Introduction to Joint Combat Modeling (OA-4655) (4-0)

Instructor:  Associate Professor Tom Lucas
Office:  Glasgow 236
Phone:  (831) 656-3039

e-mail:  twlucas@nps.navy.mil 

COURSE DESCRIPTION

This course covers the basic tools and concepts of joint combat modeling.  Both the science and the art are emphasized.  Topics include: the role of combat modeling in decision-making, an introduction to some important community models and resources, measures of effectiveness, firing theory, introduction to aggregate force-on-force modeling (including the basic Lanchester models and some of their derivatives), introduction to hi-resolution models, verification, validation, & accreditation (VV&A), stochastic versus deterministic representations, agent-based simulations, and variable resolution modeling.  The primary course objective is for you to understand the enduring fundamentals of how combat models are built and used to underpin decisionmaking.  This will be done, in part, through several small projects that will require you to design, implement, and analyze models. 

Prerequisites

Probability & Statistics (through OA 3103), familiarity with a programming language (JAVA recommended), Stochastic Models (OA 3301), concurrent instruction in computer simulation (e.g., OA3302).  

Primary Text
J. Bracken, M. Kress, and R. Rosenthal, (Editors.) Warfare Modeling, MORS, 1995. 

Additional Reading Material
Operations Research Department, Aggregated Combat Modeling, Naval Postgraduate School.  

E. B. Rockower, Notes on Measures of Effectiveness, Naval Postgraduate School.

A. Washburn, Notes on Firing Theory, Naval Postgraduate School. 

*We will only cover portions of this material.  These will be supplemented with numerous handouts provided in class. 

COURSE REQUIREMENTS AND GRADES

Grades will be assigned consistent with the grading guidelines at the Naval Postgraduate School and the amount of understanding of the course material demonstrated by you.  There is no preset class average.  Feedback as to how you are doing will be provided throughout the course.  The information below is subject to change as developments warrant.

Your final grade will have four components: homework, class presentation, a midterm, and a final exam.  The following is a description of the four components and their approximate contribution to your final grade:

1. Homework (25%).  Throughout the course there will be homework assignments that give you an opportunity to exercise what we have been covering in class.  Homework should be a learning activity, therefore, you can discuss the problems with your fellow classmates up to the point that no writing is involved—copying is not a learning activity.  That is, all students must complete their homework without the benefit of looking at what others have written.

2.  Class presentation (20%).  Several papers will be assigned as required reading, about one a week.  In groups of two or three, each of you will “present” one of the reading assignments to the class.  You will be graded (in part) by your peers.  In addition, you must provide an electronic PowerPoint (or equivalent, e.g., Word) copy of your class presentation.  Furthermore, you must suggest at least three questions, based on the paper, that would be appropriate for a quiz.  

4.  Midterm (20% each).  One hand written page will be allowed. The exam will be based on class material and the reading assignments.  I tentatively plan to give this in week 6 (but this is negotiable).

5.  Final (35%).  The final will be cumulative and based on class material and the reading assignments.  Two handwritten pages will be allowed.

Policy on Taking Exams and Quizzes
Absences and Make-ups: There will be no make-ups for missed exams.  If you miss the midterm, and have a good excuse, your grade will be based on the remaining portion of the material.  If necessary, there will be one scheduled makeup for the final—but only for those who provide advanced notice of an excused absence.

Academic Integrity: University policy is that any form of cheating or plagiarism is prohibited and will be dealt with severely.  All students are expected to do their own work under the standards set above.  If you have any doubts ask me.

Grading

Grades for all required work will be provided expeditiously.  You are responsible for verifying that the assignments have been graded accurately and that the grades have been entered correctly.  Any disputed grades should be taken up with me as soon as possible—but not on the day you get your assignment back.  Take some time to think about your questions, and then, if you have not satisfactorily resolved the problem, come see me.

NO GRADE CHANGES WILL BE MADE LATER THAN ONE WEEK AFTER THE ASSIGNMENT HAS BEEN RETURNED.

Organization and neatness count in your job and they will here too!  It is up to you to make sure what you turn in is clear and legible.  If I can’t understand your work it will be marked wrong—with some leniency given for in-class tests.  Show all relevant work and give credit where credit is due (i.e., cite a reference book or classmate etc.).

Calculators
Everyone should have a working calculator for use during exams.  You are responsible for bringing it to exams.

Free Advice
You are responsible for everything that goes on in lecture and is contained in the reading assignments.  There is a lot of material, so, it is important that you keep up with the reading.

Courtesy
My one rule for classroom conduct is to be courteous to me and your fellow classmates.  That is, help set the conditions for successful learning by showing up on time and not creating distractions in class (e.g., cell phone ringing, offline discussions, etc.).  

Course Coverage
This course covers the basic tools and concepts of joint combat modeling.  Both the science and the art are emphasized.  Topics include:

· The role of models and simulation in warfare analysis 

· An overview of key community models and online resources 

· Approaches for effectively using models to assist decision-making 

· Measures of effectiveness for analysis and decision-making 

· Introduction to aggregated force-on-force modeling (including the basic Lanchester model and extensions) 

· Introduction to hi-resolution entity-level models and algorithms 

· Learn in-use approaches to modeling combat attrition, detection, movement, thinking, … 

· Some key warfare modeling issues 

· Stochastic versus deterministic representations 

· Verification, Validation, and Accreditation (VV&A) 

· Variable resolution modeling 

· Some topics from current developments/literature 

-
Combat models in support of Desert Storm
-
Complexity, chaos, and non-monotonicity
-
Agent-based models
-
Distributed simulation
Student Learning Objectives

Upon successful completion of this course, you will be able to:

· Credibly use models in support of decision-making 

· Have some familiarity with important existing models

· Understand (warfare) modeling vocabulary 

· Be able to utilize online DoD M&S resources

· Describe and discuss design trade-offs for modeling various aspects of combat (e.g., attrition, detection, movement) 

· Implement and use Lanchester’s models, and variants thereof, to model aggregate level combat.  This will include:  Given initial battle conditions, determining the winner of the battle, the length of the battle, and the number of survivors 

· Understand Fire Power Score (FPS) approaches to aggregate level modeling 

· Identify the strengths and weaknesses of, and be able to implement, a variety of methods for modeling detection, attrition, movement, decision-making, etc. 

· Define measures of effectiveness (MOE) and be able to critically discern "good" MOEs from poor ones 

· Discuss current issues in combat modeling, including: deterministic and stochastic approaches, chaos and combat models, agent-based models, and distributed simulation 

· Critique real-world examples of the application of combat models for various military analyses 

Some candidate class papers and suggested schedule
The paper you present should come from this list—though you can suggest something else—particularly if it supports your thesis.  I encourage you to suggest papers that interest you.  Most papers from Bracken, Kress, and Rosenthal are okay.  Some deviation from the schedule will be permitted.  Target about 30 minutes for your presentation.  This will require you to distill the critical points of the papers, rather than presenting all of the details.

WEEK 2:  One of the following
  (1) 
F.T. Case et al. “Modeling in Support of Air Operations Desert Storm and Desert Shield,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.
  (2) 
J.A. Appleget, “The Combat Simulation of Desert Storm with Applications for Contingency Operations,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

WEEK 3:  One of the following
  (1) 
J. Hodges and J. Dewar, Is It You Or Your Model Talking?  A Framework for Model Validation, RAND, R-4114-A/AF/OSD, 1992. 
  (2) 
S. Bankes, “Exploratory Modeling for Policy Analysis,” Operations Research, Vol. 41, No. 3, May-June 1993. 

WEEK 4:  J. Dewar, J. Gillogly, and M. Juncosa, “Non-Monotonicity, Chaos, and Combat Models,” Journal of the Military Operations Research, Vol. 2, Number 2, 1996.

WEEK 5:  One of the following 
  (1) 
P. Davis, “An Introduction to Variable Resolution Modeling,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.
  (2) 
R. Hillestad and M. Juncosa, “Cutting Some Trees to See the Forest:  On Aggregation and Disaggregation in Combat Models,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

  (3) 
R. Hillestad et al. “Experiments in Variable Resolution Combat Modeling,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

WEEK 7:  W. Hughes, “A Salvo Model of Warships in Missile Combat Used to Evaluate Their Staying Power,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.
WEEK 8:  One of the following
  (1) 
M. Osipov, “The Influence of Numerical Strength of Engaged Forces on Their Casualties,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.
  (2) 
J. Bracken, “Lanchester Models of the Ardennes Campaign,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

  (3) 
D. Hartley, “A Mathematical Model of Attrition Data,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

  (4) 
D. Hartley and R. Helmbold, “Validating Lanchester’s Square Law and Other Attrition Models,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

  (5) 
R. Helmbold, “Rates of Advance in Land Combat,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.

Week 9:  A. Ilachinski, “Irreducible Semi-Autonomous Adaptive Combat (ISAAC): An Artificial-Life Approach to Land Combat, Journal of the Military Operations Research, Vol. 5, Number 3, 2000.  
WEEK 10:  G. Akst, “Use of the Amphibious Warfare Model to Evaluate the Cost Effectiveness of Alternative Marine Corps Amphibious Assault Vehicles,” in Warfare Modeling, J. Bracken, M. Kress, and R. Rosenthal, (Eds.), Wiley, 1995.  Or, this is a good week for you to pick your own paper.  If you’d like, I can suggest some.

Other good resources (for your records)

Dupuy, T. N., Numbers, Predictions, and War, Hero Books, Fairfax, Virginia, 1985.

Hughes, W. P., (Editor) Military Modeling for Decision Making, The Military Operations Research Society, 1997.

Przemeiniecki, J. S., Introduction to Mathematical Methods in Defense Analyses, AIAA Education Series, 1990.

Taylor, J., Lanchester Models of Warfare, Volume I, Military Applications Section, Operations Research Society of America, 1983. 

Taylor, J., Lanchester Models of Warfare, Volume II, Military Applications Section, Operations Research Society of America, 1983. 

United States Naval Academy, Naval Operations Analysis, Naval Institute Press, 1977.
Youngren, M. A., (Editor) Military OR Analyst’s Handbook, Vol.’s I and II, The Military Operations Research Society, 1994 & 1995. 
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