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This paper considers undirected networks in which the vertex set N represents players.
Each player has two possible actions, 0 and 1. There are two types of players: (i)
conformists who obtain a payoff of 1 from every neighbor (on the network) who plays
the same action as they do and obtain a payoff of —1 from every neighbor who plays the
other action, and (ii) rebels who obtain a payoff of —1 from every neighbor who plays
the same action as they do and obtain a payoff of 1 from every neighbor who plays the
other action.

A discrete time Markov process on the state space N1%1} is defined. Every period,
each player who currently obtains a strictly negative total payoff changes his action.
This defines the (synchronous) best response dynamic.

The paper studies the length of (i.e., number of states in) absorbing cycles of this
process. The initial results consider the case in which all players are of the same type
(Theorem 1) and the case in which every player has no neighbor of the same type
and there are no two neighboring players who each have an even number of neighbors
(Theorem 2). The later results consider three specific networks: the line, the ring and
the star.

Theorem 1 gives cycle lengths of 1 and 2 depending on the initial state. This is similar
to the two-player game (|N| = 2) between two conformists (that is, a coordination
game).

Theorem 2 gives a cycle length of 4. This is similar to the two-player game (|N| = 2)
between one conformist and one rebel (that is, a matching pennies game).

Both Theorems 1 and 2 are constructed by finding an appropriate Lyapunov function.
Consideration of the Lyapunov function then gives a relationship between actions taken
at times ¢t — 1 and ¢+ 1, conditional on the process being within an absorbing cycle.
For example, in the case of Theorem 2, it implies that any player must play different
actions at times t — 1 and ¢+ 1. That is, within an absorbing cycle, a player’s sequence
of actions must be ...0x1y0z1y0... with x # y. For either £ =0 or = 1, this gives
...00110011.... That is, the cycle has length 4.

The results for specific networks find that in almost all cases cycle lengths are 1,
2 or 4. This is because, whenever there exist adjacent players of the same type, the
regularity imposed by their coordination or anti-coordination imposes regularity on
their neighbors, thus on their neighbors’ neighbors and so on. When there exist no pairs
of adjacent players of the same type, the line and star network are analogous to two-
player matching pennies and we obtain a cycle length of 4. This is similar to Theorem
2 but with adjacent players of even degree. In contrast, when there exist no pairs of
adjacent players of the same type, the ring network admits cycle lengths that grow
linearly in the number of players. Jonathan Newton
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