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Abstract

With new emerging and re emerging diseases a proper public health
care system has been mandatory in developing and developed countries.The
outbreak of disease also occurs in the form of Bioterrorism, a word that
has become significant in recent years.It implies the need of predictive
tools for the risk assessment and formulation of health policies.The multi-
agent based system has become popular in health care since it could mimic
reallife scenarios and simulate urban or primitive society.The agent based
tools when coupled with the visualization tools opens up a new way to
anlayse and monitor a disease outbreak.This paper includes survey of past
and ongoing research on the multiagent based systems for prediction and
prevention of infectious diseases.
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1 INTRODUCTION

This paper includes the survey of past and ongoing research on multiagent
based systems for the prediction and prevention of infectious diseases.The bib-
liogrpahy includes 97 bibliography of which 20 are annotated and are on right
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on the topic.The annoataed references contains one masters thesis,two tech-
nical reports ,IEEE explorer,ACM online search,Lecture notes in Computer
Science,University of Windsor’s Leddy Library online search, other technical
resources etc.Among the annotated papers,4 of them use network generation
algorithms ,3 of them are about bioterrorism,3 of them use Geographic Infor-
mation system for visualisation,2 of them use parellisation methods and other
two are about disease dissemination simulation in developing countries.The Mas-
ters thesis is about simulating an epidemic outbreak inside a ship.There is no
Phd thesis right on the topic.

The paper is organised as follows.The Section 2 contains the general discus-
sion about the topic.The section 3 contains the survey which is again divided
into subsections with the summary of each section at the end of each subsection
in the form of a table.The section 4 contains the concluding comments.

2 GENERAL DISCUSSION

The increase in incidence of diseases especially epidemics necessitated the need
for proper surveillance systems for risk assessment and formulating intervention
policies.A model that could monitor the disease dissemination in a crowded
society and predict the future trend can help the health authorities to formulate
public health policies.It can also evaluate the efficiency of the helath policies and
may discard wrong policies and come up with new ones.Time plays an important
role in the case of an epidemic since an outbreak in china can have far reaching
consequences in distant places like US.An end to end model which could predict
the future by analysing the disease patterns helps in taking timelt decisions
which may save many lives.The arrival of bioterrorism in developed countries
and diseases in develpoing countries such as Typhoid and Cholera makes the
whole world susceptible to the infectious diseases.

There has been many new emerging and reemerging diseases in several na-
tions in recent times for example H1N1 flu,Spanish Flu,AIDS etc are taking
millions of life .The agent bases systems have emerged as a state of the art
model for simulating real life scenarios.They have been proved successful in
mimicking an epidemic and analysing the dissemination pattern.

3 OVERVIEW OF RESEARCH

This section contains the overview of research done on the agent based systems
for the prediction and prevention of infectious diseases.The systems developed
use different approaches: multiagent based systems using Network Generation
Algorithms,multiagent based systems using parallelisation methods,multiagent
based systems developed for specific environments ,multiagent based systems
using multiagent platforms,multiagent based systems for model alignment and
other multiagent based systems for prediction and prevention of infectious dis-
eases.
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3.1 Multiagent based systems using Network Generation
Algorithms

The significance of using network generation algorithms in multiagent based
systems was first identified by carley[2004].They use GSS survey data to gener-
ate the agent interactions by which the authors use the networks genereated for
representing the disease spread during biowar. The authors Tian[2007] combine
continuous and discrete models for simulating disease spreading model.They
also use network generation algorithms for developing agent based models. The
work of Ferguson et al [2006] which uses network generation algorithm for evolv-
ing strategies during a disease dissemination inspired the work of Barret[2009]
who use the network generation algorithms for multiagent interactions during
an epidemic and the evaluation of efficient strategies.The work of Lee[2008] in
network generation was inspired by Carley[2006] .They claim to have simulated
actual social interactions between multiagents. The authors Claude[2009] de-
velop a new network generation algorithm in which they add new networks
like household friendship links etc.They base their algorithm upon Watts and
Strogatz[ 1998] for building household networks.
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Year Author Title Contribution
2004 Carley et al BioWar: Scalable Multi-Agent Social and Epidemi-

ological Simulation of Bioterrorism Events
Propose the idea of
Combining differ-
ent computational
models and em-
ployed real data
repositories

2007 Tian et al Extensive Epidemic Spreading Model Based on
Multi-agent Sys- tem Framework

Propose the idea of
employing a hybrid
of discrete and con-
tinuous models for
simulation

2008 Lee et al Virtual epidemic in a virtual city: simulating the
spread of inuenza in a US metropolitan area

Introduce the idea
of Developing a
detailed social
network depicting
minute features

2009 Barrett et al Estimating the Impact of Public and Private Strate-
gies for Controlling an Epidemic: A Multi-Agent Ap-
proach

Generated time
varying networks

2009 Claude et al Considerations for a Social and Geographical Frame-
work for Agent-Based Epidemics

Proposethe idea
of including new
network generation
algorithms such
as household and
friendship

2009 Claude et al Compartmentalised agent-based approach to epi-
demiological modelling

Introduce the idea
of adding inter-
mediate stages
to traditional
infection model

3.2 Multiagent based systems using parallelisation meth-
ods

The authors Perrin[2006] use the idea of simulating the invasion of HIV virus
to predict the consequences of disease spreading.They use parallelisation for
simulating the real immune system.They claim to have used message passing
inetrface for communication between computer nodes.The authors Roche[2008]
use internal chip set for communcation between computers which they claim
can replace the computer nodes.
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Year Author Title Contribution
2006 Perrin et al An Agent-Based Approach to Immune Modelling Propose the idea of

collective communi-
cation of computer
nodes in multiagent
simulation

2008 Roche et al Multi-agent systems in epidemiology: a first step for
compu tational biology in the study of vector-borne
disease transmission

Introduce the idea
of using chipset in-
stead of computer
nodes communicat-
ing using internal
memory

3.3 Multiagent based systems for specific requirements

The authors Gutierrez [2005] claim to be the first person to develop an agent
based system for simulating disease spread on a ship.The author claims to have
developed the system based upon the ship structure.The work of Cooley et al
[2010] is based on a system to study the disease spread among the health workers
group.

Year Author Title Contribution
2005 Gutierrez Agent Based Simulation of Disease Spread Abroad

Ship
Propose the idea of
multiagent simula-
tion on ship

2010 Cooley et al Protecting health care workers: a pandemic simula-
tion based on Allegheny County

Introduce the idea
of multiagent sim-
ulation for health
care workers

3.4 Multiagent based systems using Multiagent Platforms

The significance of using multiagent platforms combined with logic trace tools
was first identified by Mysore [2005] .They claim to use repast tool for multia-
gent simulation and combined it with XSSYS tool for logic trace analysis.The
authors Patlolla[2006] seem to be the first to combine the visualization tool and
multiagent platforms for epidemic spread simulation.The significance of study-
ing rapid spreading diseases like Typhoid inspired the work of Sutiono[2006]
who claim to have used Netlogo for disease spread simulation.The authors Pita
and Neto[2008] claim to have used a self developed paltform Vidya for disease
spread study.The work based on ontology to develop an end to end tool for
developing multiagent system was first developed by Nyulaset al [2008].

6



Year Author Title Contribution
2005 Mysore et al Multiagent Modelling and Anlaysis of The Brazilian

Food Poisoning Scenario
Propose idea of us-
ing tools such as
repast and XSSYS
for multiagent sim-
ulation and logic
trace analysis

2006 Patlolla et al Agent-Based Simulation Tools in Computational
Epidemi- ology

Introduce the idea
of combining GIS
with multiagent
tools for simulation

2006 Sutiono et al Multiagent Based Simulations for Typhoid Fever
with Com- plications: An Epidemic Analysis

Propose the idea of
Netlogo in simulat-
ing typhoid

2008 Pita and Neto Simulations of Disease Dissemination Using the
Vidya Multi-Agent Systems Platform

Introduce the idea
of disease dissem-
ination simulation
using Vidya

2008 Nyulas et al An Ontology-Driven Framework for Deploying
JADE Agent Systems

Propose the idea of
using an end to end
tool for modelling
agent characteris-
tics using JADE
platform

3.5 Multiagent based systems for model alignment

The importance of validating multiagent models aganist traditional model was
first recognised by Chen et al [2004].The work was inspired by Skvortsov et
al[2008] and Russell et al [2008] who validated their models CONSTRUCT and
CROWD aganist the traditional model.
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Year Author Title Contribution
2004 Chen et al Aligning Simulation Models of Smallpox Outbreaks Propose

an idea
to develop
a model
combining
network
models and
agent mod-
els and use
model to val-
idate aganist
traditional
model

2008 Skvortsov et al Epidemic Modelling: Validation of Agent-based Sim-
ulation by Using Simple Mathematical Models

Propose idea
of develop-
ing agent
simualtion
tool CON-
STRUCT
and use
in validat-
ing aganist
traditional
model

2008 Russell et al Comparison of an Agent-based Model of Disease
Propagation with the Generalised SIR Epidemic
Model

Propose idea
of develop-
ing agent
simual-
tion tool
CROWD
and use
in validat-
ing aganist
traditional
model

3.6 Other Multiagent based systems for prediction and
prevention of infectious diseases

The significance of of combining tools for obtaining epidemic data,visualize
and educate health professionals using multi agent systems was identified by
Gonza‘lez et al[2004].The authors Yergens et al [2006] seem to have recognized
the importance of studying the rapidly simulating diseases in developing coun-
tries and claim to have developed a system for simulating disease spread with
existing data.
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Year Author Title Contribution
2004 Gonza‘lez et al SINCO: Intelligent System in Disease Prevention and

Control. An Architectural Approach
propose the
idea of com-
bining tools
for obtain-
ing epidemic
data,visualize
and educate
health pro-
fessionals
using multi
agent sys-
tems

2006 Yergens et al Multi Agent Simulation System for Rapidly Develop-
ing In fectious Disease Models in Developing Coun-
tries

Propose the
idea of devel-
oping a tool
for rapidly
simulat-
ing disease
spread with
existing data

4 DETAILED DISCUSSION OF RESEARCH

4.1 Multiagent based systems using Network Generation
Algorithms

4.1.1 Carley [2004]:BioWar: Scalable Multi-Agent Social and Epi-
demiological Simulation of Bioterrorism Events

The authors argue that for bioterrorism there is no data available and terrorist
may attack any population with the ”weapons of mass destruction”.They em-
phasize the importance of their work by citing the number of deaths by SARS
in recent year. They state that the purpose of their work is to analyse,study
and model the epidemic outbreaks.

The authors refer to the previous works in the field [Lawson 2001],[Gimblett
2002] .They also refer to the BIOSTORM project [Buckeridge et al 2002] as
a background study for bioterrorism.The authors refer to a previous paper for
medical knowledge representation of data [Miller et al 1982].

They critize that most of the existing multi agent models are applicable in
the case of a single disease.They say that these do not take into account the
social dimension of the model.They also allege that the BIOSTORM project
fails in simulating the social networks and human interactions.

They claim that they integrated several computional models such as social
networks,disease models and communication media to efficently model the im-
pact of an epidemic outbrak in a city.They also argue that in contrast to the
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previous models using hypothetical population , they employ real data reposi-
tories for the simulation and that it models both healthy and infected persons.

They maintain the central portion of the paper in detailing about the model
with help of figures.They say that they use details from the previous bioterrorism
attacks and disease data bases for building up the disease model.They say that
they modelled several new parameters like risk factors and symptoms.They base
their social network from the GSS survey data and the agent interaction on
the CONSTRUCT model[Carley 1991].They use the the recreation rates from
the from EPA Time use survey,wind data and the climate information to build
respecive models from the data for certain regions published in the website.They
also give a list of data repositores used in the simulation.

The authors claim that they succesfully developed and validated the model
for several regions such as San Diego and Pittsburg and present screen shots as
a proof.

The authors believe that the uniqueness of the system developed that inte-
grated several components can help in simulating complex diseases of dynamic
nature.

4.1.2 Tian et al [2007] : Extensive Epidemic Spreading Model Based
on Multi-agent System Framework

The authors appear to be the first to experiment the combination of discrete
agent modelling and coninuous system dynamics model.

The authors refer to a previous work which used agent-based modeling [Het-
hcote 2004] .They also refer to the work which they say used the continuous
model for large parts and agent modelling for some part[Ford et al 2006].

They argue that the previous works such as EpiSimS [Eubank 2000] needs
more computing resources for the execution of the simulations.

The authors propose a new hybrid model which requires both the technolo-
gies continuous and discrete for the simulation.To illustrate the model they
include a system architecture diagram .They say that they use traffic data
,database knowledge and census data as the data repositories for the epidemic
simulation.They go in detail about the theory behind the coexisting models and
include a metamodel hierarchical model to illustrate it.

The authors adopt SARS outbreak case in 2003 as a basis of their study
on different modeling techniques.They model Beijing state as agent model and
other states as continuous models.

They claim that the simulation results are almost similar to the reported data
from Chinese minister of health and establishes the same with the screenshots.

The authors claim that due to the heterogenity of data repositories, the
hybrid model they suggest can help in epidemiology modeling.
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4.1.3 Lee et al [2008]: Virtual epidemic in a virtual city: simulating
the spread of influenza in a US metropolitan area.

The authors say that the aim of this work is to simulate the spread of in-
fluenza.They also point out the importance of depicting the actual social inter-
actions between different population groups.

The authors base their work on a previous model Biowar[Carley et al 2006] to
build their influenza model.They use the CONSTRUCT[Hirshman et al 2007]
model to simulate the agent interaction and unique behaviours.The authors
mentions the previous models that demostrated similar characteristics [Ferguson
et al 2006],[Germann et al 2006] and [Longini et al 2004].The authors state that
the EpiSim model[Barrett et al 2005],[Eubank 2005] has similar characteristics
to their model.

The authors claim that the most of the previous models covered large ge-
ographical areas without taking into accout specific details about small de-
mographic regions which they say are not worth for ”detailed individual city
planning”.

The authors simulate the influenza spread taking into account a detailed
social network.They simulate the city of Norfalk with extensive description of
individuals and their expected behaviour which they claim will serve as a ”vir-
tual laboratory” to study the effects of varying different parameters.

The authors give a detailed description of the experiments conducted for
simulating the influenza spread.The authors state that they conducted the sim-
ulation of influenza spread in Norfalk city at the University of Alaska-Fairbanks
and that they used the 2000 US Census data for simulating city characteristics
and Generic Social Survey for the agent behaviour.The authors compare the sim-
ulation results obtained by varying parameters like transmission rate,incubation
period,contagious period etc.

The authors claim that the experimental results which show the decrease in
infection rate during week ends reveal the importance of closure of workplaces
and schools during an epidemic.They also claim that the results show the elderly
people as ”reservoir” of the disease spread and that concentrating on elderly
people with ages greater than 65 helps in mitigating the disease spread.

The authors claim that their model was built taking into account actual
social interactions between different population groups rather than assumptions
used by the previous models.They also mentions limitations of the current model
such as transmission rate between two cities and immunity levels in different age
groups.

4.1.4 Barrett et al [ 2009]: Estimating the Impact of Public and
Private Strategies for Controlling an Epidemic: A Multi-Agent
Approach

The authors say that the purpose of this paper is to propose a method for eval-
uating strategic plans during an infectious disease outbreak.To strengthen the
significance of an epidemic model they mention the Spanish Influenza Outbreak
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in 1918[Dobriansky 2006] and the Hurricane Katrina [Personick and Patterson
2007]. They say that the multi agent simulation model they propose portrays
intervention policies and the socio economic effects and helps the health sector
in deploying efficient policies during an epidemic.

The authors refer to a previous work done in the field of cost estimation when
a working parent stays home in the case of a sick child[Philipson 2000].They
claim that the most epidemiology models partion the whole population into sub
populations .They state that these models can be used to portray the interac-
tions between different populations by referring to the previous works [Barrett,
Smith, and Eubank 2005] and [Hethcote 2000].They also refer to the works
based on the multi agent model and generation of network [Eubank et al. 2004]
and [Ferguson et al. 2006].The authors mention that they used an agent based
framework based on Simdemics[Barrett et al. 2008]

They claim that although there have been epidemiogy models which esti-
mated the cost of prevention ,none of them tried to estimate the cost incurred
by private individuals in preventing disease.They argue that the they use indi-
vidual based models to represent the interactions.

They maintain the major part of the paper detailing the multi agent model
they built.They divide the whole process into four parts.:1)Creating synthetic
interactors in which they say they created a synthetic population by combining
population datasets,2):Generation of network where they create time varying
networks, 3)Developing a simulational model and finally simulating the effects
of policies and adaptations of individuals.

The authors claim that the model has been used for half a dozen case studies
.They dedicate the latter part of the paper to describe about the development of
demographic classes and the intervention policies used in the case study of New
River Valley region of Virginia .They say that they conducted nine scenarios on
the built model to find the effect of private and public intervention strategies
on the disease diffusion.

The authors claim that the intervention policies reduced the infection to
about two thirds at the peak.They also argue that the individual behavioural
pattern also decreases the disease diffusion considerably much better than the
government intervention.

They claim that the model combined several ideas debted from comput-
ing,artificial Intelligence and network science .They also claim that their model
reveal efficient strategies for handling the disease outbreak and mentions some
of them in the latter part of the paper.

4.1.5 Claude et al [2009]: Considerations for a Social and Geograph-
ical Framework for Agent-Based Epidemics

.
The authors begin the paper with a short mention about the significance

of agent based simulations to model infectious disease outbreaks in an urban
environment. The authors state that most of the information is available after
the spread of the infection and they proceed to stress the need for predictive
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models to simulate the geographical features and social networks of an urban
society which can in turn help the medical sector in risk assessment, effort esti-
mation and the formulation of intervention policies before an epidemic becomes
a pandemic.

The authors divide the previous work in the field into three groups. The
first being agent-based approachs [Eubank 2004] which apply the multi-agent
paradigm to epidemic modelling. The second being mathematical models [Xu
and Ma 2009] which divide the population into subclasses based on infection
status, and the third being network-based approaches [Badham 2009] in which
social interactions are represented by network links.

The authors claim that although the mathematical models give useful results,
they fail in the discrimination of affected individuals from others which they say
prevents the risk assessment and intervention policy development. The authors
claim that the network models fail to model the casual contact between strangers
in crowded places and that the previous agent models fail to depict individual
schedules which they say prevent the modelling of the mobile nature and casual
contacts of individuals.

The authors maintain the middle part of their paper discussing the agent
based model they created for epidemic modelling. They propose a new agent
based model with parameters such as age, sex, health status, social networks,
geographical features and schedule. The authors base the infection model they
use on the SIR model [Satsuma et al 2004] .They claim that modelling medical
status together with health status helps in better representation of model. The
authors propose, what they claim to be, a new algorithm which they state can
model different social networks such as household friendship links etc. They use
the network generation algorithm [Watts and Strogatz 1998] for building the
household network.

The authors use Python with the Tkinter module for the graphical repre-
sentation of a city. They give a detailed description of the graphical modules
for the realistic representation of the city. They use sources such as census data
and other data sources in modelling urban cities such as Dublin in Ireland.

The authors provide a 3D visualization of the city they modelled which they
claim can be crucial tool in realistic modelling of the city.

The authors claim that the combination of agent-based and network-based
approaches offer realistic simulation of epidemics within cities. They proceed to
claim that the network algorithm proposed in their paper allows better repre-
sentation of social networks.

4.1.6 Claude et al [2009]:Compartmentalised agent-based approach
to epidemiological modelling

The author claims that he modelled the pandemic outbreak simulation in an
urban environment.He also brings out the significance of simulation models in
risk assessment and formulating health policies.

The author refers to mathematical models which were used initially for dis-
ease dissemination simulation and the network based models which he says are
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efficient in simulating disease dissemination through social contacts.
He says that the mathematical models which used differential equations

never took into account individual assessment which he says is a blocking stone
to do the risk assessment.He also argues that although network based models
better models diseases like HIV, it cannot model casual contact between two
people in a crowd.The author says that the EpisimS[Del Valle et al.2006] , an
agent based model although successful to an extent failed to consider the ”in-
dividual mobility ” patterns.

The author says that he generated a social network that includes household
networks,friendship networks ,colleague networks etc which are linked to an
overall network.The author says he used djikstra’s algorithm to find the shortest
distance between twin streets for the agents to move.He claims that he used the
SEIR(Susceptible-Exposed-Infected-Recovered) model to simulate the infection
stages[Satsuma et al.2004] and that he added some intermediate stages between
the traditional ones to allow flexibility to model .

The author says that he constructed a typical city combining matrices each
of size 200*200 which included buildings,residences,offices etc.He states that he
used real data of households and workplace of city of Dublin to simulate the ur-
ban envronment needed for the epidemic outbreak.He says that he implemented
a Graphical User Interface for realistic city design using Python.He also details
about the graphical representation using GUI screenshots.

The authors claims that he conducted unit testing and biological validation
to compare the results with the expected ones.

The author claims that the model can be used to simulate any type of trans-
mission diseases like virus or bacterial infection.The author agrees that some
additions to the existing model such as parellisation of work,addition of friend
networks,seasonal changes to peoples behavior etc make the model more efficient
in disease dissemination modelling.

4.2 Multiagent based systems using parellisation methods

4.2.1 Perrin et al [2006]:An Agent-Based Approach to Immune Mod-
elling

The authors start the paper with a question how the effect or rather invasion of
HIV virus can be so different from person to person.They claim to recognize the
importance of understanding the level of invasion of hiv virus in immune system
,testing aganist clinical data and the formulation of efficient health policies.The
authors say that their aim is to undertand the cell interactions in human body
which may eventually lead to a desctruction of immune system.

The authors do not mention about the previous works and their short com-
ings.

The authors claim that to understand the cell interactions, agent based sys-
tems are essential and that cell behaviour cannot be guided by a set of rules
rather by a set of stochastic events.They claim that they used a single agent to
model a lymph node which ineracts with a neighbourhood of other cells.They
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state that the time to create a new virion constitues a simulation time step.They
maintain major part of their paper detailing about the immune system,HIV ex-
pansion strategy,agent based systems and its applications. Experiments carried
out by the authors

The authors state that inorder to mimic the real immune system with thou-
sands of lymphatic nodes, they employed parallisation methods.They say that
they used DELL PwerEdge 1750 as a master node and sixteen of other computer
nodes as slave nodes.They state that the computer nodes communicate using
Message Passing I nterface(MPI).They argue that the ”collective communica-
tion ” is possible using MPI.

The authors say that the parellel implementation of computer nodes com-
municating is being tested and are awaiting results.

The authors claim that the method combining parellel computing with a
process that simulates immune system is a unique way to simulate which would
otherwise be taking years to complete the study.The authors also plan to add
the number of lymph nodes which may include millions of agents.

4.2.2 Roche et al [2008]:Multi-agent systems in epidemiology: a first
step for computational biology in the study of vector-borne
disease transmission

The authors start the paper by stating the significance of computional biology
in the filed of epidemiology.They point out that although there have been in-
tensive study about the directly transmitted diseases using multiagent systems
[Ferguson et al. 2005],they claim that they are the first one to explore the vector
borne diseases using multi agent systems.

The authors refer to the mathematical models in the study of disease out-
breaks.They categorize the models in simulating disease outbreak into four
groups which are reaction diffusion [Tran et al. 2006],network models[Hufnagel
et al.2006] to study the network properties,meta population theory[Hanski et al.
1997] and multi agent systems.They state that they used the idea first proposed
by Kermack[Kermack et al.1927] to build upon their model.

The authors argue that although the mathematical models have been suc-
cessful in the study of directly transmitted diseases they fail to produce the
vector borne diseases.They also argue that the network and population based
models fail in vector borne diseases since it involves too many equations.

The authors spend majority of the paper for the multi agent implementation
details.They claim that they created a main class Host and its subclasses reser-
voir and vector.They also give three future additions to the current model such
as integrating GIS maps to integrate real landscape to the model.They claim
that they have added parellel behaviour to their model so that they can dis-
tribute the work to several nodes in a client server fashion.They claim that they
have implemented the parellisation in such a way that the computer nodes can be
replaced by chipset which communicate using internal memory when compared
to the socket communication between computer nodes.They also claim that their
model uses evolutionary dynamics to study the evolution of pathogens.
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The authors claim that they implemented their model using SWARM multi
agent platform with vector agents.They state that they used two vector species
and one reservoir species as an initial model.

The authors claim that the were successful in creating a generic model which
they say can integrate real world data using extraction of data from GIS which
in turn will be helpful in learning disease dynamics.

The authors claim that they are the first to research on vector borne disease
outbreak in a multi agent scenario.They claim that the simplicity of their model
makes it an excellent model to learn the core dynamics of the vector borne
disease transmission.

4.3 Multiagent based systems for specific requirements

4.3.1 Gutierrez [2005] : Agent-based Simulation of Disease Spread
Abroad Ship

The author starts the paper by referring to the devastating effects caused by
previous pandemics. He points out that the tools which can clearly depict the
course and direction of disease outbreak can help the medical sector in taking
sufficient actions and evaluating the effectiveness of precautionary measures used
in the critical situation.

He refers to previous models such as mathematical model[Wang and Ruan
2003] and stochastic models [Muller et al 2003] ,[Aschwanden 2004] and [Pater-
son 2002] which demonstrated similar characteristics.

The author alleges that the deterministic model needs pre existing data and
that it can not be applied to the diseases which are non existent and those
which are likely to cause a pandemic in the future.He also mentions that the
mathematical models do not contain probability.He refers to a book [Nelson et
al 2001] to claim that the mathematical models are not easy to intrepret .He
mentions that he used the same concepts for modelling human behavior as the
previous model but alleges that the previous model used open environment in
contrast to the closed environment used by the author.He also alleges that in
the second model precuationary measures are not inplemented and in the third
model no airborne diseases are modelled.

The authors maintains the major part of his thesis paper describing the
new architecture model.He states that the new architectural model has three
different models which are 1)navy ship model which he says is modelled using
ship compartment nomenclature,2)personnel model which he says is modelled
using the interactions between the agent based on the rank of the personnel
and 3) disease model which he says has modelled the airborne,water borne and
contact borne diseases.

The author claims that the model was run to address three different diseases
small pox,SARS and norovirus.He mentions that hundreds of simulation was
run for each mentioned disease.

The author claims that different simulations were run changing the effects
of precautionary measures, percentage of vaccinated people and the transmis-
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sion methods.He also provides tables demonstrating the effects of changing each
parameter for different diseases.

The author claims that although he was successful in modelling a disease
simualtion specific to navy ships to an extent he agrees that there is much
room for the future work to be done in the field of multiagent based systems
in epidemics.He also mentions the enhancements that needs to be done for his
current model.

4.3.2 Cooley et al [2010 ]: Protecting health care workers: a pan-
demic simulation based on Allegheny County

The authors start the paper by mentioning the susceptability of health care
workers(HCW) in the case of a pandemic.They allege that not enough work has
been done in the area of level of transmission threat posed by HCW.

The authors refer to a previous method [Beckman et al 1996] for extraction
of Census data. They also refer to previous Models of Infectious Disease Agent
Study(MIDAS ) [Ferguson et al 2006] and [Germann et al 2006] as a basis for
their model.They also mention models other than MIDAS models [Grass et al
2006],[Habler et al 2007] and [Longini et al 2004].

The authors are in agreement of the previous MIDAS models .But they
claim that no research has been done in the case of vacicination coverage of
HCW and their role in mitigating the risk factor.They allege that model by
Grass et al [2006] simulated a smaller synthetic community.The authors say that
although there is a previous model that dealt with health care sector ,[Gardam
et al 2007] they considered transmission through patients seeking treatment and
that it failed to take into account the transmission through co workers ,family
members,

The authors venture in triggering a research on simulating the attack rates
,the effects of delaying vaccination and varying immunization coverage in HCW.They
use the standard SIR(Susceptible Infected -Recovered) framework.Understanding
the significance of protecting HCW they simulate the

The authors claim that their selection of Allegheny County fits well for
simulation study as a metropolitan city.They authors use the attack rate as
similar as that of historical data of influenza epidemics [Ferguson et al]. They
run 100 simulations varying the attack rate, coverage for health care workers
etc.

The authors provide diagrams showing the significance of vaccination cov-
erage for HCW in reducing the risk factor for the epidemic spread.They claim
that their results show the attack rate among unprotected HCW is 60

The authors claim that their study helps the health care to forecast the
level of immunization needed for the HCW, formulate new plans ” providing
perspective benchmarks, and starting points on which to base their planning”.
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4.4 Multiagent based systems using Multiagent Platforms

4.4.1 Mysore et al [2005] : Multi agent modelling and analysis of
the Brazilian food poisoning scenario

The authors start the paper by addressing the food poisoning that occured in
Brazil in 1998.They point out that modelling the epidemic outbreaks involving
a mobile population is a challenging task and that the agent based model they
develop helps the medical sector including the emergency response team to
evolve strategical plans during a infectious disease outbreak.

They refer to the previous catastrophic simulation projects SEAS project
[Chaturvedi et al 2003],RESCUE project [Mehrotra et al 2004] and VISTA
[Louis and Carley 2004].

The authors allege that most of the previous projects dealt with disaster
prediction and disaster management.They claim that the model they developed
helps in strategic planning during an epidemic outbreak simulating the epidemic
scenario for formulation of better strategies for the future disasters.

The authors maintain majority of the paper describing their simulation
model.They claim that they used the XSSYS tool [Antoniotti et al 2003] for
temporal logic trace analysis.The authors say that they use two types of agents
in their system which are hospital agents and person agents and that they used
information and comunication channels to represent the information dissemina-
tion.The authors claim that they took into account the peoples behavior and
hospital behaviour while building the model.

The authors use the food poisoning outbreak in Brazil in 1918 [Do Carmo
et al 2004]to simulate the disease outbreak.They state that they used repast,
a multiagent based tool for simulating the epidemic scenario.The authors con-
duct experiments with varying parameters like number of hospitals ,communica-
tion,grid size,number of people and triage.They also do the trace analysis with
the help of Triage which they say can read the repast traces.

The authors claim that they found the parameters which decide the number
of fatalities in the case study.They argue that the trace analysis tool XSSYS
is powerful in introducing new policies and helps in finding out ”underlying
dynamics of the system”.They strengthen their argument with the help of trace
screenshots from Repast.

The authors claim that the model they created had all elements essential to
model a typical catastrophic event and that with the help of efficient tools like
repast and XSSYS their model could evaluate different strategic plans which
will help in taking proper polices in advance.

4.4.2 Patlolla et al [2006]: Agent-Based Simulation Tools in Com-
putational Epidemiology

The authors start the paper with a short mention of the irrelevance of the exist-
ing simulation models.The authors also mention about the recent onset of new
infectious diseases.Having identified a need for a computional tool to study and
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analyse the disease diffusion, strategic plans and spread visualization the au-
thors come up with a new tool.The authors suggest the need of an epidemiology
model which can model the outbreak and predict the level of disease diffusion
taking the example of SARS outbreak in China which had far reaching conse-
quences even in different parts of the world.

The authors mention the previous models in epidemiology such as mathe-
matical models and stochastic models.The authors give an analysis of the mul-
tiagent simulation(MAS) models that exist today which are Starlogo, Swarm,
Ascape and Repast.

The authors allege that there has been little work done using computational
models to model epidemic outbreaks. They allege that no existing MAS mod-
els can read the data directly fom Geographic Information system (GIS) data
sources and that most of the epidemiological data is available in the form of
GIS data.

The authors reserve the middle portion of their paper to describe about
the agent model used using Starlogo.The authors claim that they simulated the
Tuberculosis (TB) outbreak which they say is different from other infectious
diseases due to its unique transmission method.The authors state that they have
modelled both human and infectious bacteria as agents and that the functional
parameters can be varied to analyse different transmission conditions.

The authors say that they got the data of TB outbreak in 2000 in GIS format
from local health authorities which was incorporated for the initial setup of the
model and run the simulation varying different functional parameters.

The authors claim that they were successful in modelling the outbreak .They
also claim that they could find the dynamics of disease spread by the output
genereated.They also mention several reveleations which they say can predict
high risk and low risk areas of the disease spread

From the culmination of their work they conclude that by modelling the
disease outbreaks using multi agent systems, the epidemiologists can reduce the
risk of the catastrophe outbreak.

4.4.3 Sutiono et al [2006]:Multiagent Based Simulations for Typhoid
Fever with Complications: An Epidemic Analysis

The authors say that the aim of writing the paper is to simulate typhoid in-
fection in a population .They point out that typhoid fever occurs year by year
in Indonesia therefore analysing the outbreak is a point of concern.They state
that typhoid fever is comunicable only through human and is caused by lack of
hygiene.They point out that typhoid is a significant health problem in different
develpoing countries.They argue that the recovery period of months taken for
the fever also increases the significance of proper research in the area.

The authors do not mention about the previous work done in this field.
The authors claim that they simulated the typhoid scenario with Netlogo,

a multiagent based tool for the simulation.They state that they simulated the
real population ,the patches or envrionments where people live and their inter-
actions.With the help of screenshots from the Netlogo , they explain how to
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make predictions about the behaviour of disease in a community.They suggest
that the interface shows valuable information to epidemiologist such as number
of population, healthy people,infected people etc.

The authors claim that they setup a maximum population of 750 people and
50

The authors argue that their model can be used as a virtual environment to
explore the behaviours of an epidemic.They also agree that their model needs a
lot of pruing to make it more realistic.

The authors details about how the agent based model Netlogo helps in
simualting a typical epidemic scenario.They claim that by varying the param-
eters they can find out the ineffective or effective mearures in controlling the
epidemic and that the epidemiologists can observe any unnoticed patterns and
take necessary actions during the outbreak.They claim that much of time and
fund can be saved if epidemiologist resort to measures like agent based modelling
in case of epidemics.

4.4.4 Pita and Neto [2008] : Simulations of Disease Dissemination
Using the Vidya Multi-Agent Systems Platform.

The authors mention about the importance of multiagent systems in simulating
artificial socities.They argue that an agent based model which simulates disease
dissemination can help governments in formulating health policies during such
an epidemic outbreak.

The authors say that a game developed by them in Vidya multi agent plat-
form motivated to develop a disease dissemination simulation model [Pita et
al. 2007] and [Pita et al. 2007a].They claim that the original game consists
of players called jivas and how they survive through complex environment.The
authors refer to previous mathematical models [Neumann et al. 1944] which
modelled similar environments.

The authors allege that the previous mathematical models are based on ”true
or falseable premises”.They also state that artificial social environments better
simulate the real environments.

The authors details about the Vidya platform and the intelligent multiagents
simulated in the environment using screenshots .They also explain the charac-
teristics of the jivas and their social behaviours which they used in simulating
an artificial complex society.They claim that they simulated an environment in
which they depicted the social networking of multi agent which they say in-
fluences disease dissemination.They claim that the decision module using the
genetic algorithms helps in deciding appropriate action to be taken.They say
that the contamination levels and sickness labels incorporated in each jiva de-
cides the dissemination on each encounter with other agent.

The authors claim that they carried out 20 executions with 25 jivas and
also included other animals in the ecosystem.They state that the virtual world
created by them had 22500 cells with each execution taking 10 minutes of exe-
cution.
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The authors present the experimental results with the help of graphs and
provide the statistics of contamination levels and number of healthy and sick
agents at any given point of time.

The authors believe that the model developed helps in making public health
policies during the time of an outbreak.They claim that although their model
does not apply to the civilized society, the prototype they developed can be
expanded to cater the needs of simulation that may help in taking effective
strategies during an epidemic outbreak.

4.4.5 Nyulas et al [2008] : An Ontology-Driven Framework for De-
ploying JADE Agent Systems

The authors begin the paper by mentioning the need for an end to end tool to
model the agent characteristics including the interfaces of agents,information
consumed and produced by the agents,the interaction between the agents and
the information exchange between the agents.

The authors refers to the previous works which used ontologies for agent
based systems such as semantic knowledge model [Laclavik et al 2006], ontology
to share and reuse information [Tian and Cao 2005 ], generic multi agent task
oriented architecture [Sandru et al 2005] system based on UPML [Gmez and
Abasolo 2001] and reuse library [Hajnal et al 2007].

The authors are in agreement of the previous works done.But they allege
that no previous contributors used ontologies for all major charateristics of the
multi agent System.

The authors propose what they claim to be a new architecture based on
JADE platform for deploying a network of agents.They divide their system to
three layers:1)knowledge layer which contain different ontologies and problem
solving library, 2)an agent platform which generates controller agents to gener-
ate all necessary information and configurator agents which instructs the agents
and 3)data source layer which represents the agent’s environment.

The authors use the model developed based on a multi agent system called
BIOSTORM which they say helps in evaluating methods during an infectious
disease outbreak.The authors reserve the latter part of the paper in detailing
the construction of the BIOSTORM model with the help of screen shots and
architectural models.The authors claim that they used the simulation data from
the centre of disease control and prevention(CDC) for evaluating different sim-
ulation algorithms.

The authors claim that the simulation results of the model closely resemble
the actual results.They also point out that the experimental results deviated
from the actual results in not more than .006 for sensitivity and .01 days for
time to detection.

The authors claim that although there have been numerous agent based sys-
tems , there is no end to end design that combine different components that
helps in modelling the agents,their interactions, manage the information, infor-
mation path and agent motions.Moreover they claim that their system shows
the flexibility to add new components.
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4.5 Multiagent based systems for model alignment

4.5.1 Chen et al [2004]: Aligning Simulation Models of Smallpox
Outbreaks

The authors start the paper with the problem of correctness of a simulation
model.They point out that there have been numerous models to simulate the
effect of an epidemic or bioterrorist attack.They claim that if the models used for
formulating public health policies during an epidemic outbreak are not validated
it may result in formulating wrong policies.They say that the aim of this paper
is to present the results of validating their simulation model aganist a traditional
mathematical model.They claim that the process of validating brings out the
similarities and dissimilarities between the models.

The authors refer to the mathematical system SIR for disease dissemina-
tion[Anderson et al. 1982] [Anderson et al. 1992] and [Diekmann et al.2000].They
use this model to validate their agent based model for epidemic outbreak sim-
ulation,Biowar[Carley et al 2004].They say that population based [Gani et al.
2001]and agent based models were the ones that modelled smallpox.

They state that the population based models consider entire population to
be homogenous and hence mix uniformly.They also point out that in agent based
model multiagents interact with different social networks and hence heteroge-
nous.They argue that the heterogenous properties of the agents such as reactions
to the outbreak, daily routine etc cannot be changed in the SIR model.

The authors maintain the middle portion detailing the small pox infection
stages in SIR model and Biowar with the help of diagrams.They claim that
their model combine the concepts of agent based and network based mod-
els for simulation.The agents modelled as residents go through their regular
routine till they become susceptible.When they come in the vicinity of the
infected agents, they become infected and are unable to perform their rou-
tine functions.They state that instead of three stages of infection in tradi-
tional model they used seven infection stages susceptible,incubation,infected
not infectious,prodrome,contagious not quarrantined,contagious but quarran-
tined,population that die and population that recover.

The authors claim that they conducted three simulation scenarios to validate
the results aganist the traditonal model initially with no detection,then with
vaccination and finally with quarratine . They claim that that they used details
of Washington D.C to simulate the smallpox outbreak in a city.

The authors claim that they conducted qualitative and statistical tests on
the population level results.They claim that the results were almost similar to
the traditonal SIR model although it has minor differences in second and third
scenarios.They demonstrate the results with the help of graphical representation
in each stage.

The authors claim that the results show that their Biowar model better
simulated the small pox infection than the traditional ones with the help of
experimental results and that the ”agent level complexity” is modelled in biowar.

22



4.5.2 Skvortsov et al [2008]: Epidemic Modelling: Validation of
Agent-based Simulation by Using Simple Mathematical Mod-
els

The authors start the paper with a concern that social contacts play a sig-
nificant role in disease propogation.They mention different methodologies for
modelling an epidemic outbreak and find out the significance of agent based
approaches.They allege that without model alignment with the traditonal ap-
proaches the model cannot be used for evaluation of strategic plans during
outbreak scenarios.

The authors refers to the work done in this field and divides the disease
diffusion models into three : equation based models,agent based models and
network based models.

The authors agree that the equation based models are simple to implement
but allege that it cannot handle complex scenarios.They state that the agent
based approaches[Dunham 2005],[Germann et al. 2006] and [Chen et al. 2004]
are the efficient models with the increased availability of computer resources.

The authors develop an agent based system to simulate an epidemic out-
break.They claim that the model they developed called CROWD created a
urban environment with modern buildings and other infrastructure so that they
resemble an urban life.They state that for modelling the urban environment
they used Advanced Urban Environment ,system for modelling a synthetic pop-
ulation that resembles the real urban environment.

The authors claim that they simulated an Australian town with the real
census data and that they were able to reproduce the household,workplace and
other infrastructure in the town.

The authors claim that using their model they found out the high infection
areas.They also claim that the results matches with the traditional model.They
argue that the minute difference from the tradtional models arise from the fact
that SIR model considers uniform mixing among people and that CROWD
depicts real social interactions.

The authors claim that their model simulates a real life scenario with people
going through their daily routine , workplaces and household without interven-
tion from an external input.They claim that the ”realistic population dynamics
” they developed in their model plays a crucial role in simulating social net-
works and that it can be extented to variety of scenairos such as pollution
dynamics,formation of cliques etc.

4.5.3 Russell et al [2009]: Comparison of an Agent-based Model
of Disease Propagation with the Generalised SIR Epidemic
Model

The authors say that the aim of writing this paper is to establish the efficency of
agent based models in simulating epidemic outbreaks and evaluating strategies
to mitigate the outbreak effects.They build an agent based model and validate
its results aganist a previous mathematical model [Mckendrik et al 1927] .
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The authors refer to the previous mathematical model SIR(Susceptible In-
fected Recovered) model and the network based systems which are used in epi-
demiological modelling.They also refer to the previous agent based models such
as Episims [Eubank et al 2004] and Biowar[Carley et al 2004].

The authors are in agreement of the transparency and simplicity of SIR
model and the efficacy of network based systems in modelling epidemics.But
they also mention the need for agent based sytems to build more complex social
structures.Although they agree that the previous agent based models Episims
and Biowar are efficient in their own way, their model CROWD differs from the
previous model due to the ”high fidelity physical environment”.

The authors claim that the agent based systems can model a town with a
set of intelligent agents living and interacting with each other as per the data
extracted from the census data particular to a place.

They use CROWD agent based model for building up the complex terrain
and physical features of an Australian town used in the case study.They say that
they simulated the town with the data extracted from the census data along
with the businesses ,workplaces,households , schools buildings and interactions
between individuals in their routine life.They claim that they created an artificial
epidemic outbreak in the city and produced graphical results based on the data
fed.

They compare and contrast the results with the SIR model with the help of
graphs.They claim that the results obtained from agent based simulation and
SIR based simulation are nearly similar .They argue that the minute difference
in values occurs due to the interaction level of people are different in SIR that
assumes that people interact uniformly.

The authors claim that their new agent based model is efficient in simulat-
ing ”what-if” scenarios which can be used by health and military authorities in
formulating policies during a contingent situation.They provide various benefits
of agent based simulations based upon their model such as simulating a lone in-
fectious agent in a crowd,seasonal workers ,finding out path of individual agents
etc.

4.6 Other Multiagent based systems for prediction and
prevention of infectious diseases

4.6.1 Gonza‘lez et al [2004] : SINCO: Intelligent System in Disease
Prevention and Control. An Architectural Approach.

The authors begin by stating the statistics revealing the increasing number of
new, emerging and re-emerging infectious diseases in the recent years. They
claim that there are very few expert systems to help in the decision making
process during the treatment of infectious diseases and that there is no proper
tool whichcan be used to obtain reliable information from different data sources,
visualize disease diffusion and educate health professionals.

They refer to the previous expert systems in the field of epidemics which are
Perfex [Exquerra et al. 1992], Murmur clinic [Leong et al. 1987] and Prodigy
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[Etzioni and Minton. 1992]. They state that the idea of using of Geographical
information systems (GIS) in health care has already been suggested by Noon
[2001]. They also refer to the work of ESRI[2004] a Desktop GIS package for
developing the GIS system .

The authors allege that although several systems have been developed in
this area , very few work has been done in the field of decision support system
in the case of a disease outbreak.

The authors propose a new architecture that integrates a set of compo-
nents for knowledge representation ,epidemiologic analysis, knowledge acqui-
sition ,multi agent simulation and evaluation of strategies for the prevention
and control of infectious diseases. The authors propose that the expert compo-
nent has an expert Graphic User Interface (GUI) for user interaction, an expert
module for knowledge base representation, a knowledge acquisition module for
knowledge base editing, an explanatory module and a control module for ex-
change of information among different components. The authors state that the
system has a GIS component that integrates charts, maps and graphics which is
used for dynamic data updating. They claim that the Disease Diffusion Simula-
tor Component(DDSC) integrated to the GIS component predicts the behaviour
and diffusion dynamics of infectious diseases and that the Intelligent Tutoring
System (ITS) component can be used for educational purpose.

The authors implement an experimental prototype SINCO-Tuberculosis (SINCO-
TB) in certain study regions of increased demographic population for the diag-
nosis, control and treatment process of TB.

They claim that there has been a considerable decrease in number of TB
cases and in anti-TB drugs patients referring to the evaluation report of the
SINCO-TB project [2004].

They claim that the existing architecture can be extended to other infectious
diseases such as: dengue, cholera, malaria, etc.

4.6.2 Yergens et al [2006]: Multi Agent Simulation System for
Rapidly Developing Infectious Disease Models in Developing
Countries

Problem The authors address the issue of recent pandemic disease outbreaks
with Avian Flu as an example They point out the need for a simulation model
to monitor the disease diffusion between two geographic regions.They claim that
the infectious disease pandemics in developing countries and recent bioterrorism
threat in developed countries mandates the need of an efficient health surveil-
lance system for testing the effeciveness of different strategies.

Previous work referred to The authors state that much research has been
done in pandemic disease outbreaks in developed countries like United States
and England referring to the previous work. [Barrett et al 2005] .

Shortcomings of previous works The authors allege that very little research
has been done on the potential impact of a disease outbreak or bioterrorism
in a developing country where the health surveillance system differ from that
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of developed countries.They also allege that the research did in the developed
countries will not be effective in finding out the impact in developing countries.

New idea The authors maintain the majority of the paper detailing the Multi
Agent Simulation (MAS)system they developed which they call as IDESS (In-
fectious Disease Epidemic Simulation System) .They propose a MAS where the
simulation environment is generated using the geographic details about a region
extracted from the Geographic Information System(GIS).They claim that the
MAS has person agents which simulates actions of a regular person in different
stages of disease infection along with the change in the behaviour from a healthy
person to a unhealthy one.They argue that GIS data used for simulating town
agents can well define the population of cities and the road networks between
two cities.

Experiment The authors claim that they run the simulation with the daily
statistics transferred to the data base and observed the trends using Google
Map API.They say that they used the data from countries such as Malawi with
200 town agents and 10,000 person agents.

Experimental results To illustrate their position they give simulation results
of different runs.They claim that their model is flexible to model any geographic
region with the help of the simulation results obtained.

Claims They claim that the multi agent system they developed can rapidly
simulate the disease spread for any geographic region with the existing data.They
believe that the system can be extented to other environment disasters too. The
authors claim that the addition of new parameters like HIV status will make
it possible to find out the potential impact of Smallpox in high HIV prevalent
countries like sub Saharan African countries.

References

[1] Kermak, W and Mckendrik, A. 1927. A contribution to the mathemat-
ical theory of epidemics. Proc Roy Soc Lond, 115(772). Containing Papers of
a Mathematical and Physical Character, 700-726.

Neumann, J. and Morgenstern. 1944. Theory of Games and Economic
Behavior. Princeton University Press.

Anderson, R.M. and May, R.M. 1.982. Directly transmitted infections
diseases: control by vaccination. Science, vol. 215, 10531060.

Miller R.A., Pople H.E. andMyers, J.D. 1982. Interist-I, An Experimen-
tal Computer-based Diagnostic Consultant for General Internal Medicine. N
Engl J Med, 307, 468-76.

Leong, T.Y. 1987. Murmur Clinic:A diagnostic expert system for ausculta-
tion. In Proceedings of the 11th Annual Symposium on Computer Applications
in Medical Care,pages. IEEE, 166-170.

Carley, K.M. 1991. A theory of group stability. American Sociological
Review, 56(3), 331-354.

26



Anderson, R.M.and May, R.M. 1992. Infectious Diseases in Humans.
Oxford University Press.

Diekmann, O. and Heesterbeek, J.A.P. 2000. Mathematical Epidemiol-
ogy of Infectious Diseases:Model Building, Analysis and Interpretation. John
Wiley and Sons.

Exquerra, N.F.,Mullick, R., Gracia, E.V., Cooke, C.D and Kanc-
houska ,E.1992. PERFEX:An Expert System for interpreting 3D Myocardial
Perfusion. Expert Systems with Applications. Pergamon Press.

Etzioni, O and Minton, S. 1992. Why EBL produces overly-specific knowl-
edge: A critique of the Prodigy approaches. In International Conference on
Machine Learning. Aberdeen, Scotland. Morgan Kaufmann, 137-143.

Philipson, T.,and Posner, R. 1993. Private choices and public health: The
AIDS epidemic in an economic perspective. Harvard University Press.

Beckman, R.J., Baggerly, K and Mckay, M.D. 1996. Creating synthetic
baseline populations. Transp Res A Policy Prac. 30(6). 415429.

Hanski, I and Gilpin, M. 1997. Metapopulation biology: Ecology, Genetics
and EvolutionAcademic Press.

Watts, D and Strogatz, S. 1998. Collective dynamics of small-world net-
works. Nature, 393. 440442.

Hethcote, H. W. 2000. The mathematics of infectious diseases. SIAM
Review, 42. 599-653.

Gomez, M.and Abasolo, C. 2001. Plaza, E : Domain-Independent On-
tologies for Cooperative Information Agents. CIA, 118-129.

Gani, R. and Leach, S. 2001. Transmission potential of smallpox in con-
temporary populations. Nature, 414. 748751.

Nelson, K.E., Williams, C.Mand Graham, N. 2001. Infectious Disease
Epidemiology. Maryland: Aspen Publishers.

Lawson, A.B. 2001. Statistical Methods in Spatial Epidemiology. John Wiley
and Sons Publisher.

Noon, E.C. 2001. Spatial Data Visualization in HealthCare. In Proceedings
of the International Conference on System Sciences. IEEE, 10.

GIimblett, H.R. 2002. Integrating Geographic Information Systems and
Agent-based Modeling Techniques. Santa Fe Institute. Oxford University
Press.

Buckeridge, D.L., Graham, J.,OConnor, M.J.,Choy, M.K., Tu, S.W
and Musen, M.A. 2002. Knowledge-Based Bioterrorism Surveillance. Amer-
ican Medical Informatics Association Symposium, SanAntonio, Vol.9. 9-13.

Paterson, R. 2002. Modeling Man-Made Epidemics. Masters Thesis,Naval
Postgraduate School, Monterey, California.

27



Muller, G.,Grebaut, Pand Gouteux, J.P. 2003. An Agent Based
Model of Sleeping Sickness: Simulation Trials of a Forest Focus in South-
ern Cameroon. CRAS, 327(1). 1-11.

Chaturvedi, A., S. Mehta and Drnevich, P.L. 2003. Measured Response
, invited white paper for the Purdue e-Business Research Center (PERC) and
Homeland Security Institute meeting.

Antoniotti, M., Park, F.,Policriti, A., Ugel, N., and Mishra, B. 2003.
Foundations of a Query and Simulation System for the Modeling of Biochemi-
cal and Biological Processes. The Pacific Symposium on Biocomputing: PSB.
Vol.1. 116127.

Gonzalez, C.,Burguillo, J.C., Vidal, J.C and Llamas, M. 2004.
SINCO: Intelligent System in Disease Prevention and Control. An Architec-
tural Approach. LCNS, 3337. Biological and Medical Data Analysis, 129-140.

Carley, K; Fridsma, D; Casman, E; Chang, J; Kaminsky, B; Nave, D
and Yahja, A. 2004. BioWar: Scalable Multi-Agent Social and Epidemio-
logical Simulation of Bioterrorism Events. InProceedings of North American
Association for Computational Social and Organizational Science (NAAC-
SOS) Conference, IEEE, 1- 15.

Eubank, S., Guclu, H., ET AL. 2004. Modelling disease outbreaks in real-
istic urban social networks. Letters to Nature, 429. 180-184.

Documentation available from: http://education.mit.edu/starlogo/, Last Ac-
cessed: May 3, 2004.

Documentation available from: http://swarm.org, Last Accessed: May 3,
2004.

Documentation available from: http://www.brook.edu/es/dynamics/models/ascape/,
Last Accessed: May 3, 2004.

Documentation available from: http://repast.sourceforge.net, Last Accessed:
May 3, 2004.

/sc Mehrotra, S., Butts, C.,Kalashnikov, D., Venkatasubramanian, N.,
Rao, R., Chockalingam, G., Eguchi, R., Adams, B and Huyuck, C.
2004. Project RESCUE: Challenges in Responding to the Unexpected. SPIE,
Vol. 5304.

Aschwanden, C. 2004. Spatial Simulation Model for Infectious Viral Dis-
eases with Focus on SARS and the Common Flu. In Proceedings of the 37th
Hawaii International Conference on System Sciences, Honolulu, Hawaii, 6(1).
IEEE, 60137b.

Eubank, S.,Guclu, H.,Kumar, V. A., Marathe, M., Srinivasan,A.,
Toroczkai, Z.,and Wang, N. 2004. Modeling disease outbreaks in re-
alistic urban social networks. Nature, 429. 180184.

Eubank, S. 2004. Mathematics of epidemiological simulations for response
planning. The Mathematical Sciences Role in Homeland Security. Board on

28



Mathematical Sciences and Their Applications, National Academies Press.
166187.

Satsuma, J;Willox, R; Ramani, A; Grammaiticos, B and
Carstea,A.S. 2004. Extending the SIR epidemic model. Physica A,
336(3-4). 369-375.

ESRI. 2004. Geographic Information Systems and Mapping.
http://www.esri.com/company/copyright.html.

Do Carmo, L.S., Cummings, C., Linardi, V.R., Dias, R.S., De Souza,
J.M.,De Sena, M.J., Dos Santos, D.A., Shupp, J.W., Pereira, R.K., and
Jett, M. 2004. A Case Study of a Massive Staphylococcal Food Poisoning
Incident. Foodborne Pathogens and Disease. 1(4). 241 246.

Wang, W and Ruan, S. 2004. Simulating the SARS Outbreak in Beijing
with Limited Data. Journal of Theoretical Biology. 227(3). 369-79.

Chen, L.C., Kaminsky, B., Tummino, T., Carley ,K.M., Casman, E.,
Fridsma, D. and Yahja, A. 2004. Aligning simulation Models of Smallpox
Outbreaks. Lecture Notes in Computer Science, Springer, 1- 16.

Vidal, J.C. 2004. Intelligent System for the Control of Tuberculosis. Project
Research Report. SINCO-TB Project, code 1103-04-13015, contract 523-2002.
Colciencias,University of Cauca. Colombia.

Louie, M.A and Carley, K.M. 2004. VISualization of Threats and Attacks
(VISTA): A Decision Support Tool for Urban Threat Environments. CASOS.

Satsuma, J., Willox, R., Ramani, R., Grammaticos, B and Carstea,
A. 2004. Extending the SIR epidemic model. Physica A, 336(3-4). 369375.

Longini, I.M., Halloran, M.E.,Nizam, A and Yang, Y. 2004. Containing
pandemic influenza with antiviral agents. Am J Epidemiol. 159. 623633.

Hufnagel, L; Brockmann, D and Geisel, T. 2004. Forecast and control
of epidemics in a globalized world. Proc Natl Acad Sci USA, 101(42). 15124-
15129.

Eubank, S ET AL. 2004. Modelling disease outbreaks in realistic urban
social networks, Nature, 429. 180184.

Carley, K.M; Altman, N; Kaminsky, B; Nave, D and Yahja, A. 2004.
BIOWar: A City-Scale Multi-Agent Network Model of Weaponized Biological
Attacks. CASOS Technical Report, 1.

Barrett, C.L., Eubank, S.G and Smith, J.P. 2005. If smallpox strikes
Portland. Scientific American. 292. 4249.

Eubank, S. 2005. Network based models of infectious disease spread. Jpn J
Infect Dis. 58:S9 13.

Ferguson, N.M.,Cummings, D.A.T., Cauchemez, S., Fraser, C., Riley,
S.,Meeyai, A.,Iamsirithaworn, S and Burke, D.S. 2005. Strategies
for containing an emerging influenza pandemic in Southeast Asia. Nature,
437(7056). 209-214.

29



Barrett, C.,Smith, J.,and Eubank, S. 2005. Modern epidemiology mod-
eling. Scientific American.

Tian, G Cao, C. 2005. An Ontology-Driven Multi-Agent Architecture for
Knowledge Acquisition from Text in NKI. CIMCA/IAWTIC, 704-709.

Sandru, C., Negru, V and Pop, D. 2005. A Multi-Agent Problem Solving
Architecture based on UPML. Artificial Intelligence and Applications, 597-
602.

Dunham, J.B. 2005. An agent-based spatially explicit epidemiological model
in MASON. J. of Artificial Societies and Social Sim, 9(1).

Gutiterrez, L. 2005. Agent-based Simulation of Disease Spread Abroad
Ship, Masters thesis, Naval Postgraduate School California.

Mysore, V., Gill, O., Daruwala, R.S., Antoniotti, M., Mishra, B and
Saraswat, V. 2005. Multi agent modelling and analysis of the Brazilian food
poisoning scenario. Proceedings of the Agent 2005 Conference on Generative
Social Processes, Models, and Mechanisms.

Ferguson, N.,Cummings, D.A.T., Fraser, C., Cajka, J.C., Cooley, P.C
and Burke, D.S. 2006. Strategies for mitigating an influenza pandemic.
Nature. 442. 448452.

Germann, T.C., Kadua, K., Longini, I.M and Macken,C.A. 2006. Mit-
igation strategies for pandemic influenza in the United States. Proc. Nat.
Acad.Sci. USA.

Del Valle, S.Y., Kubicek, D., Mniszewski, S.M., Riese, J.M., Romero,
P.R., Smith, J.P., Stroud, P.D. and Sydorick, S.J. 2006. EpiSimS Los
Angeles case study. Technical Report LAUR-06-0666, Los Alamos National
Laboratory.

Laclavik, M., Balogh, Z., Babik, M and Hulchy, L. 2006. Agen-
tOWL:Semantic Knowledge Model and Agent Architecture. Computers and
Artificial Intelligence, 25(5).

Ford, D. A., Kaufman, J. H and Eiron, I. 2006. An extensible spatial and
temporal epidemiological modeling system. International Journal of Health
Geographics, vol.5. 4.

Dobriansky, P. 2006. Social, economic, and security implications of avian
influenza. Under Secretary for Democracy and Global Affairs, Remarks at the
Nixon Center.

Glass, R.J., Glass, L.M., Beyeler, W.E and Min, H.J. 2006. Targeted
social distancing design for pandemic influenza. Emerg Infect Dis. 12(11).
16711681.

Perrin, D., Ruskin, H.J., Burns, J., and Crane, M. 2006. An Agent-
Based Approach to Immune Modelling. LCNS, 3980, Springer, 612-621.

Patlolla, P., Gunupudi, V., Mikler, A.R.Jacob, R.T. 2006. Agent-Based
Simulation Tools in Computational Epidemiology. LCNS, 3473, Springer,
212-223.

30



Yergens, D.,Hiner, J., Denzinger, J and Noseworthy, T. 2006. Multi
Agent Simulation System for Rapidly Developing Infectious Disease Models
in Developing Countries. Proc. AAMAS WS on Multi-Agent Systems for
Medicine, Computational Biology, and Bioinformatics, BIOMED, 104-116.

Germann, T.C., Kadau, K., Longini, I.M.,Macken, C.A. 2006. Mitigation
strategies for pandemic influenza in the United States. Proc Natl Acad Sci
USA. 103(15). 5935 5940.

Tran, A and Raffy, M. 2006. On the dynamics of dengue epidemics from
large-scale information. Theor Popul Biol, 69. 3-12.

Gardam, M.,Liang, D., Moghadas, S.M., Wu, J., Zeng, Q and Zhu, H.
2007. The impact of prophylaxis of healthcare workers on influenza pandemic
burden. J R Soc Interface. 4. 727734.

Carley, K.M., Fridsma, D.B., Casman, E. 2006. BioWar: scalable agent-
based model of bioattacks. IEEE Trans Sys Man CybernetPart A: Sys Hum.
36. 252 265.

Hirshman, B.R., Carley, K. and Kowalchuck, M.J. 2007. Specifying
agents in construct. Institute for Software Research Technical Report. CMU-
ISRI-07-107. Pittsburgh, Pa:Carnegie Mellon University.

Tian, C.,Ding, W., Cao. R and Jiang, S. 2007. Extensive Epidemic
Spreading Model Based on Multi-agent System Framework. LCNS, 4490,
Springer, 129-133.

Sutiono, A.B.,Suwa, H and Ohta, T. 2007. Multi Agent Based Simula-
tion for Typhoid Fever with Complications. Proceedings of the 51st Annual
Conference of the International Society for the Systems Sciences, 775-783.

Skvortsov A.T., Connell, R., Dawson. P. and GailisS, R. 2007. Epi-
demic Modelling: Validation of Agent-based Simulation by Using Simple
Mathematical Models. International Congress on Modelling and Simulation.
Modelling and Simulation Society of Australia and New Zealand, Princeton
University Press, 657-662.

Habler, M.J., Shay, D.K and Davis, X.M. 2007. Effectiveness of interven-
tions to reduce contact rates during a simulated infectious pandemic. Emerg
Infect Dis. 13(4). 581589.

Pita, M. R. S.,Madeiro, S. S.and LimaNeto , F. B. 2007. Vidya: A God
Game Based on Intelligent Agents whose Actions are Devised Through Evolu-
tionary Computation. Proceedings of the IEEE Symposium on Computational
Intelligence and Games. IEEE Press, 352-359.

Pita, M. R. S. and LimaNeto, F. B. 2007A. Simulations of Egoistic and
Altruistic Behaviors Using the Vidya Multiagent System Platform. Proceed-
ings of the Genetic and Evolutionary Computation Conference. ACM Press,
2927-2932.

Personick, S Patterson, C. 2007. National Research Council. Critical
infrastructure protection and the law: An overview of key issues.

31



Hajnal, ., Pedone, G and Varga, L.Z. 2007. Ontology-Driven Agent Code
Generation for Home Care in Protg. Proceedings of the 10th International
Protg Conference. 91-93.

Barrett, C.,Bisset, K.,Eubank, S.,Feng, X.,and Marathe,M. 2008.
Episimdemics: an efficient algorithm for simulating the spread of infectious
disease over large realistic social networks. In Proc. of the ACM/IEEE con-
ference on Supercomputing (SC), 112.

Lee, B.Y., Bedford, V., Roberts, M.Sand Carley, K.M. 2008. Vir-
tual epidemic in a virtual city: simulating the spread of influenza in a US
metropolitan area Translational Research. Transational Research, 151. Else-
vier, 275-287.

Roche, B., Guegan, J and Bousquet, F. 2008. Multi-agent systems in
epidemiology: a first step for computational biology in the study of vector-
borne disease transmission. BMC Bioinformatics, 9, 1-9.

Pita, M. Neto, F.M. 2008. Simulations of disease dissemination using the
vidya multi-agent systems platform. Proceedings of the First Brazilian Work-
shop on Social Simulations, 109-120.

Nyulas, C.I., O’Connor,M.J., TU,S.W., Buckeridge, D.L., Okhma-
tovskaia, A. and Musen, M.A. 2008. An Ontology-Driven Framework
for Deploying JADE Agent Systems. International Conference on Web Intel-
ligence and Intelligent Agent Technology, Vol.2, IEEE, 573-577.

Badham, J.M. 2008. Role of social network properties on the impact of direct
contact epidemics. Ph.D. Dissertation. University of New South Wales.

Connell, R., D. P. Skvortsov, A. 2009. Comparison of an Agent-based
Model of Disease Propagation with the Generalised SIR Epidemic Model.
Technical Report, Air Operations Division, Human Protection and Perfor-
mance Division, Defence Science and Technology Organisation, Australia.

Claude, B., Perrin, D and Ruskin, H. 2009. Considerations for a So-
cial and Geographical Framework for Agent-Based Epidemics. International
Conference on Computational Aspects of Social Networks, IEEE, 149-154.

Barrett, C.L.,Bisset, K., Leidig, J.,Marathe, A and Marathe, M.
2009. Estimating the Impact of Public and Private Strategies for Controlling
an Epidemic: A Multi-Agent Approach. Proceedings of the Twenty-First
Innovative Applications of Artificial Intelligence Conference, AAAI, 34-39.

Xu, R and MA, Z. 2009. Global stability of a SIR epidemic model with non-
linear incidence rate and time delay. Nonlinear Anal-Real, 10(5). 31753189.

Claude, B. 2009. Compartmentalised agent-based approach to epidemi-
ological modelling Centre for Scientific Computing and Complex Systems
Modelling. Technical Report, School of Computing, Dublin City University,
Ireland.

Cooley, P.,Lee, B.Y., Brown, S., Cajka, J.,Chasteen, B., Ganapathi,
L., Stark, J.H., Wheaton, W.D., Wagener, D.Kand Burke, D.S. 2010.

32



Protecting health care workers: a pandemic simulation based on Allegheny
County. Influenza and Other Respiratory Viruses 4(2), 61-72.

33


