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ABSTRACT
Coordination in cooperative multiagent systems is an im-
portant problem and has received a lot of attention in mul-
tiagent learning literature. Most of previous works study
the problem of how two (or more) players can coordinate
on Pareto-optimal Nash equilibrium(s) through fixed and
repeated interactions in the context of cooperative games.
However, in practical complex environments, the interac-
tions between agents can be sparse, and each agent’s inter-
acting partners may change frequently and randomly. To
this end, in this paper, we investigate the multiagent co-
ordination problems in cooperative environments under the
social learning framework, in which there exists a large pop-
ulation of agents and each agent interacts with another agent
randomly in each round. Each agent learns its policy through
repeated interactions with the rest of agents via social learn-
ing. We distinguish two different types of learners depending
on the amount of information each agent can perceive: indi-
vidual action learner and joint action learner. The learning
performance of both types of learners are evaluated under a
number of challenging deterministic and stochastic cooper-
ative games.

Categories and Subject Descriptors
I.2 [ARTIFICIAL INTELLIGENCE]: Distributed Arti-
ficial Intelligence—Multiagent systems
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1. INTRODUCTION
In multiagent systems (MASs), one important and widely

studied class of problem is how to coordinate within coop-
erative MASs. There are a number of challenges the agents
have to face when learning in cooperative MASs, e.g., equi-
librium selection problem [1] and stochasticity problem [2].

Until now, various multiagent reinforcement learning al-
gorithms [3] have been proposed in the literature to solve the
coordination problem in cooperative MASs. Most of previ-
ous works heavily rely on the Q-learning algorithm as the
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basis, and can be considered as various modifications of sin-
gle agent Q-learning algorithms to cooperative multiagent
environments. The commonly adopted learning framework
for studying the coordination problem within cooperative
MASs is to consider two (or more) players playing a re-
peated (stochastic) game, however, in practical complex en-
vironments, the interactions between agents can be sparse,
i.e., it is highly likely that each agent may not have the op-
portunity to always interact with the same partner, and its
interacting partners may change frequently and randomly.
Each agent learns its policy through repeated interactions
with different opponents, and this kind of learning is termed
as social learning [4] to distinguish from the case of learning
from repeated interactions with the same partner(s). It is
not clear a priori if all the agents can still learn an optimal
coordination policy in such a situation.

To this end, in this paper, we study the multiagent coor-
dination problem within a large population of agents, where
each agent interacts with another agent randomly selected
from the population during each round. The interactions
between each pair of agents are modeled as two-player co-
operative games. Each agent learns its policy concurrently
over repeated interactions with randomly selected agents
from the population. We distinguish two different types of
learners depending on the amount of information the agents
can perceive on the basis of Q-learning algorithm: individ-
ual action learners (IALs) and joint action learners (JALs).
We investigate the learning performance of both types of
learners under the testbed of Claus and Boutilier’s coordi-
nation games and the more challenging stochastic variants,
and throw light on the learning dynamics of both types of
learners via social learning.

2. SOCIAL LEARNING FRAMEWORK
Under the social learning framework, there are a popu-

lation of n agents and each agent learns its policy through
repeated pairwise interactions with the rest of agents in the
population. The interaction between each pair of agents
is modeled as a two-player cooperative game. During each
round, each agent interacts with a randomly chosen agent
from the population, and one agent is randomly assigned as
the row player and the other agent as the column player. At
the end of each round, each agent updates its policy based on
the learning experience it receives from the current round.

We identify two different learning settings depending on
the amount of information that each agent can perceive un-
der the social learning framework. In the first setting, apart
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from its own action and payoff, each agent can also observe
the actions and payoffs of all agents with the same role as
itself from other M groups, denoted as St

i . In the second
setting, each agent is also assumed to able to perceive the
action choices of its interacting partner and those agents
with opposite role from other M groups, denoted as P t

i .

2.1 Individual Action Learner
In the first setting, each agent holds a Q-value Q(s, a) for

each action a under each state s ∈ {Row,Column}. At the
end of each round t, each agent i picks an action (randomly
choosing in case of a tie) with the highest payoff from the
set St

i , and updates this action’s Q-value following Equ. 1,

Qt+1
i (s, a) = Qt

i(s, a) + αt(s)[r(a) ∗ freq(a)−Qt
i(s, a)] (1)

where freq(a) is the frequency that action a occurs with the
highest reward r(a) among set St

i .
Each agent chooses its action based on the corresponding

set of Q-values during each interaction according to the ε-
greedy mechanism: each agent chooses its action with the
highest Q-value with probability 1 − ε and makes random
choices with probability ε.

2.2 Joint Action Learner
In the second setting, at the end of each round t, each

agent i updates its Q-values for each joint action −→a belong-
ing to the set P t

i as follows,

Qt+1
i (s,−→a ) = Qt

i(s,
−→a ) + αt(s)[r(−→a )−Qt

i(s,
−→a )] (2)

At the end of each round t, for each action a, let us de-
fine rmax

a (s) = max{Qt+1
i (s, (a, b)) | b ∈ Ai}. Finally, each

agent i assesses the relative performance EV (s, a) of an ac-
tion a under the current state s as follows,

EV (s, a) = rmax
a (s)× freqi(a, b

′) (3)

where the joint action pair (a, b′) corresponds to the maxi-
mum payoff rmax

a (s) in Qt+1
i (s,−→a ). Based on the EV-values

EV (s, .) of its individual actions, each agent chooses its ac-
tion in the same way as it would use Q-values in Section 2.1
following the ε-greedy mechanism.

3. EXPERIMENTAL RESULTS

3.1 Deterministic games
We consider two particularly difficult coordination prob-

lems: the climbing game (Figure 1(a)) and the penalty game
with k = −50 (Figure 1(b)). Simulation resulsts show that
both IALs and JALs can successfully learn to coordinate
on the optimal joint action (a, a) after approximately 2000
rounds without significant performance difference. However
note that for the penalty game, since there exist two dif-
ferent optimal outcomes, half of times all agents learn to
coordinate on the optimal joint action (a, a), and learn to
converge to another optimal joint action (c, c) the other half
of times.

3.2 Stochastic climbing game
We consider two different versions of stochastic climbing

games: partially stochastic version (only the payoff for out-
come (b, b) is stochastic (-14/0)) and fully stochastic version
(the payoffs for all outcomes are stochastic, but the expected
payoffs are still unchanged). For the partially stochastic

(a) (b)

Figure 1: Payoff matrices for (a) the climbing game,
(b) the penalty game

climbing game, we observe that both IALs and JALs can
reach full coordination on (a, a) after approximately 2200
rounds. Another observation is that the JALs do perform
significantly better than that of IALs in terms of the conver-
gence rate. This is expected since the JALs can distinguish
the Q-values of different joint actions and have the ability
of quickly identifying which action pair is optimal.

For the fullly stochastic climbing game both IALs and
JALs, simulation results show that JALs can always suc-
cessfully learn to coordinate on (a, a), while the IALs fail to
do that. We hypothesize that it is because IALs cannot dis-
tinguish whether the uncertainty of each action’s payoff is
caused by the stochasticity of the game itself or the random
exploration of their interacting partners.

4. CONCLUSIONS
In this paper, we investigate the multiagent coordination

problem in cooperative environments under the social learn-
ing framework, which is complementary to the large body
of previous work in the framework of repeated interactions
among fixed agents. Two different types of learners (IALs
and JALs) based on the traditional Q-learning algorithm
are introduced by incorporating both heuristics of optimal
assumption and FMQ strategy. For deterministic cooper-
ative games, both IALs and JALs can effectively learn to
coordinate on optimal joint actions without significant per-
formance difference, however, when it comes to stochastic
cooperative games, JALs usually can achieve much better
performance than IALs, since it can better distinguish be-
tween the stochasticity of the game itself and the stochastic
explorations of the interacting agents. One interesting direc-
tion is to consider the design of alternative interaction mech-
anisms instead of adopting random interaction mechanism
to facilitate more efficient coordinations among agents.
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