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studied. The basic reproductive number Ry is got and analyzed. The basic
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1 Introduction

Online gambling has emerged with the wide use of network technology. Compared with
traditional gambling, the online gambling is stronger interaction, higher concealment, and
more difficult to control [1]. Obviously, online gambling spreads more easily and widely
than traditional gambling. The widespread spread of online gambling phenomenon has a
huge negative impact on society [2—4].

How to control the phenomenon of online gambling is very important. Some scholars
have studied the phenomenon of online gambling from different aspects [5-9]. King and
Barak [10] studied the characteristics of online gambling such as attraction, convenience,
and reasons why people participate in gambling. Dickson-Gillespie et al. [11] found that
effective educational programs, media campaigns, and public policy would be good for
quitting gambling. In addition, we should note the network spread characteristic of on-
line gambling [12]. So, it is important for us to study the spreading dynamics of online
gambling. Through the study of online gambling dynamics, we can comprehensively and
systematically learn about the spreading mechanism and influence factors, which is more
helpful to control the spread of online gambling.

Research on spreading dynamics of online gambling is relatively rare at present. There
are some results in information spreading dynamics and disease spreading dynamics [13—
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18]. Liu et al. [19] studied the spread dynamics of word-of-mouth. Wang et al. [20] pro-
posed a network epidemic model for waterborne diseases spread and considered both
indirect environment-to-human and direct human-to-human transmission routes. King
et al. [21] established a two-way model, studied the influence of some background factors
to gambling spread. However, in the research works mentioned above, the persistence of
online gambling phenomenon and the global attractivity of online gambling equilibrium
are not studied. Meanwhile, some researchers found that the scale-free property is an im-
portant property of social networks [22, 23]. Obviously, the spread networks of online
gambling are based on social networks. So, based on scale-free networks, we study the dy-
namics of online gambling in the paper. Taking into account people’s psychological factors,
anti-gambling policy, we present a new comprehensively SHGD (susceptible—hesitator—
gambler—disclaimer) online gambling spreading model.

The rest of the paper is as follows: The SHGD online gambling spreading model is pre-
sented and described in Sect. 2. The basic reproductive number Ry, gambling-free equilib-
rium Ey, and gambling-prevailing equilibrium E, are derived in Sect. 3. Then, the stability
of Ey, the global attraction of E,, and the persistence of online gambling phenomenon are

studied. Some simulations are shown in Sect. 4. We conclude the paper in Sect. 5.

2 Model formulation
We present a new SHGD (susceptible—hesitator—gambler—disclaimer) online gambling
spreading model. The model has the spread sketch in Fig. 1. In the model, nodes are used
to stand for individuals, and edges are used to stand for the relationships between indi-
viduals. The whole crowd is divided into four different classes, namely susceptible (S),
hesitator (H), gambler (G), and disclaimer (D). S nodes represent individuals who are not
involved in gambling currently and can be influenced by the online gambling behavior; H
nodes represent individuals who know the phenomenon of online gambling and hesitate
whether to participate in online gambling and can spread online gambling behavior; G
nodes represent individuals who take part in online gambling and can spread the online
gambling behavior; D nodes represent the individuals who have given up gambling.
The transitions of these states are as follows:
(1) When a susceptible individual connects with a hesitator or a gambler, he or she can
be influenced and become a hesitator with probability 1 or B,, respectively.
(2) The parameter ¢ represents the probability that a hesitator becomes a susceptible
individual. The parameter n represents the probability that a hesitator becomes a

gambler. The parameter y indicates the influence degree of the anti-gambling policy

SO

Figure 1 The flow diagram of the SHGD model
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to the hesitator. Considering the influence degree of the anti-gambling policy, the
hesitator will become a susceptible individual with the probability x ¢, in contrast, a
gambler with the probability (1 — x)n.

(3) The parameter ¢ represents the probability that a gambler becomes a hesitator. The
parameter p represents the probability that a gambler becomes a disclaimer. The
parameter v represents the influence degree of the anti-gambling policy to the
gambler. Considering the influence degree of the anti-gambling policy, a gambler
will become a hesitator or a disclaimer with the probability ¥r¢ or ¥ i, respectively.
A gambler will become a susceptible individual with the probability y when he or
she loses interest in online gambling.

(4) Because of the psychological factors of the disclaimer, such as forgetting and so on,
the disclaimer will become a susceptible individual with the probability A.

(5) The probability § is the register rate and logout rate. Assume newcomers are
susceptible individuals.

We define Si(£), Hi(t), Gi(2), Di(2) as the relative densities of susceptible, hesitator, gam-

bler, and disclaimer nodes at time ¢, respectively, where k is the node degree. According

to the above description and assumption, we can get the SHGD model as follows:

O = § + ADy(£) + Y Gi(0) + x eHi(£) — kB161()Sk(2) — kBaba (£)Sk(£) — 8Sk(£),
) — 16, (0)Sk(£) + kB (D)Sk(£) + Y 9 Gi(2)
— (1 — x)nH(t) — x eH(t) — $Hi (), (1)
G0 — (1 — x)nHi(t) - Y 1uGi(t) — ¥ Gr(t) — Yo Gr(t) - 8Gr(),
PO _ 1 Gi(£) — 2Dk(8) - SDx(8),

where 6;(¢) is the probability of linking to a hesitator at time ¢ and satisfies

2 kQ(k) _i
O(t) = E(T <k>;kQ(k)Hk(t): (2)

where 6,(t) is the probability of linking to a gambler at time ¢ and satisfies

Zk kQ Gk

0,(t) = )

- % Z kQ(k) G (t). 3)
k

Here, (k) represents the average degree values in the network, and Q(k) represents
the degree distribution. H(t) = ), Q(k)Hi(¢) is the density of the hesitator, and G(¢) =
>« Q(k)Gi(2) is the density of the gambler. We make p(£) = B161 + B262. And according to

system (1), we can get

B — 5 4 ADy(t) + y Gi(t) + xeHy(t) - (kp(2) + 8)Sk (D),
"”k“ = kp(£)Si(£) + oGr(t) — (1 - x)n + x& + 8)Hi(t),
"Gdi = (1= )nHe() - (Y +y + Yo + 8)Grlt),
PO~y Gi(t) — (A + 8)Di(8).




Kong et al. Advances in Difference Equations (2021) 2021:11 Page 4 of 17

According to the normalization conditions, we can know Sy (¢) + Hy(¢) + Gy (¢) + Di(t) = 1.
The initial conditions for the system are as follows:

0< Sk(0)7Hk(O): Gk(o)’Dk(O) <1,
0(0) > 0.

(5)

3 The basic reproductive number and equilibriums
In the section, we analyze the properties of the SHGD online gambling spreading model.

Theorem 1 According to system (4), the basic reproductive number is defined as follows:

oK) Wury+de+dpi+nd- b
O k) Wty +8)((1—x)n+ xe+8) + Yoy +8)

(6)

Consider system (4), we can get:
(1) There is a gambling-free equilibrium Ey(1,0,0,0) when Ry < 1.
(2) There is a unique gambling-prevailing equilibrium E. (S}, H, G, Di) when Ry > 1.

Proof Tt can be easy to find that system (4) satisfies Sg(¢) = 1 — H(t) — Gi(£) — Di(2). Ac-
cording to system (4), we can get

WO _ jep(£)(1 - Hi(D) - Gi(t) — D) + Yo Gi(t) — (1 - x)n + xe + OHi(D),
G0 (1 Y nHi(E) - (W + v + Yo + 8)Gr(t), )

PO =y Gi(t) - (1 + 8)Di(8).

Obviously, there is a gambling-free equilibrium Ey = {(0,0,0)}s in system (7). By using
the next generation matrix method [24], system (7) can be written

dx

=2 20 - 1),

where

X = (Hk, GkrD/()T7

kp(£)((1 — Hx — G — Dy)
jx) = 0 ) (8)
0

(A= )n+ xe +8)Hy — v oGy
)= (Yu+y+ve+8)Gr—(1-x)nHx |- 9)
(A +8)Dy — Y uGy

At E, the Jacobian matrices of j(x) and /(x) are got

]11 ]12 0
J=Dj(Ep)=1 0 0 0], (10)
0 0 0
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Ly Ly O
L=DI(E))=|Ly Ly O (11)
0 Lz L3
where
Q1)  2Q(2) nQ(n)
g |2Q1) 22Q(2) 2nQ(n)
Jii=—— . . . (12)
(k) : : :
nQ(1) 2nQ(2) n*Q(n)
Q1)  2Q(2) nQ(n)
g, |2Q1) 2?Q(2) 2nQ(n)
Ji2 =~ ) ) . (13)
(k) : : :
nQ(1) 2nQ(2) n*Q(n)
Here,
Lu=(A-xn+ve+8),  Lin=-yel,  Ly=-(1-xn),
Ly =(Wu+y+yo+d)l, L3 = —yruld, Lgz = (A +6)1,

where I is an identity matrix. So, we can calculate the basic reproductive number denoted

by
B /A AL TAL) TR g U
(ky (fp+y +8)((1=x)n+xe+8)+vo(xe+s)
where (k%) = Y, k*Q(k).

Next, it is clear that system (4) has a gambling-free equilibrium Ey(1,0,0,0). To get the
gambling-prevailing equilibrium E, (S}, Hf, GF, D), system (4) satisfies

asi(t) dHi(t) dGi(t) dDi(t) 0
e dt a7 a7
So, we can know
8+ ADi(t) + y Gi(2) + x eHi(¢) — (kp(t) + 8)Sk(t) = 0,
kp(£)Sk(t) + Y oGr(t) — (1= x)n + xe + §)Hi(¢) = 0, (14)
(L= x)nH(t) = (Y +y + Yo +8)Gi(t) =0,
VGr(t) — (A + 8)Dy(t) =
According to the above equation, we get
_ +re+8) (Y u+y +e+8)—yon(l—
Sp(t) = (=0 kp(;;)(y )w o101 G, (),
Hi(t) = M@(t), (15)

Di(t) = YL Gi(2).

Page 5 of 17
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By using to the normalization condition S;(¢) + Hj(¢) + Gi(t) + D;(¢) = 1, it gets

Sk(t) n+xe+5)(W+y;i)(l+5)+1/fw(l+6)(xe+8)
k+8)(w+y+w+8>
H*(t) B (16)
Gi(t) = In(L=x)(A+8)
k By ’

i« Py un(1-x)
D (t) B .
And

Bi=kp(@)((h+8)(Wp+y + ¥ +8) + Yunl - x) +n(l - x)(A +8))

+Yoh+8)(xe +68) + ((1 —X)n+xe+ 5)(WIL +y +8)(A+8),

where p(£) = Y kQ(k)(B161 + B26,)/ (k). By substituting the second equation of system
(16) into Eq. (2), we get

_ LZkZQ(k)' POG+Op+y +Ye+d)

By
According to 0,(f) = % = & Y kQUOH() and 6y(t) = % -
(,—1() > kQ(k)Gi(t), we can get 05 = WG* Then, let 6 éf( 05), obviously, 6] = 0
is a solution. In order for 6; £ f(65) to have a nontrivial solution, the following conditions
should be satisfied:
daf (05
A *1) >1 and f(1)<1. (17)
ot lor-o
So, we get

&) Yu+y+ve+8)Bi+nd-x)B .
(ky (Wp+y +8)(L-x)n+xe+8)+v¥o(xe+d)

Ry =

According to Eq. (16), we know 0 < S}, H}, G}, D < 1. System (4) has the gambling-
prevailing equilibrium E. (S}, H}, G, Df). Then, when the basic regeneration number Ry >

1, there is a unique positive equilibrium E. (S}, Hf, G§, D). The proof is completed. ~ [J

Theorem 2 When Ry < 1, the gambling-free equilibrium E is global asymptotically stable.
When Ry > 1, online gambling phenomenon is persistent, which means there is a constant
¢ >0, liminf,, oo >, (H(2) + G(2)) > ¢.

Proof For simplicity, let Q; = iQ(i)/ (k). For the gambling-free equilibrium, system (7) has
the Jacobian matrix of 3n x 3n as follows:

G={: - | (18)
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where
—(A=x)n+xe+8)+p1Q Yo+ 601 0
By = (1-)n —(Yu+y+yo+9) 0 , (19)
0 Y -(A+9)
B1Qn B2Qn O
B,,=| 0 o o], (20)
0 0 0
np1Qr npQ1 0
B, = 0 0 0], (21)
0 0 0
—((A=x)n+xe+8)+nprQ, Yo +npfrQy 0
By = 1-n ~(Yu+y+yo+8) 0 . (22)
0 (n —(A +9)

So, the characteristic polynomial of the gambling-free equilibrium Ej is
(z+)»+8)”‘1(z+1//u+)/+1pg0+8)”‘1(z+(1—)()17+)(8+8)"_1(z?’+sz2 +pz+q) =0, (23)
wheres=((1-x)n+xe+38)+ (Yu+y +¢¢+8)+()\+8)—,312?=1iQi,and

p:((l—x)n+x8+k+28)(wu+y+1ﬁg0+5)+((1—x)n+x8+8)(k+8)
" (24)
~Yon(l=x) = ((Fp+y +¥e+r+20)B1 +n(l - x)B2) Y iQs
i=1
g=(1=x)n+xe+8)(Wu+y+ve+8)(h+8)—Yonl— x)(A+96)

" (25)
— (W +y + Yo +8)Br+n(l - x)Ba) (0 +8) Y iQ:

i=1
Obviously, when Ry < 1, g > 0. It also means

n

(L=xn+xe+8)+ (Wp+y +Yo+8)+(h+8)>p Y iQ (26)

i=1

and

(A=xn+xe+r+28)(p+y +ye+8)+ (- x)n+xe+38)(L+3)

" (27)
>Yen—x)+ (U +y +pe+r+28)B+n(l-x)B2) Y iQ:.

i=1

In other words, we get s > 0, ¢ > 0, and p > 0. According to the above proof, the real eigen-
values A of matrix B are all negative when Ry < 1. Furthermore, there is a unique positive
eigenvalue A of matrix B if Ry > 1. By using the Perron—Frobenius theorem, the maximal
real part of all eigenvalues of A is positive only if Ry > 1. Through the theorem of Laj-
manovich and York [25], we can get the results. The proof is completed. d
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Theorem 3 ([26]) Suppose that (Hi(t), Gk(£), Di(t)) is the solution of system (7), which
satisfies Eq. (5) with Hi(0) > 0 or Gi(0) > 0. If Ry > 1, then lim;_, o (Hy(t), Gk (t), Dr(t)) =
(H, Gi, DY), where (H}, G, Dy) is the gambling-prevailing equilibrium of system (7) for
k=1,2,...,n.

Proof In the proof, let us assume that k is integer between 1 and n. According to Theo-
rem 2, a positive constant 0 < & < 1/3 and a sufficiently large constant 7 > 0 exist to satisfy
Hi(t) > @ and Gi(t) > « for t > T. Thus, p(£) > a(B1 + B,) for t > T. Submitting this into
the first equation of system (7), it is easy to get

dH(t) _

T k(B1+ B2) (1 = Hi(8)) = (1= x)n + xe + 8) H(0) (28)

fort>T.
According to the standard comparison theorem in the theory of differential equations,

for any given positive constant

(I—x)n+xe+d

O<a; < , (29)
T 2Lk(By + Bo) + (L= x)n + xE + )]
there exists t; > T, so Hy(t) < M,(:) —«ay for t > t;, where
k
MY - (P po) +20 < 1. (30)
k(B1 + B2) + (1= x)n + xe +9)
From system (7), it is easy to obtain
dGy(t)
T 1=0n(1-Gk®) - (W +y + Yo +8)Gi(2) (31)
fort>t;.
So, the constant
1)
0<a2<min{1/2,a1, Yty et }, (32)
2 =xn+Wu+y+y¥e+9))
there exists &, > 1, so Gi(t) < A,((l) —ay for t > t,, where
o) n(1-x)
= + 20y < 1. (33)
T+ Wty +yers)
From system (7), it is easy to obtain
dDi(2)
e V(1= Di(2)) — (A + 8)Dy(2) (34)
for t > t,.

Consequently, for constant

0<a3<min{1/3,a2,$}, (35)
2(Yrp+ (A +98))
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there exists 3 > t, such that Dy (¢) < V,ﬁl) — a3 for t > t3, where

(1) Y

Viie—— +2 1. 36
k 1//u+(k+6)+ %3 < (36)

Then, replacing Hi(t) > o, Gi(2) > « and p(¢) > a(B;1 + B2) into the first equation of
system (7), we get

T+ ket + 32)(1 - Hulo) - Gelt) - Do)
+ Y @Gi(t) — (L= x)n + x& + 8)Hi(2) (37)
> k(B + B2)(1-AY = V) + ypAl!
— (kat(By + Bo) + (1= x)n + x& + 8)Hi(®)
fort>T.

Therefore, for constant

(38)

kawl+ﬁﬁﬂ—vﬁn—vf5+wwA9}

0 < a4 <min{ 1/4, a3,
* { 7 2lka(Br + B2) + (L= x)n + x& + 9]

there exists 4 > t3 such that H;(f) > m;}) + oty for t > t4, where
o _ ka(Bi+B2)(1 N V) +yon?

Ko ka(Br+Ba) +(L—x)n+xe+8 ~ 20420 (39)

Therefore

dGy(t)
dt

> (- )M — (W +y + 99 +8G() (40)

for t > t4.
Hence, for constant

(41)

n(1 - x)m }

O<oas < min{l/S,mL,
2(0u+y +ye+9)

there exists t5 > #4 such that Gi(¢) > a,((l) + as for t > t5, where

1
w n(1 —X)xl(()

dVo T X% oy 50, (42)
KT yuty +yp+s

Similarly,

dDy(t) -

o Zvnay — 6o+ Do) (43)

for t > ts.
Consequently, for constant

(1)
W,Lwlk }’ (44)

0 i 16) )
<a6<m1n{ /6, a5 2001 8)
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there exists 5 > t5 such that Di(t) > v;’ + a6 for ¢ > £, where

Because « is a small constant, we can get 0 < mg(l) < M,((l) <1,0< ail) < A,((l) <1, and

0< v,(:) < V,ﬁl) <1.
Let

ub = Z Qi(ﬂlm?) + ﬂzﬂy)),

i=1

(2021) 2021:11

(1)

U =3 "Q(pM) + pAY), j=12,....

From the above discussion, we have

0<u® <p(t)<UY < B + B

and ¢ > 6.

And, according to system (7), we can get

dH(t)
dt  ~

for t > tg.

Consequently, for constant 0 < «; < min{1/7, o}, there exists t; > t¢ such that

.

Hi(t) < M,(f) 2 min{M,(:) -ay,

for ¢t > t7.
Thus,

dGi(2)
dt

fort > ty.

Consequently, for constant 0 < «g < min{1/8, o7}, there exists g > ¢; such that

:

Gi(t) < A;(Z) 2 min{Ag) — 0y,

for t > tg.
As a result, it follows that

i=1

kUMD - a,(:) - V}(l)) + 1//<py,(<1)

n(1 - )M .
Yu+y +yo+o

dDy(t)
d—k <Y uA? — (1 + 8)Dr(d)
t
for t > tg.

Therefore, for constant 0 < a9 < min{1/9, ag}, there exists 9 > tg such that

Di(t) < VP 2 min{ VO —as,

for ¢ > to.

(2)
VAL

A

KUV + (1-x)n+xe+d

+4

<n(L- )M (W +y + Y +8Gi(D)

+C(9}

< kU (1-a =)+ voa! — (kUD + (1= )0+ xe + 8)Hie)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

Page 10 of 17
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According to system (7), we can get

dH(t)
dt

> k(1= AP = V) + AP — (k' + (1= x)n + x& + 8)Hi(t) (53)

for t > to.
Hence, for constant

kuM(1-AP - Vv2) + ypA?
0 < a0 < min] 1/10,a, L= Ax = ViT) + Vo (54)
2ku® + (1 - x)n + xe +6)
there exists t1g > t9, and Hy(t) > mf) + o190, £ > t10, Where
k(1 -A? — V?) 4 ypa?
mf) = max mil) + 0tg, ( K )+ VoA — 2010 (- (55)
kuD + (1= x)n+ xe+6
Thus,
dGy(t)
= (=0 ~ (P +y + 9+ 8)Gi(r) (56)
for t > ty,.
So, for constant
(2)
1- m
0 <y <ming 1/11, a;o, (L= )mmg , (57)
2 +y +yo+9)
there exists t11 > £19, and G (£) > af) + a1, t > t11, where
(2)
1- m
a,(f) = max ag) + a5, % — 2011 (- (58)
Yu+y+ye+é
Similarly,
dDy(t)
— 2 Vnal - G+ Do) (59)
for t > t1;.
Therefore, for constant
(2)
. Y pay
0< <minq 1/12, 11, ) 60
a2 { a11 200+ 8) (60)
there exists t15 > £11, and Dy (f) > v,((z) + a2, t > t12, where
(2)
a
vf) = max{v,((l) + ag, w)fi ]6( - 20512}. (61)

According to the above discussion and analyses, we can obtain six sequences: {My)},
{Ag)}, {V,Er)}, {m,(:)}, {dg)}, and {v,(:)}. We can find that the first three sequences are mono-
tone increasing and the last three sequences are strictly monotone decreasing, and there
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is a sufficiently large positive integer L such that, for r > L:

M(r) _ kU(r_l)(l—ayil)—vg(r*l))ﬂlupagfl) ta
k kUC=D 4 (1—x)n+xe+8 6r-5»
" Q=mmy
k= Yuryrvees T dor-4

VAL
Vlir) = M,sk + Uer-3,
) _ Kkl D-aD vy Al o
k= ku(r—1)+(1_x),]+xg+5 6r-2»
" _ = 5
U = Yooy rigrs  “6r-Ls
Ypa
5:) = A+§ - 20[6’”‘
It is easy to find that
(r) (r)
my < Hi(t) <My,
a,(:) < Gi(t) < A, where ¢ > tg,.

W <Dy <V,

(62)

(63)

Since the sequential limits of system (62), thus let lim;_, o Qg) = Q, where Q; € {My, Ay,
Vi, my, ax, Vi, Uy, g} and Qf(r) € {M(r),Ag), V,Er), m,((r), a,((’), v,(:), L[,((r), uﬁ(r)}. Since 0 < o, < 1/r, it

has a, — 0 as ¥ — 0o. Supposing r — o0, it follows from (62) that

_ kUQ-aj—vi)+ypaj _ _(A=x)nMy _ YuAx
My = kU+(1-x)n+xe+s ’ Ax = Yty +Pe+s’ Vi = A+d
_ ku(1-Ap-Vi )+ Ay _ _(A-x)nmy _ Yuag
My = ku+(1-x)n+xe+8 ? Ak = Yty +ye+s’ Vk= 5550
where
n n
u= Z Qi(Brm; + Poay), Uu-= Z Qi(BiM; + BaA)).
i=1 i=1

What is more,
M= (kUM +8)* (Y +y + Yo +8)(ku+ (1 - x)n+ x& +8)

k

+kun(r +8)(1 = x)*(Yon(r +8) — kU + 8) + Y un))],
my = G%([ku(k +8)2(Wpn+y + v +8)2kU+(1—x)n+ xe+6)

ax = g lkun(L =)W +y + e +8)(h+8)* kU + (1 - x)n + xe +5)
+kUn(h +8) (1 = x)*(Yon(h +8) — ku(n(x + 8) + yun))l,

where

sz(k+6)2(1pu+y+1/f(p+8)2(ku+(l—x)n+xe+8)(kl,1+(1—)()n+)(8+5)

— (1= x)*(Yon(r +8) —kU(n(x +8) +Yrun))

x (Yon(h +8) — ku(n(x +8) + Y un)).

+ku(1- )M+ 8 +y + Yo +8)(Wen(r +8) —kUMm + 8) + Yy un))l,
Ak = g (kU= )W +y + Yo +8)(h +8)*(ku+ (1 - x)n + xe +9)

+ kU1 - )X +8) (W +y + o+ 8)(Yon(h +8) — ku(n(h +8) + yun))l,

(64)

(65)
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From the above equation, we get U = u. So,

Z Qi[ 1M — my) + Ba(A; — a;)| =0, (66)

i=1

which is equivalent to M; = m; and A, = a; for 1 < i < n. Then, from systems (63) and (64),
it can be concluded that

lim Hy(t) = My = my, lim Gg(t) = Ay = ag, lim Dy (t) = Vi = vg.
t—00 t—00 t—00

Finally, U = u is substituted into system (65). For system (64), we can get My = H}}, Ay = Gy,
and V; = Dj. The proof is completed. g

4 Simulation results and analyses

In this section, the analysis results are illustrated through numerical simulations. Based
on a scale-free network, we have Q(k) = wk™2 in system (1), and the parameter o satisfies
Y pi k=3 =1, n=1000.

In Fig. 2, we choose § =0.2, 81 =0.1, B =0.1,6 =04, x =0.3,n=0.5, ¢ = 0.1, ¥ = 0.7,
n=0.6,y =0.3, A = 0.1 and obtain the basic reproductive number Ry = 0.9544 < 1. Figure 2
shows that when Ry < 1, Hi59 and G5 will equal to zero eventually, which means that the
spread of online gambling phenomenon will eventually disappear.

In Fig. 3, we choose § = 0.1, 8; =0.2, 8, =0.5,6=0.1, x =0.1,n=0.3, ¢ =0.2, y =04,
u=0.6,y =0.1, 2 = 0.1 and obtain Ry = 6.1795 > 1. The figure shows that when Ry > 1,
Hi50 and Gi5p will maintain positive recently, and the online gambling phenomenon will
not disappear.

In Fig. 4(a) and (b), we choose § = 0.2, 8; = 0.1, B, = 0.1, =0.4, x =0.3,7=0.5, ¢ = 0.1,
¥ =07, © =0.6, y = 0.3, A = 0.1 and obtain Ry = 0.9544 < 1. The figure shows trends of
the hesitator H(¢) and the gambler G(£) over time with different degree. And when Ry < 1,
online gambling phenomenon will ultimately disappear. In addition, the larger the degree
is, the faster the spread of online gambling behavior.

In Fig. 5(a) and (b), we choose § =0.1, ; =0.2, 8, =0.5,6 =0.1, x =0.1,n = 0.3, 9 = 0.2,
¥ =04, n =06, y =0.1, A = 0.1 and obtain Ry = 6.1795 > 1. The figure shows trends of
the hesitator H(t) and the gambler G(¢) over time with different degree. And when Ry > 1,

Figure 2 The orbits of four states over time when w 4
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Figure 3 The orbits of four states over time when
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Figure 5 The orbits of the hesitator or the gambler with different degree when Ry > 1

online gambling phenomenon will be persistent. Moreover, more people are involved in

gambling with the increasing of degree.

In Fig. 6(a) and (b), we choose § =0.1, 1 =0.2, 8, =0.5,6 =0.1, x =0.1, = 0.3, 9 = 0.2,
©=0.6,y =0.1, 2 =0.1. The figure shows the change of the hesitator H(¢) and the gambler
G(t) with different probability . With the growth of v, H(¢) will increase but G(¢) will

fall to a constant. Apparently, larger ¥ can decrease the number of gamblers.
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Figure 6 Prevalence Hioo(t), G1oo(t) versus t corresponding to different v
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Figure 7 Prevalence Hyoo(t), Groo(t) versus t corresponding to different x

In Fig. 7(a) and (b), we choose § =0.1, 81 =0.2, B, =0.5,6 =0.1,1=0.3, 9 = 0.2, ¢ = 0.6,
n=0.6,y =0.1, 2 =0.1. The figure shows the change of the hesitator H(¢) and the gambler
G(¢) with different probability x . With the growth of x, H(£) and G(¢) will fall to a constant.
Apparently, larger x can decrease the number of the hesitator and the gambler.

In Fig. 8, the parameters are chosenas § =0.2, ¢ =04, x =0.3,=0.5, ¢ =0.1, ¥ = 0.7,
n=0.6,y =0.3, 2 =0.1. We can see that larger 8; or B, can lead to larger Ry, and j; has
a greater impact on Ry. That is to say, the larger number of the hesitator H(¢) and the
gambler G(£) can speed up the spread of online gambling.

In Fig. 9(a) and (b), we choose § =0.1, 1 =0.2, 8, =0.5,6 =0.1, =03, 9 = 0.2, u =
0.6, y = 0.1, » = 0.1. Apparently, larger x or v can lead to smaller Ry, x has a greater
impact on Ry. In other words, within a certain range of anti-gambling efforts, the anti-
gambling policy helps to decrease the spread of online gambling, and the anti-gambling
policy for the hesitator is more effective in reducing the spread of online gambling. It is
more effective to decrease the spread of online gambling if they work together.

5 Conclusion

In this paper, we proposed a new SHGD online gambling spreading model and analyzed
the spreading dynamics of online gambling. We obtained the basic reproductive number
Ry, gambling-free equilibrium Ey, and gambling-prevailing equilibrium E,. If Ry < 1, the
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Figure 8 The relationship between the basic reproductive number Ry and the parameters 87 and 8, on
scale-free networks
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Figure 9 The relationship between the basic reproductive number Ry and the parameters ¥ and x on
scale-free networks

gambling-free equilibrium is globally asymptotically stable, i.e., online gambling spread-
ing phenomenon will eventually disappear. If Ry > 1, the spread of online gambling phe-
nomenon is persistent and globally asymptotically stable, i.e., online gambling is a univer-
sal phenomenon. Smaller 8; and B, can lead to the lower number of the disseminator, and
B1 has a greater impact than 8,. Furthermore, larger x and ¥ can speed up the disappear-
ance of online gambling phenomenon, especially x. That is, increasing the intensity of the
anti-gambling policy on the hesitator or the gambler can restrain online gambling spread-
ing, and the anti-gambling policy on the hesitator is more effective. This research results

have important guiding significance in controlling the spreading of online gambling.
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