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The definition of the process of interaction
among self-interested entities is dependent on the
context, and in particular on the set of informa-
tion available to the players. When they have
very little knowledge about each others’ costs
and strategies, one of the most natural and stud-
ied dynamics are sequential best-responses, where
players play sequentially and each player selects
a strategy which is a best-response to the cur-
rent strategy of the others. In such dynamics,
the assumption is that each player has no mem-
ory about the past and no knowledge about the
available strategies and costs of other players and,
thus, myopically responds to the current state,
without making any prediction about the conse-
quences of the subsequent responses of the re-
maining players. One of the basic objective of
study of game theory is the concept of equilib-
rium. An equilibrium can be viewed as a steady
state of a dynamics, where no agent has an in-
centive to unilaterally deviate from. The steady
state of a best-response dynamics is known as
pure Nash equilibrium. It is well known that best-
response dynamics do not always lead to a pure
Nash equilibrium and that the class of congestion
games [2] is a large class of games guaranteeing
convergence under best-responses.
In our work, we focus on the settings in which

each player has full knowledge of the strategies
and costs of the other players, so that, based on
such a knowledge, she can make predictions about
the others’ reactions to her move. We also as-
sume that each player is an entity with limited
computational abilities, thus she has the ability
of making predictions only on the consequences
of a fixed constant number of subsequent con-
secutive moves. In particular, we study the k-
lookahead dynamics in which the players sequen-
tially perform k-lookahead best-responses. When
k = 1, the k-lookahead best-response coincides
with the best-response. In general, for k > 1,
the current moving player p evaluates all the pos-
sible outcomes resulting from k − 1 subsequent
moves, by taking into account all the possible or-
ders in which players move and all of their possi-
ble strategies. We say that player p has a long-

sightedness of k and she makes a prediction by
assuming that any player moving j < k steps af-
ter her has a long-sightedness of k − j. Thus,
player p can compute her best move by backward
induction starting from the players having long-
sightedness of 1, and proceeding backward up to
k. When predicting the strategy chosen by any
player q having long sightedness k − j, it is nec-
essary to make some assumption on which is the
next moving player. We take into account two
different models: the worst-case and the average-
case ones. In the worst-case model, player p as-
sumes that the next move after q is performed
by a player providing player q the worst possi-
ble cost in the final outcome. In the average-case
model, player p assumes that the next move after
q is taken by a player selected uniformly at ran-
dom. For each of these models, we finally distin-
guish between the cases of consecutive and non-
consecutive moves, depending on whether player
p assumes that the next move after q may be per-
formed by q itself or not.
In our work, we investigate the existence of k-

lookahead equilibria and the price of anarchy of
2-lookahead equilibria in congestion games with
linear latencies [2]. Congestion games model the
settings in which a set of players compete for the
usage of a set of common resources. We choose
congestion games as representative of a large set
of well studied games for which the existence of
pure Nash equilibria is always guaranteed.
We initially focus our attention to the existence

of k-lookahead equilibria in strategic games. We
are able to show that, in the worst-case model
with consecutive moves, for a strategic game,
any pure Nash equilibrium is also a k-lookahead
equilibrium. This result implicitly shows that
the k-lookahead best-responses do not guarantee
better performance at equilibrium compared to
those achieved by the simple best-responses. We
then consider the existence of 2-lookahead equi-
libria in singleton congestion games. We show
that in the worst-case model without consecutive
moves, any symmetric singleton game always ad-
mits 2-lookahead equilibria. For the average-case
model, instead, we show that symmetric single-
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ton congestion games do not always admit a 2-
lookahead equilibrium regardless of whether con-
secutive moves are allowed or not.
We also obtain bounds on the price of anarchy

for the 2-lookahead equilibria of linear congestion
games, both in the worst-case and in the average-
case model. We first show that, in the worst-case
model, for any linear congestion game, the price
of anarchy is at most 8. For the average-case
model, we obtain smaller bounds. In particular,
we show that, for any linear congestion game with
n players, the price of anarchy is at most 4 +

min
{
2, 5

4n−7

}
. This result significantly improves

the previous upper bound of (1 +
√
5)2 ≈ 10.47

given in [1]. All the bounds mentioned hold either
with or without consecutive moves. We also show
that, when restricting to singleton strategies, the
price of anarchy drops to at most 4 in the worst-
case model with or without consecutive moves.

REFERENCES

1. V. S. Mirrokni, N. Thain, and A. Vetta. A
Theoretical Examination of Practical Game
Playing: Lookahead Search. In SAGT, pages
251–262, (2012).

2. R. W. Rosenthal. A class of games possessing
pure-strategy Nash equilibria. International
Journal of Game Theory, 2:65–67, (1973).


