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Introduction

Epidemiological Models date back to the late 1920s where Kermack and McKendrick used such models to study the
plague. From there, the various generalizations of epidemic models have enabled us to represent most epidemics with a
great deal of accuracy. We use the common SEIR epidemic model [1] to model diseases. We essentially hope to use this
an inspiration to model news spread as a compartmental model. The rest of this report is organised as follows: We first
introduce the model basic SIS model [5] and then we move to the SEIR model [1] and then we discuss the SEIZ fake
news model [5]. Simulink implementations are discussed in every case and grpahs as presented as and when necessary.



1 Importance of modelling Fake News Spread

In today’s world, with the extreme use of social media the spread of news has become faster then ever. This is certainly
the dream, the ability to get to know everything happening in every corner of the world in a few seconds. But, off late
the use of these various media to spread misinformation has risen exponentially. There are many examples for this. The
very recent WhatsApp scenario where people were sharing forwards with wrong information is one to keep in mind.
WhatsApp reacted timely by introducing a restriction on the number of forwards. Whether this actually worked or not
is an entirely story altogether.

The necessity to have a model and thereby the ability to visualize the spread of misinformation becomes an important
issue in today’s day and age. With this ability companies such as WhatsApp itself can find better ways to control the
spread of this misinformation. With this is mind we proceed to study the modelling of fake news spread.

2 Use of compartmental models for fake news spread

As mentioned in the introduction the use of compartmental models has been in existence for a very long time. The
SEIR model came about for infectious diseases. The section deals with a small explanation as to why these SEIR mod-
els can be used for fake news modelling.

The spread of a rumour can be thought of as analogous to the spread of a communicable disease. The population of
infected individuals in a disease are similar to the population of individuals who spread a rumour in society. Now, the
recovered population is essentially those who no longer believe the rumour is true.

The transfer rate, 8 is nothing but the rate at which a susceptible individual gets converted to infected ones. Now,
given this understanding of why and how fake news is similar to a disease we proceed to some basic fake news models
and their stability.

3 Fake News SIS MODEL

S’ = —/6’% +al

I'=B5 —al

Assumptions made in the model and explanation

e A person that actively spreads wrong information about a topic is considered as an infected individual

e A susceptible person is one that is yet to be exposed to this information. A person is said to remain susceptible
till he or she comes in contact with an infected individual

e [ is the rate at which a susceptible individual gets transferred to an infected individual.

e The population is assumed to be a constant, N.

3.1 Equilibrium Points

The equilibrium points of the SIS model can be found rather easily. We equate the RHS of the S’ and I’ equations si-
multaneously and solve for S and I. We get two equilibrium points:

1. Rumour Free Equilibrium = Ey = (NN, 0)



2. Endemic Equilibrium= E; = (%7 N(1-

)

IR

The Rumour free equilibrium point is of importance because it gives a way to calculate a quantity called the Basic Re-
production Number.

The Basic Reproduction Number, Ry is defined as the number of new infected people and existing infected individual
gives rise to.

Ry also helps us analyse the stability of the Rumour free and endemic equilibrium points.

3.2 Reproduction Number

The reproduction number can be calculated from evaluating I’=0 at the rumour free equilibrium point.
We get % — o = 0, which is to be evaluating S at Fj.

This essentially yields the value of T as g, which is nothing but the basic reproduction number.

Therefor,

p=?
(6%

Now, we will proceed to see in the next section how this Ry gives rise to conditions which influence the stability of the
model at both the equilibrium points.

3.3 Stability Analysis

In order to perform stability analyze, we first have to linearise the system about the equilibrium points. This process is
equivalent to finding the Jacobian of the system and evaluating it at the equilibrium points.

3.3.1 Rumour Free Equilibrium

_pgL _pB8
J = ( by —Br+ 0‘)

v By-a
Now we proceed to evaluate this Jacobian at the rumour free equilibrium. we get the following ;

0 B+«
E =

J( 0) (0 5 —a )
The eigenvalues of this matrix are Ay =0 and Ay = 5 — «
For a system to be stable at a particular equilibrium point, the eigenvalues that arise from the Jacobian at that point
need to be negative. In some cases we relax this condition and say we may have one zero eigenvalue and the rest as neg-
ative. Such a system is marginally stable.
We can clearly see that if Ay = 0, the system won’t be stable. In order for the system to be stable we need Ay < 0. This

happens only when g < 1, which is nothing but the Ry < 1.
Therefore, we see the role that Ry is playing in the stability of the system.

3.3.2 Endemic equilibrium point

We evaluate the Jacobian calculated in the previous section at the endemic equilibrium and derive the condition for sta-

bility.
—B1-3) 0
0= (50— 2) 0)



The eigenvalues of the Jacobian are :
)\1 =0 and )\2 = —ﬂ(l — %)

Similar to the previous section we see that for the system to be marginally stable, we must have that (1 — %) > 0, which

gives us the condition that Ry > 1
So we can see that based on the value of Ry only one equilibrium point can be stable at a time.

3.4 Simulink Implementation
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Figure 1: Simulink Model
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4 SEIR model for diseases

4.1 Mathematical Model

The SEIR model with non constant population gives the most general understanding of disease dynamics. S represents
the Susceptible population, E represents the Exposed population, I the infected population and R the recovered popu-
lation. N is the total population at a given time. S,E.ILR and N vary with time and system is best represented by the
following equations:

S'=bN —pB3L —dS +wR
E' =B3L —oE —dE
I'=cE —~I —dI

R =~ —dR —wR

Natural Birth Rate
Natural Death Rate
Rate at which Immunity is lost
Transmission Rate from class S to I
Recovery rate
Transmission Rate from class E to I

QR || e ||

4.2 Stability Considerations

We study the stability about two equilibrium points that are extremely important for any disease dynamics model.
The first is the Disease free equilibrium, where the populations of E, I and R are 0 and S = %. The second equilib-
rium point is termed as the endemic equilibrium point. Both equilibrium points are the solutions we get from setting

S’ E’',I' and R’ to 0 simultaneously.

4.2.1 Stability of the Disease Free Equilibrium(DFE)

DFE=E, = (%¥,0,0,0)

Now to study the stability of the system at the DFE, we first linearize the system about the DFE. On linearizing the
system (Using the Jacobian) and then evaluating the Jacobian at the DFE we in face obtain the A matrix of the corre-
sponding linear system. Proceeding with the standard theory of linear systems, we we can show that this A matrix fact
all negative eigenvalues we can conclude that the DFE is a stable equilibrium point.

%ﬁ[ d 0 =85 w

J(S.E. IR . 0

(58,1, R) = 0 o -y —d 0
0 0 ~ —d—w



Now we evaluate this at the DFE for the corresponding linear matrix A.

—d 0 Eﬁb w

0 —-o-—d =2 0
J(DFE) = 0 UJ —O'd— d 0

0 0 vy d—w

—-d 0 =l w

I R 0
A= 0 o —-g O
0 0 ¥ —h

The final step in concluding on the stability of the DFE we have to find the eigenvalues. We do so, by equating the
characteristic equation of A.
On doing this we obatin the following eigenvalues:

M=—dda=—hds=Lx(—f—g—/2P—2fg+g°+4lo) and Ay = L x (—f — g+ /f% — 2fg + ¢% + 4lo)

As all the constants, as mentioned before, are positive values it follows directly that A1, Ay and A3 are indeed negative
non-zero quantities. If we can now comment on Ay we can conclude on the stability of the DFE.

We take \; and add and subtract 2fg inside the square-root. We get Ay = £ x (—=f — g+ \/f2+2fg + g2 — 4fg + 4lo).
Simply completing the square inside the square root we can observe that if —4fg + 4lo is less than 0 we in fact have
that Ay < 0 thereby guaranteeing stability of the DFE. Now, —4fg 4+ 4loc < 0 in actuality is a valid assumption and
the ratio we so obtain m is termed as the basic reproduction number. The basic reproduction number Ry for a
disease free equilibrium point is by definition a positive value lesser than 1.

So we have now proven that the DFE is a stable equilibrium point for the system.

4.2.2 Stability of the Endemic Equilibrium point

To study the stability of the above model we first make a simple transformation for ease of calculation.

We use the transform sN = S, eN = E, ¢«N = I and rN = R. This transformation can be thought off as a conversion
from absolute numbers of Susceptible, Exposed, infected and Recovered populations to that of proportions.

Now, it is important to note that on using this transformation we can’t simply write S’ = Ns’. Working with a non-
constant population, we must include its effect in this transformation.

Therefore, it is correct to write S’ = §'N + sN' = s'N + (b — d)N. Similar results follow for E,IR.

Applying this to the original system, we get
s’ =b— Bsi — bs + wr

e = Bsi —oe — be

i =0e—yi—bi

' =~i—wr —br

We further simplify this model by clubbing together some parameters. We note that as all the constants are in fact pos-
itive values, this clubbing together doesn’t make a huge difference for the analysis. We take f = b+ 0,9 = v+ b and
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h = w + b and rewrite the system as follows

s’ =b— Bsi — bs + wr
e = fBsi— fe
i =0e—gi

v =~i— hr

Similar to the case of studying the stability of the DFE we first find the Jacobian and evaluate the Jacobian at the En-
demic Equilibrium point. We first find the equilibrium point by equating s’, €’, i’ and 1’ to 0 simultaneously.

The Endemic equilibrium point (EE) of the transformed system is

x _ [fg
5 = Bo
e* — —bfg*h+bghBo
~ Bo(fgh—wyo)
i* — =bfghtbhBo
B(fgh—wyo)
p* — =bfgy+bByo
B(fgh—wyo)

It can clearly be seen that s* is a positive value. We now proceed to show that e*, ix and r* are positive. We do this in
order to simplify the process of commenting on the stability.

We first start by looking at the term (fgh — wvyo). Expanding f, g and h we have:

(c+b)(y+b)(w+bd) —wyo

On expanding the terms in the bracket we obtain (...positiveterms...) + wyo — wyo which is clearly positive.

We now look at the numerator in i*. We have bhSo — bfgh. We simplify this as follows in order to comment on the sign
of the numerator.

bh x (Bo — fg) = (bhfg) x (52 —1) = (bhfg) x (Ro%t — 1)

Here we note that Ry x p, where p < 1 is the effective reproduction number. In our scenario, Ry X % is the effective
reproduction number, R.ss. As mentioned earlier, we need that R.;; > 1 for the disease to propagate. Under this as-
sumption we have that the numerator of i* > 0. Having already shown the numerator is positive we can conclude that
i* is indeed a positive value.

Using this knowledge we can very easily show that e* and r* are also positive values..

Now that we have that all the arguments of the EE are positive we proceed to discuss the stability at the EE. We pro-
ceed without substituting the actual values of the EE into the Jacobian. We instead leave the s,e,i,r terms as us but
keep in mind that they are indeed positive values. We do this in order to simplify the mathematical expressions we have
to deal with.

We also note that as the Jacobian Matrix is a complex at the EE we refrain from explicitly finding the eigenvalues. We
instead resort to finding the characteristic equation and using Descartes’ Rule of Sign Changes criteria to deduce stabil-
ity.

We first calculate the Jacobian of the most simplified system obtained in this section.

—pBi 0 —Bs w
J(s,e,i,1) = ﬁoz _Uf ?Z 8

0 0 v =h
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The linearized matrix A at EE is just J(s,e,i,r) evaluated at the EE. We now obtain the characteristic equation for J(EE)
as follows:

—iwfyo + (—h — A) X [(—g — A) x (bf +bA+ fA+ A2+ fiB +iB\) — (=bsB — sA\B)o] =0
This characteristic equation of the system linearized about the EE in fact has all negative roots [and we thereby con-

clude that the system is stable at the EE as well.

4.3 Simulink Implementation with Graphs

{0

Figure 3: Block Diagram representation of SEIR Model
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5 Basic SEIZ Model

Having already seen the SIS model we can infer that while that model is a good start towards modelling news spread
it lacks detail. We therefore take direct inspiration from the SEIR epidemiological model presented above and go ahead
and use it to formulate the SEIZ model.

The compartments in this model are: Susceptible, Exposed, Infected and Z which is essentially those who have realised

the news is fake.

SI SZ
S/:fﬂﬁfa'w
B = (-S4 (- DV - o5 -
I'=pB3L + pEL 4 cF

SZ
Z/ = ZUW

Rate at which Z influences S
rate from S to E
rate at which I influences E
rate from E to I
proportion of E that turn into I
proportion of E that turn to Z

—lT o ™9

5.1 Stability

In order to discuss the stability of the SEIZ model, we take a simple case assuming p = 0 and [ = 1, the model reduces
to :

_ I z
E' =BS+ —pE+ —€¢E
I'=pE+ + ¢E
_ Z
Z/ = O'SN
Now we discuss the stability about the Rumour free equilibrium point. This is essentially the equilibrium point before

which the spread of the rumour starts. That is S = N, E = I = Z = 0. We can see that as Z is dependent on S, E, I
and N as Z = N — (S + E + I) we can neglect it from the state space.

0 0 -8
J(Eog) =0 —€ B
0 e 0

The eigenvalues of this Jacobian are A\; = 0, A2 = 3(—a — y/av/a + 4b) and A3 = 1(—a + /ava + 4b)
where a and b are € and § respectively.
We can clearly see that A3 is positive and therefor the system is unstable at the rumour free equilibrium point.
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6 Fake News Spread Model with population considerations

The previous model dealt with a constant population and moreover neglected the birth and death of individuals in the
system. We now propose an extension of the previous model with this addition. We include the effect of a recruitment
rate and the effect of a death rate, both of which we will model as constants for the time being.

The new model is as follows:

S"=bN - pSE —0SZ —dS
E' =BSE —pE4 —eE—dE
I'=pE+ +eE —dl

—dz

_ Z
Z/ = O-SN

Here b and d represent the birth and death rates (of the population in question) respectively.
Therefore, the population is no longer constant, rather it is given by the following:
N =(b-d)N

This makes the SEIZ model similar to the SEIR model with non-constant population discussed in detail in the previous
section. The dynamics and stability considerations are quite similar and are therefore omitted.

7 Future Scope

Having studied the modelling of news spread and made some modifications to existing models,the next logical step is
to get data and curve fit these models in order to understand better and more accurately the dynamics of fake news
spread.
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