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Bounds on achievable performance via Lagrange duality
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Abstract
While the problem of designing physical devices is compu-
tationally hard, heuristics such as inverse design are often
successful in finding designs with very good performance.
A natural question to ask is: how does the performance of
these designs compare to the best possible performance?
We show how to construct a convex (and therefore eas-
ily solvable) problem whose optimal value bounds the best
achievable performance, for a given objective. We also pro-
vide a proof of the NP-hardness of physical design.

1. Introduction
Photonic inverse design has been an incredibly successful
tool for finding devices with small footprint area whose per-
formance is as good, and often better, than those found by
traditional design methods [1]. Yet, many of the methods
used for optimizing these designs are heuristics which do
not guarantee that a globally optimal design has been found.
Because of this, it is unclear if the designs found by these
methods are close to being globally optimal, or if there exist
much better designs that these methods are unable to find.

One way of answering this question is to give bounds
on the best possible performance for a given metric: if a
physical device achieves a performance close to this bound,
then the physical device must also be close to globally op-
timal. There has been a great deal of recent work attempt-
ing to give bounds for particular performance metrics (see,
e.g., [2, 3]). In this talk, we provide a small extension to [4],
which gives efficiently computable bounds on arbitrary sep-
arable objective functions, and show that it is computation-
ally difficult to find a globally optimal design (i.e., the de-
sign problem is NP-hard) for any reasonable choice of per-
formance metric.
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