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Abstract

This project is designed to expand upon the
common agent-based simulation of a virus
infecting a very generic population. Factors
such as multiple populations, different forms
of transportation, and social interactions
will be accounted for. Different maps with
different types of pseudo-random populations
will be created and different types of existing
and fictional viruses will be simulated. Once
working models are finished, the effects of
vaccinating parts of the population can be
modeled to determine the most effective
methods and minimum percentages of vacci-
nation needed to stop a viruses spread.

Keywords: herd immunity - type of im-
munity that occurs when the vaccination of a

portion of the population (or herd) provides
protection to unprotected individuals

basic reproduction number (R0)- the mean
number of secondary cases a typical single in-
fected case will cause in a population with no
immunity to the disease in the absence of in-
terventions to control the infection
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1 Introduction -
ration on the
lem statement,

pose, and project scope

1.1 Scope of Study

Because this project will be solely agent-
based instead of incorporating system dy-



namics, the scope of the simulation will be
limited by the processing power of the com-
puter. There is also a limit to how detailed
each agent can be. The theorertically ideal
simulation would have to incorporate an ac-
tual population, factoring in every detail.
Obviously this is not a realistic goal to ex-
pect of any simulation. There will be classes
of people to simulate different things like peo-
ple who travel, people who work, etc. Profes-
sions also play a large part in how a person
is affected by the spread of a virus. A doc-
tor working in a hospital is much more likely
to become infected as he helps his patients
who are likely there to be treated because of
the viral infection. On the other hand some-
one going to work might not have nearly as
much interaction with other people, let alone
those who are infected, expecially since peo-
ple in the workplace environment will likely
not show up to work once they begin to show
symptoms. In terms of buildings, an impor-
tant feature that will have to be included is
hospitals because of their significant influence
on the spread of disease as mentioned before
with doctors. Schools are frequently called
a "cesspool” for disease, and with good rea-
son. Children are less likely to take the ap-
propriate measures to limit their exposure to
viral infection, and thus will quickly spread
it among their peers. The variables for vac-
cination will include effectiveness, chance of
causing the infection itself, percentages of
the population vaccinated, and some form of
trace vaccination.

1.2 Expected results

This project is an attempt to determine the
most effective methods of vaccinating a pop-
ulation, considering the factors of the type of
population and what virus is infecting it. Dif-
ferent methods of vaccination will be used to
see if vaccinating certain subsets of the pop-
ulation makes a difference, what the herd im-
munity is, and how extensive trace vaccina-
tions need to be in order to effectively stop
the virus’ spread.

In the process of programming this simu-
lation, I hope to learn about the spread of
viruses among populations and how to model
not only this spread, but the movements and
interactions within basic human populations
over the span of several days to weeks.

1.3 Type of research

Because of the nature of this project, it
will be for the most part pure applied re-
search, because it will attempt to apply cur-
rent knowledge of viruses and vaccination
to determine efficient methods of vaccination
different populations. There is some use-
inspired basic research, as viruses that have
not been modeled can theoretically be used
in this program.

2 Background and review
of
and research

current literature

Virus simulation is by no means a new tech-
nology or study, and thus material on the



subject is plentiful. Using vaccination is also
a popular model to simulate, and in one paper
by Bret D. Elderd, Vanja M. Dukic, and Greg
Dwyer the differences in efficiency between
trace vaccination and mass vaccination were
studied. Other papers describe the mathe-
matics behind various models and the vari-
ables used, such as RO or Pr for probability
of recovery. While much of this research fo-
cuses on system dynamics, it still has mate-
rial covering agent-based modeling. The ar-
ticle on spatial simulation gives great insight
into how to approach the modeling of an en-
vironment as it factors in locations such as
schools, dorms, homes, work places, and hos-
pitals, much like I intend my own simulation
to use. The MIT paper compares agent-based
mods to differential equation models to de-
termine the advantages and disadvantages of
both, and how they can be combined to re-
duce the inaccuracy inherit in both. Because
I am not including any significant degree of
system dynamics in my simulation, the math-
ematical models will not be particularly use-
ful and have thus been merely touched upon
here, rather than having formulas listed and
going in depth on how they work.

I have done a lot of research on how differ-
ent viruses work in order to figure out how to
set the variables for each type of virus. Small-
pox for instance has a high rate of infection
and can be airborne. It has an incubation pe-
riod of roughly 12 to 14 days, but can be be-
tween 7 and 17. This range can be modeled in
my software with dynamic variables and will
account for 12 to 14 days being more common
by assigning this range a higher probability.
During the first 2 to 4 days, symptoms be-

gin, but the infected person is not very con-
tagious. After this a rash begins to appear,
and the person become highly infectious - this
lasts for about four days. The next five days
are characterized by the formation of pustles
and a slight drop in the extreme level of con-
tagiousness. Over the following five days the
pustles begin to scab over, then for the last
six days the scabs fall off leaving scars. Af-
ter all of the scabs have resolved (fallen off),
the person is no longer contagious. Methods
will be created to model this change in how
contagious a person is, but right now there is
only a constant rate of infection.

3 Development

After doing some research into other virus
simulation programs, I found Jill Dunham’s
program which serves as a good base for my
own simulation. While I began this quar-
ter working on my original simulation from
scratch, I moved to doing research on how
other researchers worked with different vari-
ables and the differences between dynamic
and agent-based modeling. It was during this
research that I came upon Mrs. Dunham’s
model and began learning how the software
works. Because of the proximity of this dis-
covery to the end of the quarter, I have not
made drastic changes to the program in terms
of the code itself, but I continued my research
of how to change aspects of the program. The
program initially contained a basic flu virus,
but I have implemented my own smallpox
model and done some tweaking of her pre-
done viruses.



4 Results

5 Conclusion

Expectations for my program include work-
ing models of past epidemics and the capabil-
ity to models possible future epidemics to a
fair degree of accuracy. This type of model is
especially useful in today’s world, where the
threat of bio-terror attacks is a real fear, and
precautions must be made to react to such an
event.
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