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Abstract— There is a similarity between the spread of rumors and the spread of infectious diseases. With the advent of the era of Internet,
people can express opinions on the Internet and spread the information, and it provides a more convenient way for spreading rumors, rumors
spread faster, wide transmission range, it’s bad for People's life. Therefore, the construction of a realistic market rumor propagation mode is
better to understand the spread of rumors, based on the research of the stock market investor sentiment, market rumors spread model is
established. Combining the theory of transmission dynamics, we find the basic reproductive number, when R, <1, the stock market rumors fade
away, when R,>1, the stock market rumors will continue to exist. The stability of the equilibrium point is discussed, A reasonable Lyapunov
function is constructed to prove the global asymptotic stability of the equilibrium point. Finally simulation verifies the correctness of the

conclusion.
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. INTRODUCTION

With the digital process of the information age, the stock
investors' means of obtaining and exchanging information are
also changing significantly. The spread of information in the
market has also shifted from word-of-mouth to dissemination
through the Internet and social networking services. Therefore,
the speed and depth of information dissemination have been
greatly developed. Many times can make full use of the rapid
transmission of information to provide urgently needed stock
information. However, it is precisely because of the rapid
development of the network that many malicious information
spread among investors, malicious information has great harm
to the stock market, it greatly damages the stability of the
stock market. So we have to control rumors in the investor
network so as to avoid panic caused by sharp fluctuations in
the stock market.

The spread of stock market rumors is similar to that of
social networks. Firstly, Daley and Kendall¥ point out the
difference between the spread of infectious diseases and the
spread of rumors, and on the basis of the SIR infectious
disease model, put forward the classic DK rumor spread
model, in their model. Interested people are divided into three
groups: those who know and spread rumors, those who do not
know rumors, and those who know but do not spread rumors.
Then Jen Hsi and Thomson™? modified the DK model to the
MT model, which becomes an immune (knowing but not
spreading rumors) once the communicator contacts another
communicator. Based on these early models, many researchers
have studied the topological Properties of rumors and related
social networks . Janet ¥ studies the existence of rumor
propagation models in small-world networks and discovered
critical thresholds for rumor propagation. In addition, Moreno
et al.™® have studied the dynamics of scale-free network
rumor propagation. Ashham!® analyzed the final distribution
of rumors on the general network. In the DK and MT models,
the immune is the only way to assume rumors die.In reality,
however, spreaders may forget to spread rumors or choose not
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to spread them because they have lost interest, which can also
lead to the cessation of rumors. On the basis of considering the
network topology, Scientists began to seriously consider the
role of rumors in human behavior and the spread of different
mechanisms’*®. Zhao et al.l? considered and analysed the
impact of forgetfulness rates on the dynamics of rumors
spread, The results show that the rate of forgetting will affect
the spread of rumors. Xia et al.’! proposed a SEIR rumor
propagation model considering hesitation mechanism. The
conclusion shows that reducing the fuzziness of rumors can
effectively improve the spread of SEIR model. Wang et al.
Floroposed a new SIR rumor propagation model by
introducing the trust mechanism between the unknown and the
propagator. They concluded that the introduction of trust not
only greatly reduced the impact of rumors, but also delayed
the end of rumors. In most previous studies, the forgetfulness
rate was considered a constant. In reality, however, the longer
the rumor is held, the more likely it is to forget it. Therefore,
the oblivion mechanism shows a strong time-dependence.
Zhao et al.™proposed a variable forgetting rate rumor
propagation model based on exponential forgetting function.
In this paper, we discuss the influence of individual
forgetfulness rate on rumor propagation when the rate of
forgetfulness does not change with time. Wang et
al.™consider the SIHR rumor propagation model based on
forgetting mechanism and memory mechanism. It is
concluded that the forgetting and memory mechanism can
affect the final rumor size. Wang et al.'? proposed a SIRaRu
rumor propagation model and discussed the immune strategy
of the rumor, and obtained the immune threshold and
transmission threshold. Comey™® takes into account the
influence of the group's education rate on the spread of
rumors, and the results show that the group The more educated
people in the body, the smaller the final size of the rumor. In
recent years, scientists have found that in the stock market,
investor sentiment has a great impact on the spread of stock
market rumors, investors spread rumors more based on their
emotional changes. Wang et al.™ proposed a 2S12R model for
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spreading two kinds of rumors in the group. In this paper, it is
found that more attractive rumors can suppress the spread of
another kind of rumors. Huo ™ introduces a dynamic model
of rumor propagation called 12SR, in which the activity of
nodes is considered and the communicators are divided into
those with high active transmission rate and those with low
active transmission rate. Based on the proof of LaSalle
invariance, it is the global stability principle of the internal
equilibrium point of the model. The influence of the delay
effect advantage on the spread of rumors is also very obvious.

The above model has made a great contribution to the
spread of rumors on the social network, but unlike the stock
investor network, the spread of rumors in the investor network
is closely related to the sentiment of the investors. Because the
information or rumors are related to their vital interests,
emotional changes directly affect the spread of rumors. With
this new pattern of rumor spreading, we establish an IHSRW
dynamical model including spreading between individuals and
medium-to-individuals to describe more accurately the actual
pattern of transmission, which has not been studied in
previous papers. Then the mechanism under spreading
between individuals and by medium can be investigated by
resorting to the model. Furthermore, we also give the main
influence factors of transmission to government that can
propose efficient measures to keep the stabilization of society
and development of economy.

II.  MODEL FORMULATION

In this section, the total number of investors we consider is
a time-varying representation N(t), when the stock market

rumors spread, similar to the spread of rumors in the social
network, in the investor network, because of changes in
investor sentiment, investors will be divided into four types of
people: the ignorant I(t), the hesitantH(t), the

spreaderS(t)and immune personsR(t). They represent

investors who have no contact with stock market rumors,
investors who hear rumors but are hesitant to participate in the
rumors, investors who spread rumors, and investors who have
lost interest in stock market rumors and stopped spreading
stock market rumors. Rumors spread not only through human
contact, but also through the media. The number of rumors
Media spread is recorded as W(t) .

The rules governing the spread of stock market rumours
are as follows:
(1) We assumed that the ignorant crowd has a constant
input/recruitment rate B which is named immigration
constant, Where B is the number of individuals entered in the
whole group per unit time, and it does not represent the
proportion of input individuals in the entire population. Each
class has a same emigration rate which is denoted by a
positive constant z¢ .
(2) When ignorant investors are in contact with spreaders, they
have three possible options: to spread rumors immediately, to
refuse to spread rumors, and to hesitate to participate in the
spread of rumors. The probability transformation is g ;

(3) The ignorant may also be affected by rumors spread in the
media. They have three possible options: to spread rumors
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immediately, to refuse to spread rumors, and to hesitate to
participate in the spread of rumors. If he is neutral to rumors,
he becomes a hesitant, the probability is 6,, ¢,<(0,1) ; Ifhe

spreads rumors, he becomes the communicator, the probability
is 05, 926(0,1) ; If he chooses not to spread rumors, he

becomes immune, with a probability of 1-g,—g,,

0.+0,<(01)s
(4) After consideration for a period of time, the hesitant has a
probability to become a spreader or immune ,when they
believe in rumors and choose to spread, thus becoming
spreaders; when they do not believe in rumors, thus becoming
immune, set the ratio of the former is ¢, the ratio of the latter
is 1—¢ ,where @ € (0,1).
(5) At any time, some affected individuals lose their interest in
spreading rumors or identifying rumors, and they no longer
spread, thus becoming resistant individuals at a rate &,
reducing the number of affected individuals.

All rates are positive constants.

Based on the above assumptions and assumptions, the
flow chart of the model is drawn, as shown in figure 1; the
meaning of each symbol is shown in Table 1.
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Fig. 1. The flow diagram of the model

TABLE 1. The notations of the model.

Notation Description

The number of susceptible individuals at the time t

The number of hesitating individuals at the time t.

The number of affected individuals at the time t.

The number of resistant individuals at the time t.

The quantity of messages by medium

W |S|m;|»w|x|—

The number of individuals entered in the whole group per unit
time.

The proportion of susceptible
individuals.

individuals to hesitating

D
=

The proportion of susceptible individuals to affected individuals.

Rumor transmitting rate from spreader.

Rumor transmission rate from medium.

The proportion of individuals moving out per unit time.

Progression rate, conversion rate of hesitating individuals to
affected
or resistant individuals.

The rate of affected individuals becoming resistant individuals.

The proportion of hesitating individuals to affected individuals.

S0 I | =[RS
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Therefore, based on the above discussion, the following
mathematical models are established:

di

— =B— /Sl —aWI -yl

o BSI =Wl —

dd—nglﬁS|+glaW|—77H—yH

ds

= 05+ 001+t =5 48 @
dr

Fr A=60:=0,) 531 +(1- 0. = 0,) AWl +(1-)yH + 5 — 1R

W _ s —kw

dt

Where, B>0,>0,a>0,u>0,1n1>0,£>0,0,€ (0,1
0,<(01),6,+6,<(01),¢<(01)
S(t) + H(t)+ 1(t) = N(t)
It is easy to know that daN =B—uN>
dt
SO N(t) = (NO_E)e"’tJrE,Where No=N(0) ,and
U )z

then jim, _..N(t) = E .The positive invariant set of

system(l)is:l":{(l,H,S, R)eR;:1+H+S+R SE}
U
I1l.  ANALYSIS OF THE MODEL

3.1 Non-propagation basic

reproduction number
It is easy to observe that the model has a non-propagation

equilibrium  point and

equilibrium point given by the following: g, = (E,O,O,O,O) .
7,

Then, we will find the basic reproduction number R, of
system (1) by the next generation matrix . Here, R, is defined

as the expected number of a new generation of rumor
spreaders produced by a single spreader. The basic
reproduction number plays a very important and significant
role in designing the control intervention for a system.

LetX =(H,S,W,R,1)", then system (1) can be

written as :
dX
E=F(X)—V(X) 2
Where
_91ﬂ5| +6,0aWI ]
0, S| +@,aWI
F(X)= 0
0
L 0 -
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nH + uH
—onH + &S+ S
V(X)= kW — A4S 3
—(1-61—-62) 51 —(1-6:— 9,)aW! — (1—p)H — &5 + 1R
—B+/4SI +aWI + 4
We can get:
0 HlﬁE 60—
7]
F=|0 HzﬂE 49205E
U
0 0 0
n+u O 0
V=|-pn e+u 0 (4)
0 —-A k

Hence, the basic reproduction number of system (1) is the
spectral radius of matrix Fy = , which denoted by R, and it
is given:

= (a/1+ﬁk)B[02 (,U+77)+91(077] (5)

o= p(F
Ro=p(FV k(e £)(ga+ 1)

Theorem 3.1 The non-propagation equilibrium point E, is
locally asymptotically stable for R,<1 and unstable for
Ro>1.

3.2 Global stability of non-propagation equilibrium point
Theorem 3.2 The non-propagation equilibrium point E, is
globally asymptotically stable if (k +al)B <k yz .

Proof. We consider the Lyapunov
function: L(t) = H(t) + S(t) + R(t)
L'(t) = 6, 551 + @raWI —H — H + 9, 551 + 9, W1 + onH — &8 — 118

+(1-61-0,) 881 +(1-6:- 0,)aW1 + (L p)H +5 — 1R

=Sl + oWl — yH — 1S — 1R

=(—u+p1)S+aWl — u(H +R)
Since | < E,we have

7]

L'(t) = (—u+ p1)S +aWI — p(H +R) < (—p+ il +a% 1)S

If (fk+al)B<ky’ L'(t)<0

Moreover, since z>0 , it follows that L'(t)<0 if
(fk+al)B< kyz_

Furthermore, L'(t) =0ifand only if H=S=R=0.

The only solution of system (1) in I'on which L'(t)=0
is Ey. Thus, by LaSalle’s Invariance Principle, every solution
of system (1) approaches Egast — oo .

Hence, E, is globally asymptotically stable.
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3.3 The existence of propagation equilibrium point
AssumingE"(1°,H",S",R",W)is the
system(1), it must satisfy the following equations:
B—SI —aWl —ul =0
.55 +9,.oWl —nH — uH =0
0,55l +0,aWIl +pnH — &S — 1S =0 (6)
1-6:=602) 51 + (1= 6:—0:)aWl +(1-@)yH + &5 - 1R =0
AS—kW =0

steady of

Solving the last equation of (6),we
getiw = A4S , Substituting for :ﬁ in the equation
k k
(6),then we can obtain:
B - /Sl —a%l —ul =0
6. 55| +01a%I -nH—-uH =0
AS
9zﬁSI+0za7l+¢f7H -&S-uS=0 (7
AS
A-61-0:)51 +(1=0,- )=~V +{L-@)yH +5 — 1R =0

Solving the first and the second equation of (7), we can
find that:

e Bk e 0(@d+ fOSTI ®)
S™(ard+ BK) + 1k k(u+mn)
Substituting for (4) in the third equation of (3), we can
obtain:

*_ B[Hz(ﬂ+77)+¢91€077]_ /'lk (9)
(u+e)u+m)  al+ K
In terms of the basic reproduction number, g"is

rewritten asg* = (Ro—1)-Hence, we summarize this

+ K
result in the following theorem.
Theorem 3.3. If R,>1, the system (1) has the propagation
equilibrium E*(1",H",S",R",W") where
* B * Bel *_ ﬂk
I'=——H'= (Ro=D)S"=—"—
HRo Ro(u+1) ai+ pk
. 1-9,-6)B (1- B &
R — (Ro_l)[( 91 91) +( ¢))7791 +
HRo (u+mpuRe  ad+pK"

(Ro—1)

(Ro—1).

«  Au
al+ pK

3.4. Local stability of the propagation equilibrium

W

Theorem 3.4. The propagation equilibrium point " is locally

asymptotically stable if

(CAL B o Oz 0Py (R,-1) <2
u UK 1Ke

Proof. We have the Jacobin matrix at g is
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* /‘vS* * a/“*
-ps o 0 -pI S 0
« s’ « il
. s+ — (et fpr+= 0
JE )= ¥ R (10)
. i
pops'+ 25 m B 0
« (101 )acs” (18109 oot
(085 (o (g e

It is found that the characteristic roots of Jacobin matrix
I(E")are —u and the roots of the equation:
kh3+xh2+xh+x;=0 1)

Here,

xi=K@u+n+e)+(al+ p)(S -6,1) (12

xo = 3K 4° + 24k (n + ) + ek + (@A + fK) (e S = rom 1)

+(ad+ ) +24)(S - 6:1") 13)
Xs = (u+m)(ad+ B[(u+€)S =0, s 1]+ pK[(pe+ £) (1 +17)
SAUICZEY:STN (14)

X, X~ X =K Bun+&)Bu’+2un+ ue+ne)
+(@h+ ) Qun) (S -0,
+k@u+n+e)(ad+ fK)eS -gonl)
+(@d+ ) (S -aon 1S 6,1
+K(ad+ K)(S =0, 112 "+ Tun+n"+2en +4uz)
+17 (@A + BR) (w00, 1+ 1k Gron]+[(u+€)(u+n)(2-Ro)  (15)

B . K ;
' § = ,—1yinto (11)
S ” (Ro—1)

By substituting |* =
HRo ad+

~ (15), we can get:
(AL POB g Oz 00y < (R, -1 < 2 then
u K ke
% >0, X,>0, X X,~ X;>0
and hence the Routh-Hurwitz  criteria  are
satisfied.According to the Routh-Hurwitz stability judgment,
E" is locally asymptotically stable.

3.5 Global stability of the propagation equilibrium
Construct Lyapunov function:
L®=[(1 -1+ (H-H)+(S-8)+R-R)f
L®)=2(1-1)+H-H)+(S-8)+(R-R)[I'+H'+S'+R]
=2(1=1)+(H-H)+(S-$)+(R-R)[B-p - pH — 15— 1R]

Because E’satisfy (6), so it follows that
B—ul —pH —uS —uRr =0, in other words,
B=ul +uH +uS +uRr

Then, we can get:
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L' =2[(1-1)+(H-H)+(S-5)

. 45 T
+(R=R)I[B—p - pH — 1S - 1R] )
* * * - — B
:2[(|_|)+(H_H)+(S_S) 4 77( KXX ++?¢#+W<Hﬂ‘rtuw N A N ig;
+(R=-R)u " +pH +uS +pR —pl = pH — 1S — 1R] §35 7( R ff* e wol
==2(1-1)+(H-H)+(S-9) S 3 X
+(R=R)u(1 1)+ u(H —H) + (S =) + u(R-R)] 7 e ? i
* * * H\ 12 g 7 F %&%
==2u[(1-1")+(H-H)+(S-8)+(R-R)] <0 S
Thus, for system (1), the rumor existence equilibrium g” g 7" Vi
is globally asymptotically stability by LaSalle Invariance z J V. e
Principle.Hence, we summarize this result in the following S v g’é
theorem. 05[ B oot O O O O
Theorem 3.5. The rumor existence equilibrium E”is globally ]
asymptotically stability. o : " e P P - . o
IV. NUMERICAL SIMULATION Fia 3 t
. . . . 19. 5.
In this section, we will present some numerical
simulations to illustrate the previous theoretical models and Finally, we come to discuss how the parameters
results. associated with rumor propagation affect the spreading of
First of all, we choose  rumors in the model outlined in the present paper.
B=0.5p3=0.2,04=0.50,=0.30,=0.2,u=0.5,
n=0.2,6=0.1,¢=0.1,then R,=0.1043<1. Theorems 3.1 08 o
and 3.2 show that the rumor dies out and the non-spreading 07 ——s() 11
equilibrium is stable. Figure 2 validates this conclusion. 5 RO
= 06 W)
0 fﬁzﬁ‘*ﬁ g 0.5 /
08 g 0.4 /
% 0.7 [/f g 0.3 /
;J 06 % 0.2
Al g —
=) 0.1
E O0 5 10 15 20 25 30 35 40
8 t
Fig. 4(a). =0
0.7 19 -
s SH— ‘ g)t
Fig. 2 0.6 —_— REt; I

— W(1)

Second, we choose
B=2,=0.2,a4=0.50,=0.2,0,=0.4,u=0.25,
n=0.3,6=0.2,p=0.3then R,=7.402>1, Theorems 3.4

and 3.5 show that rumor is persists and stable. Fig. 3 further
validates this conclusion.
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51
http://ijses.com/
All rights reserved



Ao o

Volume 3, Issue 3, pp. 47-53, 2019.

0.2
0.18 /
0.16 e
2 014 |
4 I/ —— =03
3 0.12 —t
g ) 0,=0.5
@ 01 // 0.2 o]
[ =Y.
0.08 ¢
0.06 //
0.04
0.02
5 10 15 20 25 30 35 40
t
Fig. 5.

Separate consideration @,=0.1,4,=0.3,9,=0.5, the
density of the spreader varies with time. As you can see from
the graph, when as @, increases, the density of the propagator
increases. Finally, a stable state is achieved. In other words,

reducing the proportion of hesitation in investment networks is
an effective way to reduce the spread of rumors.
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=
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Fig. 6.

Separate consideration @,=0.2,9,=0.4,9,=0.6, the

density of the propagator varies with time. As you can see
from the graph, when as @, increases, the density of the

propagator increases. Finally, a stable state is achieved. In
other words, in the investment network, it's not hard to find
out The reduction is beneficial to reduce the spread of rumors,
can effectively control and reduce rumors.
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Fig. 7.
Separate  consideration  77=0.2,7=0.4,7=0.7 ,the

density of the propagator varies with time. As you can see
from the graph, when as pincreases, the density of the

propagator increases. Finally, a stable state is achieved.
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Fig. 8.
Separate  consideration £=0.2,6=0.4,¢=0.7 ,the

density of the propagator varies with time. As you can see
from the graph, when as & increases, the density of the
propagator decreases. Finally, a stable state is achieved.
Finally, a stable state is achieved. In other words, in the
investment network, it is not difficult to find that the increase
€ is conducive to reduce the spread of rumors, can effectively
control and reduce rumors.
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Consider separately ¢=0.2,0=04,0=0.7, the

density of the propagator varies with time. As you can see
from the graph, when as ¢ increases, the density of the

propagator increases. Finally, a stable state is achieved.

V. CONCLUSION

In this paper, the media reporting effect is taken into
account in the spread of stock market rumors, and the different
attitudes of investors to rumors are taken into account, and a
corresponding model is put forward. The basic regeneration
number of stock market rumors is obtained, and the stability of
the non-propagation equilibrium point and the propagation
equilibrium point of the system are analyzed at the same time.
The numerical simulation is carried out by Matlab software.
The following conclusions have been reached:

Due to the emergence of the Internet and the increase of
the spread of rumors, we spread rumors from word of mouth
to expand the media, the media play an important role in the
spread of rumors in the stock market; Through numerical
simulation, it is found that the process of rumor propagation
becomes complicated because of the introduction of media. To
control the spread of rumors, we should not only control the
propagator, but also control the media news. Therefore, it is
difficult to control the information media of rumors. By
comparing the influence of different parameters on the process
of rumor propagation, we find out the parameters ¢,, ¢, had a

greater impact. It is hard to change people's attitudes in a short
period of time, but we can lead people's reaction to rumors in a
positive direction. For example, strengthen the popularization
and dissemination of knowledge, increase people's access to
knowledge, impose harsher penalties on those who spread
rumors, and so on.

In fact, in the process of spreading rumors, there are more
human behaviors, such as forgetting mechanism, which are
not considered in our model. This paper is only a preliminary
work, a lot of work needs to study more perfect model.
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