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1. Title of the Proposed Project:

SI495: High Energy Laser Modeling and Simulation Framework Evaluation
2. Faculty Mentor(s):  Associate Professor Donald M. Needham 
3. Summary of the Proposed Research:

a. Problem to be addressed:

The High Energy Laser Joint Technology Office (JTO) has funded initiatives supporting the development of models and simulations of High Energy Lasers (HELs).   Development of one or more end-to-end simulations of laser system performance and effectiveness is fundamental to the goals of the JTOs High Energy Laser modeling and simulation (M&S) program.  Any such end-to-end simulation must be considered from varying perspectives.  For example, one simulation prospective might follow the physics and engineering of a ship's energy starting with energy conversion from the ship’s fuel through electrical power generation, electrical generation of laser light, beam transport, etc, and ending with target damage assessment. A second end-to-end simulation perspective might follow the visually perceivable portions of the operational tasks starting with target detection and carrying through until target destruction. 
A fundamental step, proposed by this research project, is to examine a known laser propagation model, and consider how it can be integrated into an existing HEL modeling framework.  In FY02-03, the JTO funded the Northrup Grumman Corporation to develop a High Energy Laser System End-to-End Model (HELSEEM), and a prototype of this modeling framework is available for use in this research course.  Additionally, Dr. Bill Colson of the Naval Postgraduate School’s Physics Department has made available a laser propagation code for use in this research project.  The specific focus of this research proposal is to integrate Dr. Colson’s laser propagation code into the HELSEEM framework in order to evaluate both the ease with which existing laser propagation codes can be incorporated into the framework, and well as to consider guidelines for the development of subsequent laser propagation codes that will serve to increase.  This research project contributes to the JTO initiative by analyzing the degree of difficulty of adding emerging codes to an existing framework.

b. Background Information:

A collection of end-to-end simulations can be expected to contain significant overlap in functionality, particularly within the high energy laser M&S domain. Domain-specific, but reusable, software generally comprises nearly 65% of modern software systems, with the remainder of the software divided between domain-independent (20%) and application-specific (15%) [Jones, 1996].  A software system architecture developed for the evolutionary high energy laser M&S domain would benefit from design-time analysis of the domain-specific software system components.  An integral part of this analysis focuses on supporting incorporation of newly emerged models in the end-to-end simulations, as well to facilitate the reuse of revised/refined modeling components.   To increase the reuse potential of domain-specific software components, couplings between a system’s components can be analyzed and evaluated as part of an iterative software system design process [Price, 2001].   Analysis of component couplings requires an understanding of the interactions and interrelationships between models begin considered in the end-to-end simulation.  
Despite the differing contexts in which simulations are conducted, significant overlap in functionality exists between simulations, especially in the High Energy Laser Modeling and Simulation domain.  The development of end-to-end High Energy Laser simulations could greatly benefit from modularizing the software architecture under which these simulations are developed.  In this manner, one component of the software framework, such as the laser propagation component, could be modified or replaced without disturbing the rest of the simulation framework.  This component model approach supports changing a particular part of a simulation without having to modify the entire simulation framework.  
[Jones, 1996]  C. Jones, Applied Software Measurement, McGraw-Hill, New York, 1996.

[Price, 2001]   M. Price, D. Needham, and S. Demurjian, Producing Reusable Components: A Domain-and-Organization-Specific Perspective. Proceedings of the 2001 ACM/SIGSOFT Symposium on Software Reusability (SSR'01), Toronto, Canada, May 18-20, 2001, pp. 41-50.

c. Describe any preparatory work undertaken by the

Midshipman research student:

The framework of the High Energy Laser Simulation used in this research project is a multithreaded environment.  Familiarity with multithreaded virtual machines, such as the  Java Virtual Machine (JVM), and synchronization structures, such as mutexes and semaphores, provide a critical foundation to this research project.  These concepts were covered in detail by this researcher as part of SI411, Operating Systems, in the Fall AY03 semester.
d. Abstract and Details of the Research Proposal:

Abstract: This research focuses on implementing an interface between an end-to-end HEL framework and a laser propagation model so as to formulate reuse guidelines for the integration of laser propagation model developed in the future.  The specific objectives of this research are to:

	I.
	Explore concepts of software engineering related to reuse.   
	 

	II.
	Understand the implementation issues associated with modular software systems
	 

	III.
	Develop specifications for the interaction between the components of a modular software system
	

	IV.
	Test and evaluate the modular software system implementation.                   
	

	V. 
	Propose reusability guidelines to ease the integration of laser propagation models developed in the future.
	


Details of Research Proposal: The detailed milestones of this research project course are as follows:

	a.
	Analyze the relationship between the existing laser propagation model and the overall framework of the Northrup Grumman HELSEEM
	29AUG03

	b.
	Determine how the existing laser propagation model is attached to the Northrup Grumman HELSEEM                 
	05SEP03

	c.
	Determine if the existing laser propagation model can co-exist with emerging laser propagation models, such as the one developed by Dr. Colson, without disrupting the Northrup Grumman HELSEEM 
	12SEP03

	d.
	Evaluate the effectiveness of the existing Northrup Grumman HELSEEM software system in terms of modularity and its ability to support additional laser propagation models
	19SEP03

	e.
	Define an interface through which Dr. Colson’s laser propagation model will interact with the existing end-to-end HEL simulation.

Intermediate write-up and presentation
	03OCT03

	f.
	Implement the interface between the Northrup Grumman HELSEEM and the emerging laser propagation model 
	17OCT03

	g.
	Add the laser propagation model provided by Dr. Colson to the Northrup Grumman HELSEEM and test the simulation
	31OCT03

	h.
	Evaluate the newly defined interface in terms of modularity and its ability to integrate the new laser propagation model into the existing framework.
	07NOV03


	i.
	Propose a protocol for interfacing with the existing Northrup Grumman HELSEEM that supports the incorporation of future laser propagation models 
	14NOV03

	j.
	Draft of final write-up and presentation
	24NOV03

	k.
	Final report and presentation
	05DEC03


4. Research Facilities:

a. Primary facilities and equipment (type and location) to

be used:
Unix workstations with the gcc compiler, and PCs with the Windows operating system installed.  All necessary facilities are already available in the Chauvenet Hall Computer Science Department labs (CH101, CH102).
a. Available at USNA? __Y___ If so, where?  Chauvenet Hall
b. Available nearby? __N/A____ If so, where?

c. Can be borrowed? ___N/A___ If so, where?

5. Published Materials:

a. Identify the principal published paper documents you

expect to use and indicate their availability. If not

available through Nimitz Library, how will they be obtained?

 P. Hall. Architecture-driven component reuse.  Information and Software Technology, 41(14), November 1999.
C. Jones, Applied Software Measurement, McGraw-Hill, New York, 1996.
M. Price, D. Needham, and S. Demurjian, Producing Reusable Components: A Domain-and-Organization-Specific Perspective. Proceedings of the 2001 ACM/SIGSOFT Symposium on Software Reusability (SSR'01), Toronto, Canada, May 18-20, 2001, pp. 41-50.

M. Robillard, et al.  Concern Graphs: Finding and Describing Concerns Using Structural Program Dependencies.  Proceedings of the 24th International Conference on Software Engineering.  Orlando, Florida, May 19-25, 2002, pp. 406-416. 

F. Kon.  The Case for Reflective Middleware, Communications of the ACM, June 2002, Vol 45, No. 6,  pp. 33-39. 
b. Identify the principal electronic publications you

expect to use and indicate their availability. If any are not freely accessible over the Internet, explain how you expect to acquire access.

An Examination of the Windows Mutex Class - A synchronization primitive than can also be used for interprocess synchronization in windows environments.  Freely available from: http://msdn.microsoft.com/library
6. Requirement for Access to Classified Material: 

Required: _____________ Not required: _____X________
7. Access to Special USNA facilities: If access to

special USNA facilities (e.g., the Hydromechanics Laboratory, the Technical Support Division (TSD), CADIG, etc.) is required, a letter from the operational manager of the facility must be included with this Project Proposal. This memo should indicate that the involved parties have discussed the use of the facility and that the use and support requirements of the project can be met without causing unnecessary hardship on the facility operators or equipment.     N/A
8. Estimate of Costs: Provide this information by Fiscal

Year, which starts 1 October and ends 30 September. Any

required startup funds needed prior to 30 September must be

requested in the budget of the earlier fiscal year. When

completing this section of the project proposal, be sure to

review the “NOTES” section provided below.

FY-Fall semester 
FY-Spring semester

a. Midshipman travel:  

$750




b. Midshipman per diem: 

N/A




c. Consumable Supplies: 

$150
(Books)



d. Equipment (over $200): 
N/A




e. Equipment (under $200): 
N/A




f. Other contractual services:N/A




TOTALS:  




$730
                GRAND TOTAL:__$900_____________________

NOTES:

Travel: Possible destination: Albuquerque, NM 

Probable dates: 20-24 October 2003
Purpose: Present interim work at Sixth Annual Directed Energy Symposium, 20-24 October 2003, Albuquerque, NM 
Equipment over $200: Describe the equipment and

provide a letter of justification from the project

mentor for any request for equipment over $200.00.

Expenditure of funds from department or division

accounts: The budget proposal must be routed via the

Department or Division Financial Officer, as

appropriate.

Expenditure of reimbursable funds: The budget proposal

must be routed via the Naval Academy Research Office.

Total expenditures: A letter of justification from the

adviser must be included with this Project Proposal if the
total estimated cost for the project exceeds $500.00.
