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(D-UQ) is a RO problem akin to (P-W) with
2z decisions a and f3
2 uncertain parameter z

2z uncertainty set S



Semi-Infinite Duality Theory

Want to prove strong duality between (P-UQ) and (D-UQ), but...

2 conditions of semi-infinite duality theory are difficult to check
2z need extra conditions for tractability of (P-UQ) and (D-UQ)




Finite Reduction
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Universal Inequalities
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Idea:
2z Interpret (D-UQ) as (P-W)
2 interpret (FR) as (D-B)
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Generalized PCC Functions

Definition: Generalized convexity

f(x) is C-convex if A' f(x) is convex VA € C*

Definition: Generalized lower semicontinuity

f(x) is star-C Isc if A" f(x) is Isc VA € C*

Definition: Generalized pcc functions

f(x) is C-pcc if it is proper, C-convex and C-Isc
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Strong Semi-Infinite Duality

If (AP-Wgy) has a Slater point and Sk is bounded for all k...
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Optimal Transport-Based
Distributionally Robust Optimization
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Optimal transport distance:
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Summary

Convex Optimization

2 Explicit representation of dual problem (D) using
conjugates, perspectives and infimal convolutions

Robust Optimization
2z (P-W) convexified to (P-W’) by dualizing subproblems
2z (D-B) convexified to (D-B’) by change of variables
2z "Primal-worst-equals-dual-best” duality
Distributionally Robust Optimization
2 Finite restriction (FR) of (P-UQ) akin to “dual best” (AD-B)
2 Dual problem (D-UQ) akin to “primal worst” (AP-W)

7z Semi-infinite duality from first principles of convex analysis



Summary

Extensions

> Support as union of convex sets

2z Conic support and moment constraints
Applications

» Convex reformulations of distributionally robust problems
with optimal-transport-based ambiguity sets, e.g.,

> single-stage problems
» two-stage problems

» chance-constrained problems
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