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Motivation

Design Domain Topologically optimised design

(I) Solve the topology optimization problem for a medium to large scale
engineering structure.

(II) The problem could contain degrees of freedom ranging from a million to over a
billion.
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Coding topology optimization in FEniCS
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The problem
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The problem
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The problem
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Loops are excruciatingly slow.
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Vectorization and static matrices
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Controlled post processing

Build static matrices outside
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for approximating the field by finite element method.
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Properly select/configure the solver and preconditioner.

Write only necessary fields

Change to an iterative solver
and a PDE filter
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Parallelization.
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Result

Design Domain Topologically optimised design
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Conclusion

(I) General guidelines for handling medium to large-scale systems in FEniCS

(i) Always profile the code and look for bottlenecks.
(ii) Avoid use of loops in python. Look for efficient alternatives.
(iii) Avoid re-evaluation of matrices that do not change.
(iv) Evaluate and write only necessary simulation outputs.
(v) In an iterative process evaluate output at every nth step to further speed

up the simulation.
(vi) Properly select/configure the solver and preconditioner based on the

problem.

(II) Stepping into the realm of large scale simulations require knowledge of good
programming practices, parallelization, and a deep understanding of the
working principles of the tools/libraries.
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