MATHEMATICS DEPARTMENT

RESEARCH SUMMARIES AY 2003

CARLOS F. BORGES – Associate Professor
Research Project Summary

TOTAL LEAST SQUARES FITTING OF ORDERED DATA WITH POLYNOMIAL SPLINES

C. F. Borges, Associate Professor of Mathematics

Sponsor: Unfunded

Objective: To develop fast and numerically stable algorithms for fitting polynomial splines to ordered data with minimal error in the total least-squares sense.

Summary: This unfunded effort is a continuing research project. The idea is to fit parametric polynomial spline curves to ordered data to get the best possible fit. Unlike traditional least-squares methods we assume that errors may occur in both the x and y directions. Moreover, we allow the data to be completely general - in particular, it does not have to be functional in nature, it may overlap itself or change directions without restriction.  All that is required is an ordered set of points in the plane. I have investigated a variety of different approaches and have developed some very fast and robust algorithms for solving the problem for a single Bezier curve. I have extended these algorithms to work with B-spline curves with general knot sequences. A first paper on this work appeared last year and the algorithms described therein have come into widespread use in other fields. 

DOD Key Technology Area: Scientific Computation

Keywords:  Curve Fitting, Data Compression, and Approximation Theory.

Research Project Summary

Modeling the Spread of Biological Infections in a Functioning Military Unit

C. F. Borges, Associate Professor of Mathematics
Sponsor: Unfunded

Objective: To develop models that can be used to study the spread of biological infections in functioning military units. To use these models to better understand the implications of a bio-warfare attack on a forward operating military unit, and to develop strategies for minimizing the effects of such attacks.

Summary: This unfunded effort is a continuing research project. I am very proud of my work with CAPT Ryan Paterson, USMC. His master’s thesis work centered on various methods I have been investigating for modeling the spread of biological infections in functioning military units. He implemented a computer model that allows one to investigate the impact of a biological warfare attack on a single Marine battalion operating in a combat area. This model is quite general and we used it to further investigate vaccination and quarantine strategies and other aspects critical to operating in a bio-warfare environment where the specific agents can generate contagious illnesses (secondary infections). This is the first model of its kind.
DOD Key Technology Area: Modelling and Simulation

Keywords:  Biological Warfare, Biological Terrorism.

Research Project Summary

NEW TRENDS IN NONLINEAR DYNAMICS AND CONTROL

Wei Kang, Associate Professor of Mathematics

Carlos Borges, Associate Professor of Mathematics

Sponsor: U. S. Air Force Office of Scientific Research

Objective: To organize a two-day symposium ``New Trends in Nonlinear Dynamics and Control, and Their Applications” at NPS, and to publish a book by Springer on closely related topics. 

Summary: The Symposium on New Trends in Nonlinear Dynamics and Control, and their Applications was held October 18-19, 2002, at the Naval Postgraduate School (NPS) in Monterey, California. Leading researchers in nonlinear control attended the conference. A book on Trends in Nonlinear Dynamics and Control was published by Springer.

Publications:

Book: W. Kang, M. Xiao and C. Borges (eds.) New Trends in Nonlinear Dynamics and Control, and Their Applications, Springer, 2003.
Article: W. Kang, C. Borges, and M. Xiao, Symposium on new trends in nonlinear dynamics and control and their applications, IEEE Control System Magazine, pp. 99-100, 2003.

Keywords: Nonlinear Dynamics, Control Theory.
DAVID CANRIGHT – Associate Professor
Research Project Summary

ADVANCED ALGORITHMS AND SOFTWARE ENVIRONMENT DEVELOPMENT FOR RECONFIGURABLE PLATFORMS

Douglas J. Fouts, Professor of Electrical and Computer Engineering

David Canright, Associate Professor of Mathematics

Sponsor: National Security Agency

OBJECTIVE:  To establish various libraries of open-source functions for a computer with a reconfigurable architecture.  To use these libraries to benchmark and compare the performance and correctness of a computer with a reconfigurable architecture against a typical workstation.  To study and experiment with the programming languages, methodologies, environments, and applications to move reconfigurable computing closer to the typical programming environment most applications developers are already familiar with
.

SUMMARY:  Three different algorithms have now been successfully ported to the SRC-6e reconfigurable computer.  The first is a false radar target image synthesis algorithm for countering imaging inverse synthetic aperture radar.  The second algorithm is based on the well-known CORDIC algorithm and is used for extracting the phase of a complex signal.  The third algorithm is a 64-bit encryption algorithm.  Together, these three applications create an excellent suite for benchmarking and evaluating the SRC-6e.  The suite has been executed on both the SRC-6e and on PCs with standard architectures.  Performance measurements have been taken and documented.

PRESENTATIONS: 

· D.J. Fouts, R. Duren, and D. Zulaica, “Algorithm and Programming Considerations for Embedded Reconfigurable Computers”, 2003 High Performance Embedded Computing Workshop, MIT Lincoln Laboratory, Sep. 22-25, 2003.

· R. Duren, D. Fouts, and D. Zulaica, “Performance Comparison of CORDIC Implementations on the SRC-6e Reconfigurable Computer”, 2003 Military Applications of Programmable Logic Devices Conference, Washington, D.C., Sep. 9-11, 2003.

THESIS DIRECTED: 

Macklin, K.R., “Performance Evaluation of a Reconfigurable Computer for Image Synthesis Applications”, Masters Thesis, U.S. Naval Postgraduate School, Sep. 2003.

DoD KEY TECHNOLOGY AREA: Computers and Software, Electronics

KEYWORDS: Reconfigurable computing, computer performance evaluation, computer architecture, parallel processing.

Research Project Summary

THERMOCAPILLARY EFFECTS IN WELDING

David Canright, Associate Professor of Mathematics

Sponsor: Unfunded

OBJECTIVE: To analyze the thermocapillary feedback mechanism in the “cold corner” region of weld pools, and to develop an accurate model of this process for numerical simulation of welding.

SUMMARY: This unfunded project extends previously funded work. At the edge of a weld pool, where hot liquid meets relatively cool solid, thermocapillary effects may locally dominate the flow of fluid and of heat, which can affect the quality of the resulting weld. In this case, the length scales of this concentrated flow are extremely small relative to the pool size, imposing severe resolution constraints for numerical simulations. The current work uses our earlier scaling analysis to develop a boundary-layer model that exploits the even smaller length scales of viscous boundary layers in the corner. The resulting corner model compares well with careful numerical simulations, and can be integrated into a global simulation to relieve the severe resolution constraints. This year work began on developing a consistent higher-order model for the cold corner.

DoD KEY TECHNOLOGY AREA: Scientific Computation

KEYWORDS:  Thermocapillary Flow, Materials Processing, Boundary-Layer Theory.

DONALD A. DANIELSON – Professor
Research Project Summary

BUCKLING OF SHIP GRILLAGES WITH BULB FLAT STIFFENERS

D.A. Danielson, Professor of Mathematics

Sponsor: Naval Surface Warfare Center – Carderock Division

Objective:  Use analytical formulas and finite element models to calculate the buckling loads of ship grillages with bulb flat stiffeners.

Summary:  There is currently great interest in understanding the benefits of using bulb flat, rather than T or angle, stiffeners in plate structures. Use of bulb flat stiffeners will lead to reductions in the cost of construction and maintenance of Navy ships. This year we developed analytical formulas and finite element models for the buckling loads of bulb flat stiffened plates.  The formula predictions are less than 4% higher than finite element results.  During a visit with our sponsors at the Naval Surface Warfare Center, Carderock, we were gratified to see that one of the experimentally tested ship grillages buckled with the load and mode predicted by our theory.  

Theses Directed:  Wilmer, A., “Analytic Expression of the Buckling Loads for Stiffened Plates with Bulb Flat Flanges”, PhD Thesis, Naval Postgraduate School, June 2003.  

Keywords: Structure, Ship, Grillage, Stiffener, Buckling

FARIBA FAHROO – Associate Professor

Research Project Summary

Real-Time Computation of Trajectories for Hypersonic Launch Vehicles

Fariba Fahroo, Associate Professor of Mathematics

Sponsor: NPS

Objective:   Developing numerical algorithms for computing trajectories for re-entry launch vehicle in real-time, as well as studying the numerical properties of these algorithms such as convergence and stability.

Summary:  In this project computational methods for generating optimal trajectories for re-entry vehicles subject to 3 DOF nonlinear dynamics were considered. Mathematically the problem was formulated within the framework of nonlinear and possibly non-smooth optimal control theory. Issues such as numerical stability and convergence of a class of numerical methods, pseudospectral methods, were considered. In addition real-time implementation of the methods was also studied.

Publications (Journal): 

· Ross, I. M., and Fahroo, F., ``Pseudospectral Methods for Optimal Motion Planning of Differentially Flat Systems,’’ Accepted (after revision) to appear in the IEEE Transactions on Automatic Control, April 2003.

· Ross, I. M. and Fahroo, F., ``Legendre Pseudospectral Approximations of Optimal Control Problems,’’ Lecture Notes in Control and Information Sciences, Vol. 295, Springer-Verlag, New York, 2003, pp.~327--342.

· Ross, I. M. and Fahroo, F., ``Pseudospectral Knotting Methods for Solving Optimal Control Problems,’’ Accepted to appear in the Journal of Guidance, Control and Dynamics, September 2003.

Publications (Conferences-Presentations):

· Ross, I. M., Fahroo, F., and Strizzi, J., ``Adaptive Grids for Trajectory Optimization by Pseudospectral Methods,’’ Proceedings of the AAS/AIAA Space Flight Meeting, Ponce, Puerto Rico, February  2003, Paper AAS 03-142.

·  Fahroo, F., ``Optimizing the Decay Rate in the Damped Wave Equation: a Numerical Study,’’ Proceedings of the American Control Conference, Denver, CO, June 2003.

· Ross, I. M., D’Souza, C., Fahroo, F., and Ross, J. B., `` A Fast Approach to Mutli-Stage Vehicle Trajectory Optimization,’’ Proceedings of the AIAA Guidance, Navigation and Control Conference, Austin, TX, August 5-8, 2003.    

· Ross, I. M., and Fahroo, F., ``A Unified Framework for Real-Time Optimal Control,’’ Proceedings of the IEEE Conference on Decision and Control,        Maui, December 2003.

DOD Key Technology Area: Space Vehicles

Keywords:  Trajectory Optimization, Guidance, Pseudospectral methods.

 Research Project Summary

Development of On-Line Footprint Generation Algorithms for Space Access Vehicles with Control Failures

Fariba Fahroo, Associate Professor of Mathematics

Sponsor: AFRL

Objective:  To develop fast and accurate numerical methods for determining the largest reachable set (footprint) for a reusable launch vehicle under actuator failure.

Summary:  This research project was the continuation of the work done at the AFRL in 2002. The ultimate goals of this research were to develop advanced guidance and control algorithms for hypersonic and reusable launch vehicles. One application is in the area of determining reachable regions by a reentry or un-powered hypersonic vehicle experiencing control effector failures. This problem was formulated as a parameter dependent optimal control problem and was solved using a numerical package developed at NPS by (Mike Ross and the PI). Future goals of the project will involve

designing an adaptive reconfigurable control system for the X-40A vehicle to support a flight-test demonstration of an integrated adaptive guidance and control system.

Publications: Conference Papers and Presentations in CY03

· Fahroo, F., Doman, D.  and Ngo, A., `` Modeling Issues in Footprint Generation for Reusable Launch Vehicles,’’ Proceedings of the 2003 IEEE Aerospace Conference, Big Sky, MT, March 2003.

· Fahroo, F., Doman, D.  and  Ngo, A., ``Footprint Generation  for Reusable Launch Vehicles Using a Direct Pseudospectral Method,’’ Proceedings of the American Control Conference, Denver, CO June 2003.

Presentations (for delivery in CY04):

· Fahroo, F. and Doman, D., `` A Direct Method for Approach and Landing Trajectory  Reshaping with Failure Effect Estimation,’’ to be presented at the 2004 AIAA Conference on Guidance, Navigation and Control, August 2004, Providence, RI.

DOD Key Technology Area: Space Vehicles

Keywords:  Trajectory Optimization, Guidance, Footprint Generation, Reusable launch Vehicles, Pseudospectral methods.

Research Project Summary

Computational Mathematics Program

Fariba Fahroo, Associate Professor of Mathematics

Sponsor: AFOSR

Objective: To manage the computational math program at the Air Force Office of Scientific Research in Arlington, VA.

Summary: This program manages a multi-million dollar basic research effort at the university and air force labs level to develop improved numerical and mathematical modeling and simulation capabilities for Air Force needs.  

The program also supports the national Air Force program in high performance computing. The duties involve managing the portfolio by knowing the latest trends in computational algorithm developments (as related to the Air Force), visiting the PIs, holding program review meetings, maintaining inter-agency and inter-service contacts with other DOD funding agencies and increasing the portfolio’s exposure internally and externally to attract more funding for  more research programs.

HAL FREDRICKSEN – Professor




Research Project Summary



        Visiting Professor at U. S. Military Academy



        H.M. Fredricksen, Professor of Mathematics




   Sponsor:  U. S. Military Academy

OBJECTIVE:  To act as a Visiting Professor in the Mathematics Department for the purpose of Instruction, Research and continued liaison with NPS Math Department.  A second year continued a similar activity in EE&CS at USMA.

SUMMARY:  The Mathematics Department at USMA has been the only reliable supporter of the Mathematics program of the NPS Math Department.  IT was important to continue the close relationships we had.  The instruction in the department and the interactions with the faculty helped achieve the goal.  The chance to continue for a second year in CS allowed for a continued interaction between the faculties of these departments with the researcher with likely continuations of the relationship upon the return to NPS.

The Instructional goals of the project were met.  No publications were created for the period.  Interactions in the Mathematics Department were of a personal nature with the Chair of the Department.  One presentation was made on “Elegant and Elementary, but not Easy Mathematics”.

Keywords: Education

CHRIS FRENZEN – Associate Professor

Research Project Summary 

COURSE MA 1117

Chris Frenzen, Associate Professor of Mathematics

Sponsor: CNET

OBJECTIVE:  The objective was to teach the NPS Department of Mathematics course MA 1117 Single Variable Calculus in a completely online, asynchronous manner. 

SUMMARY:  Online course materials were developed, and the course (normally 77 contact hours in an 11 week quarter) was taught completely online in Winter Quarter 2003.

Research Project Summary 

Problems in Probability and Heat Transfer

Chris Frenzen, Associate Professor of Mathematics

Sponsor: Unfunded

OBJECTIVE:  The enumeration of the number of independent subsets on a finite sample space with a uniform probability distribution has been completed. Also work is ongoing to determine the monotonicity of the heat transferred between two conducting spheres of unit radius, as a function of their separation distance.  

SUMMARY:   The number of probabilistically independent subsets on a finite sample space with a uniform probability distribution depends on the cardinality of the sample space. For example, if the cardinality is a prime number, then only the empty set and the whole sample space are independent. We have enumerated the maximum number of independent subsets on the sample space as a function of the prime factorization of  the cardinality of the subspace.  Also, we continue working on a heat transfer problem involving the monotonicity of the heat transferred between two conducting spheres of unit radius as a function of their separation distance. This problem, unsolved for over twenty five years, involves a rather delicate analysis of an infinite series involving hyperbolic sine functions . Though much progress has been made, the conjecture that the heat transferred decreases with increasing radius, has not yet been rigorously proved yet.

WILLIAM B. GRAGG – Professor

Research Project Summary

Research in Computation

William B. Gragg, Professor of Mathematics

Sponsor: Unfunded

Objective: I have no funded research projects. This is not to say that I do not continually try to do (high quality) research in scientific computing. See my publication list which is part of my CV.  There are always more problems than solutions, but the ones that last are the ones that are elegantly solvable.  For instance, in a paper dedicated to me on my 65th birthday, Lothar Reichel et. al. showed how to compute the zeros of  linear combinations of polynomials orthogonal on the real line, or the unit circle in the complex plane, in O(n^2) operations.  The first had been an open problem for many years.  The solution was elegant and simple. The solution applicable to the usual polynomial problem, when the polynomial is expressed as a linear combination of the powers, depends strongly on my "uhqr" (unitary Hessenberg QR) algorithm.  These algorithms are fundamental, and brand new (soon to appear in J Comput Appl Math)!

TOKE JAYACHANDRAN – Professor

Research Project Summary

Analysis of Data from the Multi-center Validation Project

Toke Jayachandran, Professor of Mathematics

Sponsor: Defense Intelligence Agency Central MASINT Organization

Objective: To perform statistical analyses of data collected by the Armed Forces Institute of Pathology (AFIP) on behalf of the Central MASINT organization. The goal was to assess the effectiveness of the RAPID thermal cycler in detecting the presence of biological/chemical agents such as anthrax and other agents, and to set standards and guidelines for laboratory analyses of samples containing suspect material.

Summary: AFIP provided the raw data collected from the primary experiment using synthesized samples contaminated with differing levels of anthrax and analyzed at seven different laboratories. After several extensive discussions with the scientists at AFIP, the data was reformatted so as to be amenable to statistical analyses. Several statistical procedures were applied to determine the threshold level of the contaminant that has high probability of detection and also to identify the performance differences in the laboratories participating in the experiment. AFIP suggested that it would be useful to generate ROC curves for the data (Receiver Operating Characteristic Curves); ROC curves are often used by drug companies in support of new drugs for which FDA approval is being sought. Relevant information on the procedure for generating ROC curves was collected through an Internet search and applied to the AFIP data. Because of the fact that the data did not report any false positive results (necessary for generating a meaningful ROC curve) the resulting graphs turned out to be straight lines, primarily.

An informal report on the results of the analysis was submitted to both AFIP and the sponsor. AFIP is continuing the experiment with several other chemical/biological threat agents and agreed to provide me the new data in a format ready for statistical analysis; the project has been on hold pending the arrival of the data. 

Publications:

· “Statistical Analysis of AFIP Data”, an informal report sent to AFIP and the sponsor.
WEI KANG – Associate Professor

Research Project Summary

COOPERATIVE DECISION MAKING WITH PARTIAL INFORMATION AND COMMUNICATION RESTRICTIONS

Wei Kang, Associate Professor of Mathematics

Sponsor: U. S. Air Force Research Laboratory

Objective: The objective of the project is to develop cooperative controllers for multiple UAV's with communication restrictions. More specifically, the objectives include (a) developing algorithms and criteria for decision making based on partial information; (b) developing algorithms to improve communication situation awareness of UAV formations; (c) formation reconfiguration to improve the robustness of the communication topology.

Summary: Task assignment for cooperative control of multiple UAV's was studied. A model of linear programming was developed for multiple-tour assignment, both terminal and non-terminal tasks were included in the set of tasks. Although the problem is NP-hard, simulations show the possibility of real time computation for problems with small number of tasks. Matlab based software program was developed to numerically compute the optimal task assignment. It was also proven  that the size of the linear programming problem was determined by the number of tasks, independent of the number of UAV's. Partial results were achieved for multiple-tour assignment with timing.

Publications:

· B. Hamzi and W. Kang, Resonant Terms and Bifurcations of Nonlinear Control Systems with One Uncontrollable Mode, Systems and Control Letters, Vol. 49 (4), 2003, pp. 267-278 

· W. Kang, M. Xiao, and I. Tall, Controllability and Local Accessibility - A Normal Form Approach, IEEE Trans. on Automat. Contr., Vol. 48, No. 10, (2003), pp1724-1736.

· J. Krener and W. Kang, Locally Convergent Nonlinear Observers, SIAM J. on Control and Optimization, SIAM J. Control Optim., Vol. 42, No. 1, pp. 155-177, 2003.

· B. Hamzi, W. Kang and J.-P. Barbot, Analysis and Control of Hopf Bifurcations, SIAM J. on Control and Optimization, to appear.

· J. Krener, W. Kang and D. Chang, Control Bifurcations, IEEE Trans. on Automat. Contr., to appear.

Book Chapters:

· W. Kang, A. J. Krener, On the convergence of normal forms for analytic control systems, Open Problems in Mathematical Systems and Control Theory, V. Blondel and A. Megretski Eds., Princeton University Press, 2003.

· M. Xiao, W. Kang, Control of Hopf bifurcations for infinite-dimensional nonlinear systems, New Trends in Nonlinear Dynamics and Control, and Their Applications, W. Kang, M. Xiao and C. Borges eds., Springer, 2003.

Conference Proceedings:

· W. Kang and A. Sparks, Task Assignment in the Cooperative Control of Multiple UAV's, Proc. AIAA Guidence, Navigation, and Control Conference, August, 2003.

· W. Kang and A. Sparks, Modeling and Computation of Optimal Task Assignment for Cooperative Control, Proc. IEEE Conference on Decision and Control, December, 2003.

· B. Hamzi, W. Kang, and A. J. Krener, Control of Center Manifolds, Proc. IEEE Conference on Decision and Control, December, 2003.

Presentations:

· Invited Lecturer, 2nd International Summer School, Topics in Nonlinear Dynamics 

· Siena, Italy, July 9-11, 2003.   

· Invited Lecturer, Summer School, International summer School in Automatic Control of Lille September, France, 8th  -  12th, 2003.

· Invited Speaker, Shanghai International Symposium on Nonlinear Science and Applications, Shanghai, China, June, 2003.

Research Project Summary

NEW TRENDS IN NONLINEAR DYNAMICS AND CONTROL

Wei Kang, Associate Professor of Mathematics

Carlos Borges, Associate Professor of Mathematics

Sponsor: U. S. Air Force Office of Scientific Research

Objective: To organize a two-day symposium ``New Trends in Nonlinear Dynamics and Control, and Their Applications” at NPS, and to publish a book by Springer on closely related topics. 

Summary: The Symposium on New Trends in Nonlinear Dynamics and Control, and their Applications was held October 18-19, 2002, at the Naval Postgraduate School (NPS) in Monterey, California. Leading researchers in nonlinear control attended the conference. A book on Trends in Nonlinear Dynamics and Control was published by Springer.

Publications:

Book: W. Kang, M. Xiao and C. Borges (eds.) New Trends in Nonlinear Dynamics and Control, and Their Applications, Springer, 2003.
Article: W. Kang, C. Borges, and M. Xiao, Symposium on new trends in nonlinear dynamics and control and their applications, IEEE Control System Magazine, pp. 99-100, 2003.

Keywords: Nonlinear Dynamics, Control Theory.
BARD MANSAGER – Senior Lecturer
BENY NETA– Professor
Research Project Summary

A Study of Lateral Boundary Conditions for The NRL's Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPS)

B. Neta, Professor of Mathematics

Sponsor: ONR and NPS

Objective: The treatment of lateral boundaries in regional models has been a perennial problem since the early days of numerical weather prediction. In a limited-area model the lateral edges are not physical boundaries of the flow but constitute artificial constraints imposed by computational considerations. Hence they do not have a physical counterpart. We must impose conditions at these artificial boundaries in order to solve the problem in an efficient and accurate manner. We propose here to continue our work on high order non-reflecting boundary conditions for the dispersive Klein-Gordon equation. We intend to extend our new schemes to the nonlinear shallow water equations.

Keywords: Mesoscale, limited-area model, perfectly matched layers, COAMPS.

DoD Key Technology Areas: Software.

Publications:

· D. Givoli, B. Neta, High-Order Non-Reflecting Boundary Conditions for Dispersive Waves, Wave Motion, 37, (2003), 257-271.

· D. Givoli, B. Neta, High-Order Non-Reflecting Boundary Scheme for Time-Dependent Waves, J. Computational Physics, 186, (2003), 24-46.

· D. Givoli, B. Neta, and Igor Patlashenko, Finite Element Analysis of Time-Dependent Semi-Infinite Wave-Guides with High-Order Boundary Treatment, accepted for publication.

· D. Givoli and B. Neta, High-Order Non-Reflecting Boundary Conditions for Dispersive Wave Problems, J. Computational and Applied Mathematics, 158, (2003), 49-60.

· V. van Joolen, B. Neta, D. Givoli, High-Order Non-Reflecting Boundary Conditions for Dispersive Wave Problems in Stratified Media, Proceeding of the Sixth International Conference on Computer Modelling and Experimental Measurements of Seas and Costal Regions, Cadiz, Spain, 23-25 June 2003, (C. A. Brebbia, D. Almorza and F. Lopez-Aguayo, editors), pp. 73-82.

· V. van Joolen, D. Givoli, and B. Neta, High-Order Non-Reflecting Boundary Conditions for Dispersive Waves in Cartesian, Cylindrical and Spherical Coordinate Systems, International J. Computational Fluid Dynamics, 17(4), (2003), 263-274.

· V. van Joolen, B. Neta, and D. Givoli, A Stratified Dispersive Wave Model with High-Order Non-Reflecting Boundary Conditions, Computers and Mathematics with Applications, accepted for publication.

· I.M. Navon, B. Neta, M.Y. Hussaini, A perfectly matched layer approach to the linearized shallow water equations models, Monthly Weather Review, accepted for publication. 

GUILLERMO OWEN – Professor
Research Project Summary

Mathematical Models of Terrorism and Low-Intensity Conflict 

Guillermo Owen, Professor of Mathematics

Sponsor: Department of Defense Analysis

Objective: Professors McCormick and Owen have developed game-theoretic models for the problem of counter-proliferation; on this topic, one article was submitted for publication. They have also developed models of low-intensity conflict, and particularly, civil war. One article was submitted and accepted for publication. They are currently studying the problem of state sponsors of terrorism. An article is in preparation.

Publications:

· G. McCormick and G. Owen: “Factionalism, Violence, and Bargaining in Civil Wars,” to appear in Homo Oeconomicus, 2004.

Research Project Summary

Theory of Games and Applications

Guillermo Owen, Professor of Mathematics

Sponsor: Unfunded

Objective: This is an unsponsored project, on which Professor Owen has worked with mathematicians at the Complutense University in Madrid, Spain, and at the University of Hamburg, Germany. He has published an article dealing with centrality in social networks, and submitted a second one for publication. He also submitted an article on reduced games and consistent values, which was accepted for publication.

Publications:

· M. Holler and G. Owen: “On the Present and Future of Power Measures,” Homo Oeconomicus, 2002, 281-295; republished as "Present and Future of Power Measures", in Group Decisions and Voting, ed. J. Kacprzyk and D. Wagner, Warsaw, Academicka Oficyna Wydawnicza, 2003, 31-46.

· C. Manuel, E. Gonzalez, F. Gomez, M. del Pozo, G. Owen and J. Tejada): "Centrality in Social Networks: A Game Theoretic Approach", Mathematical Social Sciences, 2003, 27-54.

· C. Manuel, E. Gonzalez, F. Gomez, M. del Pozo, G. Owen and J. Tejada): “Splitting Graphs when Calculating the Myerson Value,” to appear in Mathematical Methods of Operations Research, 2004

· “Consistency in Values,” to appear in International Game Theory Review, 2004.

· (with G. Gambarelli): “The Coming of Game Theory,” to appear in Essays in Coperative Games, ed. G. Gambarelli, Kluwer, 2004.

Conference presentations:

· “The Coming of Game Theory,” at 15th Italian Conference in Game Theory, Urbino, Italy, 9 July 2003

· “Consistency in Values,” 7th Annual festival on game theory, Stony Brook, NY, 29 July 2003

Book Reviews:

· Owen, G.:  Book Review:  R. J. Aumann and S. Hart, eds., Handbook of Game Theory with Economic Applications, Volume 3, in Journal of Economic Literature, 2003, 1274-1275

CRAIG RASMUSSEN – Associate Professor

Research Project Summary

Modeling Target Acquisition, Tracking, and Loss in MOUT Using Graphs
Craig Rasmussen, Associate Professor of Mathematics

Sponsor: TRADOC Analysis Center, Monterey

Objective: The objective of this project is to model target detection, tracking, and loss in urban areas using graphs so that analytic methods associated with graph theory and random graphs can be applied to the models to provide insights to support OF/FCS and to suggest aggregate models for future simulation and analysis. The scope of the research is limited to developing graph models and exploring analytic techniques that might provide insights using these models.
Keywords: Urban Target Acquisition, Military Operations in Urban Terrain (MOUT)
Presentations:

· “Modeling Target Acquisition, Tracking, and Loss in MOUT Using Graphs”, at MOUT M&S Summit III, Aberdeen Proving Ground, 17 September 2003, presented by MAJ Donovan  Phillips, TRAC-Monterey. 

· “Aggregate Models for Target Acquisition in Urban Terrain”, at MOUT FACT In-Progress Review (IPR) and Integration Meeting, Orlando, Florida, 4 December 2003, presented by Capt Joe Mlakar, USMC.  Also presented by Capt Mlakar at ACQSIM conference 10 December 2003 at TRAC-Monterey.
Thesis Directed: CPT Joe Mlakar, USMC, “Aggregate Models for Target Acquisition in Urban Terrain”, dual MS in Operations Research and Applied Mathematics, anticipated completion June 2004.
CLYDE SCANDRETT – Professor
Research Project Summary

NPS Mine and Undersea Warfare Program
C. Scandrett, Professor of Mathematics

Sponsor: Program Executive Office, Mine and Undersea Warfare

Objective: Oversee the work done by the Mine Warfare Chair, and assist where necessary in the performance of his/her duties. The general requirements of the Mine Warfare Chair include:  1) facilitating student visits to mine warfare commands and research activities; 2) planning and executing mine warfare workshops and symposia; 3) serving as curator of the Menneken Lecture Series on Mine Warfare, and 4) being the liaison between the PEO, NPS, and Navy Labs.  .

Summary: Some of the accomplishments that occurred this past year include:

· Coordinated a conference in Oostend, Belgium during the month of October entitled “NATO Mine Warfare Emerging Technologies” 

· Hired a new director for the Undersea Warfare Research Center – retired VADM Roger Bacon and former Assistant Chief of Naval Operations for Undersea Warfare.

·  Preparing for an upcoming Sixth International Symposium on Technology and the Mine Problem that will be held at NPS In May of 2004.  

· Through an ONR sponsored program  (NNRP - National Naval Responsibility     Program) two Navy Lab students (from CSS and NUWC) graduated in 2003.

· Purchased GCCS-M and trained officer in its use for Contech wargaming.

· Helped organize a suite of courses for a certificate program in Undersea Warfare for the Third Fleet.
Publications: 
· Proceedings of the Third Symposium on technology and the Mine Problem – 1998

· Proceedings of the Fourth Symposium on technology and the Mine Problem – 2000

· Proceedings of the Fifth Symposium on technology and the Mine Problem – 2002

* The above proceedings were put into print and mailed during the 2003 calendar year with funds from the fifth symposium.

DOD Key Technology Area: Sensors, Electronics, Battlespace Environments and Weapons

Keywords:  Mines, Mining, Undersea Warfare

