Complex evolving and adaptive networks

Martín G. Zimmermann^{1,2,3}

Víctor M. Eguíluz^1 Maxi San Miguel^1

1 Instituto Mediterráneo de Estudios Avanzados IMEDEA (CSIC-UIB)

E-07071 Palma de Mallorca, Spain

2Departamento de Física, Universidad de Buenos Aires

Buenos Aires, Argentina

3Santa Fe Institute, 1399 Hyde Park Road

Santa Fe, New Mexico 87501, USA

September 20, 2003

We explore the coupled dynamics of the internal states of a set of interacting elements and the network of interactions among them. Interactions are modelled by a spatial game and the network of interaction links evolves adapting to the outcome of the game. As an example we consider a model of cooperation where we show that the plasticity of the network, the possibility to change the interaction links, facilitates the formation of a stationary solution. The coupled dynamics leads to a hierarchical interaction network that sustains a highly cooperative state. The resulting network has the characteristics of a small world network when a mechanism of local partner selection is introduced in the adaptive network dynamics. The highly connected nodes in the hierarchical structure of the network play a leading role in the stability of the network. Perturbations acting on the state of these special nodes trigger global avalanches leading to complete network reorganization.