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Abstract: It is generally recognized that computing Nash equilibium may be very complex, so over
the years we wondered about the possibility of obtaining these outcomes through dynamic processes
where players adapt their actions over time. In this paper we focus on n-player potential games repeated
over time where each agent competes against the others following the multiplicative weights update
(MWU) with constant step size. The MWU algorithms are a class of algorithms largely studied in
literature in particular in online learning and decision making. In the MWU version that we consider,
at each step all players select an action based on their mixed strategies, then they receive information
about their vector payoff and they update their mixed strategies.

The goal is to study the behavior of the players induced strategies in the long run. In their paper
[1] Mertikopoulos et al. study this problem when the step size vanishes. Indeed in this case the mixed
strategy sequence generated by the MWU algorithm can be viewed as a “Robbins–Monro approximation”
(an asymptotic pseudo trajectory to be precise) of replicator dynamics. Hence it is possible to use
ordinary differential equation theory and in particular the fact that the potential function is a Lyapunov
function of the replicator dynamic to prove that in generic potential games the actual sequence of play
converges almost surely to a Nash equlibrium. In the constant step size version is not possible to bring
the sequence of strategies back to the replicator dynamics. However we can prove that if the sequence
of strategies converges almost surely then it converges to a mixed Nash equilibrium. Moreover this
equilibrium is weakly stable in the sense that if fixing one of the players to choosing a pure strategy in
the support of her strategy with probability one, leaves the other players indifferent between the strategies
in their support. This result already allows us to see in which classes of games it is not possible to obtain
a convergence of the sequence of strategies. For example we can not obtain the convergence in the
class of zero-sum games because there exist zero-sum games without weekly stable Nash equilibrium
(Matching Pennies). precisely in this sense Bailey et al. in a recent paper [2] have studied the behavior
of the strategies induced by the MWU in the case of zero-sum games proving that they converge to the
boundary of the strategies set. The first step of this work is to prove that the same result is true also
for generic potential games. In order to do this we note that the dynamic induced by the MWU is an
homogeneous Markov chain, then using standard Markov chains techniques we prove that under certain
hypotheses the sequence of the strategies converges to the boundary. This result in the simple case of
2-player games with two actions for each player guarantees convergence to the pure Nash equilibrium.
Therefore the final goal is to extend these result to obtain convergence in a generic two-player games.
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