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Abstract

From biological cells to bee swarms and bird flocks, nature shows countless
examples of self-organized groups displaying a collective mind.
In such species, individuals interacting together end up producing an emergent

behavior that increases their chances of survival and reproduction.

This thesis shows an exploration of the evolution of communication through
coordinated behaviors in populations of embodied agents. The goal is to reach a
better understanding of nature’ s conditions for the evolution and strategies for

the maintenance of collective behaviors.

For that purpose, we present a framework making use of agent—based modeling to
study the parallel evolution of coordination, cooperation and communication, for
different types of interactions and levels of complexity. Through computer
simulations, we test hypotheses on the conditions leading to synergistic behaviors

and the evolution of honest communication.

We first show signal-based swarming, in a population where the information
exchanged between agents via signaling is able to form temporary leader—follower
relationships, allowing them to flock together. Next, the emergence of static
clusters of agents is investigated in the case of a dynamic variant of the spatial
prisoner’s dilemma, in which multistable strategies exhibit formation and

destruction of cooperative nuclei. After that, we study the adaptation of social



coordination in dynamic environments. By the use of agent—based models, we show
the evolutionary stability of cooperation, expressed as behaviors ranging from
migration to specific resource—saving strategies. Finally, we develop a model of
genetic and cultural evolution, implementing the niche—construction of language,
where the biological selection on the genes is repeatedly masked, then unmasked
by cultural evolution. These results show how simple agents can reach higher—order
computational capabilities through the evolution of collective behavior. By
self-organizing in collaborative groups, individuals are able to overcome local
errors and fluctuations in the environment, allowing them to exploit more
efficiently the information present in the environment to reach higher performance

and thus fitness.

This study is significant for both scientific and technological reasons. Indeed,
on the one hand, it contributes to shed light on the evolution of coordination
and communication. On the other hand, a better understanding of the fundamental
principles of collective behavior may also lead to innovative methods in

multi-agents systems, ubiquitous computing devices and swarm computation.
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