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B.  Area of Research.  Epidemiology, Modeling & Simulation, Software Agents
C.
Research Questions

1. How can agents be used to model the behavior of personnel aboard ship in order to simulate disease spread?
D.  Discussion

Extreme examples like the Spanish Flu pandemic of 1918 make clear the devastating impact that communicable diseases can have on military readiness.   It is highly desirable to have models and tools that can be used to evaluate the medical requirements, both long and short term, associated with such occurrences.  Relevant long-term requirements include such considerations as vaccine development and production, resources for the treatment of secondary infections, the availability of life support equipment and supplies, and the number of health care professionals.  Near-term projection of clinic loads in the midst of an outbreak would also be helpful.  Additionally, it is desirable to be able to assess the effectiveness of non-medical strategies for containing outbreaks such as constraining movement, closing crowded public venues, etc.  Furthermore, it is desirable to be able to make projections for various types of environments including shipboard, hospital, and urban settings.

The primary difficulty with creating models and simulations for this purpose is that disease spread depends upon the details of human behavior.  That is, the likelihood that a particular individual will catch a given disease depends upon such specifics as where he spends his day (i.e. what air he is breathing), who he talks to, what he touches, his habits of personal hygiene, etc.  We hypothesize that software agent models of human behavior can be made sufficiently accurate, detailed, and flexible to support an overall model of disease spread adequate for the purposes we describe.  This document proposes an initial investigation of this hypothesis, which if successful will include a proof of concept demonstration.
E.
Scope of the Thesis. An abstract parameterized model of the simulation domain will be developed.  This model will encompass humans, the spaces they occupy (e.g. closed shipboard spaces, open air), and the artifacts they share (e.g. tools, door handles), human behavior (movement and usage of artifacts), and disease characteristics. We intend that this model will be as simple as possible while still sufficiently detailed to represent the primary factors affecting airborne and oral/fecal disease transmission.  This prototype model will be implemented as a computer program. The abstract behavior model will be instantiated to approximate a specific type of ship. The abstract disease model will be instantiated with the characteristics of a particular disease of interest, e.g. a norovirus. The spread of the disease will be studied as a function of one or more controlled variables of interest, representing, e.g. the presence or absence of movement or other behavioral restrictions.  The sensitivity of the rate and pattern of disease spread to the controlled variable will be characterized.  The result will serve as a proof of concept for using agent-based modeling in support of epidemiological policy development.
F.
Chapter Outline 


I.
Introduction


II.
Background

III. Basic Epidemiology 
IV. Ship Board Behavior

V. Current Methods of Forecasting Disease Spread
VI. Ship Board Human Behavior Modeling
VII. Disease Modeling

VIII. Computer Program Code

IX. Conclusions and Recommendations for Follow-On Work

X. Appendices

XI. Bibliography 

G.
Tentative Schedule

    1.  Literature review
                    


Oct 04 - Nov 04

    2.  Construct Human Behavior & Disease Models 
Oct 04 - Dec 04

    3.  Develop 
Computer Simulation



Dec 04 - Feb 04

    5.  Draft thesis





Feb 04 - Mar 04

    6.  Final thesis submission/signature


Mar 04

H.  Benefits of Study.  These models are intended for use in exploring the effectiveness of behavioral and medical policy options, eventually including the assessment of medical requirements and projection of clinic loads.  
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