Advanced Technologies to Enable Simulation of 
Life-Cycle Sustainment of Weapon Systems 


CAPT Daniel P. Burns, USN (Ret.)
Home Ports Solutions, LLC
125 East 44th Street
Savannah GA 314051 
831 915-1212
{daniel.p.burns@homeportsolutions.net}

Lynn J. Petersen
Office of Naval Research
875 N Randolph St.
Arlington, VA 22217
703 696-5031
{lynn.j.petersen@navy.mil.}

Jerrrell Stracenor
Southern Methodist University
PO Box 750339
Dallas, TX 75275-0339
214 768-1535
    {jerrell@engr.smu.edu}

Ke-Thia Yao
Information Sciences Institute 
University of Southern California
4676 Admiralty Way
Marina Del Rey, CA 90292
310 449-9297
{kyao@isi.edu}

 Keywords: Markov analysis, martingale analysis, systems engineering, quantum computing, life-cycle sustainment

Abstract: The authors have witnessed and been part of the development of the burgeoning complexities of weapons systems. They have focused some of their research on the need to analyze the life-cycle sustainment of these systems.  This sustainment analysis has similarly grown in complexity and sophistication.  To be optimally useful, the results and insights from these analyses need to be accessible long before the systems are fielded and before sustainment parameters can be established and sustainment data collected from live implementations.  This strongly supports the need to employ both constructive and virtual simulations to provide pre-deployment “experience” with systems. These simulations must be programmed to include the various input and output parameters of the system-engineered sustainment model. The size of modern weapons systems and the wide geographical dispersion of such systems calls for significant computational capabilities; this need is exacerbated by the current focus on simulating operations in large urban areas, fully populated by red, blue and civilian populations, all suitably programmed to act in a demographically appropriate way. Because a major factor of sustainment is maintenance and that maintenance is dramatically impacted by environmental factors, the modeling of these factors, along with verifiable functions representing their impact on hardware and personnel, must be modeled as well.  There is a long history of using high performance computing to enable and enhance large-scale simulations and some of the authors have been part of that development process since 1995. Further, new advances in computing now offer to create a new computational paradigm for high performance computing, e.g. the innovations at the University of Southern California, Quantum Computing Center.  As Systems Engineering has co-evolved with these computational advances, it has made good use of Markov and Martingdale Analyses, and one of the authors is currently developing a model that relies on this sub-discipline of analysis to better characterize the sustainment of weapons systems. Serendipitously, this line of inquiry is well situated to make excellent use of the quantum annealer at USC, as Markov processes are the foundation of the annealer’s operations,   This paper will briefly describe the need for and the current state of the art of sustainment analyses, lay out the need for improved and expanded simulation techniques, and discuss the path to facilitating the implementation these across the entire spectrum of the simulation community.  Alternative approaches, interoperability challenges, and future developments will be suggested, outlined and documented.


[bookmark: 1._This_is_a_Section_Title_[“Heading_1”_][bookmark: 1.1_This_is_a_subsection_title_[“Heading][bookmark: 2._Reminder][bookmark: 3._References][bookmark: Author_Biographies]Authors’ Biographies

CAPT DANIEL P. BURNS, USN (Ret.) is a life-long Systems Engineer first with the Active Duty Navy, then with a Fortune 250 Company and small business as well as in Academia. He formerly served as the Naval Chair and a Professor of Practice in the Department of Systems Engineering at the Naval Postgraduate School (NPS) in Monterey California. He is a Captain in the United States Navy and has served as the as the Military Associate Dean and as acting Dean of the Graduate School of Engineering and Applied Sciences at NPS. For eight years he directed research as a senior executive at SAIC. His research interests center on analyses of both human and resource utilization in defense efforts. Captain Burns received a BS degree from the U.S. Naval Academy and an MS from the Naval Postgraduate School. He is currently finishing his dissertation for a PhD in Systems Engineering from Southern Methodist University. 
LYNN J. PETERSEN manages ONR’s Basic and Applied Research in power electronics, electromagnetism, energy harvesting, wide band gap semiconductor development and reliability, and adaptive and machinery controls. After leaving Active Duty, he affiliated in the Navy Reserve and holds the rank of Captain. He led projects supporting Navy Electric Drive and authored several papers and reports on electrical propulsion, conversion, generation and distribution. In 2002, he became the Deputy to the Submarine Science and Technology Officer. In 2012, He was the Director for Systems Engineering and Policy for the Deputy Assistant Secretary of the Navy. He returned to ONR in 2014. He is a member of the Acquisition Professional Community. Captain Petersen received a B.S. in Mathematics from the U.S. Naval Academy, an M.S. in Mechanical Engineering from the Naval Postgraduate School and is a Systems Engineering PhD candidate at Southern Methodist University

JERRELL T. STRACENOR is Professor of Practice and founding Director of the Southern Methodist University (SMU) Systems Engineering Program. He teaches graduate-level courses: probability and statistics, systems reliability and supportability analysis, integrated logistics support (ILS), and supervises PhD students. He is Lead Senior Researcher, Systems Engineering Research Center (SERC). Prior to joining SMU in 2000, Dr. Stracener was employed by LTV/Vought/Northrop Grumman where he conducted and directed systems engineering studies and analysis, and systems reliability and supportability projects and was ILS program manager, on many of the nation’s most advanced military aircraft. Jerrell served in the U.S. Navy and was co-founder and leader of the SAE Reliability, Maintainability and Supportability (RMS) Division (G-11). He is an SAE Fellow and AIAA Associate Fellow. Dr. Stracener earned PhD and MS degrees in Statistics from SMU and a BS in Math from Arlington State College (now the University of Texas at Arlington).
KE-THIA YAO is a Research Scientist and Project Leader in the University of Southern California Information Sciences Institute, where he leads a section of the JESPP project. That project has the goal of supporting very large-scale distributed military simulation involving millions of entities. He is a widely published author and lecturer on data management and teaches an undergraduate course on the topic at USC. Within the JESPP project he is developing a distributed data management system, the Scalable Data Grid, and a suite of monitoring/logging/analysis tools to help users better understand the computational and behavioral properties of large-scale simulations. He teaches a course in data mining at USC. He received his B.S. degree in EECS from UC Berkeley, and his M.S. and Ph.D. degrees in Computer Science from Rutgers University.



