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Agent-based models and their application in investigating the risks of epidemic
disease transmission

Mahmood Dadkhah **, Nazli Besharati ?,
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Abstract: The outbreak of the Covid-19 pandemic in the world once again faced the governments and local officials with a
big and unexpected challenge. Examining all aspects of this epidemic brought experts from different fields, especially
mathematics, to the field of fighting this challenge. In the meantime, mathematical modeling of disease transmission has
gained double importance due to its simple and understandable nature as well as its proven ability to help solve such issues.
Different models presented for different diseases increase the power of investigation and prevention of dangerous
epidemics. In this article, with the help of agent-based models, we have investigated the spread and transmission of
epidemic diseases (especially in small environments). In the reviewed model, the spatio-temporal transfer process is also
considered for each agent. Also, the decision of the investigated agents will be based on the rules prepared for them. To
define the main social characteristics as well as the health conditions used during the interaction of the agents with each
other, an individual profile is predicted for each agent in the model. Due to the good flexibility of the stated model,
different numerical simulations have been implemented with it. From what was obtained in this research, it can be seen
that in order to control and deal with epidemic diseases, especially in small environments, several factors must be taken
seriously, of which, serious and severe restrictions on the movement of agents, their gatherings and the observance of
health and protective instructions (for example, using a mask and quarantine agents) cab be pointed out. Agent-based
models have a very high capability in this field.

Keywords: Mathematical modelling, Agent- based models, epidemic, disease transmission models, Covid-19.
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A, B, ip, Uin, Lo, Yems | Ly Uy, Ly, Uy |, @, maxiter,R,S k= 1 82309

P; < InitializeProbinfec(4, ;,, u;,)

If (rand < P;) then

Endif; endif; end for;

Q#,Q? « InitializeProbMobi(4, B, L, Ucy,) T
A(k), B(k) < InitializePosi(4, B, [Ly, Uy, Ly, U, ])
While k < maxiter do
For each q;(k) € A(k)
F «find an infected agent in neighbor (B(k), R)
If (F == 1) then
Jsl 056

A(k) «Delete from A(a;); B(k) <Include in B(b;);

For each q; (k) € A(k)

If (rand < Q{) then

end if
else
ai(k + 1) = ai(k)

endif; end for;

If (rand < a) then a;(k + 1) «<Local Movement(a;(k), S);

else a;(k + 1) «Long Movement([L,, Uy, Ly, U, ]);

A gl ppss 050




d?‘ﬁiéd)}‘éé‘ﬂ‘fj;‘yl?‘”b“&l;d?“u‘ﬂjuiﬁ©
For each b; (k) € B(k)

If (rand < Q) then

B iy 090 056
If (rand < a) then b;(k + 1) «<Local Movement(b;(k),S);
else bi(k + 1) «<Long Movement([L,, Uy, L, U, ]);
end if
else b;(k + 1) = b;(k)

end if;
end for;

k=k+1

End while
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clear all

Su=50;

Inf=5;

Total=Su+Inf;

maxiter=10;

alpha=0.8;

R=1.5;

PrInf=0.2; %0.2

Sick=zeros (l,maxiter);
Anterior=0;

S=2;

range=[0 200 0 200];
xXrange=range (2) —range (1) ;
yrange=range (4) —range (3) ;
xn=rand (1, Su) *xrange+range (1) ;
yn=rand(l, Su) *yrangetrange (3) ;
rangeI=[0.1 0.3];
rangeP=rangel (2) —-rangeI (1) ;

ProbPer=rand (1, Total) *rangeP+rangeI (1)

rangeM=[0.2 0.4];
rangePM=rangeM (2) —~rangeM (1) ;
ProbPos=rand (1, Total)
People=zeros (Total, 3) ;
PeopleN=zeros (Total, 3);
People (1:Su,1l)=xn;
People (1:Su,?2) yn,
People(1:Su,3)=
xnzrand(l,Inf)*Xrange+range(1)
yn=rand (1, Inf) *yrangetrange (3) ;
People (Su+l:Su+Inf,1)=xn;
People (Sutl:Su+Inf, 2)=yn;
People (Su+l:Su+Inf, 3)=1;

for gen=1l:maxiter

Sick (gen)=sum(People(:,3));
Rate (gen)=Sick (gen) -Anterior;
X(:,1)=People(:,1);
X(:,2)=People(:,2);
Y = pdist (X) ;
Z = squareform(Y);

for id=1:Total
if (People(id, 3)==0)
Ab=7(:,1d);

*rangePM+rangeM (1) ;
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Ab (id)=1000;
indice=find (Ab<=R) ;
indiceM=find (People(indice, 3));
if ((isempty(indice)) || (isempty (indiceM)))
PeopleN(id, 3)=0;
if (rand<=ProbPos (id))
if (rand<=alpha)
xn=People (id, 1) +randn*S;
yn=People (id, 2) +randn*S;
if xn<range (1)
xn=range (1) ;
end
if xn>range (2)
xn=range (2) ;
end
if yn<range (3)
yn=range (3) ;
end
if yn>range (4)
yn=range (4) ;
end
PeopleN(id, 1) =xn;
PeopleN (id, 2) =yn;
else
xn=rand*xranget+range (1) ;
yn=rand*yrange+range (3) ;
PeopleN (id, 1) =xn;
PeopleN(id, 2) =yn;
end
else
PeopleN(id, 1)=People(id, 1) ;
PeopleN(id, 2)=People (id, 2) ;
end
else
if (rand<=ProbPer (id))
PeopleN (id, 3)=1;
PeopleN(id, 1)=People(id, 1) ;
PeopleN (id, 2) =People (id, 2) ;
else
PeopleN(id, 3)=0;
PeopleN(id, 1)=People (id, 1)
PeopleN (id, 2) =People (id, 2) ;
end
end



en
if

end
end

d

(People (id, 3)==1)
PeopleN (id, 3)=1;

if

end
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(rand<=ProbPos (id))
if (rand<=0.8)
xn=People (id, 1) trandn*S;
yn=People (id,2) +randn*S;
if xn<range (1)
xn=range (1) ;
end
if xn>range(2)
xn=range (2) ;
end
if yn<range (3)
yn=range (3) ;
end
if yn>range (4)
yn=range (4) ;
end
PeopleN(id, 1) =xn;
PeopleN(id, 2)=yn;
else
xn=rand*xranget+range (1) ;
yn=rand*yrange+range (3) ;
PeopleN(id, 1) =xn;
PeopleN(id,2)=yn;
end
else

PeopleN (id, 1)=People (id, 1) ;
PeopleN (id, 2)=People (id, 2);

People=PeopleN;
for in=1:Total
People (in, 3)==0

if

plot (People(in, 1), People(in,2), 'o', 'markersize', 10, 'markerf
acecolor','g');
hold on

el

se

plot (People(in, 1), People(in,2), 'o', 'markersize', 10, 'markerf
acecolor','x");
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hold on
end
end

title(' i Jole Jaw ¢Hlw 4sd')
drawnow;
hold off
end
DE= diff (Sick);
figure
subplot(2,2,1)
plot (Sick)
title (' ylooo of ;3 L O>lux=s")
hold on
subplot (2,2,2)
plot (DE, 'LineStyle','-", '"MarkerFaceColor', 'red"')
title ('l )5 y» o ylao o1 81 slaxs")



