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Abstract 
Multi-agent systems consist of dynamical subsystems (agents) that exchange information so 
that  the agent  collective is  enabled to solve complex tasks.  Applications address robotic 
actuator  and  sensor  networks,  intelligent  traffic  control  and  monitoring  systems,  coupled 
micro-mechanical  oscillators,  load  balancing  in  processor  clusters,  distributed  energy 
systems,  or  networks  of  micro-satellites.  For  the  mathematical  description  of  multi-agent 
systems it is typically distinguished between the discrete and the continuous approach. While 
the discrete setting makes use of ordinary differential equations to model each agent and 
graph theoretical concepts to address the agent coupling in the continuous setting partial 
differential equations (PDEs) are considered to represent an agent continuum. The latter is 
particularly suited for systems involving a large number of agents but still allows to recover 
the individual agent dynamics and interconnection.  

This presentation addresses recent developments for modeling and control of multi-agent 
systems by exploiting the continuous setting using PDEs. It is shown that this set-up enables 
to develop an inverse approach, where the collective dynamics of the agent continuum is a 
priori imposed and serves as a degree-of-freedom to be exploited for the control design. This 
implies a design that is independent of the actual communication topology, i.e., the inter-
agent communication network, that is naturally obtained by discretizing the PDE model and 
the determined controller. With this, distributed and decentralized control strategies can be 
efficiently  deduced  independently  of  the  agent  number  and  the  topology.  Theoretical 
developments are supported by simulation and first experimental results taking into account 
linear and nonlinear PDE models to solve problems of synchronization and formation control 
in large scale multi-agent systems. 
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