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Chance Optimization Problem

Let

Solve

This is, in general, a hard nonconvex problem



Example: Target Reaching Under Random 
Uncertainty

Take a polynomial system

Find a polynomial state feedback law

that maximizes the probability of reaching and remaining in the target.



Example: Explaining Data using Switched Systems

Examples:

gait/activity  recognition

video shot change detection

Gene classification

• Find “simple” explanations/models for data

• Find relations in between data collected

• Detect changes in data “behavior”



Other Examples

• Chance Constrained Model Predictive Control

• Fixed Order Probabilistically Robust Controller

• Portfolio Optimization/Risk Minimization

• ...



Back to the Problem

Let

Solve



Previous Work

• Robust Optimization

• Upper Bounds/Approximations of Chance Constraints

• Scenario Approach



Our Objective

Find approximations of this problem that are 

i) Convex Problems

ii) Asymptotically Exact

Assumptions

i) 

ii)



Equivalent Problem in Space of Measures

Define the compact semialgebraic set

Then, one can define the equivalent problem

subject to



Equivalent Problem (cont.)



Equivalent Problem



Equivalence Result

Theorem: Problem 1 and Problem 2 are equivalent in the following sense



Comments

We have transformed our problem from a hard nonconvex one into
a linear program in measure space. Hence

- It is convex (linear in the measures)

- But, it is infinite dimensional 

Lets work with the moments of the measures instead



Moments of Measures

Consider a sequence y. We say that this sequence is a moment sequence 
if there exists a measure µ such that

Under some technical conditions, a sequence y is a moment sequence of 
some measure µ supported in the set

if the following holds

for all integer d.



Two Dimensional Example

Moment localization matrix:



Measure “Coverage”

Recall that given two measures µ1 and µ2



Equivalent Problem in “Moment Space”



Finite Dimensional Approximation 

Theorem: 



Comments on Implementation

Nuclear norm

Do line search



Example 1



Example 1: Moment Vectors



Example 1: Optimization Problem



Example 1: Results



Example 2

Optimum (Monte Carlo):



Example 2: Numerical Results



Concluding Remarks

In this work

• Proposed convex relaxations for a very general class of chance 
optimization problems

• It is asymptotically exact

Future work

• But it is computationally expensive – Need better "optimization tools”

• Further work is needed in exploiting structure 



Thank you

Questions?
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