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Abstract. In the topology design of metamaterials, conflicting performance from diverse 

optimization objectives are almost inevitable. The intricate trade-offs within static performances and the 

competing requirements between static and dynamic mechanical properties pose significant challenges for 

engineering applications of these architected materials [1,2]. Although gradient-based topology 

optimization methods perform well in designing configurations with certain properties, they are proved 

ineffective when target properties are interdependent, which defies an explicit formulation of sensitivity 

analysis. Other approaches such as data-driven methods suffer from the challenge of data acquisition and 

processing. In this work, a multi-objective framework for simultaneous optimization of static and 

dynamic properties in metamaterials is established. The Compositional Pattern Producing Networks 

(CPPNs) are applied to generate compact encodings of cellular structures. The topologies of the CPPNs 

are evolved by a modified Neuroevolution of Augmenting Topologies (NEAT) algorithm, which is 

capable of evolving optimized patterns with increasing complexity through the process. Additionally, a 

co-simulation pipeline is designed as shown in Figure 1, which is to obtain the bandgap properties that 

are hard to calculate numerically. This framework serves as a good complement of multi-objective 

methods in mechanics, and expands the boundary of static and dynamic optimization in metamaterials. 

Figure 1: Co-simulation pipeline for multi-objective optimization.
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