
Math Clinic, Fall 2011  --  Simulation Optimization 
Sponsored by United Launch Alliance 

 
PROBLEM DESCRIPTION 

 
 
 
Problem Description:  As part of its mission to support the U.S. space 
program, United Launch Alliance relies on complex computer programs to 
simulate a variety of physical phenomena.      These simulations are used to 
ensure engineering designs satisfy mission requirements.  (For example, an 
airplane wing must produce sufficient lift to get the plane off the ground).     
Currently, design decisions are made by trial and error.  A team of engineers 
creates a design, which is then tested using the computer simulation.  If the design 
is not satisfactory, the design variables are tweaked and the new design is tested.  
This process continues until a satisfactory design is produced. 
 
United Launch Alliance would like to automate some of its design processes by 
using optimization algorithms to search over the space of design variables in order 
to optimize certain characteristics  (for example, minimizing the weight of an 
airplane wing subject to achieving required lift). 
 
Mathematically, this amounts to minimizing (or maximizing) a function of many 
variables (the design variables) subject to satisfying a collection of constraints 
(determined by requiring the values of other functions of the design variables to 
be within specified limits).    
 
These problems are particularly challenging because 
1. Function evaluations are costly (taking minutes, hours, or even days to 

compute); 
2. Derivatives of functions are not available; 
3. Function evaluations are subject to uncertainty resulting from numerical 

round-off error, noise, or randomness. 
4. The simulation software may only work on an irregular subset of the design 

space.  
 
Furthermore, different applications can result in qualitatively much different 
mathematical problems.    Therefore, ULA is interested in identifying 
optimization algorithms that will work well on their particular problems.   
Unfortunately, due to U.S. government export regulations, ULA cannot provide 
us with the specific applications.  Instead, they are providing several mock 
applications that are available in the public domain which have properties similar 
to ULA’s problems.  One of these applications will involve simulations of 
aircraft. 
 



The objective of this math clinic is to investigate a variety of different methods 
for simulation optimization, to test them on several mock problems, and to make 
recommendations to ULA about which methods to use for problems with different 
characteristics. 

 


