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Topology Optimization:  Theory, Computations and Novel Applications 

This presentation describes some recent advances in topology optimization. Some theoretical 

arguments are made with respect to classical density methods and implicit function methods (e.g. 

level set, phase-field). The implementation of such methods is addressed and a general topology 

optimization framework using unstructured polygonal finite element meshes is addressed. For 

large scale problems, the computational bottleneck of topology optimization is the solution of a 

large number of linear systems arising in the finite element analysis. When using iterative solvers, 

we observe that the linear systems in the sequence of optimization steps change slowly from one 

step to the next, and thus we can significantly reduce the number of iterations and the runtime of 

the linear solver by recycling selected search spaces from previous linear systems. Thus we 

discuss a version of the minimum residual method version with recycling (and a short-term 

recurrence) to make recycling more efficient for symmetric problems. The applications addressed 

involve diverse fields such as bio-inspired design of innovative building systems and design of 

patient-specific large craniofacial segmental bone replacements. Topological optimization for 

designing facial bone tissue replacements might improve current clinical methods and provide 

essential enabling technology to translate generic bone tissue engineering methods into specific 

solutions for individual patients. 
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