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This paper starts studying a Bayesian routing problem from the epistemic point of view. We focus on the role of
common-knowledge on the users’ individual conjectures on the others’ selections of channels by giving Bayesian
extension of KP-model, which is the network game introduced by Koutsoupias and Papadimitriou [5].

We propose two notions of equilibria, expected delay equilibrium and rational expectations equilibrium, which
the former is the profiles of individual conjectures such as each user maximizes his/her own expectations of delay
and the latter is the profiles of conjectures such as each user maximizes his/her own expectations of social cost
respectively.

We will highlight the epistemic feature of these equilibriums, and we shall show the epistemic condition for the
equilibria as below:

Main theorem If all users commonly know an expected delay equilibrium, then the equilibrium yields a Nash equi-
librium in the based KP-model. If they commonly know a rational expectations equilibrium, then the equilibrium
yields a Nash equilibrium for social cost in it.

Further we will extend the notion of price of anarchy to rational expectations equilibriums, and give its upper
bounds for typical social cost functions.

Garing et al [3] is the first paper in which Bayesian Nash equilibrium is treated. They analysis Bayesian extension
of routing game specified by the type-space model of Harsanyi [4] as information structure, and they collected
several results: (1) the existence and computability of pure Nash equilibrium, (2) the property of the set of fully
mixes Bayesian Nash equilibria and (3) the upper bound of the price of anarchy for specific types of social function
associated with Bayesian Nash equilibria.

In this paper we shall modify their model by adopting arbitrary partition structure following Aumann [1] instead
of the type-space model. The merit of adopting information partition structure lies not only in getting the close
connection to computational logic (Fagin et al [2]) but also in increasing the range of its applications in various
fields.

Finally we have to remark on common-knowledge assumption. The assumption plays essential role in the above
theorem if there are more than two users. In fact, for two users case the theorem is still true without common-
knowledge assumption, however for 3 users case it cannot hold without the assumption.

We know it is actually very strong assumption, because common-knowledge is introduced by the infinite regress
of interactions among individual knowledge. So we would like to remove out it in our framework. There seems to
be several ways to improving this point, here I would recommend adopting the communication process introduced
by Parikh and Krasucki [6] replacing common-knowledge.
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