
Naval 
Postgraduate
School

Big Picture, Challenges, and Goals

Conclusions and Recommendations

Research Methods

Supply and Maintenance Predictive 
Modeling and Simulation Analysis Tool 
Ying Zhao, Ph.D., Naval Postgraduate School, Monterey, CA, USA, yzhao@nps.edu
12/2020

Research Results

Researchers: Dr. Ying Zhao (PI), yzhao@nps.edu, 
Sponsor: Naval Postgraduate School Research Program (NPS-20-M041-B )
Topic Sponsor:  Marine Corps Systems Command (MARCORSYSCOM)
Distribution A: Approved for public release; Distribution Unlimited; Other requests for this 
document shall refer to Naval Postgraduate School Public Affairs. 

Marines in combat require a rapid and flexible logistics 
capability. The USMC’s  supply and maintenance chain is 
imperative to apply advanced data sciences and deep 
analytics which are responsive to the 21st century 
battlefield.

 Current status
• Uses some predictive methods to predict equipment reliability, infers numbers of spare parts 

to improve stock performance, synchronizes budget execution, and decreases maintenance 
cycle time. 

• Maximizes throughput capacity at nodes and arcs of logistical networks, to determine the 
most reliable networks and predict the rate of flow.

• Forecasts the rate of combat power entering an area of operation, to avoid congestion or 
delays in operations.   

More Needs
• Ability to analyze big data feed from a long chain maintenance, requisition, transportation, 

manpower, lesson learned, and finance processes,  activities, and decisions. 
• Needs models to predict probability of fail (POF), probability of demand (POD), customer 

wait time, or adequate spare part inventory.
• Needs optimization models to achieve desired measures of performance (MOP), e.g., 

minimizing the downtime of personnel and equipment.
• Needs simulation tools to handle uncertainty and unknown operational conditions

Research Data Set and Pre-processing
 Global Combat Support System-Marine Corps 

(GCSS-MC)
• GCSS-MC provides a deployable, single point of entry for all logistics 

requirements. GCSS-MC rides on the existing Marine Corps tactical data 
network and has substantially improved the combat effectiveness of the 
MAGTF. 

• GCSS-MC also introduces cutting edge enabling technology in support of 
logistics operations, while facilitating the modernization of aged logistics 
processes and procedures. 

 LAV (1/2013 to 1/2020)
• Land Armored Vehicle (LAV)
• E0949 GCSS-MC Mx Data Pull-analysis

Machine learning/prediction models

Simulation/Wargame Models
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We found Soar-RL results comparable in predictive accuracy for predicting 
the MOP. Since Soar-RL is also rule-based and explainable, it was selected 
and used in a simulation phase integrated with the coevolutionary 
algorithms. The simulation shows that in terms of the MOP value, the 
logistics solutions, on average, worsens in evolution, while the opponent, 
representing logistics tests, on average, improves in evolution.  The 
algorithms systematically simulate and discover possible new tests or 
“vulnerability”, and evolved solutions or “resiliency” are also discovered. 
Therefore, the LAILOW framework provides a holistic predictive and 
simulation platform to improve total readiness of a resilient and agile 
USMC logistics enterprise.

 Recommendations: It is imperative for United States Marine Corps (USMC) 
to adopt more advanced data sciences, including: machine 
learning/artificial intelligence (ML/AI) techniques to focus on the entire 
spectrum or end-to-end (E2E) logistic planning for the complex enterprise 
of maintenance, supply, transportation, health services, general 
engineering, manpower, lesson learned, and finance. Continuous work in 
this area jointly with the development of Global Combat Support System-
Marine Corps (GCSS-MC) is necessary. 
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