Modeling and Simulation “Body of Knowledge”

Version 5b (17 April 2004)

Version notes and document purpose

Prepared by M. Petty and modified by B. Loftin, ODU/VMASC, based on input from ODU, GIT, and UCF project participants as well as members of the Defense Modeling and Simulation Office Education Consortium.  Note that this “body of knowledge” was developed specifically for the Department of Defense (DoD) and, therefore, includes specific elements that may be unique to the department’s utilization of modeling and simulation.  Appended to this outline are three exercises that have been proposed to support the use of this body of knowledge in the context of a beginning graduate course in modeling and simulation.

“Body of Knowledge” Outline

1. Introduction

1.1 Historical overview of Modeling and Simulation (M&S)

1.2 Basic M&S concepts and definition

1.2.1 Models and simulations

1.2.2 M&S attributes: fidelity, resolution, and scale

1.2.3 Introduction to the M&S development cycle and VV&A

1.3 Basic modeling methods and applications

1.3.1 Visual models

1.3.2 Surrogates

1.3.3 Physics models

1.3.4 Finite element models

1.3.5 Data-based models

1.3.6 Aggregate models

1.3.7 Conceptual models

1.3.8 Hybrid models

1.4 M&S categories

1.4.1 Types: live, virtual, constructive

1.4.2 Applications:  training, analysis, experimentation, and acquisition

1.4.3 Domains:  combat, manufacturing, medicine, engineering, commercial, others

2. M&S paradigms
2.1 Discrete event simulation (DES)

2.1.1 DES description

2.1.2 Queuing theory models for DES

2.1.3 DES examples

2.1.4 DES tools

2.2 Real-time, continuous simulation

2.2.1 Definitions and concepts

2.2.2 Continuous models

2.2.3 Real-time simulation

2.2.4 Hardware-in-the-loop, human-in-the-loop simulation

2.3 Visual simulation

2.3.1 Special requirements

2.3.2 Techniques

2.4 Hybrid/mixed simulations

2.4.1 Definitions and concepts

2.4.2 Example hybrid simulations

2.4.3 Modeling issues in hybrid simulation

3. Life Cycle of a Simulation Study

3.1 Types and characteristics of simulation projects

3.1.1 Simulation study

3.1.2 Large-scale simulation software development

3.1.3 Simulation exercise and event development

3.2 Problem formulation

3.2.1 Objectives, hypotheses, and scope

3.2.2 Measures of merit

3.2.3 Plan, schedule, and cost

3.2.4 Methodology tailoring

3.3 Conceptual model development

3.3.1 Information / data collection and analysis

3.3.2 Modeling abstractions

3.3.3 Level of detail, model fidelity

3.4 Simulation software

3.4.1 Characteristics of simulation software

3.4.2 World views (e.g., event oriented, process oriented, object-oriented)

3.4.3 Simulation model software, frameworks

3.4.4 Simulation engine, distributed simulation infrastructure

3.5 Verification, validation, and accreditation (VV&A)

3.5.1 General aspects of VV&A, methods

3.5.2 VV&A for U.S. DoD simulations

3.5.3 Some special VV&A related issues

3.6 Design of experiments

3.6.1 Input data analysis

3.6.2 Length and number of runs

3.6.3 Warm up period

3.7 Output analysis

3.7.1 Determination of performance metrics

3.7.2 Comparing alternate configurations

3.7.3 Statistical methods: confidence intervals, variance reduction

3.7.4 Documentation and presentation of results

3.8 Large-scale simulation software development

3.8.1 Software project life-cycles

3.8.2 Iterative software development

3.8.3 Special considerations for developing simulation software

3.9 Simulation exercise and event development

3.9.1 Introduction to exercise and events

3.9.2 Simulation aspects: federation development process

3.9.3 Data aspects: scenarios and databases

3.9.4 Support aspects: facilities, resources and planning

4. Human/simulation interaction
4.1 Humans and human perception

4.1.1 Sensation vs. perception

4.1.2 Visual sensation and perception

4.1.3 Auditory sensation and perception

4.1.4 Olfactory and gustatory sensation and perception

4.1.5 Haptic sensation and perception

4.2 Simulation interface issues

4.2.1 Varieties of simulation fidelity

4.2.2 Immersion and presence

4.2.3 Performance feedback

4.2.4 Ergonomics

4.3 Simulation user issues

4.3.1 Modeling human cognition

4.3.2 Theories of human learning

4.3.3 Considering multiple users

4.3.4 Adverse effects of simulation exposure

4.4 Interface styles and components

4.4.1 Performance data generation

4.4.2 The use of color

4.4.3 The use and complexity of graphics

4.4.4 The use of multimedia

4.4.5 The use of motion

5. M&S interoperability

5.1 Distributed simulation

5.1.1 Definitions

5.1.2 SIMNET and DIS

5.1.3 ALSP

5.1.4 HLA

5.1.5 Emerging trends (Web-enabled, XMSF)

5.2 Live-virtual-constructive (LVC) integration

5.2.1 Concepts and motivations

5.2.2 Methods, gateways, and interfaces

5.2.3 Case studies

5.2.4 Output analysis in LVC systems

5.3 Simulation-C4ISR interoperability

5.3.1 Concepts and motivation

5.3.2 Methods, gateways, and interfaces

5.3.3 Case studies

6. M&S in Department of Defense

6.1 Major DoD simulation applications

6.1.1 Training

6.1.2 Analysis

6.1.3 Acquisition

6.1.4 Experimentation

6.1.5 Test and evaluation

6.2 Major DoD simulations (JSIMS, JWARS, JMASS)

6.2.1 Purpose of simulation within DoD

6.2.2 History of DoD simulation

6.2.3 Legacy simulation systems

6.2.4 Emerging simulation systems

6.2.5 Trends in military simulations

6.2.6 Unmet military simulation needs

7. Special modeling methods and applications

7.1 Supply chain modeling

7.2 Human behavior modeling

7.3 Combat modeling

7.3.1 Introduction

7.3.2 High resolution combat modeling

7.3.3 Aggregated combat modeling

7.4 Decision support

7.5 System dynamics modeling

8. Future trends and special topics

8.1 Future trends in the M&S field

8.2 Simulation in entertainment and games

8.3 Complexity and CAS modeling

8.3.1 Complexity and chaos

8.3.2 Complex adaptive systems (CAS)

8.3.3 CAS modeling methods

8.3.4 CAS modeling case studies

8.4 Command and control assessment

8.4.1 Introduction to NATO RTO SAS026/039

8.4.2 NATO code of best practice for C2 assessment

8.4.3 Examples of modeling command and control
8.5 Composability

8.5.1 Definitions

8.5.2 Composability engineering

8.5.3 Composability theory
8.6 Uncertainty modeling

8.6.1 Definitions and sources

8.6.2 Mathematical models of uncertainty and vagueness

Ideas for course exercises and related BoK elements (see descriptions on the following pages)

1. Inventory control; Arena; individual; GIT/Alexopoulos (7.1)

2. Beer distribution; system dynamics; group; ODU/Dryer (7.5).

3. Scenario development; group; UCF/Kincaid (1.3.3).

Inventory Control:  An Arena-Based Course Exercise (C. Alexopoulos)

A model of an inventory system with periodic reviews, order setup costs, random demands per period, random lead times, and backlogging is used in this exercise.  This model is an adaptation of Model 5-3 from the text Simulation with Arena by Kelton, Sadowski, and Sturrock (2004), contains a graph depicting the current amount of inventory on hand, and reports statistics for all relative costs (ordering, holding, backlog, and total) and the “fill rate” (percentage of orders that are fulfilled immediately from available stock).  The exercise avoids queuing models because they usually go beyond the limitations of the Student Version of Arena (due to the number of entities or the number of blocks).  Below is a snapshot of the model.
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This model can be used for practice on the basic concepts of simulation output analysis, and for comparisons between alternative designs (e.g., based on mean total cost per period or fill rate).  Furthermore, this model can be revised to address a variety of inventory models, for example,

· models with continuous review,

· models without backlogging,

· models combining inventory management and production (the lead times are due to insufficient production rates), and

· models with multiple items.

Beer Distribution:  A System Dynamics Course Exercise (D. Dryer)

The Beer Distribution Example will be tailored from the Beer Distribution Game (Sterman, 1989).  It is a supply-chain model representing a typical manufacturing industry, with retailer, wholesaler, distributor, and factory sectors.  A different manager controls each sector.  The goal for each manager is to minimize their sector costs by controlling inventories to meet incoming demand.  The system dynamics model shows the response of the factory order rate to a one-time change in customer orders.  A description of how the game is played and data collection is described.  Decision rules used by each sector manager agent in the simulation are estimated from previous actual player behavior at MIT.  One instance of the simulation is the response to a shock in demand, where factory orders exhibit damped oscillation, returning to equilibrium after about 70 weeks.  Limit cycles, where oscillations grow larger and larger until constrained by various nonlinearities, are shown when parameters of the ordering decision rule are slightly different.

Sterman, F. (1989) Modeling managerial behavior: Misperceptions of feedback in a dynamic decision making experiment, Management Science 35(3), 321-339.

Scenario Development:  A Group Exercise (P. Kincaid)

Students develop a tabletop exercise containing about 15-25 messages and/or events.  The team being trained represents several school administrators who are communicating with the “911” communications center which puts them in touch with both law enforcement and fire/rescue agencies.  The exercise to be developed is from the standpoint of school personnel and should span only about the first 30 minutes of the incident.  There is a school map included in the exercise package.

 The exercise is intended for the team of school personnel and public safety professionals who are training to respond to a bomb threat in a school.  This exercise should be developed after students have reviewed the CD-ROM, “Bomb Threat Response: An Interactive Planning Tool for Schools” available free from www.threatplan.org. While an M&S class without external help can complete this exercise, it is best done under the guidance of a facilitator such as a school administrator who specializes in school safety or a fire department official with training experience.  

Tabletop exercises are among the least expensive and therefore most cost-effective types of simulation for training and are used extensively for public safety training (see Kincaid, Donovan and Pettitt, 2003, for background information on use of simulation for training for emergency response). 

Contained in the exercise package are:

1. Bomb threat scenario on which to base the exercise.

2. A school map (if a local school map is not available).

3. Description of tabletop exercises (from a FEMA manual)

4. CD-ROM “Bomb-Threat Response: An Interactive Planning Tool.”

5. Paper published in the International Journal of Emergency Management on use of simulation for crisis response.

6. Completed tabletop exercise on a hazardous material incident.
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