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1. Introduction

US surveys indicate approximately 90% of college students have consumed alcohol at least once, and more than 40% of
college students have engaged in binge drinking [1,2]. The people who drink a large amount of alcohol are likely to exhibit
antisocial behavior [3]. About 3.8% deaths and 4.6% disability are caused by alcohol all over the world [4]. Alcoholism has
become more severe, especially among college students [5]. Between 1998-2001, the number of deaths and injuries per
100000 college students increased by 6% [6]. Thus, it is very important to study and prevent alcoholism.

Many researchers studied the binge drinking by establishing mathematical models to find some way to control the
drinking behavior [7-10]. Huo and Song [11] investigated a more realistic binge drinking model with two stages, in which
the youths with alcohol problems were divided into those who admitted the problem and those who did not admit it. Huo,
Wang and Kong [ 12] proposed an objective functional which considered not only alcohol quitting effects but also the cost of
controlling alcohol, and studied optimal control strategies in an alcoholism model with the method of Pontryagin Maximum
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Fig. 1. Illustration of the modeling substrate.

Principle. Huo, Chen and Xiang [ 13] made a more realistic binge drinking model with time delay. Wang, Huo, Hattaf, et al. [ 14]
formulated an alcohol quitting model in which they considered the impact of distributed time delay between contact and
infection process by characterizing dynamic nature of alcoholism behaviors, and considered two different control strategies.
Xiang, Song and Xiang [15] dealt with the global property of a drinking model with public health educational campaigns.
Huo and Zhang [ 16] constructed a novel alcoholism model which involved impact of Twitter, and studied complex dynamics
of their model. Other models about drinking or epidemic can be found in Refs. [17-23].

Complex networks are often applied to deal with the effect of contact heterogeneity on the disease transmission
dynamics. A node denotes a corresponding state and an edge between two nodes represents an interaction or expression
the disease transmission. Many people have studied epidemic models or drinking models on complex networks, please
see [24-29] and references cited therein.

To study the effect of the community structure on the model with network is of great significance in theory and
practical application. The impact of community structure on dynamics of networks causes a great deal of concern recently.
Many networks have the property of community structure, such as WWW network [30], protein networks [31,32],
genetic networks [33], metabolic network [34], the network financial market [35], the United States congress relationship
network [36], scientists cooperation network [37], as well as a large number of social network or biological network [38-40]
and so on. Pan, Sun and Jin [41] developed a complex network susceptible-infected-susceptible (SIS) model which captures
the transmission between communities by short-time travelers to investigate the impact of demographic factors on disease
spread. Zhang and Jin [42] studied an SEAIR epidemic network model with community structure. Other papers about the
impact of community structure on dynamics of networks, please see Yan and Fu [43] and references cited therein.

Motivated by the above, we not only incorporate community structure into our model, but also consider the effect of
voluntary drinking on our model. Furthermore, we study the stability of all the equilibria of our model with two communities
for some special cases. The paper is organized as follows. The new alcoholism model on scale-free networks and some
preliminary theorems are constructed in Section 2. In Section 3, dynamics of our alcoholism model with two communities
for the special case is studied and some numerical simulations are also presented. Some conclusions and discussions are
given in last section.

2. Mathematical model
2.1. System description

In this section, we propose an SIS alcoholism model on complex networks with community and voluntary drinking. Nodes
represent individuals and edges (connections) represent their contacts. As shown in Fig. 1, the two-way arrow indicates
that individuals can convert at different rates. The blue line indicates the individual intra-community transmission within
community. The black line represents the inter-community transmission between the community 1 and the community
2, and the red line indicates the inter-community transmission between community 1, community 2 and the random

community i.
Population in community i is divided into two compartments Sk (t) and Ik (t), where i denotes the lth community,
i=12,...,m S" (t) represents the number of susceptible vertices of degree k at time t on community i; [ (t) represents

the number of the problem alcoholic vertices of degree k at time t on community i. Nl" (t) represents the total number of
vertices of degree k at time t on community i, and N¥ (t) = SK(t) + I¥ (t), (k=1,2...,n;i=1,2...m), where n is the
maximal degree of the complex network. When susceptible individuals contact the problem alcoholic for a certain time, some
susceptible individuals can become the problem alcoholic. The problem alcoholic can recover to susceptible individuals.
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Furthermore, we assume that individuals among different communities can transfer whatever they want. Then we have the
following model,

dsy kck kgk kck lllzk1dk k krk kal kif
dTI = —afSf + 1= " ofsk+ Y ofsf = > kofst JZ o + > ylofif — kstp Z‘ kl\;"’
J#i J#i J# k=1 j#i k=
Z Z kI" (2.1)
Gk I I kk kyk kyk kck I Kk
d = kS ﬁkzc +Ol<sk—)/,(1( ZUU<11< Z I<+de Sc ]lfz( ,Nk Zyjk 1]11<!
k= J# i J# k= J#i
where k = 1,2...,n;i = 1,2...m. It is assumed that all the parameters are positive constants. The explanation of

model (2.1) are as follows: oz" is the ratio that susceptible people in community i with degree k who do not get the
influence of alcoholics and transfer to the problem alcoholics voluntarily, so the term a"S" 1s the number of susceptible
people in community i with degree k who transfer to the problem alcoholics voluntanly yl is the rate of recovery from
the problem alcoholics in community i with degree k The term VzkIzk is the number of individuals who recover from the
problem alcoholics in community i with degree k. gt ka,j=1,2. m) is the transmission rate at which nodes with k
degree leave from community i to community j per umt time. Smce the a give conditional pl‘ObabllltleS of visiting another
community, 0 < a" < 1fori # j, we can get that Z = 1,30 = 1,2,. ) (1 j=1,2...,m) means the

transmission rate at which nodes leave from commumty] to commumty i, and Zl 1 ], =10 = 1 2, ..., m). ﬂ{]‘- is

the contact rate from susceptible individuals in community i to the problem alcoholics in community j with degree k.
The term ) _; i, u is susceptible individuals with degree k who leave community i to community j. The term Z i, ]’,‘Sk

n

is susceptible individuals with degree k who leave community j to community i. The term Zj ?ﬁikaij?sik 51!;, §£:11: I\jk

= J
number of susceptible individuals who leave community i to community j, and become the problem alcoholics when they
contact with the problem alcoholics in community j. The term ) #yik ]’fljk is the number of the problem alcoholics who
leave community j to community i, and recover susceptible people. ﬂ" is the contact rate from susceptible individuals to
Zk 1 1
Zn kN k
become the problem alcoholics when they contact with the problem alcohollcs in community i. The term ) . 40 kIk is the

iji
problem alcoholics with degree k who leave community i to community j. The term ), £ ]lfl ks the problem alcoholics with

is the number of susceptible individuals

is the

the problem alcoholics in community i with degree k. The term ka‘ /3" is the number of susceptible individuals who

kek gk L klf

ikoiS; Bji S F
who leave community j to community i, and become the problem alcohollcs when they contact with the problem alcoholics
in community i. The term ) _ it y]k ,;‘I," is the number of the problem alcoholics who leave community i to commur,uty j,and
. . . .. n_ kN
recover susceptible people in community j. For simplicity, we assume that ¢ = gk = gk = gk = L Lt
ptible peop Vi plicity B =B (s e v —y
means that contact rate is defined as the ratio of all individuals with k in community i account for all the individuals with k.
We know

degree k who leave community j to community i. The term Z

n

n kL nk k
N N. Ny, 1
k) = E kp (k) = E i N et E k(Nf +Nj+---+NK), (2.2)

where N is a constant, and represents the total number of nodes of the system (2.1), namely N = > ;_, > Sk(t) +
Y il (0).So, B = Bf = B = B = Zk 1kN . Then, we have the following model

dsz‘k kck kgk 4 kck k ka k_kyk _ pck ” kl'k
e —aksk 4 yrik ZGUSI Za 5; Zkausl +Zyz il — kS T,

L J#i J#i J#i J#i (2.3)
dl; IS"Z" 1 +ak5k ~ Y okt Zo,klk+2k kSka kif Z kg kpk
dt (]) i yl l ijli Jji ] 1] i

j#i i j#i
Define 6; = Z"M’ and 6; = e (,1)’ we have
dsik kck kck k sk k_kik k
s = —aksk 4yl ZGS +ZOS —Zko, 9+Zy, il — kS;6;,
J# J# J# J# (2.4)

di¥
k kck kyk Kk Kk kck k__kyk
dié = kS;0; + o'S; — I — E 01;11( E ‘I‘ + E kaﬁ‘Sj‘Oi — E Y U‘I, .
J# ij J# J#
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2.2. Positivity and boundedness of solutions

To show that the model (2.4) is meaningful, we will prove that all solutions of the system (2.4) with initial conditions
Si" 0) >0, I}‘ (0) > 0 are positive and bounded for t > 0. Thus, we have the following theorems

Theorem 2.2.1. Let (Sf (t), I¥ (t)) be the solution of system (2.4) with S¥ (0) > 0,I¥ (0) > 0, then for k = 1,2, ..., n, we have
SK(t) > 0andI¥(t) > O forall t > 0.

Proof. If the conclusion does not hold, then at least one of S{‘(t) and Il-"(t) are not always positive. Without loss of generality,
we can assume that S¥(t) is not always positive when t > 0. Notice that S¥(0) > 0 and I¥(0) > 0. By the first equation of
k
the system (2.4) and the continuity of S¥(t) and If(t), there exists a first time t; > 0 such that S¥(t;) = 0, ds"d(:l)
k
S!‘(t) >0, II."(t) > 0 fort € (0, t;). Combining with the first equation of the system (2.4), we have ds"d([tl) > 0, whichis a
dsk(ty)

contradiction with —2-= < 0. Thus, the solutions (S¥ (t), If (t)) with S¥ (0) > 0, I¥ (0) > 0 remain positive for all t > 0.
This completes the proof.

< 0and

Theorem 2.2.2. 2 = {(SF,If) e R2"0 < SK, IF < 1,k=1,2,...,n,i=1,2,..., m}isapositively invariant set of the system
(2.4).

Proof. Adding all the equations of system (2.4), we have, (31", SK (t) + Y1 1¥ (1)) = 0, and, Y1 Sk () + 31 1K (6) = 1.
By Theorem 2.2.1, it is easy to know £ = {(S¥,I¥) € R0 < SK, IF < 1,k = 1,2,...,n,i = 1,2,..., m} is a positively

1727

invariant set of the system (2.4). This completes the proof.

3. Mathematical model with two communities

3.1. The basic reproduction number

For simplicity, we assume that m = 2, and &¥ = a1, &k = a3, ¥ = y1, 0&, = 012, 0§, = 021. We have following model.

dsk
?; = —0{154‘ + ‘)/114< - 0'12.54( + (721S£< — kO']zS;(ez + )/1(72]I§ — ka@l,
dS§ k k k k k k
Fri —02Sy + yaly — 02155 4+ 01287 — k215,01 + 201217 — kS76,,
(3.1)
dIk
?; = ka@] + 01154{ — yllf — (71214{ + Uzﬂg + 1(0’215591 — )/201214<,
dlg k k k k k k k
E = k5292 =+ Ol252 — ]/212 — 0'2]12 =+ 0'1211 + 160125102 — )/10’2112.
It is easy to know that S¥ + S¥ + I¥ + I¥ = 1. Then system (3.1) can be written as
dsg k k k k k k k k k
I = —01252 + )/212 — 02152 =+ 012 (1 — 52 — 12 — I]) — k0’215291 + ]/20’121] — ,(5292,
dlk
d—; = k(l — 5§ — Ig — If) 9] +C{1 (1 - Sé{ — Ig — I?) - )/114< — O']zlﬁ + (721I§ + ICO'21.S§91 - )/2(71214{,
dlk
?; = kSng + a25£‘ — )/21§ — 0'2115 + CT1214< —|— kO’]z (1 — S§ — Ig — I?) 92 — ]/10’2]’5, (32)
k
where 6; = ik 1,2.

Nk) » >SS
When oy = 0and 037 = 0, system (3.2) has the alcohol free equilibrium Eq = (S;‘, 0,0)=(1,...,1,0,...,0,0,...,0)3,
Using the next generation matrix [44], we have

dy
=77,
dt

where

y=UL1 . . L2, 8,8, ST
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1(1=-8 -4 -1{)6+e (1-S; -1, — 1)
2= -L-5)01+a; (1-S -5 —1})

n(1—S5 -1 =116 +o1 (1 =-S5 =15 —1I})
15,6,
2
Fy) = [ 25202
1’15’2192

0
0

3n
and

)/11]1 +O'121]l +V20’12[11
yilE +onli + yonl}

;/11? + onli + y0onl]
)/212] — 012111 — 101251]92
Val?2 — opal? — 201,526,
Wy) =
'7/219 — ool — no12576,

—paly —op (1=5; — L — 1) — yaopal] + 15,65
—»ly —o1 (1= — I3 — I7) — ya01215 + 2556,

—valy —o1a (1 =S5 =15 —If) — yaoial} + 1856, )

The jacobian matrix of the 7(y) and V(y) in the alcohol free equilibrium Ey can be expressed respectively,

Al A A
F=DF(Ey) = | A1 Axn A

A3 A Asz
Bi1 Bz B
V =DV(Eg) = (Ba1 By Bos
B31 B3y Bsz
where
—0 0 0
An=Anp=As=| o . o
0 0 —ay
1 2 n
(k) N (k) N (k) N
1 2 n
0 0 2 2 el 2
A=Ay =A31=Ap=A3=|g . o] A== (k)N (k) N (k)N
0 0 :
1 2 n
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and
hy 0 g1 0
B = Bn=1]": )
0 hy, 0 &n
0 0 —a}, 0
Bp=|: .. |.Ba= ,
0O --- 0 0 . _01"2

where hy = y1 + 012 + 12012, & = Y2 + vi012. Then,

_ C 0
v-1—(CEn ’
<C21 C2

where,
1 1
0 0 — 0 0
Y1+ 012+ 2012 V2
Cn= 0 : 0 G2=1 ¢ o |-
1 1
0 o —— 0 0o —
Y1+ 012 + Y2012 V2
012 0
Y2 (Y1 + 012 + y2012)
C21 = 0 0
0 012
v2 (Y1 + 012 + 12012)
We have
_ —a1012Y2 (kY N + 2 [e1y2(y1 + 012 + 12012) + 21012
Ro= plFV ") = [ 1}

(k) N [e172(11 + 012 + 72012)° + 1012
Remark 3.1.1. When o, # 0 and 031 # 0, system (3.2) does not have the alcohol free equilibrium.

According to the Theorem 2 of [44], we obtain the local stability of the alcohol free equilibrium.

Theorem 3.1.1. For the model (3.2), if a; = 0, 031 = 0and Ry < 1, then the alcohol free equilibrium E is locally asymptotically
stable.

3.2. Global stability of the alcohol free equilibrium

Using the comparison principle, we can further prove the global stability of alcohol free equilibrium wheno; = 0, 037 = 0
and Ry < 1.

Theorem 3.2.1. For the model (3.2), if a; = 0, 021 = 0and Ry < 1, then the alcohol free equilibrium E, is globally asymptotically
stable.

Proof. It follows from (3.2) that

dsk

dl‘2 < —aZSQ‘ =+ )/214{ — 0'2155< + o012 — k0215§91 + )/2(71214< — kS§92,

dIk

dt] < kb1 + o1 — yilf — oIt + 00115 + koa1S501 — ya0malf, (3.3)
dif

dt < kSgOz + (125£< - )/zlé< - 0'2115 + O'lzlf + 1(0'1292 - )/10'2115.
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Consider the auxiliary system

dsk
ditz = —Ole§ + )/24< — (721S£< =+ 01 — 1(0215591 + ]/20'1kz[€( — 1(5592,
dfﬂc = I _ k k k kp k (3 4)
- k61 + oq )/111 0’1211 + 0'2112 + k0’215291 )/20'1211, .
di¥
ditz = I<S§02 =+ (125§ — ]/215 — 0’214< + O']214< =+ k0’1292 — )/10'2115.
Which can be expressed concisely as
dy
= = (F=V).
a ¢ )y

Since Ry < 1, then the eigenvalues of the matrix (F — V) all have negative real parts, then every non-negative solution of
(3.3) tends to 0 as t — 0. According to the comparison principle [45], we know that every non-negative solution of (3.2)
also tend to 0 as t — oo. So the disease-free equilibrium E is globally asymptotically stable and the proof is completed. O

Remark 3.2.1.
Let S¥ = 1 — S¥ — I¥ — I, then system (3.1) can be written as
k
ﬂ——ask—l— I¥ — 01588 + 091(1 — SK — I¥ — 1¥) — koy,S5%0, + ¥ — ksko
dar 191 Yily — 01297 T 021 1 1 2 0129102 T V10211 101,
drk
dit] = 1(54{01 =+ O[lslf — ]/114‘ — 0’1214< + O’21I§ =+ k021(1 — Sq‘ — I§< — 15)0] — )/20’121#, (35)
di¥

E = k(] —54( —If —15)92 +a2(1 —Sf —If —Ig) - ‘)/215 - 0'21I§ +O’1214{ + k0'1254<92 - )/10'2115.

For system (3.5), when oy = 0 and o1, = 0, similarly, we can obtain the following basic reproduction number R},
—a0911 (KN + 11 [y (v2 + 021 + 11021)* + 2001
(k) N [2y1(v2 + 021 + ¥1021)° + 02021

and we can obtain the following theorems.

Ry =

Theorem 3.2.2. For the model (3.5), if oy = 0, 012 = 0 and R, < 1, then the alcohol free equilibrium E| = (SZ‘, 6 6) is locally
asymptotically stable.

Theorem 3.2.3. For the model (3.5), if 1 = 0, o1, = 0and R, < 1, then the alcohol free equilibrium E is globally asymptotically
stable.

When «; # 0 and o3 # 0, we also know that system (3.5) does not have the alcohol free equilibrium.

3.3. The existence of equilibria

First, we will discuss the existence of equilibria of system (3.2).

Theorem 3.3.1. If 01 = 0and Ry = W% > 1, where (k?) = Y k*p(k), then system (3.2) exists a unique alcohol-

present-in-community 1-only-equilibrium E"] (6 i’{ 6)

Proof. By (3.2), the alcohol-present-in-community 1-only-equilibrium E; (6, i’l‘, 6) satisfies the following equation

k (1 ~1) o1+ e (1 - if) —pik=o, (3.6)
then,

o k91 + a1

1 k91 + a1+ V4! )
According to the expressions of 01, we have the following equation about 9,

1 <. 1 & k61 + oq
O1=f10;)=——) kI¥= I }
1=hey N(k)é1 N(k)Z<<k01+a1+y1)

k=1
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Let F1(01) = 61 — f1 (61), we have

1 2": k (k61 + aq + y1) — k (k61 + a1)
(k) (k61 + a1 + y1)?

F/ ) =1-

N
kZ (k61 +061 +y)*

then,

F{(O):l— ZZ no___4__n k)

~ (@ +n) (@1 +yn)? (k)

Similarly, we obtain

N
1 14!
F”(@):——E k3<—> <0
P N (k) = (k61 + a1 + 1)

It is easy to know that F; (0) < 0 and F; (1) > 0, then F1(6;) = 0 has a unique root §; > 0. So there exists a unique
alcohol-present-in-community 1-only-equilibrium E (6 i’{ 6) The proof is completed. O

By the symmetry of system (3.1), we also have the following theorem.

Theorem 3.3.2. If 05 = Oand R, = %% > 1, where (k%) = )", k*p(k), then system (3.2) exists a unique alcohol-
present-in-community 2-only-equilibrium Ez (§§ 6 Iz‘)
We know that the alcohol present equilibrium E* (S;, IT, I;‘) of system (3.2) must satisfy the following equations

AiSE —BiI¥ — CI¥ 4+ Dy =0,

ASY — Bol¥ + GIf + D, = 0, (3.7)
AsSE + Bsl¥ + GI¥ 4+ D3 = 0,
where Al = —k@l — a1 + k0'210], B] = k@l + o1 + Y1 + o012 + Y2012, Cl = k91 + a1 — o1, Dl = k91 + aq,
Ay = — (0p + 021 + 012 + k02101 + k62), By = 012— 12012, Ca = Y2—012,D2 = 012,A3 = @ +kbh—ko1202, B3 = 012 —ko1202,
(3 = —y2 — 021 — ko202 — y1021 and D3 = koq26,.
So,

« _ Bi[(A2D1 — A1Dy) (A3Cy + A1G3) — (A2C1 + A1Gy) (AsD1 — A1D3)]
27 A1[(A2B1 — BoA1) (AsCi + A1G3) — (A3By — B3Ar) (A2Cr + A1Gy)]
G [(A2B1 — A1B,) (AsDy — A1D3) — (A;Dy — A1D;) (A3By — A1B3)]

(3.8)
A1 [(A3B1 — ByAy) (A3Cy + A1C3) — (A3By — B3Ay) (ACr + A1(y)]
D1 [(A2B1 — ByA1) (A3Cy + A1G3) — (A3By — B3Ay) (A2Cr + A1Gy)]
A1 [(A2B1 — B2A1) (A3C1 + A1C3) — (A3B1 — B3A1) (A2 + A1G)]
« _ (AD1 —A1Dy) (AsCr + A1G3) — (A2C + A1) (AsDy — AyDs) (3.9)
! (A3B1 — ByA1) (AsCy + A1G3) — (A3By — B3Ay) (A2C1 +A1Gy) '
A,B1 — A1By) (AsD1 — A1D3) — (A,D1 — A1D,) (A3B1 — A{B
I;:(Zl 1B2) (A3Dq 1D3) — (A2Dq 1D2) (A3B, 1B3) (3.10)

(A2B1 — ByA1) (AsCy + A1C3) — (A3B1 — B3A1) (A2Cr + A1Gy)

Since the existence of the alcohol present equilibrium E* (S;‘, I3, 15‘) of system (3.2) and global stability of boundary and
positive equilibria are very difficult to prove, we only present the numerical results directly in next section.

3.4. Numerical simulations

In this section, we will present some numerical simulations to illustrate and extend our theoretical results. Our
simulations take the scale-free networks with degree distribution is P (k) = 2k2.

Let oy = 0.6,051 =0,y = 0.4, 0 =0,y = 1, , = 0.8, by Fig. 2, we know that alcohol-free equilibrium E, of (3.2)
is globally asymptotically stable when Ry < 1.

Leto;; = 0,01 = 0.2, 00 =04, y; = y, = 0.8, 021 = 0.6, k = 10, N = 1000 000. By Fig. 3(a), we know that the unique

alcohol-present-in-community 1-only-equilibrium El (6 IZ‘, 6) is global asymptotically stable. Let 057 = 0,1 = 0.2, oy =



888 H.F. Huo et al. / Physica A 505 (2018) 880-890

1

|10
1]
0.9 (10
2
0

10
2

0.8

0.7

11%and s

10
1

0.6

0.5

0.4

0.3

0.2

The relative density of |

0.1

0
10 20 30 40 50

Fig. 2. The time series and orbits of system (3.2) with k = 10 when Ry < 1.
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Fig. 3. The time series and orbits of system (3.2) with k = 10.

04,1 =y, =0.8,0 = 0.6,Ak = 10, N = 1000 000. By Fig. 3(b), we know that the unique alcohol-present-in-community
2-only-equilibrium E §§, 0, I§ is global asymptotically stable.

To verify the existence and stability of alcohol present equilibrium, Let o = 0.2,057 = 0.6,y = 0.4,y = 1,» =
0.8, 012 = 0.8, k = 10, N = 1000 000, by Fig. 4, we know that the alcohol present equilibrium of the system (3.2) is globally
asymptotically stable when «; # 0 and o, # 0.

In order to study the effect of transmission rates o, and 037 on the system (3.2), we assume that o1, = 0.8 and 037 = 0.2,
that is to say, the transmission rate at which people leave from community 1 to community 2 is greater than that of from
community 2 to community 1, and let @; = 0.4, ¢y = 0.2, y; = 0.8, ), = 0.6,k = 10, N = 1000 000, we get Fig. 5(a).
On the contrary, let 03; = 0.8 and o, = 0.2, we get Fig. 5(b). From Fig. 5(a) and (b), we know that the transmission rate of
people moving to another community is bigger, the risk of alcoholism in another community is greater.

In Fig. 6, the densities of alcoholics with different degree are presented. Let o1 = 0.6, @y = 0.2, 00 = 0.4, y; = Y5 =
0.8, 021 = 0.6, N = 1000 000. It is easy to know that the larger degree leads to larger value of the alcoholism level.

4. Conclusions and discussions

A new alcoholism model on scale-free networks with community structure and voluntary drinking is introduced. Local
and global stability of the alcohol free equilibrium of our model with two communities when a’l‘ = o, a’z‘ = oy, ylk =
Y1, 01"2 = 012, 02"1 = o091 are investigated. Furthermore, we study the existence of all the equilibria of our model for some
special cases, numerical simulations are also conducted to explain and extend our analytic results.
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Since some people drink for their own reasons, we know that when «; # 0 and o3 # 0, system (3.2) does not have
the alcohol free equilibrium. When «; # 0 and o1, # 0, we also know that system (3.5) does not have the alcohol free
equilibrium. These results show that alcoholism as a social epidemic disease, is different from common epidemic diseases.
Furthermore, from our numerical simulations, we know that the transmission rate of people moving to another community
is bigger. The risk of alcoholism in another community is greater. These mean that the effect of transmission rates o, and
031 on the system (3.2) is very important.

It is very interesting to study our alcoholism model with n communities for more general cases. We leave these work in
the future.
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