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Public information is a social resource that connects all aspects of social life, regulates social activities and public behaviors, and
plays a very important role in influencing public trust. Based on the perspective of communication, we divide the government into
two ways to release public information, that is, mass communication and personalized recommendation. Moreover, the public can
choose to acquire or not acquire a strategy. ,en, this study conducts an evolutionary game between the government and the
public to analyze the influence of public information on the public in China. Our objective is to find how the evolutionary path
changes between the two players when strategies are changing.,en, a simulation analysis is presented in six scenarios to illustrate
the results. ,e results show that the two players can converge to different stable statuses under different situations.

1. Introduction

Public information plays a very important role in influencing
public trust in recent years. However, in 2015, the General
Office of the State Council pointed out that there were “not in
time, inaccurate, unresponsive, and impractical” problems in
the construction of Chinese government websites, and the
public even had a certain trust crisis on some public infor-
mation services provided by the government, such as food
safety information disclosure. ,erefore, how to improve the
accessibility and transmissibility of public information and
improve the public’s overall satisfaction with public infor-
mation service is an urgent problem to be solved in China.

In the past few decades, many scholars focused on the
studies of the social value of public information [1–4]. For
example, Cornand and Heinemann [1] argued that public
information should always be provided with maximum
precision. James and Lawler [2] concluded that better public
information is unambiguously beneficial. However, the
public’s overall satisfaction with public information services
is not high in recent years in China. How to solve this kind of
problem? It is actually a decision-making problem, which is
a special field of game theory.

,ere are two ways for the government to release public
information. ,e first way is mass communication which is
often discussed in these years [5–9]. For example, as Fla-
nagin [5] proposed, mass communication has traditionally
been conceptualized as the one-way transmission of mes-
sages from a central organizational source to a large and
largely anonymous audience. Hume [6] argued that mass
communication is a meaningful way to understand the past.
Moreover, the second way is the personalized recommen-
dation which is very popular to be studied by the scholars
[10–18]. For example, as Chaney et al. [10] proposed, the
goal of recommendation is to suggest a set of unobserved
items that she will like; personalized recommendation has
become a core component in our online experience. With
the fast development of the Internet, Lin et al. [11] argued
that personalized news recommendation has become a
promising research direction. From the above analyses, we
find that this literature has made some contributions to their
special field; however, our objective in this paper is to ex-
plore how the strategies change between the government and
the public. When do the government adopt these two ways
to release public information, and what is the best choice?
,erefore, it is actually a decision-making problem between

Hindawi
Complexity
Volume 2021, Article ID 8956704, 11 pages
https://doi.org/10.1155/2021/8956704

mailto:gaoying517@cueb.edu.cn
mailto:davidstoneman@163.com
https://orcid.org/0000-0002-8790-8585
https://orcid.org/0000-0002-0030-988X
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/8956704


the government and the public which is a special field of
game theory.

In recent years, mounting attention has been paid to the
evolutionary game; it has been applied to lots of areas, such
as supply chain, environmental pollution, and economics
[19–23]. For example, Tian [19] established an evolutionary
game to study the industrial pollution problem between the
government and enterprises. Friedman [22] introduced the
applications of the evolutionary game on economics. In our
study, from the former analyses, we can see that how the
evolutionary path changes on public information com-
munication problem between the government and the
public is actually a field of game theory. ,erefore, it is very
suitable to use this method to handle this problem in our
study.

To the best of our knowledge, how the strategies of the
evolutionary path between the government and the public
are rarely discussed for public information. Moreover, there
is little research on studying the influence of public infor-
mation on the public in China. ,erefore, in this paper, our
contributions can be summarized as follows: (1) we present a
dynamic strategy analysis on the influence of public in-
formation on the public in China based on the perspective of
communication in an evolutionary game. (2) A numerical
simulation is given to illustrate the results.

,e rest of this paper is organized as follows: in Section 2,
we describe in detail the evolutionary game model between
the government and the public. In Section 3, we explore the
stability of the evolutionary game. In Section 4, a numerical
simulation is presented to illustrate the results. Finally, in
Section 5, the conclusions and the future work of this paper
are proposed.

2. Model

2.1. Research Assumptions. Before establishing the evolu-
tionary game model, some assumptions are shown as
follows:

Assumption 1. Public information plays an important role
in modern society. ,e government is responsible for re-
leasing public information and the public can choose
whether or not to acquire public information. ,erefore, the
agents in this evolutionary game are the government and the
public. ,e government is the first player, marked as (G),
and the public is the second player, marked as (P). Moreover,
we assume that both of these two agents are bounded
rational.

Assumption 2. On the one hand, the government can choose
different communication modes to release the public in-
formation to the public. ,ey can choose a mass commu-
nication strategy or personalized recommendation strategy.
,en, we assume that the strategy set of the government is
{mass communication, personalized recommendation}. On
the other hand, the public can adopt whether or not to
acquire public information. ,en, we assume that the
strategy set of the public is {acquire, not acquire}.

Assumption 3. We assume that the probability of govern-
ment with mass communication strategy is x, so the
probability of the government with personalized recom-
mendation strategy is 1 − x. x, 1 − x ∈ [0, 1]. In addition, we
assume that the probability of the public with the acquire
strategy is y, so the probability of the public with the not
acquire strategy is 1 − y. y, 1 − y ∈ [0, 1]. ,e basic variables
symbol and descriptions are shown in Table 1 and the
strategy matrix of two agents is shown in Table 2.

2.2. Parameters.

① In order to establish the payoff matrix of the evo-
lutionary game model between the government and
the public, firstly, the costs of the government are
presented as follows:
We assume that the government has n(n ∈ N+)

pieces of public information in a certain time t. ,en,
we assume that the value of information of piece i(i �

1, 2, 3, . . . , n) is Vi(i � 1, 2, 3, . . . , n). Moreover, in
Section 2.1, we have assumed that the government
can adopt two kinds of communication modes to
release the public information. When the govern-
ment chooses the mass communication strategy, it
will spend a certain cost, and we assume that the cost
is C1

G(C1
G > 0). When the government adopts the

personalized recommendation strategy, we assume
that the cost isC2

G(C2
G > 0). As an emergingmode, the

personalized recommendation strategy needs to
make statistics of users’ browsing records, mine
users’ preference for public information according to
their previous browsing records, and then classify
users’ hobbies. Based on data mining, recommend
public information content, which requires a high
cost. ,erefore, C2

G >C1
G. Furthermore, we assume

that the arrival rate of public information to the
public is k1 k1 ∈ (0, 1)􏼈 􏼉 when the government
chooses the mass communication strategy. Also, we
assume that the arrival rate of public information to
the public is k2 k2 ∈ (0, 1)􏼈 􏼉 when the government
chooses the personalized recommendation strategy.
Here, we assume that the public could acquire more
pieces of public information when the government
adopts the personalized recommendation strategy.
,us, k1 < k2.

② Secondly, the costs of the public are shown as follows:
If the government adopts the personalized rec-
ommendation strategy, it is easier for the public to
acquire public information. In this situation, we
assume that the cost of the public is
C3

P C3
P ∈ (0, +∞)􏼈 􏼉. In addition, if the government

adopts the mass communication strategy, it is
harder for the public to acquire information. In this
situation, we assume that the cost of the public is
C4

P C4
P ∈ (0, +∞)􏼈 􏼉. ,us, C3

P >C4
P. Moreover, if the

public chooses the not acquire strategy, we assume
that the cost is 0.
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③ ,irdly, the benefits of the government and the
public are listed as follows:

Firstly, when the government adopts the mass com-
munication strategy and the public chooses the acquire
strategy, we assume that the revenue of the public is R3

P,
R3

P � k1 􏽐
n
i�1 Vi. On the contrary, when the government

adopts the personalized recommendation strategy and the
public chooses the acquire strategy, we assume that the
revenue of the public is R4

P, R4
P � k2 􏽐

n
i�1 Vi. Moreover, if the

public chooses the not acquire strategy, the revenue of the
public is 0. Secondly, if the public acquires the public in-
formation, we assume that the government could also get
revenues which are regarded as the increases of the social
welfare. ,en, if the government adopts the mass com-
munication strategy, we assume that the revenue of the
government is R1

G, R1
G � αR3

P � αk1 􏽐
n
i�1 Vi, α(α> 1) is the

conversion rate for the revenue of the public. Moreover, if
the government adopts the personalized recommendation
strategy, we assume that the revenue of the government is
R2

G, R2
G � αR4

P � αk2 􏽐
n
i�1 Vi.

Based on the above assumptions, all parameters in this
model are presented in Table 3. Moreover, the logical
framework of this paper is presented in Figure 1.

2.3. Payoffs of Two Players.

(1) When the government adopts themass communication
strategy and the public chooses the acquire strategy,
the payoff of the government is presented as
follows:

αk1􏽘

n

i�1
Vi − C

1
G. (1)

,e payoff of the public is presented as follows:

k1􏽘

n

i�1
Vi − C

3
P. (2)

(2) When the government adopts the mass communi-
cation strategy and the public chooses the not ac-
quire strategy, then the payoff of the public is 0.
Moreover, the payoff of the government is − C1

G.

(3) When the government adopts the personalized
recommendation strategy and the public chooses the
acquire strategy, the payoff of the government is
presented as follows:

αk2􏽘

n

i�1
Vi − C

2
G. (3)

,e payoff of the public is presented as follows:

k2􏽘

n

i�1
Vi − C

4
P. (4)

(4) When the government adopts the mass communi-
cation strategy and the public chooses the not ac-
quire strategy, then the payoff of the public is 0.
Moreover, the payoff of the government is − C2

G.

Based on the above analyses, the payoff matrix of the
model is presented in Table 4.

2.4. -e Evolutionary Game Model. In order to study the
evolutionary path between the government and the public,
the evolutionary game model is established as follows.

Firstly, the expected return π1G of the government with
mass communication strategy is given by

π1
G � y αk1􏽘

n

i�1
Vi − C

1
G

⎛⎝ ⎞⎠ +(1 − y) − C
1
G􏼐 􏼑. (5)

On the contrary, the expected return π2
G of the gov-

ernment with the personalized recommendation strategy is
given by

π2
G � y αk2􏽘

n

i�1
Vi − C

2
G

⎛⎝ ⎞⎠ +(1 − y) − C
2
G􏼐 􏼑. (6)

Besides, the expected return πG of the government is
given by

πG � xπ1G +(1 − x)π2
G. (7)

,en, combining equations (5)–(7), the replicated dy-
namic equation πG(x) of the government can be obtained as
follows:

Table 1: Variables symbol and descriptions.

Variables Descriptions Value range
x Probability of the government with mass communication strategy 0≤ x≤ 1
y Probability of the public with the acquire strategy 0≤y≤ 1
G ,e government —
P ,e public —

Table 2: ,e strategy matrix of two agents.

,e public (P)

,e government (G) Mass communication, acquire Mass communication, not acquire
Personalized recommendation, acquire Personalized recommendation, not acquire
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πG(x) �
dx

dt
� x(1 − x) yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦.

(8)

Secondly, the expected return π1
P of the public with the

acquire strategy is given by

π1
P � x k1􏽘

n

i�1
Vi − C

3
P

⎛⎝ ⎞⎠ +(1 − x) k2􏽘

n

i�1
Vi − C

4
P

⎛⎝ ⎞⎠. (9)

On the contrary, the expected return π2P of the public
with the not acquire strategy is given by

π2
P � x × 0 +(1 − x) × 0 � 0. (10)

Besides, the expected return πP of the public is given by

πP � yπ1P +(1 − y)π2
P. (11)

,en, combining equations (9)–(11), the replicated dy-
namic equation πP(y) of the public can be obtained as
follows:

πP(y) �
dy

dt
� y(1 − y) xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi

⎧⎨

⎩

− x C
3
P − C

4
P􏼐 􏼑 − C

4
P􏼩.

(12)

Table 3: All parameters and their descriptions.

Parameters Descriptions Value
C1

G ,e cost of the government with mass communication strategy C1
G ∈ (0, +∞)

C2
G ,e cost of the government with personalized recommendation strategy C2

G ∈ (0, +∞)

C3
P ,e cost of the acquire strategy when the government adopts the mass communication strategy C3

P ∈ (0, +∞)

C4
P ,e cost of the acquire strategy when the government adopts the personalized recommendation strategy C4

P ∈ (0, +∞)

k1 Arrival rate when the government chooses the mass communication strategy k1 ∈ (0, +∞)

k2 Arrival rate when the government chooses the personalized recommendation strategy k2 ∈ (0, +∞)

α ,e conversion rate for the revenue of the public α ∈ (0, +∞)

Vi ,e value of information of piece i Vi ∈ (0, +∞)

R1
G ,e revenue of the government with mass communication strategy R1

G ∈ (0, +∞)

R2
G ,e revenue of the government with personalized recommendation strategy R2

G ∈ (0, +∞)

R3
P ,e revenue of the acquire strategy when the government adopts mass communication strategy R3

P ∈ (0, +∞)

R4
P ,e revenue of the acquire strategy when the government adopts the personalized recommendation strategy R4

P ∈ (0, +∞)

Government Public Government Public

Payoff
matrix

Cost Income
Personalized

recommendation

Mass
communication

Strategy

Not acquire

Acquire

Figure 1: ,e logical framework of this paper.

Table 4: ,e payoff matrix of the model.

,e public (G)
,e government (E) Acquire (y) Not acquire (1 − y)

Mass communication (x) (αk1 􏽐
n
i�1 Vi − C1

G, k1 􏽐
n
i�1 Vi − C3

P) (− C1
G, 0)

Personalized recommendation (1 − x) (αk2 􏽐
n
i�1 Vi − C2

G, k2 􏽐
n
i�1 Vi − C4

P) (− C2
G, 0)
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,us, according to equations (12) and (21), a dynamic
system S1 is given by

πG(x) �
dx

dt
� x(1 − x) yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦,

πP(y) �
dy

dt
� y(1 − y) xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi − x C

3
P − C

4
P􏼐 􏼑 − C

4
P

⎧⎨

⎩

⎫⎬

⎭.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(13)

,en, letting πG(x) � 0 and πP(y) � 0, ,eorem 1 can
be obtained as follows:

Theorem 1. (0, 0), (0, 1), (1, 0), (1, 1) must be four Nash
equilibrium points of system S1. Moreover, if

|C4
P − k2􏽘

n

i�1
Vi| − | k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑|< 0,

C
4
P − k2􏽘

n

i�1
Vi

⎛⎝ ⎞⎠ k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑⎡⎣ ⎤⎦> 0.

|C
1
G − C

2
G| − |α k1 − k2( 􏼁􏽘

n

i�1
Vi|< 0,

C
1
G − C

2
G􏼐 􏼑 α k1 − k2( 􏼁􏽘

n

i�1
Vi

⎡⎣ ⎤⎦> 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(14)

then the point (x∗, y∗) with (x∗ � (C4
P − k2 􏽐

n
i�1 Vi/(k1 −

k2) 􏽐
n
i�1 Vi − (C3

P − C4
P)), y∗�(C1

G − C2
G/α(k1 − k2) 􏽐

n
i�1 Vi))

could be a mixed strategy Nash equilibrium point of system S1.

Proof. According to equation (13), let πG(x) � 0 and
πP(y) � 0; then, it is obvious that (0, 0), (0, 1), (1, 0), (1, 1)
must be four Nash equilibrium points of system S1.
Moreover, letting

yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑 � 0,

xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi − x C

3
P − C

4
P􏼐 􏼑 − C

4
P � 0,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(15)

we can obtain that (x∗, y∗) with (x∗ � (C4
P − k2 􏽐

n
i�1

Vi/(k1 − k2) 􏽐
n
i�1 Vi − (C3

P − C4
P))), y∗ � (C1

G − C2
G/α (k1 −

k2) 􏽐
n
i�1 Vi)) could be a potential mixed strategy Nash

equilibrium point of system S1. Furthermore, if

|C
4
P − k2􏽘

n

i�1
Vi| − | k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑|< 0,

C
4
P − k2􏽘

n

i�1
Vi

⎛⎝ ⎞⎠ k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑⎡⎣ ⎤⎦> 0,

|C
1
G − C

2
G| − |α k1 − k2( 􏼁􏽘

n

i�1
Vi|< 0,

C
1
G − C

2
G􏼐 􏼑 α k1 − k2( 􏼁􏽘

n

i�1
Vi

⎡⎣ ⎤⎦> 0,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(16)

then we can obtain that

0<
C
4
P − k2 􏽐

n
i�1 Vi

k1 − k2( 􏼁 􏽐
n
i�1 Vi − C

3
P − C

4
P􏼐 􏼑
< 1,

0<
C
1
G − C

2
G

α k1 − k2( 􏼁 􏽐
n
i�1 Vi

< 1.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(17)

,erefore, under this condition, we can obtain that
(x∗, y∗) is also a mixed strategy Nash equilibrium point of
system S1.

From,eorem 1, we can obtain that the government and
the public will adopt different strategies under different
situations. ,erefore, we should divide it into different cases
to explore the stability of the evolutionary game.

3. The Stability Analysis of the
Evolutionary Game

3.1. BasicAnalysis of theTwoSinglePlayers in theEvolutionary
Game

Proposition 1. In terms of the public, it will achieve stable
status in the following three cases:

① When x � (C4
P − k2 􏽐

n
i�1 Vi/(k1 − k2) 􏽐

n
i�1 Vi − (C3

P−

C4
P)), the evolutionary strategy is always in

equilibrium

Complexity 5



② When x> (C4
P − k2 􏽐

n
i�1 Vi/(k1 − k2) 􏽐

n
i�1 Vi − (C3

P−

C4
P)), then y � 1 is an evolutionary equilibrium point

③ When x< (C4
P − k2 􏽐

n
i�1 Vi/(k1 − k2) 􏽐

n
i�1 Vi − (C3

P−

C4
P)), then y � 0 is an evolutionary equilibrium point

Proof. According to the work proposed by Friedman [],
πG(x) � 0 and πG

′ (x)< 0 are required in order to achieve the
“evolutionary stable strategy” (ESS); this is similar for πP(y)

to meet the same condition. According to equation (13), we
can obtain the following equation:

πG
′ (x) �

dx

dt
� (1 − 2x) yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦,

πP
′ (y) �

dy

dt
� (1 − 2y) xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi − x C

3
P − C

4
P􏼐 􏼑 − C

4
P

⎧⎨

⎩

⎫⎬

⎭.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(18)

① When x � (C4
P − k2 􏽐

n
i�1 Vi/(k1 − k2) 􏽐

n
i�1 Vi− (C3

P−

C4
P)), there is always πP(y) ≡ 0. ,us, whatever the

value of y is, the evolutionary strategy is always in
equilibrium.

② When x> (C4
P − k2 􏽐

n
i�1 Vi/(k1 − k2) 􏽐

n
i�1 Vi− (C3

P−

C4
P)), then there are πP

′(0)> 0 and πP
′ (1)< 0.

,erefore, y � 1 is an evolutionary equilibrium
point, and the public will choose the not acquire
strategy.

③ When x< (C4
P − k2 􏽐

n
i�1 Vi/(k1 − k2) 􏽐

n
i�1 Vi− (C3

P−

C4
P)), then there are πP

′(0)< 0 and πP
′ (1)> 0. ,us, in

this situation, y � 0 is an evolutionary equilibrium
point, and the public will choose the acquire
strategy. □

Proposition 2. In terms of the government, it will achieve
stable status in the following three cases:

① When y � (C1
G − C2

G/α(k1 − k2) 􏽐
n
i�1 Vi), the evolu-

tionary strategy is always in equilibrium
② When y> (C1

G − C2
G/α(k1 − k2) 􏽐

n
i�1 Vi), then x � 1

is an evolutionary equilibrium point
③ When y< (C1

G − C2
G/α(k1 − k2) 􏽐

n
i�1 Vi), then x � 0

is an evolutionary equilibrium point

Proof. Similar to the proof of Proposition 1, we can obtain
the following:

① When y � (C1
G − C2

G/α(k1 − k2) 􏽐
n
i�1 Vi), there is

always πG(x) ≡ 0. ,us, whatever the value of x is,
the evolutionary strategy is always in equilibrium.

② When y> (C1
G − C2

G/α(k1 − k2) 􏽐
n
i�1 Vi), then there

are πG
′ (0)> 0 and πG

′ (1)< 0. ,erefore, x � 1 is an
evolutionary equilibrium point, and the government
will choose the personalized recommendation
strategy.

③ When y< (C1
G − C2

G/α(k1 − k2) 􏽐
n
i�1 Vi), then there

are πG
′ (0)< 0 and πG

′ (1)> 0. ,us, in this situation,
x � 0 is an evolutionary equilibrium point, and the
government will choose the mass communication
strategy. □

3.2. Analysis of Stability of the Evolutionary Game.
According to the method of the Jacobi matrix proposed by
Friedman [18], we assume that the Jacobi matrix of system S1
is J. ,en, the corresponding Jacobi matrix is

J �
M11 M12

M21 M22
􏼢 􏼣, (19)

where

M11 �
zπG(x)

zx
� (1 − 2x) yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦,

M12 �
zπG(x)

zy
� x(1 − x) k1 − k2( 􏼁α􏽘

n

i�1
Vi,

M21 �
zπP(y)

zx
� y(1 − y) k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑⎡⎣ ⎤⎦,

M22 �
zπP(y)

zy
� (1 − 2y) xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi

⎧⎨

⎩

− x C
3
P − C

4
P􏼐 􏼑 − C

4
P􏼩.

(20)

Based on the analysis of the Jacobi matrix, we can get the
local stability of the equilibrium points; then, ,eorem 2 can
be obtained as follows.

Theorem 2. -e ESS point may be achieved at (0, 0), (0, 1),
(1, 0), (1, 1); however, (x∗, y∗) must be the central point.
Moreover, the following six cases are presented:

① When k1 􏽐
n
i�1 Vi − C3

P > 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)> 0, then (1, 1) is the

ESS point
② When k1 􏽐

n
i�1 Vi − C3

P > 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0, then (0, 1) is the

ESS point
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③ When k1 􏽐
n
i�1 Vi − C3

P < 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)> 0, then (1, 0) is the

ESS point
④ When k1 􏽐

n
i�1 Vi − C3

P < 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0, then the ESS

point may be achieved at (0, 1) or (1, 0)
⑤ When k1 􏽐

n
i�1 Vi − C3

P < 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)> 0, then (1, 0) is the

ESS point

⑥ When k1 􏽐
n
i�1 Vi − C3

P < 0, k2 􏽐
n
i�1 Vi − C4

P < 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0, then (1, 0) is the

ESS point

Proof. According to equation (19), we can obtain that the
determinant of J as follows:

detJ � (1 − 2x)(1 − 2y) yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦ xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi − x C

3
P − C

4
P􏼐 􏼑

⎧⎨

⎩

⎫⎬

⎭

− xy(1 − x)(1 − y) α k1 − k2( 􏼁􏽘

n

i�1
Vi

⎡⎣ ⎤⎦ k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑⎡⎣ ⎤⎦.

(21)

,e trace of the matrix J is

trJ � (1 − 2x) yα k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦

+(1 − 2y) xk1 +(1 − x)k2􏼂 􏼃􏽘

n

i�1
Vi − x C

3
P − C

4
P􏼐 􏼑

⎧⎨

⎩

⎫⎬

⎭.

(22)

,en, from equations (21) and (22) and the point
(x∗, y∗), we can obtain

ψ1: detJ| x∗ ,y∗( ) � 1 − 2x
∗

( 􏼁 1 − 2y
∗

( 􏼁 y
∗α k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦

x
∗
k1 + 1 − x

∗
( 􏼁k2􏼂 􏼃􏽘

n

i�1
Vi − x

∗
C
3
P − C

4
P􏼐 􏼑

⎧⎨

⎩

⎫⎬

⎭

− x
∗
y
∗ 1 − x

∗
( 􏼁 1 − y

∗
( 􏼁 α k1 − k2( 􏼁􏽘

n

i�1
Vi

⎡⎣ ⎤⎦ k1 − k2( 􏼁􏽘

n

i�1
Vi − C

3
P − C

4
P􏼐 􏼑⎡⎣ ⎤⎦

�
k1 􏽐

n
i�1 Vi − C

3
P􏼐 􏼑 k2 􏽐

n
i�1 Vi − C

4
P􏼐 􏼑 C

1
G − C

2
G􏼐 􏼑 α k1 − k2( 􏼁 􏽐

n
i�1 Vi − C

1
G − C

2
G􏼐 􏼑􏽨 􏽩

α k1 − k2( 􏼁 􏽐
n
i�1 Vi􏼂 􏼃 k1 − k2( 􏼁 􏽐

n
i�1 Vi − C

3
P − C

4
P􏼐 􏼑􏽨 􏽩

,

ψ2: trJ| x∗,y∗( ) � 1 − 2x
∗

( 􏼁 y
∗α k1 − k2( 􏼁􏽘

n

i�1
Vi − C

1
G − C

2
G􏼐 􏼑⎡⎣ ⎤⎦ + 1 − 2y

∗
( 􏼁

x
∗
k1 + 1 − x

∗
( 􏼁k2􏼂 􏼃􏽘

n

i�1
Vi − x

∗
C
3
P − C

4
P􏼐 􏼑

⎧⎨

⎩

⎫⎬

⎭ � 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(23)

According to equation (23), we know that trJ|(x∗ ,y∗) � 0;
therefore, the trace of the matrix under different situations
must be 0. ,us, (x∗, y∗) must be the central point.
Moreover, we can obtain that the expressions of five points
as shown in Table 5.

Moreover, according to the work proposed by Friedman
[], the corresponding evolutionary strategy will become the
ESS point if detJ> 0 and trJ< 0. In Section 2.2, we assume
that the parameters in this model are all positive; in addition,
C2

G >C1
G, C3

P >C4
P, and k1 < k2. ,us, there must be

Complexity 7



C1
G − C2

G < 0, C3
P − C4

P > 0, and k1 − k2 < 0. ,en, we can
obtain that α(k1 − k2) 􏽐

n
i�1 Vi < 0 and (k1 − k2) 􏽐

n
i�1 Vi−

(C3
P − C4

P)< 0. ,erefore, we just need to discuss the fol-
lowing three cases:

When k1 􏽐
n
i�1 Vi − C3

P > 0, due to C3
P >C4

P and k1 < k2,
there must be k2 􏽐

n
i�1 Vi − C4

P > 0. ,erefore, the following
two cases are discussed:

① When k1 􏽐
n
i�1 Vi − C3

P > 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)> 0, then we have

detJ|(1,1) � [α(k1 − k2) 􏽐
n
i�1 Vi − (C1

G − C2
G)](k1 􏽐

n
i�1

Vi − C3
P)> 0 and trJ|(1,1) � − [α(k1 − k2) 􏽐

n
i�1 Vi−

(C1
G − C2

G)] − (k1 􏽐
n
i�1 Vi − C3

P)< 0. ,erefore, (1, 1)
is the ESS point.

② When k1 􏽐
n
i�1 Vi − C3

P > 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0, then we have

detJ|(0,1) � − [α(k1 − k2)􏽐
n
i�1 Vi − (C1

G − C2
G)](k2􏽐

n
i�1

Vi − C4
P)>0 and trJ|(0,1) � [α(k1 − k2)􏽐

n
i�1Vi−

(C1
G − C2

G)] − (k2􏽐
n
i�1 Vi − C4

P)<0. ,erefore, (0, 1) is
the ESS point.

When k1 􏽐
n
i�1 Vi − C3

P < 0, the following four cases are
shown in Table 6. □

4. Simulation Analysis

4.1. -e Evolutionary Path between the Government and the
Public. In order to observe the evolutionary path between
the government and the public, simulation analyses are used.
,en, according to ,eorem 2, the assumed values of the
parameters under the six scenarios are presented in Table 7.

To simplify the analysis, we assume that α � 2, n � 3, and
Vi � 5 in six scenarios. Moreover, in order to fully discuss the
influence of different initial values of probabilities to the sta-
bility of the model, we assume that x � y � (0.1: 0.2: 0.9).
For example, if x � 0.1, y � 0.1, it means that the government
will adopt a weak willingness to choose the mass communi-
cation strategy while the enterprises will also adopt a weak
willingness to choose the acquire strategy. If x � 0.1, y � 0.9, it

means that the government will adopt a weak willingness to
choose the mass communication strategy while the enterprises
will also adopt a high willingness to choose the acquire strategy.
,en, the simulation results of six scenarios are presented in
Figure 2.

From Figure 2 and combined with ,eorem 2, we can
obtain the following conclusions.

Conclusion 1. Combined with Figures 2(a) and 2(b) and
,eorem 2, we can see that when k1 􏽐

n
i�1 Vi − C3

P > 0,
k2 􏽐

n
i�1 Vi − C4

P > 0, and α(k1 − k2) 􏽐
n
i�1 Vi − (C1

G − C2
G)> 0,

then (1, 1) is the ESS point. ,erefore, in this situation, the
government will fully adopt the mass communication
strategy and the public will fully adopt the acquire strategy.
When k1 􏽐

n
i�1 Vi − C3

P > 0, k2 􏽐
n
i�1 Vi − C4

P > 0, and
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0, then (0, 1) is the ESS

point. In this situation, the government will adopt the
personalized recommendation strategy while the public
adopts the acquire strategy. ,ese two scenarios are very
similar because the public will choose the acquire strategy.
,is is mainly due to the condition that k1 􏽐

n
i�1 Vi − C3

P > 0;
thus, the revenue of the public with the acquire strategy is
higher than the cost.

Conclusion 2. Combined with Figures 2(c) and 2(f ) and
,eorem 2, we can see that when k1 􏽐

n
i�1 Vi − C3

P < 0,
k2 􏽐

n
i�1 Vi − C4

P > 0, and α(k1 − k2) 􏽐
n
i�1 Vi − (C1

G − C2
G)> 0;

when k1 􏽐
n
i�1 Vi − C3

P < 0, k2 􏽐
n
i�1 Vi − C4

P < 0, and α(k1 − k2)

􏽐
n
i�1 Vi − (C1

G − C2
G)>0; or when k1 􏽐

n
i�1Vi − C3

P<0,
k2 􏽐

n
i�1Vi − C4

P<0, and α(k1 − k2)􏽐
n
i�1 Vi − (C1

G − C2
G)<0, the

ESS point is always (0, 0). ,at is to say, in these three
situations, the government will choose the personalized
recommendation strategy and the public will choose the not
acquire strategy. Moreover, when k1 􏽐

n
i�1Vi − C3

P<0,
k2 􏽐

n
i�1Vi − C4

P>0, and α(k1 − k2)􏽐
n
i�1Vi − (C1

G − C2
G)<0,

then three are two ESS points, (0, 1) and (1, 0). In this case,
the strategies can be different between the government and
the public.

Table 5: ,e expressions of five points.

Equilibrium
point Expression

(0, 0)
detJ − (C1

G − C2
G)(k2 􏽐

n
i�1 Vi − C4

P)

trJ − (C1
G − C2

G) + (k2 􏽐
n
i�1 Vi − C4

P)

(0, 1)
detJ − [α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)](k2 􏽐

n
i�1 Vi − C4

P)

trJ [α(k1 − k2) 􏽐
n
i�1 Vi − (C1

G − C2
G)] − (k2 􏽐

n
i�1 Vi − C4

P)

(1, 0)
detJ (C1

G − C2
G)(k1 􏽐

n
i�1 Vi − C3

P)

trJ (C1
G − C2

G) + (k1 􏽐
n
i�1 Vi − C3

P)

(1, 1)
detJ [α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)](k1 􏽐

n
i�1 Vi − C3

P)

trJ − [α(k1 − k2) 􏽐
n
i�1 Vi − (C1

G − C2
G)] − (k1 􏽐

n
i�1 Vi − C3

P)

(x∗, y∗)
detJ (k1 􏽐

n
i�1 Vi − C3

P)(k2 􏽐
n
i�1 Vi − C4

P)(C1
G − C2

G)[α(k1 − k2) 􏽐
n
i�1 Vi − (C1

G − C2
G)]/ [α(k1 − k2) 􏽐

n
i�1 Vi][(k1 − k2) 􏽐

n
i�1 Vi−

(C3
P − C4

P)]

trJ 0
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Table 7: ,e assumed values of the parameters under the six scenarios.

,e scenarios Scenario ① Scenario ② Scenario ③ Scenario ④ Scenario ⑤ Scenario ⑥
k1 0.3 0.3 0.3 0.3 0.3 0.3
k2 0.7 0.7 0.7 0.7 0.7 0.7
n 3 3 3 3 3 3
Vi 5 5 5 5 5 5
C3

P 3 3 5 5 15 15
C4

P 2 2 2 2 12 12
C1

G 2 2 2 2 2 2
C2

G 15 10 15 10 15 10
α 2 2 2 2 2 2
x (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9)
y (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9) (0.1 : 0.2 : 0.9)

Table 6: ,e evolutionary stability of local equilibrium points under four cases.

Case Condition Equilibrium point detJ trJ Results
Case 1 k1 􏽐

n
i�1 Vi − C3

P < 0 (0, 0) + + Unstable point

③

k2 􏽐
n
i�1 Vi − C4

P > 0 (0, 1) − ± Saddle point
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)> 0 (1, 0) + − ESS

(1, 1) − ± Saddle point
(x∗, y∗) + 0 Central point

Case 2 k1 􏽐
n
i�1 Vi − C3

P < 0 (0, 0) + + Unstable point

④

k2 􏽐
n
i�1 Vi − C4

P > 0 (0, 1) + − ESS
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0 (1, 0) + − ESS

(1, 1) + + Unstable point
(x∗, y∗) − 0 Central point

Case 3 k1 􏽐
n
i�1 Vi − C3

P < 0 (0, 0) − ± Saddle point

⑤

k2 􏽐
n
i�1 Vi − C4

P < 0 (0, 1) − ± Saddle point
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)> 0 (1, 0) + − ESS

(1, 1) − ± Saddle point
(x∗, y∗) − 0 Central point

Case 4 k1 􏽐
n
i�1 Vi − C3

P < 0 (0, 0) − ± Saddle point

⑥

k2 􏽐
n
i�1 Vi − C4

P < 0 (0, 1) − ± Saddle point
α(k1 − k2) 􏽐

n
i�1 Vi − (C1

G − C2
G)< 0 (1, 0) + − ESS

(1, 1) + + Unstable point
(x∗, y∗) + 0 Central point

From Table 6, we can obtain the cases in ③∼⑥.
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Figure 2: Continued.
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Conclusion 3. Combined with the above six scenarios, we can
obtain that the time to convergence is different; in Scenario③,
it will spend more time to converge to a stable status.

5. Conclusions and Policy Recommendations

,is paper conducts an evolutionary game on public in-
formation communication between the government and the
public. ,en, the stability of the evolutionary under different
cases is explored. Moreover, the simulation analysis is
presented to illustrate the results. ,e results can be affected
by differential situations. ,e strategies selected by the
government and the public are mainly influenced by their
cost and revenue. Reducing the cost of different commu-
nication strategies of the government will help to improve
the arrival rate of public information and improve the ef-
ficiency of public access. Furthermore, the evolutionary path
under different scenarios can converge to different stable
statuses.

With the rapid development of the Internet, the dissem-
ination of public information has become more convenient. It
requires the joint efforts of all parties in the system to improve
the public’s overall satisfaction with public information ser-
vices, makes targeted personalized recommendations on public
information, and improves the effectiveness and arrival rate of
communication. Based on the above analyses results, several
policies suggestions are proposed as follows: reducing the cost
of the “personalized recommendation” of public information
and mining the information required by users can avoid re-
source waste, improve the efficiency of public access, and thus
enhance the overall satisfaction of the public on public in-
formation dissemination. Moreover, on the one hand, we can
establish a good user information feedback mechanism which
is called “the user access, personalized recommendation, and
customer satisfaction.” On the other hand, the dissemination of
public information should be regulated reasonably, and the
release of public information should be subject to a strict review
mechanism, so as to reduce or even eliminate the release of
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Figure 2: ,e simulation results of six scenarios.
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inferior public information, to improve the dissemination
quality of public information and meet the public demand for
public information in a real sense.

6. Limitations and Future Work

,ere are also some limitations to our study due to the fact
that the data we used in our paper is the simulated data.
,erefore, in future work, we can use real cases to explore
the evolutionary path on public information communica-
tion between the government and the public.
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