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Abstract 
 
An important natural phenomenon surfaces that satisfactory synchronization of self-propelled particles can 
be achieved via sharply reduced communication cost, especially for high-density particle groups with low 
external noise. Numerical evidence illustrates that a highly efficient strategy is to distribute the communica-
tion messages as evenly as possible along the whole dynamic process since it minimizes the information re-
dundancy. Although partial communication causes fairly little loss on the synchronization performance, it 
can help the particles aggregate into synchronized clusters. 
 
By introducing a predictive mechanism with small-world connections, we also propose a new motion proto-
col for self-driven flocks. The small-world connections are implemented by randomly adding long-range 
interactions from the leader to a few distant agents, namely pseudo-leaders. These pseudo-leaders are able to 
predict the leader's motion several steps ahead and use this information in decision making towards coherent 
flocking with more stable formation. It is shown that drastic improvement can be achieved in terms of both 
the consensus performance and the communication cost. The conclusions are valid for both the attrac-
tive/repulsive swarm model and the Vicsek model. 
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