Taylor & Francis
Taylor & Francis Group

ISSN : 1726-037X (Print) 2169-0057 (Online)
Vol. 17(1) May 2019, pp. 61-70
DOI: 10.1080/1726037X.2019.1614248

Journal of Dynamical Systems & Geomatric Theories e

DYNAMICS OF RUMOR SPREADING WITH A CONTROLLER
AGENT

HOSSEIN FAZLI! AND HOJJAT ALLAH EBADIZADEH?
1YOUNG RESEARCHERS AND ELITE CLUB, NORTH TEHRAN BRANCH, ISLAMIC
AZAD UNIVERSITY, TEHRAN, IRAN
2YOUNG RESEARCHERS AND ELITE CLUB, ISLAMSHAHR BRANCH, ISLAMIC AZAD
UNIVERSITY, ISLAMSHAHR, IRAN
E-MAILS: H_FAZLIQTABRIZU.AC.IR, EBADIZADEH.HOJJAT@STU.UM.AC.IR

(Received: 19 December 2017 , Accepted: 1 May 2018)

ABSTRACT. In this paper, a new rumor spreading model, Ignorant-Spreader-
Stifler-Controller (ISRC) model, is developed. The model extends the classical
Ignorant-Spreader-Stifler (ISR) rumor spreading model by adding a new kind
of people that spread a new rumor against previous rumor to control and reduce
the maximum rumor influence. We derive a dynamical system that describe
the dynamics of the ISRC model. Beside the dynamical analysis of the model,
we consider asymptotical stability in equilibrium point. Numerical simulations

are also conducted to support our analytic results.
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1. INTRODUCTION

Rumors are an important form of social communications, and their spreading
plays a significant role in a variety of human affairs [26]. The spread of rumors

can shape the public opinion in a country [4], greatly impact financial markets
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[7, 8], social networks [9], and cause panic in a society during wars and epidemics
outbreaks. Traditionally, rumors spread on social networks through relationships
between different individuals which it can produce a small effect on society stability.
Nowadays, With the emergence of social web and other media, rumors can propagate
at a faster velocity and generate greater influence on people’s lives. Therefore
understanding the transmission mechanisms of rumors and then devising effective
measures to suppress their spreading are of considerable importance [1, 16, 19].

The mathematical modeling of rumor spreading is an alternate way of evaluating
agent behaviors. The study of the rumor models has had a long history. The
spreading of rumor is in very similar to the spreading of epidemic infection. Thus
many epidemic models have been used to describe the spread of information in the
form of rumors [2, 3, 5, 6, 10, 11, 12, 13, 14, 15, 17, 20, 21, 22, 23, 24, 25]. The
most popular transmission model of rumors was introduced by Daley and Kendall
[2] and investigated based on mathematical theory by Maki and Thompson [11].
These models have been used extensively for quantitative studies of rumor spreading
[5, 15, 10]. A more detailed consideration of the models about rumor spreading was
given in the literature [6, 23]. Up to now, several rumor propagation models on social
networks have been well studied. A rumor spreading model with network medium
in complex social networks was established by J. Wang and Y. Wang [20], Zhao
and Wang [24] and investigated its dynamic behaviors and numerical simulation.
Zanette [21, 22] established a rumor spreading model on small-world networks and
provided a threshold of rumor spreading. Some scholars studied applications of
the stochastic version of the classical model for the spread of rumor on scale-free
networks and showed that the uniformity of the network has a major impact on
the dynamic mechanism of rumor spreading [12, 13, 14]. Dietz provides a review of
the recent mathematical contributions to the description of the spread of epidemics
and rumors in the survey paper [3] which is worth seeing in this connection.

This paper is organized as follows. We first give a novel ISRC rumor transmission
model and derive the corresponding mean-field equations in Section 2. In Section 3,
we present analytical results for the ISRC model. In Section 4, numerical simulation
on the dynamics results of the ISRC model is investigated to analyze the impact
factors under different parameters. Conclusions and discussions are given in Section
5.
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2. MODEL FORMULATION

In this section, we introduce and analyze an appropriate dynamical model for
rumor spreading with controller agent. The total population is partitioned into Ig-
norants, spreaders, stiflers, and controllers, respectively, denoted by I(t), S(t), R(t)
and C(t). The total population size at time ¢ is denoted by N(¢). Our assumptions
on the dynamical transmission of rumor among humans are demonstrated in the

following flowchart:

f1alS
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Figure 1. The transfer diagram of the model (1)

As shown in Figure 1, The ISRC rumor spreading rules can be summarized as
follows.

(1) When an ignorant contacts a spreader, the ignorant becomes a spreader
with probability 67« or a stifler with probability (1 — 61)a.

(2) When an ignorant contacts a controller, the ignorant becomes a controller
with probability 628 or a stifler with probability (1 — 65)5.

(3) When a spreader contacts a stifler, the spreader becomes a stifler with
probability ~.

(4) When a controller contacts a stifler, the controller becomes a stifler with
probability 7.

(5) When a spreader contacts a controller, the spreader becomes a controller
with probability pu.

The model is described by the following system of differential equations:

= —aI(t)S(t) — BI(t)C(t),

@) ] @ =00IOSE) —1SORE) —kCOSE),

G = (L=00)al(B)S(1) + (1~ 02)BI(HC() + ¥S(R(L) + nC(H)R(),
(1S(2),

4C — 9,B1(t)C(t) — nC(t)R(t) + pC

with the initial conditions

(2) I(0)=N -2, S(0)=1, R0)=0, C(0)=1.
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Table 1: Description of parameters in the model (1)

Parameters Unit Comments
@ Day~1! I(t) — to — S(¢) transmission rate
B Day—! I(t) — to — C(t) transmission rate
01 None the rate of being S(t) transmission
02 None the rate of being C'(t) transmission
I Day ™! S(t) — to — C(t) transmission rate
¥ Day~! S(t) — to — R(t) transmission rate
n Day~—! C(t) — to — R(t) transmission rate
1(0) Individual | The initial number of the susceptible individual
S5(0) Individual The initial number of the spreader
R(0) 0 The initial number of the stifler
C(0) Individual The initial number of the controller

3. MODEL ANALYSIS

Lemma 3.1. The solutions I(¢), S(t), R(t) and C(t) of system (1) with initial values
1(0) > 0,5(0) > 0, R(0) > 0 and C(0) > 0 are positive for all ¢ > 0.

Proof. According to Sharomi and Podder [18], from the first equation of system (1),

we have
% <I(t) exp {/Ot(CVS(T) + ﬂC’(T))dT}) =0.
Hence,
I(t1)exp {/Otl (aS(T) +50(r))d7} —1(0) = 0.
Therefore,

I(t1) = I(0) exp {—/0 1(ozS(T) + BC(T))dT} > 0.
Similarly, it can be shown that
S(t1) = S(0) exp {—/0 1(—chu](T) +YR(r) + uC(T))dT} >0,
and
C(t1) = C(0) exp { /0 (=028I(7) +nR(T) + uS(T))dT} > 0.

Furthermore, from the third equation of system (1), we have

% <R(t) exp {/Ot(_’YS(T) - 770(7))d7}> = p(t) exp {/Ot(_ys(T) - nC(T))dT} ,
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where o(t) = (1 — 0))aI(t)S(t) + (1 — 2)BI(t)C(t). Hence,

R(t1) exp {/Otl —U(7) dT} — R(0) = /Otl ©(¢) exp {/OC —U(7) dT} ¢,

where ¥ (1) = vS(7) + nC(7). Therefore,

R(t) = R(O)exp{ /0“\1/(7) dr}

~+exp {/Otl U(r) dr} X Atl ©(¢) exp {/OC —U(7) dr} d¢

> 0.

Thus, the solutions I(t),S(t), R(t) and C(t) of system (1) remain positive for all
t>0. ]

In the whole process of rumor spreading, the number of spreaders and controllers
first increase, then decrease and reach zero when the rumors dies out. At that time,
the system reaches an equilibrium state and has only ignorants and stiflers. Since
the total population N (t) is independent of time and is a constant, denoted by N*.

We can obtain the equilibrium of the system (1) as follows
E* = (1*707 R*70)7

where I* + R* = N*, that is, the rumor and controller must disappear with time,
and all I* and R* represent stable situations. Next, we have a look at the stability
of the equilibrium point E* = (I*,0, R*,0).

Theorem 3.1. If I* < min{ then the equilibrium E* is locally

v 11
abi+y? BO2+n >
asymptotically stable.

Proof. In order to verify the stability of equilibrium point E*, we construct the

Jacobian matrix of the system (1) at a point E* = (I*,0, R*,0) as follows:

0 —al* 0 _BI*

0  @al* —yR* 0 0
J(E*) =
0 (1—6)al*+7R* 0 (1—0,)BI" +nR*

0 0 0  6.8I* —nR*
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With regard to the above matrix, we know that one zero eigenvalue corresponds to
the fact that the order of the dynamical system is two. The other zero eigenvalue is
related to the stable center manifold that is the straight line I* + R* = N* on the
(I*, R*) plane. Thus the stability of the equilibrium point depends on the signal
of the reminder eigenvalues. The corresponding characteristic polynomial can be

written as
(3) p(N) = A2 — (Jag + Jua)\ + JogJug = 0,

where Jog = 61a0* — yR* and Jyy = 0281 — nR*. From Routh-Hurwitz criterion,
}, E* is locally asymptotically stable.
O

* o ol _n
we can get when 0 < I* < min{ By Boath

4. NUMERICAL SIMULATION

In this section, we use the Runge-Kutta method to solve the differential equations
(1) and analyze the effects on the rumor spreading process by the new factors.
Furthermore, this simulation allows us to find the key factors to affect the rumor
diffusing and the ways of control rumor diffusing. In the following simulation we
assume N = (5 x 10%) 4+ 2. Thus 1(0) = 5 x 10%,5(0) = 1,C(0) = 1 and R(0) = 0.

Figur 2 shows the trends of ISRC model without the controller agent. The
blue line represents the densities of controller agent which is zero, i.e. control
mechanism is not considered. From the following simulation we can find there
is a sharp increase in the number of spreaders as spreaders begin to propagate a
rumor. With further spreading of the rumor, the number of spreaders reaches a
peak and thereafter declines. Finally, the number of spreaders is zero and this
leads to the termination of rumor spreading. In this whole process, the number of
ignorants always reduces while the number of stiflers always increases until they
reach the balance, respectively. As we see in Figure 2, the spreader density attains
its maximum at time ¢ = 1.11. In fact, the peak value of spreader density max{S(¢)}
is 3.161573 x 106, i.e., he highest density of people are spreading the rumor is
3.161573 x 108,

Figure 3 shows the general trends of the four kinds of agents in the ISRC rumor
spreading model. This simulation illustrate the effect of a controller agent on the
rate of spreader agent. From the following simulation we can find that the variation

trend of the number of controllers is similar to that of the spreaders, which increases
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Figure 2. Densities of ISR over time with a = 4y = 0.000004,8 = p =n =
0,01 = 0.8.

at first and then decreases to zero. Furthermore, this simulation shows that if, for
example, we suppose the controller agent as a new rumor against the previous rumor
with transmission rate 8 equal with transmission rate a, then we can control and
reduce the maximum rumor influence of the previous rumor. As we see in Figure
3, the spreader density is less than the contoller density. This occurs because of
the presence of the parameter p. Furthermore, the spreader density attains its
maximum at times ¢ = 0.69 with S(0.69) = 1.354440 x 105. In addition, the peak
value of controller density is 2.151224 x 10% which occurs at time ¢ = 0.78.
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Figure 3. Densities of ISRC over time with a = 8 = 0.000006,y = p =n =
0.000001,60; = 62 = 0.8.
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Figure 4 shows how the densities of controllers change over time for different
transmission rate between controllers and ignorants. This simulation represents the
effect of transmission rate between controllers and ignorants on ISRC model. The
blue asterisk line represents the scenario that transmission rate between controllers
and ignorants is lower than transmission rate between spreaders and ignorants, i.e.
B < a. The other lines represent the scenario that § > «. Furthermore, this
simulation attempts to illustrate that one of the ways to control spreading rumor

is spread a new rumor with high impact compared to the previous rumor.
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Figure 4. Density of spreaders and controllers over time under different trans-

mission rate 8 with a = 0.000006,y = p = n = 0.000001,6; = 62 = 0.8.

Figure 5 describes how the ratio between spreaders and controllers change with
different transmission rate p over time. The blue asterisk line represents the scenario
that transmission rate between spreaders and controllers is zero, i.e. u = 0. In this
case, the number of spreaders and controllers is equal. The other lines represent the
scenario that p > 0. As we see in Figure 5, when p > 0, the ratio % decreases with
increasing time. Furthermore, this ratio decreases relatively faster with increasing
. For instance, the number of controllers at time ¢ = 0.7 will be about 1.46, 2.14
and 3.13 times the number of spreaders with respect to p = 0.000001, x = 0.000002

and g = 0.000003, respectively.

5. CONCLUSIONS

In this paper, we studied the new pattern of rumor spreading corresponding to

the appearance of controller agent. We showed that the model established in this
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Figure 5. The ratio between spreaders and controllers over time under differ-

ent transmission rate p with o = 8 = 0.000006,~v = n = 0.000001,0; = 02 =
0.8.

paper possesses non-negative solutions, as desired in any rumor spreading dynamics.
By using stability analysis, we obtained a sufficient condition on the parameters for

the local asymptotical stablility of the equilibrium point. Numerical simulations

are also conducted to support our analytic results.

REFERENCES

[1] R. Bhavnani, M. G. Findley, J. H. Kuklinski, Rumor dynamics in ethnic violence, The Journal
of Politics, 71, 876-892, (2009).

[2] D. J. Daley, D. G. Kendall, Epidemics and rumours, Nature 204, 11-18, (1964).

[3] K. Dietz, Epidemics and Rumours: A Survey, Journal of the Royal Statistical Society, Series
A, 130, 505-528, (1967).

[4] S. Galam, Modeling rumors: The no plane pentagon french hoax case, Physica A., 320, 571-580,
(2003).

(5] J. Gu, W. Li, and X. Cai, The effect of the forget-remember mechanism onspreading, European
Physical Journal B, 62, 247-255, (2008).

[6] L. A. Huo, P. Q. Huang, and X. Fang, An interplay model for authorities actions and rumor
spreading in emergency event, Physica A, 390, 32673274, (2011).

[7] A.J. Kimmel, Rumors and rumor control, J. Behavioral Finance, 5, 134-141, (2004).

[8] M. Kosfeld, Rumours and markets, J. Mathematical Economics, 41, 646-664, (2005).

[9] K. Kosmidis, A. Bunde, On the spreading and localization of risky information in social net-
works, Physica A: Statistical Mechanics and its Applications, 386, 439-445, (2007).

[10] C. Lefevre and P. Picard, Distribution of the final extent of a rumour process, Journal of
Applied Probability, 31, 244-249, (1994).



70 H. FAZLI, AND H. A. EBADIZADEH

[11] D. Maki, M. Thomson, Mathematical Models and Applications, Prentice-Hall, Englewood
Cliffs, 1973.

[12] Y. Moreno, M. Nekovee, A. Pacheco, Dynamics of rumor spreading in complex networks,
Physical Review E, 69, 066130, (2004).

[13] Y. Moreno, M. Nekovee, A. Vespignani, Efficiency and reliability of epidemic data dissemina-
tion in complex networks, Physical Review E, 69, 055101(R), (2004).

[14] Y. Moreno, R. Pastor-Satorras, A. Vespignani, Epidemic outbreaks in complex heterogeneous
networks, European Physical Journal B, 26, 521-529, (2002).

[15] B. Pittel, On a Daley-Kendall model of random rumours, Journal of Applied Probability, 27,
14-27, (1990).

[16] S. A. Thomas, Lies, damn lies, and rumors: an analysis of collective efficacy, rumors, and
fear in the wake of Katrina, Sociological Spectrum: Mid-South Sociological Association 27,
679-703, (2007).

[17] A. Sudbury, The proportion of the population never hearing a rumour, Journal of Applied
Probability, 22, 443-446, (1985).

[18] O. Sharomi, C.N. Podder, A.B. Gumel, S.M. Mahmud, E. Rubinstein, Modelling the trans-
mission dynamics and control of the novel 2009 swine influenza (HIN1) pandemic, Bull. Math.
Biol., 73, 515-548, (2011).

[19] Y. Q. Wang, X.Y. Yang, J. Wang, A Rumor Spreading Model with Control Mechanism on
Social Networks, Chinese Journal of Physics, 52, 816-829, (2014).

[20] J. Wang ,Y. Wang, SIR Rumor Spreading Model with Network Medium in Complex Social
Networks, Chinese Journal of Physics, 53, 020702, (2015).

[21] D. H. Zanette, Critical behavior of propagation on small-world networks, Physical Review E,
64, 050901, (2001).

[22] D. H. Zanette, Dynamics of rumor propagation on small-world networks, Physical Review E,
65, 041908, (2002).

[23] L. J. Zhao, Q. Wang, J. J. Cheng, Y. C. Chen, J. J. Wang, W. Huang, Rumor spreading model
with consideration of forgetting mechanism: a case of online blogging live journal, Physica A,
390, 2619-2625, (2011).

[24] X. Zhao, J. Wang, Dynamical Model about Rumor Spreading with Medium, Hindawi Pub-
lishing Corporation Discrete Dynamics in Nature and Society 2013, Article ID 586867, 9 pages,
(2013).

[25] L. J. Zhao, J. J.Wang, Y C. Chen et al., STHR rumor spreading model in socialnetworks,
Physica A, 391, 2444-2453, (2012).

[26] Z. L. Zhang, Z. Q. Zhang, An interplay modal for rumour spreading and emergency develop-
ment, Physica A, 388, 4159-4166, (2009).





