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Emergence of Communication and Cooperative Behavior by
Reinforcement Learning Agents

TAKASHI SATO, ¢ E1J1 UCHIBE! and KENJI DovAt

The prototype of symbolic communication would have emerged to help individuals to earn
rewards and to improve fitness by using their excess degrees of freedom in action and per-
ception. In this paper, we investigate whether and how reinforcement learning agents who
aim at maximizing rewards can learn to use their redundant actions for communication in a
simple game where the two agents learn to earn rewards by intruding into the other’s terri-
tory on a linear track. In this task, although both cooperation and communication are not
imperative, we found that the agents with lights and light sensors are able to achieve cooper-
ative behaviors by avoiding collisions using visual communication in the middle of the track.
Further analysis reveals a variety in the mapping of messages to signals. In some cases, the
differentiation of roles into a sender and a receiver was observed. This is to our knowledge
the first demonstration of emergence of communication by arbitrary meaning-coding mapping
without an explicit objective of communication itself in a situation in which both cooperation

and communication are not indispensable.
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Fig.1 Six possible position patterns (denoted by 0 to 5)
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Fig.2 Twelve state transition rules of position patterns

in case of collisions.
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Table 1 Four types of reinforcement learning agents.

Actions States

0: Go Forward

1 Go Backward 0~5: Position Pattern

(a) N (null) type

0: Go Forward
1: Go Backward

0~5: Position Pattern

(b) M (memory) type 0 or 1: Past Action

0: Go Forward with Light Off
1: Go Backward with Light Off
2: Go Forward with Light On
3: Go Backward with Light On

0~5: Position Pattern

(¢) L (light) type 0 or 1: Opponent's Light

0: Go Forward with Light Off

(d) LM (light-memory) | 1: Go Backward with Light Off
type 2: Go Forward with Light On

3: Go Backward with Light On

0~5: Position Pattern
0~3: Past Action
0 or 1: Opponent's Light

Q(st,ar) := Q(s¢t, ar)
+a |:7"t+1 + ’YmgXQ(StJrha) = Q(st, at)}
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Fig.3 Ensemble averages of summed rewards obtained at 0% N-type agent Metype agent Letype agent LM-type agent

final episode for four types of agents.
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Fig.4 Four examples of typical behavioral patterns.
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Fig.5 Occurrence frequency of four typical behavioral

patterns for four types of agents.
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(a) Symmetric signaling (b) Asymmetric signaling
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(c) Role Differentiation (d) Coop. without comm.
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Fig.6 Typical examples of emerged communication.
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(a) Non-cooperative dominance (b) Asymmetric cooperation
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(c) Suboptional cooperation (d) Optimal cooperation
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Fig.7 Transitions of behavioral patterns that the agents can show until
converging with one of four typical behavioral patterns.
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with an optimal cooperation at the final episode.
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Fig.9 Effects of parameters on the optimal cooperation for three types of agents.
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The numbers of occurrence of the optimal cooperation
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