time slots, wherg* is a maximizer ok P(U > z).

The proof is presented in [1]. It is somewhat surprising thatbase station would keep its price constant.
Whenever a myopic client accepts prieg the base station can refine its conditional distributiord/dby
lower bounding it byp;. One might have expected that a base station might want tchaayging a higher
price thanp; after learning that the client’s utility is at legst The theorem shows that this intuition is not
correct.

Theorem 1 shows that a strategy profile with the client plgy@mmyopic strategy is a PBE, however it does
not show that this strategy profile is an unique PBE.

In this new work, we show that in the special case that theded session lengtl’, has a finite distribution
on{l,..., N}, then the myopic strategy is the unique client strategy i&PB

Lemma 1l Suppose K is distributed of1, ..., N}, andU is finite mean, then the following characterizes all
PBE:

¢ The client follows a myopic strategy, connecting #f K andp; < U.

e The base station charges a non-decreasing sequence ofggicesuch thatp, € X whereX is the
set of maximizing values ofP(U > z).

The proof is left for the full paper.

4. FileTransfer Modd

In an instance of the basic model that we call the file transfedel, the client’s utility function is a step
function. The client must remain connected for the entiterided session length, and complete his file
transfer, to get any utility.

(b or b2

Thee of expression (2) is assumed to be positive and smaller treasnhallest unit of payment. The following
theorem was shown in [1]:

Theorem 2 Suppose the client has a file transfer utility function asxpression (2), but witl/ = 1. The
session lengtt, is distributed on{1, ..., N'}, with a sample valu&nownto the client, andinknownto the
base station. We also assume that the functi8’s = i) has a unique maximizer, Then the following
strategy profile is the unique, perfect Bayesian equilitoriu

e The client accepts the base station’s offes;if= 0 wheni < K, andp; < K wheni = K. We refer to
this as the “pessimistic” strategy.

e The base station charges:

_Jo ifi<i
Pi=13 i otherwise



The result is proved in [1]. In this new work, we prove thedaling more general result:

Theorem 3 Suppose the client has a file transfer utility function asxpression (2), witi/ a continuous
random variable orjl, k], and the session lengtfi, distributed on{1, ..., N}. BothU and K" have sample
valuesknownto the client, andunknownto the base station. We also assume that the funetighU >

u, K = i) has a unique maximizing paif.*, i*). Then the following strategy profile is the unique, perfect
Bayesian equilibrium:

e The client plays a “pessimistic” strategy: The client actethe base station’s offer jf; = 0 when
i < K,andp; < U - K wheni; = K.

e The base station charges:

_Jo if 4 < ¢*
Pi=19 u*i* otherwise

When the functionii P(U > u, K = ¢) does not have a unique maximizing pair, Theorem 3 can be raddifi

to say that the described strategy profile is a (not uniquell RB any choice of(u*,i*) that maximizes
wiP(U > u, K =1).

4.1 MultipleHops

In this new work, we consider a scenario where root basestatlls service to a reseller, while the reseller
resells the service to an end client. The reseller chargesnt client a price gf; in slot 4, while the root
base station charges the reseller a price @f sloti. The reseller’s payoff is simplEle (pi —¢i)

Theorem 4 The following strategy profile is a PBE:

e The client follows a myopic strategy, connecting #f K andp; < U.

e The reseller charges a price that is a static function of thet base station price.
pi(ci) = argmax (p — ;) P(U > p).
e The root base station charges a constant price.

c* =arg max [c- P(U > p*(c))]

The proof is left for the full paper.
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