
Structured Numerical Integration and its Application to High-Dimensional
Stochastic Programming

I. PROBLEM STATEMENT AND MOTIVATION

Consider the following optimization problem

min
λ∈Λ

{∫
Rn

f(λ, x)P(dx)

}
, (1)

where Λ ⊂ Rd is convex and closed, f is real-valued, convex with respect to the first and measurable
with respect to the second variable and P is a probability measure on (Rd,B(Rd)), where B(Rd)
denotes the Borel sigma algebra of Rd. Problem (1) is the formulation of many stochastic program-
ming problems, which is a rich class of problems with applications in many areas of science and
engineering ranging from telecommunication and medicine to finance [1]. Most solution methods
for (1) require an approximation of P by a probability measure based on a finite (possibly random
or randomized) sample X1, . . . , Xn with probabilities p1, . . . , pn and on solving the convex program

min
λ∈Λ

{
n∑
i=1

pif(λ,Xi)

}
. (2)

In a nutshell, the task of stochastic programming reduces to the question of how to choose the
samples {Xi}ni=1 and corresponding weights {pi}ni=1 such that

• Problem (2) is a good approximation of Problem (1), where the approximation error can be
quantified;

• Problem (2) can be solved efficiently.

II. GOALS OF THE PROJECT

The aim of this project is to investigate potential methods to efficiently compute approximations
of the type (2) to Problem (1). As a first method we would like to study the use of the enormous
progress in Quasi-Monte Carlo theory and practice, in particular, of randomly shifted lattice rules
and to provide theoretical arguments of their superiority over standard Monte Carlo methods [2–
4]. A second method that we would like to investigate is importance sampling and the use of
recent developments in concentration inequalities [5, 6], where the goal is to derive finite sample
guarantees for the approximation (2) with respect to (1), as well as controlling the variance of the
mentioned approximation.
Finally, the project should provide some numerical experiments comparing the two studied methods
with state-of-the-art approaches. One particularly interesting problem, that naturally falls into the
class (1) is the maximum entropy estimation problem subject to moment constraints [7, 8].

III. REQUIREMENTS

The project is well suited for a student that enjoys mathematics. A solid background in analysis
and convex optimization is required.
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IV. SUPERVISORS

• Tobias Sutter, Automatic Control Laboratory, ETHZ

• Prof. Peyman Mohajerin Esfahani, Delft Center for Systems and Control, TU Delft

• Prof. John Lygeros, Automatic Control Laboratory, ETHZ
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[8] Maxime Thély, Tobias Sutter, Peyman Mohajerin Esfahani, and John Lygeros, “Maximum entropy

estimation via gauss-lp quadratures,” (2016), preprint available soon :-).

http://dx.doi.org/10.1006/jcom.1997.0463
http://dx.doi.org/10.1007/s10107-015-0898-x
http://dx.doi.org/ 10.1093/acprof:oso/9780199535255.001.0001

	Structured Numerical Integration and its Application to High-Dimensional Stochastic Programming
	Problem Statement and Motivation
	Goals of the Project
	Requirements
	Supervisors
	References


