
MIE 697S: Simulation-based optimization 

Professor: Chaitra Gopalappa, PhD 

Pre-requisite: At least 1 course in Operations Research at the graduate or undergraduate level (MIE 620, 
MIE 379, or equivalent),  

Pre/Co-requisite: 1 course that covers Markov chains and processes taken at either the graduate or 
undergraduate levels (MIE 684, MIE 380, or equivalent). 

Undergraduate students can take the course with permission from instructor. 

Description: This class will look at optimization problems related to stochastic systems for which the 
analytical form of the objective function are not known or are too complex to formulate. But the value 
of the function can be evaluated at specific points of the decision variables through simulation, and the 
problem can be solved using numerical optimization techniques. We will learn multiple algorithms for 
solving such problems. We will look at both static systems (parametric optimization) and dynamic 
systems (control optimization).  

Topics:  
1. Refresher to linear programming problems and introduction to non-linear programming 

problems 
2. Introduction to simulation-based optimization: challenges in current methods 
3. Parametric optimization: solving for decision parameters, optimal decision for the system. 

a. Model-based - deriving approximate forms of objective function: combining simulation 
model with response surface and neural networks methods  

i. response surface  linear and non-linear, fitting to minimize SSE 
ii. neural networks methods- linear using WH algorithm; non-linear using 

backpropogation  
b. Model-free objective functions (continuous optimization): Gradient descent (gradient 

computed through simulation instead of analytic); simultaneous perturbation 
c. Model-free objective functions (discrete optimization): simulated annealing 

4. Control optimization- solving for one decision for each state of the system. 
a. Introduction to Markov decision problems (MDP); Dynamic programming (DP) to solve 

MDP  
b. Reinforcement learning to solve MDPs. 

Text book 
Simulation-based Optimization: Parametric Optimization Techniques and Reinforcement Learning, 
Second edition, by Abijit Gosavi, Springer, 2014.  
 
Grading (Most assignments having a coding element. Preferred software- MATLAB)  

• Assignments: 5 assignments (total of 70 points). There will be sub-assignments due end of every 
week.  

• Final take-home exam: 30 points  
 

Attendance: Mandatory. If you will miss class, inform the professor in advance with a valid reason as 
early as possible.  



SYLLABUS POLICIES 

Statement of inclusivity 

We are all members of an academic community with a shared responsibility to cultivate a climate where 
all students/individuals are valued and where both they and their ideas are treated with respect. The 
diversity of the participants in this course is a valuable source of ideas, problem solving strategies, and 
engineering creativity. If you feel that your contribution is not being valued for any reason, please speak 
with me privately. If you wish to communicate anonymously, you may do so in writing or speak with Dr. 
Paula Rees, Director of Engineering Diversity Programs (rees@umass.edu, 413.545.6324, Marston 128).  

 Academic Honesty Policy Statement 

Since the integrity of the academic enterprise of any institution of higher education requires honesty in 
scholarship and research, academic honesty is required of all students at the University of 
Massachusetts Amherst. 
 
Academic dishonesty is prohibited in all programs of the University. Academic dishonesty includes but is 
not limited to: cheating, fabrication, plagiarism, and facilitating dishonesty. Appropriate sanctions may 
be imposed on any student who has committed an act of academic dishonesty. Instructors should take 
reasonable steps to address academic misconduct. Any person who has reason to believe that a student 
has committed academic dishonesty should bring such information to the attention of the appropriate 
course instructor as soon as possible. Instances of academic dishonesty not related to a specific course 
should be brought to the attention of the appropriate department Head or Chair. The procedures 
outlined below are intended to provide an efficient and orderly process by which action may be taken if 
it appears that academic dishonesty has occurred and by which students may appeal such actions. 
 
Since students are expected to be familiar with this policy and the commonly accepted standards of 
academic integrity, ignorance of such standards is not normally sufficient evidence of lack of intent. 

For more information about what constitutes academic dishonesty, please see the Dean of Students’ 
website: 

http://umass.edu/dean_students/codeofconduct/acadhonesty/ 

 

Disability Statement 

The University of Massachusetts Amherst is committed to providing an equal educational opportunity 
for all students. If you have a documented physical, psychological, or learning disability on file with 
Disability Services (DS), Learning Disabilities Support Services (LDSS), or Psychological Disabilities 
Services (PDS), you may be eligible for reasonable academic accommodations to help you succeed in this 
course. If you have a documented disability that requires an accommodation, please notify me within 
the first two weeks of the semester so that we may make appropriate arrangements. 

  

 

http://umass.edu/dean_students/codeofconduct/acadhonesty/

