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Abstract: This article puts forward the double pulse delay investor sentiment spread model, using the
stroboscopic map of discrete system, prove the existence of periodic solution, by impulsive differential
inequalities proved the global asymptotic stability of the emotional balance, use comparison principle prove
persistent rumors of impulsive differential equation, analyses the threshold delay affect mood, finally, the
numerical simulation results, the result confirms my analysis very well.
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1. Introduction

Investor sentiment is one of the research emphases in behavioral finance. It is generally believed that
the stock market is the barometer of China's macro economy. Similarly, investor sentiment can be compared
to the weathervane of the stock market. In real trading situations, investors make decisions not only based
on some simple established facts and obvious information, but also rely on their own intuition, others'
comments, other investors' opinions and psychological activities to make the final decision. Therefore in the
behavioral finance theory of investor sentiment by educational world attention, more and more investor
sentiment volatility can affect the stock market share price volatility and trading main body of the trading
strategy, under this background, combining the actual operation condition of our country stock market,
investor sentiment was discussed thoroughly in our country stock market and the impact of income whether
for investors or the government regulators have far-reaching significance. This paper considers the
emotional transmission process based on the models of infectious disease and rumor transmission.

2. Literature Review

Previously, Li and Ma [1] discussed the influence of government punishment and individual
sensitivity on rumor propagation and took into account some rumors related to hot events. The results
showed that increasing the severity of government punishment and individual sensitivity could effectively
control rumor propagation. [2] believes that compared with educated people, uneducated people have a great
chance to receive the information. He investigated the influence of education level on the final scale of the
rumor, and concluded that the more educated people inside, the smaller the final scale of the rumor. [3]
considered the global asymptotic stability of neutral inertial BAM neural network with time-varying delay.
Using the theory of variation and homomorphism, a suitable lyapunov functional is proposed. Based on the
matrix equation, the delay correlation sufficient conditions for the existence and global asymptotic stability
of a class of neutral inertial BAM neural networks are established. [4] established a rumor propagation
model considering the proportion of the wise in the crowd, believing that the velocity of rumor propagation
is a variable that changes with time in our model.

[5] extended the SIR information propagation model to analyze the influence of network structure on
rumor propagation when considering group propagation, and studied the basic reproduction times of rumor
propagation in the model, indicating that rumor propagation with larger groups is more effective than with
more groups. In the small world network, [6] studied a rumor propagation model that considered the change
of forgetting rate over time. The larger the initial forgetting rate or the faster the forgetting rate, the smaller
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the final size of rumor propagation. The numerical solution also shows that the final scale of rumor
propagation is much larger under the variable forgetting rate than under the constant forgetting rate. [7]
studied the influence of rumor control measures on rumor propagation through numerical simulation, and
proposed the method of crisis management. [8] proposed a dynamic model of rumor propagation 2SR,
considering that each communicator in the network rotates between high active state and low active state
according to a certain probability. Considering that exposed nodes can become removed nodes at a rate, [9]
presented a new SEIR model of rumor propagation on heterogeneous networks. [10] proposed 12S2R rumor
propagation model with general correlation function in homogeneous network and I12S2R rumor propagation
model in heterogeneous network. The dynamic model of rumor propagation I2S2R is established in
homogeneous networks, and the free equilibrium problem is discussed by taking two general correlation
functions into consideration.

[11] considered the different attitudes of individuals to rumor propagation, analyzed the local and
global stability, balance and rumor existence balance of rumors, and found that those who hesitated to
spread rumors had a positive impact on rumor propagation. [12] proposed a time-delayed SEIRS epidemic
model with changes in pulse inoculation and total population size. The results show that short - time or large
- pulse vaccination rate is a sufficient condition for disease eradication. [13] proposed a hon-markov model
to describe the complex contagion adopted by a sensitive node that must take into account social
reinforcement from different levels and neighbors. [14] study the kinetics of double the spread of rumors
and at the same time, this paper introduces the two double rumor spreading model: DSIR model and C -
DSIR model. Provided by the state vector expressions and double rumors spread mechanism, introduced a
select parameters theta to express differences attractive, results show that the new rumors the start time of
the closer it gets to the best of time, so the more strongly they depend on each other. By analyzing the
characteristics and modes of rumor propagation with forgetting effect, [15] established a class of SIRS
rumor propagation model with time delay in scale-free network environment, and calculated the basic
regeneration number in the propagation process. [16] studied the stability and Hopf branch of a SEIR
pollution-infectious disease model with time delay, saturated infection rate and saturated treatment function,
and analyzed the local stability of disease-free equilibrium and endemic disease equilibrium by means of
eigenvalue theory and routh-hurwitz criterion. Meanwhile, the delay is taken as the branch parameter to
obtain the conditions for the existence of Hopf branch. [17] systematically sorted out several classical
models of infectious diseases and derived several methods for the basic regeneration number of infectious
diseases models.

[18] studied the threshold dynamics of a random time-delay SIR epidemic model with immunization,
and obtained sufficient conditions for the extinction and persistence of the pandemic. [19] expressed
concern about the asymptotic nature of transient immunity in the stochastic delayed SIR epidemic model,
and obtained the threshold between the average persistence of epidemic and extinction. [20] studied the
effects of vaccine immunization and out-group migration on the transmission behavior of SIR infectious
diseases. [21] proposed a novel SIR model, in which both delayed infection and non-uniform transmission
are considered as two factors influencing the disease transmission behavior.

However, considering the pulsed interference of external information on investor sentiment, as well as
the double delay of disseminators and resisters, no comprehensive research has been conducted. Here, we
will solve these problems to find out more influential factors affecting the spread of investor sentiment.

3. Model Description

Based on the original SIR rumor spread, the former takes into account the different attitudes to the
spread of the disease, which will be divided into groups (E) the ignorant people who don't understand (for),
(I) communicators (accept rumors spread information and to the people around), and the resistance (R)
(know rumours but refused to surrounding people spreading rumours) here for emotional communication in
the process of financial investment investors can be divided into three categories of people: did not receive
some kind of mood of the person (S) that is susceptible people; the person who receives an emotion and
transmits it (1) is the transmitter; the person who refuses to spread the emotion (R) is the person who resists
it. In the traditional rumor propagation model, time delay is added:

(1) In the process of communication, communicators(l) have propagation time delay § due to delayed
communication or information transmission speed.
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(2) Groups that are already boycotts may receive too many messages and forget them, so that they
stop boycotting after a period of time 7.

(3) For the transmission of a certain emotion, there will be some messages that affect the change of
emotion and thus affect the decision within a period of time. It is considered as a periodic pulse, and the
probability of the occurrence of the pulse causing the change of emotion is p.

(4) Population input is a constant B.

The transmission rate between individuals is a, and the probability of any group exiting the
investment process in the process of financial communication is u. When people (S) without emotional
infection contact with the transmitter, the probability of them becoming resisters (R) is 8. Then there is no
resistance, and the probability of actively transmitting emotions finally becomes a communicator is 1 — 6;
the probability that the disseminator will reject the spreading due to the delay of the spreading speed and
thus become the resister is (1 — 8)ae #35(t — §)I(t — &),the probability that the resister will become the
suscept(isble because of receiving all kinds of information for a long time is (1 — )aS(t — 6 —T)I(t — 6 —
T)e_”( +7).

GaST .

{

(1-0)asI . 1-Oae ™St —8)I({t—5)
I.

; ¥
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Figure 1 :The structure of emotion spreading process

Thus, the dynamic mean-field reaction rate equations can be written as:

Z—f: B-aSt)I(t)+(1-0)aSt-6—-1)l(t-6—-71)e™ ™ —uS (D

% = (1-0)aS )1 (t) - (1-0)aS(t - 5)1 (t - 5)e™ — ul (t)

‘Z—T = 0aS ()1 (t) + (L-0)aS(t-O)I(t-3)e ™ —(1-0)aS(t—-5—7) I (t—5—7)e ™™ " — uR(t)
S(k*)=(1-p)S(k)

I(k*) = 1 (k)

R(k") = R(k) + pS(k) )

Let's say N(t) = S(t) +I(t) + R(t), it is easy to get to N'(t) = B — uN(t) which is gimN(t) < Z—?
S0 S(t), I(t), R(t) is the final bounded function.

3.1 Global asymptotic stability of emotionless periodic solutions
Lemma 1. Consider impulsive differential equations:

%za—bx (), t #kT

X(t") =@Q-p)x(t),t =kT
which has a unique positive periodic solution

—b(t—kT)
Y(t) = a 1- pe—m
b 1-(1-p)e

)

} KT <t <(k+D)T

Wherea > 0,b>00<p < 1.
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Proof: It is solved by the first equation of the model:
X(t) = % + (x(KT) - %)eb“”’ KT <t<(k+D)T
Let x(kT*) = x;, the pulse stroboscopic mapping be done:
X, = (- p>{%+ (%, —%)e‘”} = f(x,) @3)

, _ _ a _ay__pr . . . _a(1-p)(1—e~bT)
It'seasytoget f(x) = (1—p) [b + (x b)e ] There is a fixed point x *, x *= P (—p)e-PTy Due to
If ()| = (1 — p)e~ Tk < 1 Therefore, the sequence determined by (3) converges to X and the periodic

pe-b(E=kT)
| ir<t<@+DTREZ

solution exists in model (2),the periodic solution is X¥(t) = %[1 AT

Lemma 2. consider the following delay differential equation:

% = ax(t —7) —bx(t)

Both of a, b and.7 are normal Numbers, besides x(t) > 0,t € [—t, 0].
(1) If a < b, then %imx(t) =0.
(2) If a > b, then %imx(t) = +oo0.

The existence of periodic solutions of model (1) is discussed below:
When considering the existence of emotionless equilibrium point, we know that the final stable state
emotion does not exist, that is %iml (t) = 0, therefore, the model becomes:

‘Z—f =B-aSM)I(t)+(1-0)aS(t-5—7)I({t-5—-7)e ™ — 18 (D,t=kT,keZ,
R _
dt

{S(k+) =(@1-p)S(k),t=kT,keZ,

OcS(t)I (1) +(L-0)aS(t-8)I({t-0)e™ —(1-0)aS({t—o 1)l (t—5—1)e ™™ — 1R(t),t #kT ke Z

+

R(k*) = R(k) + pS(k),t =kT ,k € Z, @

Ifn = {(S,R),S +R< 5}, Q is the forward invariant set of the model.

- —b(t—kT)
The solution of (4) is S(¢) = 3[1 - m] kT <t<(k+ DT
~ _ BP pe—b(t—kT)
R(t) = #(1_9_,”)[ - 1_(1_p)e_,,T] kT <t< (k+ 1T

Lemma 3. consider the following impulsive differential inequality:
m'(t) < p(t)m(t) +q(t).t 1,
m(t,) <d,m(t,)+b,,t=t, k=12,
Where p(t),q(t) € C[R,,R],d; = 0and by, is a constant, if
() Sequence {t, } satisfies 0 < t, < t; <t, < ---,and ]l(imtk =
(i) m(t) € PC'[R,, R] And if m(t) is continuous to the left of point ¢, (k = 1,2,--+), then
t t
m(t) < m(to) (ey<e e di) €xp { [ p()ds} + TeyetoeTeyet<e dic €xp {7 p(s)ds]) by +
tf {fstp(u)dv} )
fto * e, <t <t dic €xp is true.
] (1—9)a[B+(1—p)ae‘”(5+T)i—§](1—e‘”T)(1—e‘“5)
Define R = Z[1—(1=p)e—AT]
So, we get the following theorem:
Theorem 1. When R =< 1, the emotionless periodic solution ($(t),0, R(t)) of the model is globally
asymptotically stable.
Proof: in region £2, obtained by the first equation of the model:
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as <B+(1-6)aS(t-06—-1)l(t—05—71)e ™) — 1S(t)
Consider the differential equation of impulse comparison:
V) =B+(1-Qay(t-5-7)l(t-6—-71)e ") — y(t),t kT, ke Z,
St)=@Q-p)S(t),t=kT,keZ,
The solution is obtained from the differential inequality above
2
B+(1-6)ae sz e
~ U pe
y(t) = [1— 7 }
U 1-(1-ple 6)

According to the comparison theorem of differential equations, there is an integer k, > 0, so that when t >
koT, there is
(5+7) B*
—u(o+r —uT
B+@Q—-6O)ae™ ?)(1—e “)

S <y)+e< 11— (1—P)e ) +&=3 @

— M(q_p,—Us
(1-6)asM(1—e™# )—1]1(1,“)

u
— Meq_,—Us
R*<1 50 (1-6)as™(A—e™") <1 ,And for Ve %imlS(t) -SM@®)=0 ,we can get

u
I'(t) < #[(1—9)(151"(1—9—#6) — 1]I(t) = 1(0)e°t, then ti’s easy to calculate ii’gl(t) =0.
Let's say V() = |S(t) — S(¢)| when ¢ = kT the derivative of V(t) with respect to ¢ is
V() = signS(t) - S ©)['(1) - S (1)
<[B+(1-0)aS(t—38—1)lI({t -5 —7)e ™ — 1S(t)— B+ 1S (t)]
<= 4SO -SO<n -V )
Where 7 = (1 — B)aSI(O)e_“(l + e~H(SHD) (8)

And by the the recursive formula: V(¢) = (1 — p)V(t) 9)
Combining with the equations (8), (9) and lemma 2, we can know:

- — T 2T
V(") S VO —p)em + T e ) Tlckrae(1 — e d(us) + f; Ts<kr<e(1 — P)et d(us) +
t
o fgr Hsarr<e(1 = p)et d(us)]
S VOH)(A - p)e ™ + e K1 — )T — 1) + (1 =PI (T — DelT + -+ (1 - p) (e -
1)3”([t]_1)T + e#t — e“[t]T]

From the second equation of equation (4): I'(t) < uf

ehT
A - e - D - G—p"]
_ n (1_p)[t]+1(eHT_l).,.peu([t]—l)_Te—ut
=V(OHA-p)lle™ + 0 T +1]

(10)
We know from the above equation %imV(t) = 0 thus %imS(t) = S(t), and in the same way, we can prove

that LimR(t) = R(t).
Corollary 1.for model 2, there are the following conclusions:
2

(1) When (1 — 0)a[B + (1 — p)ae O+ %] < p?, the basic reproducible number R *< 1, then
the emotion transmission finally disappears.

(2) When (1 —8)a[B + (1 — p)ae #6+D Z_z] > u? But propagator propagates time delayd > & *
,When the pulse interrupts » < p * the emotion propagation finally disappears.

Y PSp<p propag y disapp
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5*:£In( /,12[1—(1— p)e_ﬂT]

p(1-0)eB(L-p)L-e )L~ e"”’))

(L=0)afB+ (- p)ae@) B 1— u7)a—e)
U

p* = lue—yT

3.2. The persistence of the emotions, the enduring proof of the model
. (1-0)aB(1-p)(1—e~HT)(1—eH5)
We define R, = ) uz[l—)((l—p)e_”T]
Theorem 2. If R, > 1, the emotion eventually does not disappear, but tend to a non-zero state of stability,
the model has a positive periodic solution, and the model persists.
Proof: since both S(t),I(t). R(t) are upper bound functions, we only need to prove that they have non-
negative bounds.
If for any small positive number m, there ist, > 0, when t > t,, I(t) < m s not true, otherwise, when
t > ty, I(t) > mis always true
According to the first equation of model (2), it can be concluded that:
S'(t) = B— 4S(t) — amS(t)

Consider the differential equation of impulse comparison:
{Z’(t) =B—-(u+am)Z(t),t kT, keZ,

Z(t")=(1- p)Z(0),t =KkT,,k e Z, 1)

According to lemma 1, the equation has a unique positive periodic solution
B |: pe_(/‘+m)(t_kT) :| B |:1_e_,”T + Pe_/uT + pe_(/u"'am)(t_kT):|
1—

Z(t)=

(utam)|” 1-(@-p)e™ | (u+am) 1-(-p)e " 12)
According to the principle of differential comparison of impulses, 3¢t; > 0, whent > t, ,there is
- _ _ a—(u+tamT
s 27> ce-PTe ) g
(1 +am)l—(1- p)e tem (13)
— _pHS _ _ a—(u+am)T _ e
R 1 gp m (i€ IBUp)A—e V) (A-Oalloe )/,
pu+am)[L— (L p)e "] pu+ am) 14)
is still true for any positive number m.
U =) - Jig(l—@)ae’”‘SS(u)l (u)du
When t > t;, the derivative with respect to U(t)
U't)=1'tt) — ((L— B)ae S ()1 (t) — 1—O)ae St —5)1 (t —))
=[Q-O)a(l-e)S{) — L1 (1)
— _pHo
> (&= D) 7wy -y )
U
letl = te[?u'tnw]l(t) for all of ¢, when it meets t > t,, I(t) = mOtherwise, 3t, > t; + 8, I(t,) = m,
And When t € [t;,t,], I(t) = L
According to the second equation of the model (1):
I(t) = L ‘J (1— 0)ae S (u) 1 (u)du (16)
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Combining equation (14), we know that I(t) = (1 —0) aZ * ftt_ae‘”(t‘“) I(w)du, so we can get
(1-6)aZ *(1-e )

1(t,) > A-0) aZ*I(t,) ﬁgf“(‘f“)du - I(t,) a7)

This is inconsistent with (14) and therefore the hypothesis I(t) < mis not valid, thus when t > t;, I(t) = m.
From (15), we get U '(¢) > 0 This is a bounded contradiction to U(t), so I(t) < m is not true. Then consider
the following two scenarios:
(1) thereisty, whent>t¢t;,I(t) = m
(2) When t is sufficiently large, I(t) oscillates with respect to m.
Proof: (1) has been proved below only proof (2) is valid, if case (2) is true, it exists 27> 0,ty, > t; + &,
I(tg) =1(tg+h)=m
And this is true for Vt € [t,, to + /], I(t) < mThen, by the continuity of I(t), 3g(0 < g < §),
that makes I(t) > % t € [to, to + 9]
The following are discussed under different circumstances:
1. When < g < &, I(t) = = is obviously true, t € [to, to + ]
Now we can get

102 @-O)a[" e ISl u)du > A-0) aZ *ge”&g —q (8

Let s, = min{%,q} SO I(t) = hy.
2. When g < 6§ < h consider the following two situations:

(DWhen t € [ty, to + J], it’s easy to get I(t) = q

(i)Whent € [t, + &,t, + h], Suppose I(t) = qotherwise it existst *, Whent € [t, + 6, ty + h], for
Vt € [ty + 6,t *], I(t) = g, we know from formula (16):

* - *(1_ a—HO
()2 - 0)a[ e s @)l W)du > T2 “Zﬂ d=e™),

From (16) we can get liminf I (t) = h, > 0. According to the first equation of model (1):
, B Ba
S'(t) 2 B— S(t) —ar—S(t) = B—(— + 1)S(t) (19)
H H
According to the differential comparison theorem of impulses,

. _B@@-p)
!LrglnfS(t)_T_hl>O

e (20)
y7i
The third equation of model (1) can be obtained
R(t) > | t: (L= O)oe - S () | (u)du
It's easy to get from the formula (15) and gim infl(t)=h,>0
1- "4 (1—e#)hh
Ry > =@ ae TA=e N,
(21)

3.3. Numerical simulation

We have introduced the spread of investor sentiment in the pulse function and double under the
influence of the delay propagation analysis, give the theory of emotional spread double delay threshold, the
emotions are analyzed and various groups stable state and its stability when there is no proof, below to
model the influence of various parameters on the mood spread to numerical simulation of the control
variable method is used to estimate the parameters.
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4. Discussion

(1) Figurel show when B=1,u=03,a=02,60=03,6=1,71=2,¢=01,p=02 R=x<1
emotions eventually stop spreading .

(2) Figure2 show when B=1,u=03,0=02606=033d=171=2,=01p=04R*<1
Emotions eventually stop spreading, and the transmitter disappears faster.

(3) Figure3 show when B=18,u=0.6,a =03, =03, =1,71=2,6=0.1,p=04R*>1
emotional transmission persists and tends to stabilize.

(4) Figured showwhen B =18,u = 0.6, = 03,0 = 03,6 =4,1=5¢=01,p=04R*> 1

the transmission of emotions persists, the model oscillations persist.

(5) Figuresba-e show the influence of various parameters on emotional transmission, where Figure 5a
is a relational graph of 6 — R *,in which § and R = is positively correlated, and the basic reproducible
number R * increases with the increase of propagation delay 6. Figure5b is a relational graph of T — R «,
the pulse period T is positively correlated with the basic renewable number, and the shorter the pulse
interference period, the smaller R = is. Figure 5c is a relational graph of 7 — R *, T and R * is negatively
correlated with each other. The longer the forgetting delay is, the smaller R * is. Figure5d is a relational
graph of 8 — R *, 8 and R = is negatively correlated with each other, the greater the probability 6 that the
susceptible will become resistant, the smaller the R . Figure5e is a relational graph of ¢ — R *, a and
R = figure (d) is a relational graph, which is positively correlated with each other. The smaller the
transmission rate «, the smaller R = is.

5. Conclusion

Through model solution and image information verification of numerical simulation, we get some
following conclusions:

(1) Under the impulse action of a reasonable threshold, the process of emotion transmission speeds up
significantly, so adjusting the probability of impulse action (p <p =) can prevent the spread of bad
emotions in the financial market as soon as possible.

(2) According to the relationship between the time delay and the basic reproducible number in the
figure, the time-delay of transmission ¢ is controlled to be § < § * when the emotion transmission finally
disappears, and the longer the delay is resisted, the faster the emotion transmission will disappear.

(3) Strengthen the propaganda of irrational investment cases, improve the rational investment
awareness of investors, so as to increase the rejection rate of bad emotions 8, reduce the transmission rate «a,
and achieve the purpose of making the emotional transmission disappear or become stable as soon as
possible.
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