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ABSTRACT

Designing optimum cross-sectional parameters of minimum-compliant frames and shells is a non-
convex optimization problem that has been tackled solely by local optimization techniques so far.
In this contribution, we exploit the polynomial structure of the optimization problem to obtain a
guaranteed global solution by the moment-sum-of-squares hierarchy.

We begin with a rigorous reformulation of the optimization problem to a (non-convex) non-linear
semidefinite program with a basic semi-algebraic feasible set. After introducing redundant con-
straints and scaling of the design variable domains, we show that the feasible set is Archimedean.
Consequently, the moment-sum-of-squares hierarchy provides a sequence of tightening outer convex
approximations. Solutions to these relaxations then determine a non-decreasing sequence of lower
bounds, attaining eventually the globally optimal compliance. The convergence of the hierarchy
is determined using the Curto-Fialkow flat extension theorem, and the globally optimal solutions
extracted.

Furthermore, we prove that the first-order moments (of probability measure) extracted from the
relaxations can be corrected to provide a feasible solution to the optimization problem, settling so
a sequence of upper bounds. A comparison of the lower and upper bounds establishes a simple
sufficient condition of the global ε-optimality. For a unique global optimum, we prove that the gap
approaches zero in the limit.

We illustrate our theoretical findings with several numerical examples of topology optimization of
frames and shells, on which we investigate the required number of relaxations to reach a guaranteed
global optimum, the effect of different finite element types on the optimal design, and the scaling of
the method with mesh a refinement. With these results we demonstrate that our approach provides
guaranteed global optima for small-scale problems and very good upper-bounds for middle-scale
problems.
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