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 This process takes the M&S RSD, Formulated Problem, and problem 

domain (Universe of Discourse) as input and produces a Conceptual 

Model specification as the output work product.  

 Conceptual Modeling is the process of 

a) developing the highest layer of abstraction / 

representation that is closer to the level of 

thinking of a simulation model designer, and  

b) specifying high-level conceptual constructs 

and knowledge in a variety of communicative 

forms intended to assist in the design of any 

type of large-scale complex M&S application. 



 A Conceptual Model (CM) can be created for just a particular M&S 

project; However, the best practice dictates the development of the 

CM by a leading organization in the Community of Interest (COI). 

 It is the responsibility of the COI to develop the CM and provide it 

for use by M&S architects and designers in that COI. 

 Examples: 

 Missile Defense Agency (MDA) leading and funding the 

development of a CM for the Ballistic Missile Defense COI to 

assist in the design of M&S applications in that COI. 

 Federal Emergency Management Agency (FEMA) leading and 

funding the development of a CM for the Emergency Response 

Management COI to assist in the design of M&S applications in 

that COI. 

 National Institute of Standards and Technology (NIST) leading 

and funding the development of a CM for the Manufacturing 

COI to assist in the design of M&S applications in that COI. 

Conceptual Model 



 Three alternatives exist at this stage of the life cycle: 

1. Use the Conceptual Model provided for the 

Community of Interest (Best Practice). 

2. Create a Conceptual Model just for the current 

M&S project and use it. 

3. Skip this life cycle stage. 

Conceptual Model 
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Layers of Simulation Model Abstraction 

Simulation Conceptual Model

Simulation Model Design

Simulation Model Implementation / Programming
Lowest Layer 

Highest Layer 

• High Level Programming Languages (e.g., C++, Java, C#) 

• Commercial M&S Software Products (e.g., Arena, AutoMod, OpNet) 

• Object-Oriented Design 

• Procedural Design 

• Distributed / Parallel Design 



What is a Simulation Conceptual Model (CM)? 
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A Simulation Conceptual Model is a repository of high-level 
conceptual constructs and knowledge specified in a variety 
of communicative forms intended to assist in the design of  
any type of large-scale complex M&S application in a COI.  
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Community of Interest (COI) 

 Example COIs include: 

 air traffic control,  

 automobile manufacturing,  

 ballistic missile defense,  

 business process reengineering,  

 emergency response management,  

 military training,  

 network-centric operations and warfare,  

 supply chain management,  

 telecommunications, and  

 transportation. 

 Numerous M&S applications are created in a particular COI to solve 

problems. 

 A Conceptual Model is intended to prevent “reinventing the wheel” 

again and again in designing an M&S application in a COI. 



Problems Faced by COIs 

 Each COI faces serious problems in  

a. reusing earlier work, 

b. communication among the stakeholders, managers, analysts, 

and simulation developers,  

c. coping with multidisciplinary knowledge required for simulation 

model development,  

d. overcoming the complexity of large-scale simulation model 

design, and 

e. verification, validation, and certification (VV&C) of large-scale 

complex simulation models. 

 We advocate the development and use of a CM to assist in the 

design of not just one simulation model but many within the problem 

domain of a COI and to alleviate the problems listed above.  

 A CM becomes an asset for a COI and provides significant 

economical benefits through its reuse in designing many simulation 

models within the problem domain of that COI.  
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Objectives for Simulation Conceptual Modeling 

1. Assist in designing not just one simulation model but many in a 

particular problem domain of a COI; 

2. Assist in designing a simulation model in any M&S area (e.g., 

discrete, continuous, agent-based, system dynamics); 

3. Enable reuse at the conceptual abstraction layer in such a way that 

designing a large-scale complex simulation model within a COI’s 

problem domain is significantly facilitated; 

4. Enable effective communication among the people involved in a 

large-scale M&S project such as stakeholders, potential users, 

managers, analysts, and simulation developers with a stratified 

specification in a variety of communicative forms such as 

animation, audio, chart, diagram, drawing, equation, graph, image, 

text, and video;  

5. Assist in overcoming the complexity of designing large-scale 

complex simulation models in a COI; 

6. Provide a multimedia knowledge base covering the areas of 

expertise needed for designing large-scale complex simulation 

models in a COI; 



Objectives for Simulation Conceptual Modeling 

7. Enable a Subject Matter Expert (SME) involved in an M&S project 

to understand another SME’s work; 

8. Facilitate the collaboration among the SMEs for designing a large-

scale complex simulation model in a COI; 

9. Assist in VV&C of large-scale complex simulation models; 

10. Enable effective and efficient VV&C of large-scale complex 

simulation models in a COI; 

11. Assist in the specifications of test designs, test cases, and test 

procedures; 

12. Guide the managers, analysts, and developers in designing large-

scale complex simulation models in a COI; 

13. Assist in proper formulation of simulation model Intended Uses; 

14. Assist in the generation of new M&S requirements; and 

15. Provide significant economical benefits through its reuse in a COI. 



Reuse-based M&S Application Design Using a CM 

CM

COI Lead Organization / Sponsor

SMEs

M&S

Application

Designers

COI

Problem

Domain

M&S

Application

Designs

1

2

3

N

Reuse 



An Example 
COI 

Problem 
Domain 

 COI: Emergency Response Management (ERM) 

 Problem Domain:  

 Based on the U.S. National Response Plan, states and cities 

in the U.S. are expected to have an ERM plan. 

o Problem 1: Asses the operational effectiveness of a 

given ERM plan. 

 Under a given ERM plan, first responders, decision makers, 

authorities involved, and citizens are expected to be trained.  

o Problem 2: Conduct the training under the ERM plan. 

 M&S is the only effective approach for solving Problems 1 and 2 

above. 
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Emergency Response 
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 For hundreds of cities and states, there exist hundreds of ERM 

plans, requiring the development of hundreds of M&S applications 

for: 

 Assessing the operational effectiveness of an ERM plan. 

 Training first responders, decision makers, authorities 

involved, and citizens under a given ERM plan.  
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 The conceptual constructs and knowledge specified by SMEs in 

the CM can be reused by M&S application designers in the design 

of many M&S applications of many types in a COI. 

 The CM should be a live repository  

continuously updated to reflect the  

most up-to-date authoritative expertise. 

 The CM should be provided over the Internet  

for easy access by geographically dispersed  

M&S application designers in the COI for  

which the CM serves.  

 The CM should be developed as a multimedia repository to enable 

effective reuse of its content. 

 The CM may also be provided as a Wiki if its content quality is 

assured. 
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Problem Formulation for an Example COI - BMD 

Ballistic Missile Defense Universe of Discourse  

The ballistic missile defense (BMD) 
universe of discourse poses 
significant technical challenges for 
BMD engineers, analysts, managers, 
and decision makers.  

When faced with a technical problem, a BMD 
engineer executes the process of Problem 
Formulation and creates the Formulated Problem, 
which is subjected to credibility assessment. 

We assume that the Formulated Problem can be solved by using simulation. 



System & Objectives Definition 

Before developing the M&S application to solve the 

Formulated Problem, a conceptual model is created.  

An Example System Definition  
Given the Formulated 

Problem, the BMD 

engineer executes the 

process of System 

Investigation and 

defines the System 

and Objectives, which 

is subjected to V&V. 



Model Intended Uses 

 The objectives defined together 

with the System are decomposed 

into a set of Intended Uses. 

Why do I 
want to build 
the model? 

What do I want 
to do with the 

model? 

Osman Balci and William F. Ormsby (2000), “Well-Defined Intended Uses: An Explicit Requirement for 

Accreditation of Modeling and Simulation Applications,” In Proceedings of the 2000 Winter Simulation 

Conference (Orlando, FL, Dec. 10-13). IEEE, Piscataway, NJ, pp. 849-854.  
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High Level Conceptual 
Model Design 

1. concept of operations (ConOps),  

2. conceptual models of the mission space (CMMS) / 

functional description of the mission space (FDMS)  

3. knowledge engineering (KE), and  

4. operational views and system and services views (DoDAF). 

High Level Conceptual Model Design can be created based on: 
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Low Level Conceptual Model Design 

 Modularization is used to overcome the complexity.  

 CM is modularized into a hierarchy of submodels.  

 CM is decomposed into submodels at level 1. 

 A submodel at level 1 is further decomposed into other submodels at  

level 2.  

 Then, a submodel at  

level 2 is further  

decomposed into  

submodels at level 3.  

 The decomposition  

continues until the leaf  

submodels, the ones not  

further decomposed, are  

manageable in complexity.  



Conceptual Model Integration 

 All submodels created separately are 

integrated to form the Integrated 

Conceptual Model. 



Conceptual Model 
Specification 

 Many communicative forms  

are used to specify the CM  

for the purpose of communicating the CM content to many 

different users: 

 Managers or non-technical people by specifying it in a 

multimedia form consisting of, e.g., animations, audio, video, 

images, diagrams, and text. 

 Analysts or technical people, by specifying it in 

communicative forms such as charts, diagrams, drawings, 

graphs, and text. 

 Developers of simulations by specifying it in communicative 

forms such as UML diagrams, equations, and text. 

 The completed CM can be delivered on a 

 CD as well as on a secure Web site. 



Conceptual Model Use and Feedback 

 The Use process refers to the 

life cycle stage during which 

the CM is employed for 

designing many simulation 

models.  

 Feedback is solicited from the 

CM user community during 

this stage and is documented.  

 The feedback is quite valuable 

for the purpose of improving 

the CM representation as well 

as its reusability. 



Conceptual Model Redefinition 

 The Redefinition process is  

intended to represent the  

maintenance stage of the life  

cycle and involves four types  

of maintenance:  

 Adaptive maintenance:  

adaptations required as  

the CM’s external  

environment evolves. 

 Corrective maintenance: fixing deficiencies, resolving caveats, 

and making corrections. 

 Perfective maintenance: enhancements brought about by 

changing user requirements. 

 Preventive maintenance or reengineering: making changes for 

the purpose of preventing potential problems or for 

reengineering. 

 The Redefinition process also represents the redefinition of the 

system and objectives for the purpose of developing a new CM by 

way of changing an existing one.  



Conclusions 

 A simulation CM represents the highest layer of abstraction that 

is closer to the level of thinking of managers, analysts, and 

simulation model designers.  

 It is specified in a variety of multimedia communicative forms 

and reused for designing many simulation models and for many 

types of simulation within a problem domain of a COI.  

 The CM plays a critical role in designing large-scale complex 

simulation models and alleviates many commonly encountered 

problems if created properly.  

 Fifteen objectives are enunciated for creating a CM.  

 A life cycle is presented to modularize and structure the CM 

development.  

 The life cycle dictates which processes to execute, what work 

products to produce, and what V&V activities to perform hand in 

hand with the development.  


