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The deployment of cache and computing resources in 5G mobile communication networks is considered as an important way to
reduce network transmission delay and redundant content transmission and improve the efficiency of content distribution and
network computing processing capacity, which has been widely concerned and recognized by academia and industry. Aiming
at the development trend of cache and computing resource allocation in 5G mobile communication networks, in order to
improve the efficiency of content cache and reduce network energy consumption, a 5G network cache optimization strategy
based on Stackelberg game was proposed, which modeled network operators and content providers as multimaster and
multislave Stackelberg game model. Providers buy base station storage space from network operators to cache popular content.
In this paper, we construct the strategy space and profit function of the two sides of the game and prove the existence of Nash
equilibrium solution among content providers given a set of base station rental prices of network operators. In this paper,
distributed iterative algorithm is used to solve the game model, and the optimal base station pricing of network operators and
the optimal base station occupancy rate of content providers are obtained.

1. Introduction

The network caching strategy reduces the user’s request
waiting time and content sending waiting time by caching
the content of the content provider to the caching node or
base station of the 5G network in advance, reduces the send-
ing energy consumption in the network, and improves the
experience quality of network users [1]. The performance
of caching strategy directly affects the caching efficiency of
network content and the quality of user experience, which
is one of the hot spots in the current 5G network research.
The traditional content caching strategy is relatively simple
to expand in the network, but it has some shortcomings such
as low integration, low cache hit rate, and low utilization rate
of network resources [2]. At the same time, due to the
limited cache resources in the network, there are conflicts
among content providers. Previous strategies lack of consid-
eration of the competitive relationship between content
providers, there are high cost of network operators, low uti-
lization of cache space, and other drawbacks. For the above
problems, some scholars have studied the cache strategies

of 5G networks, but most of these algorithms and strategies
only consider a single network performance index and do
not consider the competitive relationship between network
operators and content providers, and the comprehensive
consideration of cache hit rate, network cost, resource utili-
zation, and other factors is insufficient [3]. Therefore, the
cache strategy needs further research and optimization.

With the combination of UAV communication and edge
caching, coupled with network deployment, resource alloca-
tion is very important to the quality of experience (QoE) of
content distribution application users [4]. The optimization
problem of maximizing QoE is proposed and evaluated by
MOS. In the first step, greedy algorithm and Lagrange
duality algorithm are used to obtain the optimal position
and association. In the second step, the iterative algorithm
of optimization is proposed, which achieves the best way of
computational complexity and optimization. Network edge
caching for D2D can reduce the burden of transmission,
which is a more promising technology [5]. But it relies too
much on the content preferences of individual users, so we
must take some proactive measures if we want to give full
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play to its advantages. In the research, the recommendation
algorithm has a great impact on caching decision, so we
further study how to improve the caching efficiency of
D2D wireless content caching network. According to the
requirements of personalized recommendation quality and
quantity, including cache capacity, the cache hit rate maxi-
mization problem of general network model is adopted to
solve the cache efficiency problem. Two criteria in cache-
assisted MEC networks are relay link channel gain and direct
link channel gain, both of which can greatly improve the
computing power [6]. Similarly, there are three criteria for
cache-free MEC networks. Based on the outage probability
defined by transmission plus computation time, cache can
alleviate the impact of heavy computation, while the
improvement of cache in high signal-to-noise ratio (SNR)
area is not as significant as that of cache-free network adopt-
ing the destination with the largest channel gain of direct
link. Literature [7] is aimed at the restrictive problem that
the development of smart grid technology depends on the
convenient data transmission service provided by Power
Line Communication (PLC), mainly the channel environ-
ment and the increasing traffic load in the backhaul, which
is a high energy consumption work. A PLC network with
high cache is proposed, which can reduce load energy con-
sumption. Literature [8] is aimed at the increase of network
traffic caused by the increase of population, but metropolis
adopts local cache to reduce traffic, which is a traditional
method and will be limited by storage space. Therefore,
researchers put forward data mining technology based on
clustering concept. This technology is a pattern of collecting
feedback data to reduce traffic, and then, grouping it and
redeploying it can achieve the effect of traffic reduction.
On the experimental surface, it can indeed reduce the flow
rate by about 8%.

As mentioned above, the current cache policy has some
problems, such as high cache cost, large network energy
consumption, and low cache hit rate. In view of the above
problems, this chapter uses the Stackelberg game method
to model and analyze the content caching process of 5G net-
work and comprehensively considers the popularity of con-
tent, user preferences, cache hit rate, etc. and puts forward
an optimization strategy of 5G network caching based on
Stackelberg game, which is used for network content caching
and provides users with high-quality network services.

2. 5G Network Content Caching

Router nodes and network base stations in 5G networks
have storage capacity. By setting the cache strategy and
cache replacement strategy, the content of the content pro-
vider is cached to the router node or network base station
of 5G network in advance, which can effectively reduce the
transmission delay and network energy consumption of 5G
network by reducing the retrieval delay of content and the
backhaul load of 5G network [9] and at the same time
improve the experience quality of netizens.

Cache technology mainly includes three stages: cache
policy determination, online user request, and cache replace-
ment. The so-called caching decision refers to making cach-

ing strategies based on network traffic changes or content hit
rate and caching content into the network in advance. User
request is a way to decide the request and send the request
content by judging whether the file needed by the user is
stored in the cache. Cache replacement refers to replacing
cache contents and determining what to update when the
cache space reaches a threshold [10].

Caching technology can divide cache into core cache and
edge cache according to cache location. Core caching
strengthens the overall scheduling ability of the network by
caching the network content to the router of the core net-
work, but it enhances the storage load of the core network
to a certain extent. Edge caching caches network content to
routers close to users’ edge networks, which reduces the
delay of video search. When the next request is received,
the network can respond to users’ needs in time, improve
the efficiency of users’ content acquisition, and increase the
transmission speed of network content [11].

Caching technology can be divided into active caching
and passive caching according to caching methods. In the
case of passive caching, the content within the network is
cached in the corresponding location only after being sent
through the node. If no data is requested from the respond-
ing node, the node does not cache the data. However, due to
the high diversity of user preferences, multiple users no lon-
ger request exactly the same content, and caching content in
passive cache may not meet the needs of future network
users [12]. An effective way to improve the efficiency of net-
work caching is to activate the requested content before the
user’s request arrives. Thus, the active cache can anticipate
user requirements and fetch content from the content pro-
vider before being requested.

User demand and user mobility are two factors to con-
sider activating and caching network users in 5G networks.

The advantages of applying caching technology in 5G
networks are as follows:

(1) It can reduce the demand of nodes for backhaul
links, so it can increase the deployment density of
nodes and improve spectrum utilization and net-
work throughput

(2) Hot data can be cached in advance in the cache node
to balance the traffic in the network, thus avoiding
the occurrence of network congestion during the
peak traffic period

(3) It can reduce the network occupation of backhaul
bandwidth and reduce the deployment cost of back-
haul link of base station to a certain extent

(4) It can effectively reduce the retrieval delay and trans-
mission delay for users to obtain content, because
users can directly obtain the requested content from
the cache node and do not need to obtain it from the
core network

(5) It can effectively avoid duplicate contents transmit-
ted on the backhaul link, thereby reducing the
energy consumption of the network and improving
the energy efficiency
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3. System Model of Content Caching

The focus of this paper is to model and analyze the content
caching system. Firstly, the network architecture of content
caching in 5G network is summarized, and then, the system
is modeled in this network architecture. Finally, the popu-
larity of content, user preference, and cache hit rate are
introduced in detail.

As shown in Figure 1, the 5G network architecture [13]
mainly includes modules such as UE, AMF, RAN, S-AF,
SMF, UPF, and DN. The functions of each module are as
follows.

(1) UE. The module mainly includes 5G user terminals
requesting network content.

(2) AMF. AMF module is mainly responsible for user
mobility management and network access control.
The 5G core access and mobility management func-
tion (AMF) receives all connection and session-
related information from user equipment, but is only
responsible for handling connection and mobility
management tasks. All messages related to session
management are forwarded to the session manage-
ment function through the reference interface.

(3) RAN. It is mainly responsible for the terminal access
function of 5G network, and the base stations of net-
work operators are distributed in the layer of wireless
access network.

(4) Stackelberg Game Application [14] Function. S-AF
module mainly interacts with the implementation
of cache optimization strategy, the processing of
network information, and the core network of 5G
network presented in this section to provide corre-
sponding services.

(5) SMF. This module is mainly responsible for the
management and control of end-user sessions.

(6) UPF. The user interface function completes the
related operations of the user interface, including
the retrieval and root functions of the data content
of the user interface.

(7) DN. The content provider is located in this location,
mainly providing the content required by users.

3.1. System Model. Network operators in wireless access net-
works and content providers in data networks are combined
as a system model. Figure 2 shows the system model of cache
optimization strategy.

The system model in this paper includes M network
operators f1, 2,⋯,Mg, N content providers f1, 2,⋯,Ng,
and 5G network [15] end users. Each network operator
may lend base station space to the content provider
to precache content specified by the content provider.
Here, the base station distribution of network operators
follows the distribution density. The different λ is
arranged neatly, and the users follow the uniform dis-
tribution of berthing points with different properties of
distribution density n.

In the system model, the specific process for completing
content request and download is the first step: the network
operator first sets the price of its base station and notifies
the content provider through the 5G network. Second step:
The content provider leases a certain percentage of the base
stations based on the type of network operator and the
pricing of the base stations and caches popular or popular
content to the base stations for request by the end user. Step
3: The end user downloads the required content from the
base station.

3.2. Content Popularity. In practical applications, users have
different preferences for different contents (for example,
some people like football videos, scientific messages, or
music), and part of the contents that the next user may
request is cached and provided to the user based on the
user’s historical browsing records, thus reducing the request
waiting time and transmission waiting time of the content
[16]. The contents of popular files on the network are set
to C, the set represents C = fF1, F2, Fcg, and the popularity
of the C content is set to Dc, c = f1, 2,⋯, Cg.

Dc =
1/cα

∑C
j=1 1/jαð Þ

,∀c: ð1Þ

As can be seen from Equation (1), content F1 is the most
popular and content Fc is the least popular.

In this paper, the adjustment coefficient is introduced
based on Formula (1). For σ, in order to adjust the cached
content, the base station caches the popular content of the
content provider and improves the income of the content

S-AF
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Figure 1: 5G network architecture.
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provider. The popularity of imported σ modified content is
expressed in Formula (2).

Dc =
σ/cα

∑C
j=1 1/jαð Þ

,∀c: ð2Þ

3.3. User Preference Degree. According to users’ usage habits,
users have different preferences for content providers. For
example, for video providers, Tencent, Youku, and eye con-
tact use groups are different. User preference indicates the
user’s experience level with the content provider, and the
higher the preference, the higher the user’s access frequency.
Therefore, in this specification, by introducing a user prefer-
ence indicator, content provided by a content provider with
a high user preference degree is cached in advance in a
network in order to improve the revenue of the content
provider. Assuming there are N content providers n = f1,
2,⋯,Ng, the user preferences are e = fE1, E2 ⋯ ENg,
respectively. Since the user’s content provider preferences
follow the Zipf distribution, En is defined as Formula (3).

En =
1/nβ

∑n
i=1 1/iβ
� � ,∀n: ð3Þ

Among them, β benchmark index, β > 0. The larger the
beta, the more popular the content provider is among users
and the more frequently it is accessed. According to Formula
(3), it can be seen that content provider 1 is the most popular
and content provider N is the least popular.

The cache hit ratio of content providers is an indicator
that content caching must consider. The cache hit ratio
Phit is shown in Formula (4).

Phit =
πλPcR

2
thτe

−λπPcR
2
th

ετ + μ
, ð4Þ

where μ represents the normalization factor and e−λπPcR
2
th is

the adjustment factor for the cache hit ratio.

4. Creation of Stackelberg Game

The standard game model should include three elements:
game participants, game strategy space, and game income
function. Among them, Stackelberg is a game suitable for
master-slave relationship [17, 18]. The participants of the
game are generally instructors and followers, and the
instructors and followers have their own game strategies
and profit functions. The process of the game is as
follows:

(1) Leaders make decisions based on their own benefits

(2) Followers make corresponding decisions according
to leaders’ decision-making actions

(3) Maximize the income value of both parties through
the game process

4.1. Composition of Stackelberg Game. In this paper, the
game model is established as a multimaster and multislave
Stackelberg game [19, 20], and the constituent elements of
the game are as follows:

(1) Participants in the Game. The leaders are N content
providers f1, 2,⋯,Ng. Followers are M network
operators f1, 2,⋯,Mg:

(2) Strategy Space of Game. The leader’s strategy is the
proportion of content provider renting network
operator’s base station tmn, or the follower’s strategy
is to set the rental price of network operator’s base
station, which is expressed as P = fP1, P2,⋯⋯ PMg.

(3) The Return Function of the Player. Revenue from
caching content

Ucache
n = 〠

M

m=1
〠
C

c=1
KηQEnDcPhit, ð5Þ

where Q is the unit price of each content and K is the
average number of users’ requests for content. The
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Figure 2: System model.
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other part is the rent for renting the base station of
the network operator:

U rent
n = 〠

M

m=1
τmnλmPm: ð6Þ

The revenue function for content providers is as
follows:

Un =Ucache
n −U rent

n : ð7Þ

For network operators, the revenue mainly comes
from the rental fee Pm charged by the content provider
for renting the base station and the cost Cm of manag-
ing the base station by the network operators. There-
fore, the revenue function of network operators is as
follows:

Um = 〠
N

n=1
Pm − Cmð Þτmnλm: ð8Þ

4.2. Problem Creation of Stackelberg Game. For a single
network operator, the optimization problem can be created
as a revenue maximization problem for the network oper-
ator, namely,

max
p≥0

Um p, τð Þ: ð9Þ

Special attention should be paid to the fact that the
content storage capacity must not exceed the total cache
space of the base station.

For each content provider, the optimization problem is
created as the revenue maximization problem of the content
provider. By substituting Formulas (5) and (6) into Formula
(7) and deducing calculation, the revenue of the content
provider can be obtained as follows:

Un = 〠
M

m=1
〠
C

c=1
KηQEnDcPhit − 〠

M

m=1
τnnλmPm

= 〠
M

m=1

∑C
c=1KηQEnDcπλmPcR

2
hτe

−λπPcR2
hh

ετ + μ
− τmnλmPm

" #
#:

ð10Þ

The optimization problem for the content provider is
created as follows:

max Un p, τð Þ: ð11Þ

Among them, 0 ≤ 1.
According to the above game model, the goal of the

network operator is to maximize the benefits specified in
Formula (8). The content provider leases the network oper-
ator’s base station in a proportion τ depending on the
network operator’s leased price Pm of the base station. The

purpose of the game is to find Stackelberg’s Nash equilib-
rium point, discourage leaders and followers from deviating
from the best strategy, and achieve the goal of maximizing
the interests of both parties.

4.3. Stackelberg’s Nash Equilibrium. The purpose of the game
[21, 22] is to let the participants choose the best strategy.
Whether the game ends or not determines whether the game
process has a stable state. It is worth studying to play games
only at the end of the game process. The steady state in game
is usually described by Nash equilibrium.

Nash equilibrium refers to a combination of strategies
called Nash equilibrium, which can make the strategies
of all players correspond to those of other players. Once
Nash equilibrium is reached, the strategy chosen by any
participant is the most appropriate, and it is impossible
to obtain higher benefits by adjusting his own strategy.
Nash’s equilibrium strategy is divided into “pure strategic
Nash equilibrium” and “mixed strategic Nash equilib-
rium.” Mixed strategy means that game participants
choose response strategies randomly through probability
distribution, while pure strategy means that game partici-
pants choose a single strategy determined in the current
strategy space.

It is worth noting that before solving any nanoequili-
brium, it is necessary to prove whether nanoequilibrium
exists in the game process. For noncooperative games, Nash
equilibrium is defined as no operating point, and partici-
pants can change their strategies to increase returns.

For noncooperative games, in general, if the game sat-
isfies the following conditions,

(1) The set of players in the game is limited

(2) The strategy space set of game belongs to the
bounded closed set of Euclidean space

(3) The profit function of noncooperative game is con-
tinuous in strategy space and satisfies the character-
istics of concave function

It can be concluded that there is Nash equilibrium in the
game process, and the utility of each player will be maxi-
mized, and any participant cannot obtain higher returns by
changing his own strategy privately.

If there are Nash equilibrium solutions in both game
processes, then there must be Nash equilibrium solutions
in their combined game.

The Nash equilibrium of Stackelberg game is obtained
by looking for the perfect Nash equilibrium. In the game
set here, after the lease price of the base station of the net-
work operator set is given, a noncooperative game relation-
ship is provided between the content providers. However,
in a practical case, a plurality of nanoequilibrium solutions
may exist even if there is not necessarily a nanoequilibrium
solution among content providers. Therefore, this paper
analyzes and proves the existence of Nash’s equilibrium
solution.

The return function satisfies the strict concave function
characteristic, and the return function Un is calculated as
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the first derivative and the second deflection derivative of the
strategy space.

dUn

dτmn
= 〠

M

m=1

μ∑C
c=1KηQEnDcπλPcR

2
the

−λπPcR
2
th

ετ + μð Þ3
" #

− λmPm,

dUn

dτ2
= 〠

M

m=1

−2μ∑C
c=1πKηQEnDcλPcR

2
the

−λπPcR
2
th

ετ + μð Þ3
" #

< 0:

ð12Þ

Through solving, it is found that the result of quadratic
partial differential is negative. The income function Un sat-
isfies strict sag function characteristics. Therefore, the game
between content providers has Nash equilibrium, which
ensures the existence of perfect Nash equilibrium in the
Stackelberg game model. The Nash equilibrium proposed
in this paper is mainly aimed at the balance between content
providers, and it is also the main function of the Stackelberg
game model.

5. Optimization of Stackelberg Game

In the process of solving game optimization, it is necessary
to consider the actual situation, such as the space size of
the base station, the high price, and the low adjustment.
First, the maximum and minimum values of the rental price
are determined by determining the pilot frequency without
considering the limitation of the storage space size of the
base station. After that, the theory is expanded and the base
station space is limited. Considering the actual situation of
the lease ratio, it is solved in detail by the Lagrange multi-
plier method. Finally, the best rental ratio and the best pric-
ing of the base station are obtained. The process of solving
the game is as follows.

It is assumed that the limitation of the storage size S of
the network operator is not considered. Firstly, the network
operator gives a set of base station renting prices P = fP1,
P2,⋯, PMg, and then, by deriving dUn/dτmn = 0, the opti-
mal solution τ of the content provider renting base station
ratio is solved:

τ = 1
ε

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
μKηπQEnλPcR

2
the

−λπPcR2
L∑C

c=1Dc

λmPm
− μ

s
: ð13Þ

When τ = 0, because the price of the base station is too
high, the content provider chooses which base station not
to rent to store the content, and because of the large delay
of content request and search, the experience quality of the
user is reduced. Therefore, there is a maximum rental price
of the base station. Substituting τ = 0 into Equation (14),
the maximum rental price is as follows:

Pmax =
πKQηEnλPcμR

2
the

−λπPcR
2
th∑C

c=1Dc

μλm
: ð14Þ

When τ = 0 in one case, the content provider chooses
to lease all the base stations to store the content because
the price of the base stations is too low, thus reducing
the revenue of the network operator. Therefore, the base
station price has a minimum value. Substituting τ = 1 into
Equation (14), the minimum value of the rental price is as
follows:

Pmin =
πKQηEnλPcμR

2
the

−λπPcR
2
th∑C

c=1Dc

λm μ + εð Þ2 : ð15Þ

By the above solver process, the maximum and mini-
mum values of the rental price of the base station are
determined. If the price of the base station is lower than
Pmin, the network operator should increase the price of
the current base station. If the base station price is higher
than Pmax, the network operator should reduce the current
base station price. Through multiple games to modify the
price strategy, the network operators and content pro-
viders ultimately maximize the benefits of both sides.

The above situation is only theoretical analysis. In
practical application, the cache space of base station is lim-
ited. Therefore, the storage space size Sm is limited, and the
specific constraints are as follows:

Sm = 〠
N

n=1
τmnλm ≤ Smax, ð16Þ

where Smax is the maximum storage space.
In the actual solver, considering the limitation of storage

space, the lease ratio of base station must meet 0 < T ≤ 1.
Therefore, this paper seeks a solution by choosing the
Lagrange multiplier method. First, a Lagrangian function
of the formula is created, that is, Formula (17).

Lv = 〠
M

m=1
〠
c

c=1
KqηEnDcPhit − 〠

M

m=1
τmnλmPm

+ Aτmn + Bτmn + θτmnλm,
ð17Þ

where A, B, and θ are Lagrange multipliers. According to the
constraint conditions, the sufficient and necessary KKT
(Karush-Kuhn-Tucher) condition of this function is as
follows:

dLU
dτ

= 0,

A, B ≥ 0,
Aτ = 0,
B τ − 1ð Þ = 0:

8>>>>>><
>>>>>>:

ð18Þ
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The optimum value τ∗ of the base station lease ratio is
derived from the KKT condition, as shown in Formula (19).

τ∗ =

0, θ > KQπληEnPcR
2
the

−λπPcR2
th∑C

c=1Dc

ελmPm
− 1,

1, θ < εKQπληEnPcR
2
the

−λπPcR
2
th∑C

c=1Dc

ε + μð Þ2 + λmpm
− 1,

1
μ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
εKQπληEnPcR

2
the

−λπPcR
2
th∑C

c=1Dc

1 + θ

s
− ε

0
@

1
A, other:

8>>>>>>>>>>><
>>>>>>>>>>>:

ð19Þ

The variable θ is a constraint condition set to satisfy
the space limitation of the base station, as shown in
Formula (20).

θ = 1
μ S −∑M

m=1λmPm

� �
0
@

1
A

2

− 1: ð20Þ

After solving the optimal value τ∗, the best solution of
base station price must be determined. The maximum value
is obtained from Equation (20), the conductance result is
shown in Equation (21), the derivative of Equation (8) is set
to 0, the inverse solution is Pm, and the best price of the base
station is set to Pm (Formula (22)).

dUm

dPm
= τ∗mnλm + λm Pm − Cmð Þ dτ

∗

dPm
, ð21Þ

P∗
m = Cm −

τ∗

dτ∗/dPm
: ð22Þ

The above solution shows that the best solution of base
station price does not have a closed form, because the best
price of a single network operator’s base station is closely
related to the prices of other base stations. That is, after the
network operator’s price changes, other network operators
need to update their base station rental prices. Therefore,
the price of network operators needs to be solved iteratively.
The repetition is as follows:

Pt+1
m = Ct

m −
τ∗ Pt

m

� �
dτ∗/dPt

m

, ð23Þ

where t represents the number of iterations, Ct
m represents

the cost price of the base station managed by the network
operator during the t iteration, and Pt

m represents the rental
price of the base station during the T iteration.

If the revenue of the network operator and content
provider is maximized at the time point T + 1, the repetitive
process is stopped. Otherwise, the next iteration period will
proceed until the two benefits reach the maximum value.
Stop repeating the process.

6. Analysis of Simulation Results

In this paper, we use the simulation tool MATLAB to verify
and analyze the proposed algorithm. The simulation of this
paper is a network environment composed of two network
operators and three content providers. The content provider
conflicts with the cache space resources of the network oper-
ator to cache the content. The setting values of the simula-
tion parameters set the initial cache requirement policy for
each network operator to 1.2GB, where the available cache
space for two network operators is 500GB. α = 2:3, β = 0:7,
C = 3, 6 = 15, μ = 8, Rn = 10, Pc = 0:8, λ = 8, η = 20, and
K = 50. The income value of this paper is dimensionless,
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and the larger the value, the higher the corresponding
income. In the simulation, the algorithm (SCS) compares
the user QoS priority algorithm (QOSP) [23] and ProbCache
(P = 0:38) with the Global Optimization Scheme (GOS) [24]
and compares the average energy consumption reduction
rate, network cost, and average cache hit rate, where the
average cache hit rate and the average energy consumption
reduction rate are defined as follows:

(1) Average Cache Hit Ratio Phit. It represents the
average hit probability of users requesting cached
content in the network and is used to measure the
rationality of content caching strategy in the net-
work. The cache hit ratio is defined as follows:

Phit =
∑Bhitcountc,i

∑Brequestcountsum,i
, ð24Þ

where ∑Bhitcountc,i denotes the total number of times
the user requests the content file from the cache base
station i and requestcountsum,i denotes the total number of
times the user successfully obtains the content from
the cache base station i.

(2) Average Energy Consumption Reduction Rate Eave. It
represents the change of energy consumption
between simulation comparison algorithm and clas-
sical LCE, as shown in Formula (25).

Eave =
ELCE − Eother

ELCE
: ð25Þ

The energy consumption of the algorithm is composed
of the cache energy consumption Ecache and the transmission

energy consumption Etran, f n represents the number of
cached files, and ecache represents the energy consumption
required for caching each file. Energy consumption is
defined as follows:

Eother = Etran + Ecache = Etran + f necache: ð26Þ

Figure 3 is a diagram illustrating the relationship
between the best base station pricing of the network operator
1 and the best base station pricing of the network operator
2. The points on the two curves in the graph, respectively,
represent the best pricing strategy of the network operator
to other network operators. It can be seen from the figure
that the two curves have an intersection (0.28, 0.36),
which is the Nash equilibrium point of the game, where
the benefits of both can be maximized. Once the price of
the network operator 2 is determined, the size of the rev-
enue value of the network operator 1 is affected by the
change of base station pricing, and the revenue itself is
maximized according to the optimal pricing of the base
station. If the price of the network operator 2 is changed,
although the optimal base station pricing of the network
operator 1 is changed, there is an optimal pricing that
maximizes its revenue.

The intersection point in Figure 3 is (0.28, 0.36), and the
intersection point is the Nash equilibrium point of the game,
where the benefits of both can be maximized.

Figure 4 is a diagram showing popularity indices of
different contents: the relationship between the number of
repetitions and the revenue of the content provider in the
case of α. As can be seen from Figure 4, with the increase
of repetition times, the rental ratio of content providers
and the base station pricing of network operators gradually
repeat to the optimal value. Therefore, the revenue value of
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Figure 5: Relationship between iteration times and content provider revenue.
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the content provider continues to increase, and when the
number of repetitions reaches about 24 times, the revenue
function value of the content provider converges to the

optimal value. Displaying the α value in the figure will also
directly affect the revenue of the content provider. The larger
the α value, the more popular the content provided by the
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Figure 6: Number of requests vs. average cache hit ratio.
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Figure 7: Relationship between content request times and relative energy consumption reduction rate.
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content provider, and thus the higher the revenue value of
the content provider within the network.

Figure 5 is a diagram illustrating the number of
repetitions of different algorithms and alpha’s revenue rela-
tionship with the content provider. As can be seen from
Figure 5, in the case of different algorithms, the ProbCache
policy only determines the content cached by the network
based on the weighted probability value of the content and
does not fully consider the conflict relationship between
the content providers in the network. QoSP policy caches
content according to users’ QoS requirements, which
improves the revenue of content providers to a certain
extent. However, GOS policy fully considers the competitive
relationship among content providers in the network, and
the revenue of content providers is higher than QoSP policy.
Because the GOS strategy has some limitations in taking
global revenue as the objective function of the strategy, the
revenue value of content providers is lower than that of this
strategy.

Figure 6 is a diagram illustrating the relationship
between the number of content requests and the average
cache hit rate in different algorithms. As shown in
Figure 6, the number of requests increases and the cache
hit ratio increases gradually. ProbCache determines the con-
tent of cache according to the weighted probability value,
which effectively improves the cache hit rate of content, so
the cache hit rate is the highest. The lowest hit rate of GOS
cash is because GOS strategy only considers the overall
income and does not consider the index of cash hit rate in
detail. QoSP considers content hit ratio, but because of the
request for latency value in user QoS, it can sacrifice a part
of the revenue of content provider to meet the latency limit.
The strategy of this paper fully considers the cash hit rate.
The game model introduces the popularity and preference
of content into the income function and effectively improves
the cache hit rate of the network by influencing the income
of content providers through the feedback of cash rate index.

Figure 7 shows a small relationship between the number
of content requests and the relative energy consumption in
different algorithms. As can be seen from Figure 7, with
the increase of requests, the reduction rate of relative energy
consumption also increases. Compared with other schemes,
the reduction rate of energy consumption of the algorithm
adopted in this paper has obvious advantages. Because other
strategies do not consider the index of energy consumption,
the energy consumption performance is relatively poor.

7. Conclusion

According to the development trend of caching and comput-
ing resource allocation in 5G mobile communication
networks, in order to improve the efficiency of content cach-
ing and reduce network energy consumption, this paper
proposes a strategy of optimizing 5G network caching based
on Stackelberg game, which models network operators and
content providers as the multimaster and multislave Stackel-
berg game model. Providers purchase base station storage
space from network operators to cache popular content, so
as to achieve high-performance computing of 5G communi-

cation network and optimize resources, and the reduction
rate of energy consumption has obvious advantages com-
pared with other schemes.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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