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Moments, positive polynomials and 
LMIs for optimal control

Abstract

In the 1960s, it was realized that many physically relevant problems of optimal 
control were inappropriately formulated in the sense that the optimum control law 
(a function of time and/or state) cannot be found if the admissible functional space 

is too small. This motivated the introduction of many concepts of functional 
analysis in control engineering, building up on the advances on mathematical 

control theory and calculus of variations. When formulated in a larger space, the 
decision variables are Borel measures subject to a finite number of linear 

constraints: the initial optimal control problem becomes a standard problem of 
moments. However, this approach is not frequently used by engineers, and in our 

opinion this may have been due to two main reasons. The first one is the 
technicality of the underlying concepts of functional analysis whereas the second 

one has been the absence (up to very recently) of numerical methods to deal 
satisfactorily with optimization problems in large functional spaces such as Banach 

spaces of measures.

Recent achievements of real algebraic geometry have provided powerful results for 
the representation of positive polynomials and its dual theory of moment 

problems. Moreover, such representation results are amenable to practical 
computation via linear matrix inequalities (LMIs) and semidefinite programming, a 
powerful technique from convex conic optimization. The conjunction of those two 
factors now provides the basis for a systematic and quite general methodology to 

solve moment problems with polynomial and semi-algebraic data.

The main purpose of this course is to introduce the basic concepts of this general 
methodology and detail its application for solving optimal control problems.
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