Model Repository and Reusability

It is important to note that DEVS models, whether atomic or coupled can stand alone and go into a repository for reuse by the developers or others.  In principle, the internals of any such model can be hidden (e.g., in relation to proprietary rights) – only the behavior as seen through the input/output ports needs to be communicated in a clear enough manner for others to use the component. This can foster a high degree of reuse and sharing among a growing DEVS community.

The Advanced Simulation Center (ASC), under Steve Hall, has a long history of M&S projects with significant legacy models and simulators[12,13,14]. It is oriented toward increasing emphasis on collaboration between different parts of Lockheed Martin and with other teammates, responding to the increasing interest in performing effectiveness analysis as well as performance analysis, and increasing focus on system-of-systems solutions. For over a decade, ASC has adopted a DEVS-based “managed model approach,” which starts from an architectural framework for constructing simulation models that supports continued cumulative development and reuse  The architectural framework for organizing models is supplied by the System Entity Structure. SES specifies a well-defined structure for model reuse, maintains kind-of, part-of, multiplicity relationships, and constraints on model compatibility. Models developed are highly parameterized and are network reusable – its system-of-systems simulations federate with other joint simulation systems using HLA (High Level Architecture)[14]. 
A dramatic depiction of re-usability success is illustrated by the incidence matrix in Figure 1. The matrix shows that most models have been reused  several times after their initial development and that the modifications required (as shown in Table 1) are relatively rare.  This ability to re-use models as components reliably without much further modification has provided ASC with increased capability to rapidly respond to new projects and their requirements. In fact, ASC claims to be leaving other competitive system-of-systems environments that employ monolithic (non-hierarchical, modular) development further and further behind as time goes by.

Table 1:  Listing DEVS models developed by ASC over a decade, the original project of development and some of the subsequent projects in which the model was reused as a component.

	Acron

mym
	Model Component
	Original Project

Development
	Subsequent Project Re-use and modification

	RAD
	Radar Model
	Sea Shadow
	Arsenal, JCTN,

	IR
	IR Sensor Model
	SBL
	Space Discrimination

	MIS
	Missile Model
	Arsenal
	Missile Defense

	LAS
	Laser Model
	SBL
	Missile Defense, ABL

	Comm.
	Communications Model
	MUSIC
	JCTN, CMT

	CC
	Command Control Model
	Arsenal
	All projects

	EARTH
	Earth & Terrain Model
	IRAD
	CMT

	WC
	Weather and Cloud Model
	CMT
	ABL

	WH
	Waypoint & Heading
	IRAD
	CMT

	OP
	Orbital Propagate
	SBL
	Space Discrimation,

CMT, NMD, MSP

	BT
	Ballistic Trajectory Model
	Arsenal
	SBL, NMD



[image: image1.wmf]GPS III

*Advanced Simulation Center, Lockheed Martin Corp., Sunnyvale, CA 

Use of infrared 

model in JCTS 

project

1


Figure 1.  An incidence matrix showing the reuse of models as components in projects – an X indicates the model  (row) was reused in a project (column).
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* adapted from: ZEIGLER, B. P. 1997. A framework for modeling & simulation. Applied Miodeling & Simulation:
An Integrated Approach to Development & Operation, McGraw-Hill, New York.




The separation of models and experimental frames further supports the reuse of components in distributed simulation.
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Scope of Compositions

Coast  Space  Comm. Inte-
Critical Guard  Oper-  Aero- grated Space

Project Mobile Arsenal  Deep  ations  space System  Space  Discrimin  Missile
Model Targets GTSHI  Ship  Water  Vehidle Vehidle  JCTS  Center  Laser  -ation Defense
Radar X X X X X X X
Infrared X X X X X X X X
Missile X X X X X
Laser X X X X
Comm. X X X X X X X

< X X X
Earth, X X X X X
terrain

Weather X X
Waypoint X X X X X X X
Orbits X X X X X X X
Ballistic X X X X X

trajectories

NOTE: Adapted from a presentation to the National Research Council study on simulation-based acquisition.







