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Abstract:

In this seminar we describe two new developments that are based on pioneering work by Chris Floudas. We first describe the relationship between flexibility analysis
and robust optimization for linear systems. A historical perspective is given, which shows that some of the fundamental concepts in robust optimization have been
developed in the area of flexibility analysis in the 1980s before the start of the era of robust optimization in the late 1990s. To compare the different approaches, we
consider the three classical problems from flexibility analysis: the flexibility test problem, the flexibility index problem, and the design under uncertainty with flexibility
constraints. The concepts that form the theoretical basis for the three different approaches are compared with adjustable robust optimization. It is shown that the latter
can be seen as a special case of flexibility analysis that is more restrictive, and therefore may be overly conservative. For linear systems with a given general structure,
two new solution approaches are proposed, where the first derives duality-based reformulations of the traditional active-set MILP formulations, and the second applies
the concept of affinely adjustable robust optimization. We apply the three different approaches to several numerical examples, verifying some of the theoretical
properties of the proposed formulations.

We next address the global optimization of nonconvex nonlinear generalized disjunctive programming (GDP) problems that include for instance bilinear, concave and
linear fractional terms. In order to solve these nonconvex problems a convex nonlinear GDP relaxation is obtained by using suitable convex envelopes for the
nonconvex terms. In order to predict tighter lower bounds to the global optimum we consider a sequence of basic steps for the convex relaxation that take a disjunctive
set to another one with fewer conjuncts. Based on this procedure for strengthening lower bounds, we describe a solution method that relies on a logic-based outer-
approximation algorithm that involves the solution of mixed-integer linear programming master problems and nonlinear programming subproblems for which new cuts
are proposed, as well as a two-stage partition. A number of basic theoretical properties are proved, and we illustrate the application of this method in the global
optimization of several process systems to demonstrate the computational savings that can be achieved with tighter lower bounds.
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