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The Traditional Continuous Model 
A simple approach to modeling the 
spread of disease is to use a system  
of ordinary differential equations. 
The simplest of these is the SI model, 
standing for ‘susceptible’ and  
‘infected’.  The equations for this are:  
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S is proportional to the number of 
susceptible people, I is proportion- 
al to the number of infected people, 
and  the beta is a constant.   
A slightly more complicated model 
allows people to recover from the  
illness and attain immunity.  The 
relevant  equations are: 

Shortcomings of this model: 
These equations describe the change in  
the quantity of people in each class with 
time without regard to location.  It also  
treats an inherently discrete process as if 
it were a continuous one.  Looking at the 
spread of a disease on a map such as the  
one above might give some credence to 
this approach, as the cases seem to be  
fairly well spread out.  However, a more 
realistic approach would be  to take 
location into consideration.      

Another shortcoming in this model 
is that behavior is not considered. 
This was relevant for the flu  
epidemic of 1918 when waves of  
infection were seen, possibly as a  
result of closing public buildings 
and recommending that people  
minimize contact with others for a  
period of time, only to lift these  
policies when the number of  
infected people was deemed to be  
low enough.   
Improvement of the model: 
The agent based approach allows 
 reaction to the disease and to other 
 peoples reaction to influence 
behavior.  This allows location  
and behavior to influence the spread 
of the disease.  Mathematically, this 
 requires a set of partial differential 
equations. 



Description of the Agent Based Model 

Agent Based Model 
An agent based model is a computer 
based simulation of a system of  
autonomous individuals.  This  
permits assessment of some of the 
characteristics of the system as a 
whole while allowing autonomy of 
the agents. 

Basic Features of this Model 
A two dimensional discrete grid  
was generated and uniformly 
randomly populated with agents. 
The boundaries wrap, thus making 
the actual topology a three  
dimensional torus.  Agents can be 
susceptible, infected, or recovered 
(and immune). In addition, any  
agent can be afraid.   

Spreading the Infection 
An agent can become infected if it 
is a susceptible agent and an infect- 
ed agent is within its Moore neighb- 
orhood.   

An agent and its Moore neighborhood 

Recovery 
Infected agents recover after a  
set number of discrete time steps. 

Normal Behavior 
At each time step, an agent that is not 
afraid will randomly choose an open 
cell in its neighborhood to move to.   

Incorporating Fear 
An agent can become afraid by  
having an infected or an afraid agent 
in its neighborhood.  An afraid agent 
either moves in one direction for a  
set number of steps, or it ‘hides’ by 
not moving and not effecting any of  
its neighbors or being effected by  
them.  Recovered agents become 
afraid only by having an afraid  
agent in its Neighborhood.   



Mathematical Description of the SIR with Fear 

The system of partial differential equations for this model as described is: 

The nonlinear terms and the Laplacian operator make this system analytically intractable.   
The system can be solved by discretizing space and using some numerical methods to  
approximate the solution.  However, this is similar to the agent based approach in that it 
discretizes space.  



Comparison of the Agent Based Model and the  
Ordinary Differential Equations for an SI System 

To ensure that the agent based approach aligned with the 
differential equation model, a comparison of the two  
approaches of the simpler SI description was performed. 
To the right is the graph showing the number of infected 
people over time for the given initial conditions.  

To the left is the number of infected people given by the  
agent based model with the given parameter values.  This 
graph is representative of all runs of the model.  The shape 
of the function is very similar to that of the DE approach. 



Changes with Time Spent Afraid 

Keeping all parameter values the  
same except the time spent afraid 
allows investigation of the effect 
of fear on both the behavior of the 
spread of infection and on the  
proportion of the population that  
is infected at some point.   
The graphs for low values of time 
spent afraid are noisy and not  
predictable.  Infection sometimes  
dies without infecting a single other 
agent. 

There appears to be a qualita- 
tive shift when the time afraid 
is close to half that of the time 
infected.  At that point, there  
are fewer and fewer waves of  
infection generated and the  
graph of infection people begins 
to look like a Bell curve.  As the 
graph to the left shows, the  
total number of infected people 
increases with increasing time  
of fear. 



Effect of Changing the Probability of Hiding 

The graphs above show the  
number of people infected with  
time for different probabilities 
of hiding with all other paramet- 
ers the same as for the test of the 
time spent afraid and with that 
parameter set at slightly more  
than half of the time infected. 
There seems to be three  
qualitatively different behaviors 
for this parameter.   

For high values of the probability 
of hiding, the infection almost 
always rapidly dies out.  For low 
values of this parameter, the graph 
smooths and approaches a bell  
curve.  Intermediate values show  
great volatility with waves of  
infection of unpredictable height. 
The graph to the left shows the  
average total number of infected 
people with decreasing values of 
this parameter. 



Conclusion 

It is clear that movement away from an area that has infected people increases the 
rate of infection and the total number of infected people.  It is also clear that  
isolation is effective at stopping the spread of disease.  This effect only happens 
when the number of people that isolate reaches some threshold.   
Waves of infection are common for longer lasting diseases.  This behavior is 
realized with the agent based model with a moderate proportion of people  
isolating or with low rates of interaction. 

The agent based approach is capable of very rich behavior and appears to be  
capable of modeling several types of infection.  It has the potential to be a general 
model to a mathematically intractable problem. 

This project was funded by the National Science Foundation via the CSUMS grant 
awarded to the math department at Umass Dartmouth.  This project and presentation 
do not necessarily represent the opinions of the NSF. 



Future Explorations 

This project examined basic behavior of the system when a single parameter is changed at a time.  Furthermore, 
only two parameters were explored out of seven.  Examining how the behavior of the system may be changed 
in a similar way by changing different parameters may reduce the number of parameters or may demonstrate  
some correlation among the parameters.   

Allowing the density of the population to parallel that of a state and restricting the movement of most of the  
agents while permitting some to travel may produce a better understanding of how disease spreads and what 
measures might be useful to combat the infection. 


