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ABSTRACT: When federations are built from simulations developed individually for very different purposes, the prior, individual validations do not guarantee the validity of the new federation.  The problems are compounded when the separate components must operate in the same natural environment.  The process of building a Federation Object Model (FOM) enables lexical (agreement on terms) and syntactic (common transfer formats) commonality; however, it does not deal with semantic (common understanding and interpretation) agreement.  While all federates may subscribe to the same environmental data, their individual use of that data may produce inconsistent results.

The Environment Concept Model (ECM) is a documented process that attempts to achieve semantic consistency across a federation, at least in terms of the use and interpretation of environmental information.  The process involves tracing all of the environmental effects models (propagation, scattering, visibility, drag, etc.) and documenting both the model’s data requirements and the assumptions built into the algorithms themselves.  This documentation includes a complete description of the environmental requirements, the algorithms and associated assumptions, and the decisions made in developing the federation.  The ECM provides part of the basis for validating the simulations as a federation.

1. Introduction: What is Simulation Validation?

Simulation validation is the process of determining the degree to which a model or simulation and its associated data accurately represent the real world from the perspective of the intended purpose of the model or simulation[1]. It is an iterative process, one which begins with the statement of requirement for the simulation and ends only when the simulation is no longer in use.  It involves a constant evaluation of the appropriateness of the simulation and its methodology, algorithms, and data in light of each new application or use.

Validation is a necessary element of risk reduction.  The level of required validation is inversely proportional to the acceptable level of risk in not sufficiently representing the appropriate referents when the simulation is used.  Consider as a referent any fundamental descriptor on which a represented object depends. For example, the response of a sensor represented in the simulation may depend upon the glint angle of the sun; hence, the sun, or more particularly, its angle to the earth becomes a referent.  In federations, validation of the individual component simulations is necessary, but not sufficient, because several federates may share one or more referents.  If these shared referents are not commonly understood, the federates will not work validly together, even though they may be able to exchange common data.

The ability to federate simulations validly requires at least three levels of agreement or information consistency. Lexical consistency, which addresses common usage of terms, and syntactic consistency, which involves common data and transfer formats, are virtually ensured by comparison of model verification information.  Verification is the assurance that the model as built complies with its design, and that it performs to design specifications.  Evaluation of verification results will almost always provide the necessary evaluation of lexical and syntactic consistency.  This is generally captured in the Federation Object Model or FOM.

Validity of results depends upon yet another level of consistency. Semantic consistency addresses the common understanding and interpretation of terms, and involves in-depth examination of the processes by which composite data are formed from atomic data.  Consider underwater propagation where the time and length scales for different frequency regimes may require different algorithms.  Across the federation, the foundational data (bathymetry, temperature, salinity, pressure, etc.) must represent the same ocean.  Further, the interpolation and extrapolation algorithms must be such that the ocean is recognizably the same.  This is true even thought the data exchanged during execution is only at the level of whether a sensor detected an underwater object.  Thus, any information inconsistency in an algorithm, particularly in the translation of the physical formula into computer code, can cause a computational irregularity which may impact the validity of the exchanged data and hence the validity of some aspect of the federated simulation.

A suitable validation process assures the user that the model satisfies his requirements as well as provides appropriately realistic results.  It includes the examination of the three levels of consistency, particularly the semantic level.  For a single simulation, validation begins with the conceptual model, but must also evaluate the code that captures that model and the results it produces.  When applied to a federation, it is critically important that the validation process include an evaluation of the consistency of information across the conceptual models of all federates to ensure a consistent set of referents – a level playing field.

1.1 What Is a Conceptual Model?

Validation begins with an examination of the simulation requirements.  These requirements are captured in a conceptual model, which serves as a design guide for the simulation builder.  The conceptual model is a negotiated and documented agreement between the user and simulation builder.  It links the user’s needs to the design of the simulation objects that are to meet those needs. 

A conceptual model ultimately serves as the composite of referents for the validated simulation.  Once the simulation is validated, objects within the conceptual model provide the descriptions necessary to determine consistency at all three levels.  Hence, a well documented, validated conceptual model is an important part of a reusable or interoperable simulation.  It contains information essential for the process of incorporating that simulation into a federation.

1.2 Why a Conceptual Model of the Natural Environment?

The natural environment as a component of simulation is unique in that all federates that rely on or react to environmental conditions must share environmental information as common[2].  Thus, it would seem reasonable that developing a conceptual model of the natural environment, reusable by other simulations, would be both appropriate and cost-effective.  In practice, development of a consistent set of related conceptual models might be needed to address the full range of applications.  In either case, the conceptual models would capture the user’s requirements and its validation would be an essential part of validating the federation.  

The Environment Concept Model, (ECM) was developed as both a procedure and documentation process that could be used in developing and contributing to the validation of a federation.   The goal of the ECM is to make certain that all objects in the federation maintained a consistent view of the natural environment.  The ECM captures the object dependencies as well as the essential flow of data, and, in so doing, provides the documentation of a conceptual model of the natural environment for that federation.    Validation of the simulation or federation would involve making sure that the environmental data and associated models and interactions specified in the ECM were consistent at all levels across all federates. Since the ECM must address semantic as well as lexical and syntactic consistency, it can serve as an interoperable, reusable referent in the process of validating the federation.  Further, it provides the basis for validation when the simulations are sought as participants in future federations. 

2.0 What is the Environment Concept Model? [3,4,5]

2.1  
Environment Concept Model – the Process

The ECM is the result of a dialog among the implementers of a simulation, the users, and those who provide the representation of the natural environment.  This process is shown in Figure 1.  

The process begins by reviewing the simulation’s underlying operational scenario and participants (both real and modelled) to define the simulation objects and related application use case. If the simulation will be used in support of test range activities, then range instrumentation is also included.  Based on this review, development of a unified environment representation (the inferred environment) is initiated.  At this time, recommendations for needed changes to scenarios or military systems models may be made if environment representation requirements cannot be cost-effectively satisfied within the environmental representation.  The process continues by translating the inferred environment into its implemented view.  This happens with the selection of the specific set of environmental data, models and, if applicable, range measurement parameters which will be assembled to satisfy the simulation requirements stated in the use case.
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Some simulation builders prefer a traditional, waterfall sequential approach to implementing a simulation.  Others prefer an evolutionary spiral approach.  The ECM process is compatible with both types of approaches, emphasising a continuing collaboration between simulation builders and those who provide the representation of the natural environment.    It underscores the need for simulation system engineers, simulation developers, environment system engineers, and environment domain experts to collaborate in the definition and implementation of the simulation natural environment.  In documenting this process, the collaborating team builds the ECM.

2.2
ECM:  The Documentation

The Environment Concept Model is an implementation-independent, unified description of the synthetic natural environment for a simulation application.  The core of the ECM is an object oriented analysis and design level model developed in a standards-based, object oriented analysis and design language, such as Rational Rose.  It should be flexible enough to include electronic documents that clarify aspects of the representation. The ECM should also provide reference to specific formatted queries and download requests from repositories of environmental information. These documents and files may be reports, technical literature, briefings, matrices of test condition, or other information, which clarifies the reasoning behind selection of particular parameters or algorithms.  They may also include “mappings” of specific environment representations to simulation system components.

The analysis and design level model describes computational processes and process interactions as well as static data structures.  Its purpose is to describe unambiguously the environmental representation to be used in the simulation application.

2.3
ECM:  A Matter of Viewpoint 

   Building and using an ECM doesn't require a particular object oriented modelling or documentation tool provided 

that the model and documentation are developed and maintained in an object-oriented environment.  It is important, however, to ensure that the selected language and tool can adequately document the required environment representation.  

Construction of the ECM involves explicit identification and documentation of requirements and schema chosen for representing the natural environment.  Those who participated and their decision authority must be listed. This 

provides traceability for future reference. As the purpose of the core object model is to describe unambiguously the representation of the natural environment, it must describe the computation processes, process interactions, and static and dynamic data structures in ways most accessible to the different members of the development team.  Ultimately the ECM will express these elements through different viewpoints of the many common objects in the model, allowing the simulation team to validate the appropriateness of each perspective as a part of the overall ECM validation process.

The notion of documenting different viewpoints is essential to the process of validation.  The military user or military domain expert would view the scenario and its components very differently than would the software engineer.  For the military user, Figure 2 would present a view that could be readily validated.  The software engineer, however, would find it very difficult to determine such critical concepts as data flow and object content from such a view.  Each participant in the team has a context in which s/he is most comfortable assessing performance; therefore, the ability to provide views that supply the appropriate context is critical to expediting the validation process.  
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Figure 2.  Representation of a ship’s encounter with an incoming weapon

In the process of validating the federation, each domain expert would examine the documentation first for consistency across views, i.e., was the military process faithfully translated into data flow and object dependency views.  Then, appropriate to the natural environment, the data and processes associated with the natural environment must be examined down to the algorithm level using data flow and model dependency views.  By examining the data flow, lexical and syntactic consistency can be assured.  However, models using the data have to be evaluated at the algorithmic level to make sure that there exist no incompatible assumptions and that all dependencies on the natural environment have been captured.  It is only through a detailed exploration of environmental data dependencies and processes that semantic consistency can be guaranteed across the entire federation. 

2.4  
What Is the Fundamental Structure of an ECM?


Fundamentally, an ECM is composed of three different perspectives on synthetic natural environment representations.  One perspective involves documenting the underlying need for the simulation application and the battlespace to be simulated.  A second perspective involves describing the natural environment required to represent the battlespace.  A third perspective involves describing the natural environment implemented for the simulation application.  These perspectives are developed by documenting the different views of the simulation:  use case, inferred, and implemented.

First, the use case view creates perspective and background for the environment representation task.  It contains information about the stakeholders who contribute to, or benefit from, the simulation.  It documents activities surrounding the simulation, for example, experiments contributing to validation of particular models.  Finally, it provides context in the form of a description of the battlespace, references supporting documentation that help to frame the requirements for environmental representations.  This view is used to show the intended behavior of the system to be implemented, and defines the lexical and semantic information consistency requirements of each piece of included information. The use case view explicitly describes the participants in the overall project (the actors), the processes to be simulated (the simulation activities), and other relevant project efforts that are not being simulated (the non-simulation activities, such as identification of validation data).  

Second, the inferred view is the environment representation that logically extends from (a) the level of fidelity appropriate to the purpose of the use case, (b) the domains and bandwidths in which the participating objects operate, and (c) the space and time described in the scenario.  Adequate documentation of this view is particularly important in making sure that there is semantic consistency across the battlespace objects.  Class diagrams are used to show the environment classes and to record the relationship between the military objects in the use case and the environment classes.  Interaction diagrams may be used when military objects create environment impacts (like wakes or contrails) which must be integrated back into the consistent environmental representation.  The inferred representations must capture the real, physical battlespace to the extent that it affects the behaviors of the use case objects within their defined application.

Third, the implemented view is the environmental representation intended for use in the simulation and is derived from the inferred view.  Ideally, these two views would be identical.  The realities of program execution, however, dictate that the implementation view is a compromise version between the desired (inferred) representation and available resources.  In this view, components of the environmental representation (software, data) are associated with simulation components and their related military objects, using class and interaction diagrams to document such relationships.  Because the implemented view may include significant compromises in the environment representation, it should include documentation of the key assumptions inherent in the compromise decisions.  Such documentation provides valuable insight into sources of approximation in the simulation results, and documents their impacts.  Building this view from the previous two ensures that the information consistency requirements—lexical, syntactic, and semantic—for included information are preserved throughout the model development.

3.0 Consistency and Completeness 

The rest of the paper will describe in more detail the ways in which the ECM fosters consistency and completeness in the specification of the natural environment.

3.1
How Does the ECM Ensure Consistent Synthetic Natural Environments?

In the introduction, we discussed required levels of consistency for information exchange.  Lexical, syntactic and semantic consistency of data are fundamental requirements to ensure that environmental data are defined, implemented, and exchanged in the same manner across the entire federation.  There is another meaning of consistency which is also essential here—that of physical (as in scientific) consistency.  The consistent synthetic natural environment:

· Obeys the laws of nature and physics

· Changes from state to state in a continuous manner, due to an underlying nature or physics-based causality

· Replicates the real environment that it models.

· Exhibits the above qualities at an agreed feature level of detail, time step, and length scale.

· Exhibits an agreed smooth transition at any boundary between differing levels of fidelity.

The above definition suggests that there is no single physically consistent environmental representation.  Rather, physically consistent representations can be achieved for many combinations of static and dynamic parameters for many different levels of fidelity (the degree to which the simulation reproduces the referent).  Further, many different levels of fidelity can coexist within the simulation space, and between the many simulation time steps
.  Because there are so many possible physically consistent representations, our definition of physical consistency is more easily characterized by what it forbids than by what it includes. 

There are several common sources of physical inconsistency in environmental representations, comprising roughly three categories.  First, there may be spatial inconsistencies between the representations for different environment domains (terrain, atmosphere, oceans, the surf zone, etc.), particularly across domain boundaries (interfaces).  Some of these inconsistencies may lead to the omission of critical interactions, which feed other environment objects.  Second, there may be time scale (temporal) inconsistencies between simulation events and the environmental representation (for example, in many simulations, static environmental conditions are used although one would expect real world environmental conditions to be changing over the duration of the simulated events).  A related issue is the availability of computational power to handle any runtime calculations. Third, there may be spectral inconsistencies in the representation of environmental effects at different bandwidths across the energy spectrum.  Environmental objects transmit or attenuate energy across the spectrum, and frequency-dependent environmental effects models need to respond accordingly.  

We have developed a question-and-answer checklist that helps to identify physical inconsistencies in inferred environment representations. [Environmental Concept Model Builder’s Manual, Appendix A, Aug. 1999]  In our experience, a structured series of questions stimulates the thoughtful responses that expose such inconsistencies.   Over time, a checklist of questions emerges; however, the checklist is never a substitute for thoughtful, thorough subject matter experts.  Thus we return to the earlier point that the ECM is a process that involves the interaction of a number of different domain experts.

3.2
How Is the ECM Used to Ensure Complete Synthetic Natural Environments?

The complete inferred view provides "just enough" environmental representation to satisfy the needs of the simulation.  This means that simulation objects that are sensitive to the environment change in response to appropriate environmental changes.  Implicit in this definition of completeness is that there is a degree of state change that is agreed to be of operational significance.  For example, if there is a change in the structure of the water column, but my low frequency sound is not affected by that change, the change need not be represented, as it is operationally insignificant.

Thus the key to auditing the inferred environment view for completeness is to trace computational sequences from the simulation objects back through effects and impacts calculations, right through to environment data.  There may be valid reasons why an object is not at all sensitive to environment.  Often, however, this insensitivity is due to gaps in the environment data or calculation capability; the absence of environment classes; or missing attributes or operations within a class.

We generally don't model the entire computational sequence in the ECM.  Rather, we represent the interactions using class diagrams that employ interfaces
.  Figure 3 shows a class diagram with three principal elements:  A class representing objects



(drawn from the objects listed in the use case), classes representing elements of the environment, (drawn from the inferred environment class diagram), and the interfaces.  This simplified form frees us to concentrate on the goal of the audit; matching military simulation objects with environment classes.  It is convenient to use one class diagram per interface, to avoid cluttering the diagrams.

As associations are created, we can see which object classes have no interface to an environment class.  We can identify environmental classes that have no interfaces, i.e., are not required for other composite environmental data or for any object interactions.  Such classes may have been posited as needed, but in truth may be superfluous and should be eliminated. 

The audit is complete when there are no unassociated 

for each unassociated behavior class.

    4.         CONCLUSTION

"The validity (or significance) of a model should be judged by its suitability for a particular purpose.  A model is sound and dependable if it accomplishes what is expected of it.  This means that validity, as an abstract concept divorced from purpose, has no useful meaning.  What may be an excellent model for one purpose may be misleading and worst than useless for another purpose." [6]

  Forrester’s remarks drive home the need to validate models, and in this case, simulations for the context in which they will be used.  We developed the ECM process in the spirit of Forrester’s cautions. This paper has shown that there is an effective and efficient process, the ECM, for documenting the synthetic natural environment as developed and used within a single or multiple domain federation.  The process is implementation independent and structured in such a way that the resulting documentation clearly shows the stakeholders, context, process, model attributes, data, and decisions made to arrive at the implemented synthetic natural environment. As the ECM is developed, to support all the federates within the federation, a natural consequence can be the validation of the implemented environment.
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Figure 1.  Representation of the interactions during the development of an ECM
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The inserts identify the systems, threat, and critical parameters.  The sector diagrams show the critical decision points in system performance





Figure 3.  Class diagram used in completeness auditing.








� While multi-resolution simulation is not common in training, analysis, or assessment applications, it is often used in high fidelity engineering applications.  For instance, grid and mesh generators for fluid dynamics simulations often generate fine grids for regions of rapidly changing fluid pressure (near tips, leading and trailing edges, etc.) and use widely spaced grids in the uniform flow far field regions.  This same approach is used in finite element analysis to accurately calculate local stress and shear flow at abrupt discontinuities in structures.


� In object oriented modeling, an interface describes the contract for a class or a component, without constraining its implementation.  One way is to design the interface using an expanded form that resembles a class descriptor, without any attributes.  This expanded form allows a modeler to visualize specifications inside the interface, and is useful for those who specifically wish to create interface specifications.  
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