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ENEE 662: Systems Modeling, Simulation, and Analysis
Course Syllabus

Instructor: 
Dr. John MacCarthy





Course Description: This course provides an overview of models and simulations and of modeling and simulation techniques. Techniques include time-driven and event-driven dynamic models/simulations, Monte Carlo simulation, and decision simulation. The course addresses the role of modeling and simulation in the systems engineering process and provides methods for architecting and managing the development of complex models/simulations. The course introduces students to important design considerations for the development of complex distributed software simulations and HWIL frameworks. Topics include distributed real-time and non-real-time simulation and the use of HLA. Students develop simple models and simulations using MATLAB and work as part of a team to integrate some of these into a more complex, integrated simulation. 
Course Prerequisites: Students are expected to have some experience with the following: university physics, calculus, probability, matrix mathematics, differential equations, and a programming language. As such successful completion ENEE-669 (or a passing grade on the Mathematics and MATLAB Fundamentals Proficiency Exam) is strongly encouraged, as is ENEE-660. 
Principal Course Objectives:

· Understand the variety of different types of models and simulations and the different ways in which they are used.

· Understand the role of modeling and simulation in the systems engineering process, how to manage the development of complex models and simulations, and how to use the systems engineering process to develop complex models and simulations

· Understand key development factors associated with developing complex models and simulations, the factors that determine what level of detail is appropriate for a model/ simulation, and the evolution of a model/simulation. 

· Use MATLAB to develop and graph simple mathematical models of systems,  translate these into simple dynamic time-driven simulations, discrete event simulations, and Monte Carlo simulations, and develop simple intelligent agents.
· Develop a plan for the development of a distributed simulation, a design for a simple distributed simulation, and work as part of a team to develop, integrate, verify and validate prototype modules for a distributed simulation.

Required Text(S): 
1. Hahn, Brian and Valentine, Daniel, Essential MATLAB for Scientists and Engineers, 3rd Ed., Elsevier, Oxford, 2007.
2. Ledin, Jim, Simulation Engineering: Building Better Embedded Systems Faster, CMP Books, Lawrence, Kansas, 2001.
Required Software:
MATLAB R2010a (or earlier), Student Edition

Some ADDITIONAL References:

1. Bronson, Richard and Naadimuthu, Govindasami, Schaum’s Outline of Theory and Problems of Operations Research, 2nd Ed., 1997.

2. Gladwell, Malcolm. Outliers. Little, Brown and Company, 2008.

3. The MathWorks, Learning MATLAB 6 (Release 12) [or Learning MATLAB 7]
4. Neyland, David, Virtual Combat: A Guide to Distributed Interactive Simulation, Stackpole Books, Mechanicsburg, 1997.

Course Outline:
Week 1: 

Course Introduction
Week 2:

Decisions, Analysis, Modeling, & Simulation
Week 3:

M&S in the System Life Cycle, Simulation Development, 
Simulation Architecture, Simulation Integration, & MATLAB 
Functions
Week 4:

Combat (Damage/Attrition) Models
Week 5: 

Modeling/Simulating Decision Making: Agents and AI 

Week 6:

 Modeling & Simulating Sensors and Detection
Week 7: 

Queuing Models
Week 8:

** Midterm Exam **
Week 9:

VV&A & Design of Experiments
Week 10:

Distributed SW Simulations, Comm. Protocols, & HLA
Week 11:

HWIL Testing, AD/DA Conversion, & Multiframing
Week 12:

Managing Simulation Development
Week 13:

Project Presentations

Week 14:

Special Topics & Course Review
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