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Abstract: 

 

Mobile edge computing cache and computing services are pushed to the edge network closer to user, 

separating network data from the remote cloud network to provide better service to users. At present, most 

of the researches on edge computing barely consider cooperation between the cells. In order to study the 

benefits brought by the cooperation between multiple cells, this paper proposes a multi-cell cellular 

network model developed as a Stackelberg game problem for the multi-cell cache optimization problem. 

The cell control center and the base station groups are regarded as the dominant and follower of the game 

model, respectively, and their respective revenue functions are formulated. Because their income function 

is non-continuous function, the traditional game theory solution can’t be used to obtain the Nash 

equilibrium solution. This paper proposes an iterative alternating algorithm to solve the problem. The 

control center and the base station group respectively use the improved hybrid frog hopping algorithm 

(SMSA) and the greedy exchange algorithm (GSA) to solve the problem, and the two alternately iterate 

and finally obtain the approximate solution of the optimal solution of the model. Through numerical 

simulation experiments, we verify that the proposed algorithm outperforms the greedy algorithm proposed 

by other researches. 

 

Keywords — Mobile edge computing, Multi-cell cache optimization problem, Stackelberg game, 

iterative alternatin algorithm. 
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I.     INTRODUCTION 

In recent years, with the rapid development of 

smart terminal devices and the emergence of many 

colorful multimedia content and applications, it is 

expected that the future traffic will expand 

tremendously and bring substantial pressure on 

mobile backhaul capacity. According to a Cisco 

report--"Cisco visual networking index: Global 

mobile data traffic forecast update, 2017-2022", 

global mobile data traffic will grow seven-fold 

between 2017 and 2022, and by 2022, monthly 

global mobile data The traffic will reach 77 

exabytes, the annual traffic will reach nearly 1 

terabyte, and nearly three-fifths of the traffic will be 

offloaded from the cellular network. At present, 

many scholars have proposed various solutions to 

meet these challenges [2][3], but in order to be able 

to meet the need of the large-scale traffic scenarios 

foreseen in future 5G networks, in addition to 

improving network capacity, it requires higher 

layers Innovations (eg, network architecture, 

backhaul and application). Mobile Edge Computing 

(MEC) is considered a viable solution deploying the 

server at the base station location closest to the user. 

In addition to providing users with high-quality 

computing and storage services with low latency 

and high bandwidth, it can also alleviate the link 

congestion problem of the core network with the 

advantages of low latency, high bandwidth, real-

time radio network information and position 

sensing [4]. Reference [5]-[7] mainly discusses the 

concepts, application scenarios, features and 

challenges of MEC. 

The report also shows that video traffic will 

account for 79% of global mobile data traffic by 

2022, and most of the traffic load on the Internet 

comes from repeated viewing and downloading of 

the same set of video files, and edge caching can be 

seen as an effective solution to traffic repeat access 

problems. The mobile edge computing deployment 

server provides caching to the base station to 

support caching of popular video or files, which 

improves user quality of experience (QoE) and 

improves network performance (such as 

transmission delay, link load congestion, and 

energy effectiveness). Recently, there have been a 

lot of works on collaborative caching of edge 

networks. Reference [8] solves the utility 

maximization of MEC's collaborative service cache 

with a distributed algorithm based on Gibbs 

sampling, and develops a federation game to 

stimulate cooperation between base stations. 

Reference [9] studied the collaborative caching 

problem of fog-infinite access network (f-ran), 

formulating the network model into a weighted 

graph, whose weight was set as the unloading 

traffic increment of the corresponding complete 

subgraph, thus transforming the original clustering 

optimization problem into a 0-1 integer 

programming problem and solving it with the 

greedy algorithm. Reference [10] proposed a 

cooperative multicast aware cache (CMAC) method 

to solve the edge cache problem of MEC, and 

proved by experimental simulation that the average 

content access delay of CMAC was reduced by 

nearly 13% compared with the non-cooperative 

multicast aware cache (MAC). 

Most of the existing researches on edge cache 

consider the network model of single cell, but the 

cooperation between cells are frequently ignored. In 

order to study the benefits of multi-cell 

collaboration, a multi-cell cellular network (MCN) 

model based on mobile edge computation is 

brought forth in this paper. In order to find a 

solution with both the delay and link load 

optimization conditions, this paper defines the 

multi-cell collaboration problem as the Stackelberg 

master-slave game model. The control center of 

each cell is regarded as the dominant player of the 

game, mainly focusing on the backhaul link load 
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optimization of the model, and the base station 

group composed of all the base stations of the cell 

is regarded as the follower of the game party, 

mainly responsible for the delay optimization of the 

model. We formulate the income function of 

different players separately. Since the income 

function is a nonlinear function, we can't solve it 

with the traditional game theory solution. This 

paper proposes Stackelberg Model Alternating 

Iterative (SMAI) algorithms composed of two kinds 

of sub-algorithms. The algorithm is used to reach an 

approximate solution to the problem, and numerical 

simulation experiments are used to evaluate the 

pros and cons of the algorithm. The experimental 

results show that the proposed SMAI algorithm has 

better performance than other greedy algorithms, 

and it proves that compared with the single-cell 

collaboration model, multi-cell collaboration brings 

lower delay cost and backhaul link load to the 

network. 

The rest of this paper is as follows: the second 

part describes the system model and caching 

incentives; The third part describes the model 

characteristics of the system and gives the problem 

description formula. The fourth part transforms the 

cache problem into a Stackelberg game model and 

formulates the cost function of the game players. In 

the fifth part, the algorithm for solving Stackelberg 

model is introduced. The sixth part analyze the 

performance of the algorithm. The seventh part is 

the final summary of this paper. 

II.     SYSTEM MODEL 

We consider a multi-cell cooperative cellular 

network with a cache of m cells and the objects 

included in the network are Macro Base Station 

(MBS) Small Base Station (SBS) and Mobile User 

(MU), the model is shown in Fig. 1. 

Assuming each cell has a MBS, then cell sets 

denoted as },,,{ 21 m
cccC   and MBS sets denoted 

as },,,{ 21 m
mbmbmbM   where ic  denotes cell i 

and 
i

mb  denotes MBS of cell i. Each MBS is 

equipped with an edge cloud server that allows 

MBS to have computing, storage and control 

functions to store a limited amount of content to 

improve the utility of the entire network. i

mbs
S  

denote the cache capacity of MBS of cell i. In 

addition, MBS can also coordinate and manage the 

SBS group of the cell as the control center of the 

cell. The MBS between different cells is connected 

through a high-capacity link (such as optical fiber), 

and each MBS is also connected to the remote 

internet through a backhaul link. Therefore, it is 

different from the previous collaborative buffering 

between single cells [8]-[10], the model of this 

paper can also obtain the requested file through the 

cooperation between cells. 

 

Fig. 1.  Multi-cell heterogeneous network model 

In addition to having one macro base station, 

each cell has s small base station (SBS) and h 

mobile user terminals. },,,,{ 21

i

s

ii

i

i
bbbmbB   denotes 

the set of all base stations including MBS and SBS 

where 
i

mb  denotes the MBS of cell i and i

j
b  denotes 

the SBS j of cell i. },,,{ 21 m
UUUU   denotes the 

set of mobile user terminals of cell i where i

k
u  

denotes the user k of cell i. Furthermore, 

},,,{ 21 m
BBBB   and },,,{ 21 m

UUUU   denote 

the set of base stations and users in the global 

network respectively. Each user may be within the 

service scope of multiple SBSs, and the SBS can 
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provide services to users within the service range 

and i

b
j

S denotes the cache capacity of SBS j of cell i, 

but at the same time, the user can only connect with 

one SBS to experience services. 

We model its active Topology by a undirected 

graph ),( EVG  which is shown in Fig. 2, where the 

vertices V  denotes network nodes including MBS, 

SBS and user, and for every connected pair of 

nodes Vji ,  there exist edges Ejie ),(  if they can 

establish a connection. To make a difference, 
bs

V  

denotes all the base stations including MBS and 

SBS in global network, and 
bsi

ViA ,  denote the 

set of files cached by node i. 

Based on the model proposed in this paper, the 

rule that the user access request is served is 

summarized as: when the adjacent SBS of the user's 

location stores the file, it is directly sent to the user, 

and if the content is not in the adjacent SBS set, the 

file will be found in the cache location of the cell 

through the MBS and transmitted to the user. If the 

file does not exist in the cell, the file will be 

obtained through the cooperation of other cells and 

sent to the user. Otherwise, the request is sent to the 

remote cloud core network. 

 

Fig. 2.  Network model topology 

III. MODEL CHARACTERISTICS AND PROBLEM 

FORMULATION 

A. Cache Content Characteristics 

In order to solve the problem, we assume that the 

user's demand for the file will not change for a 

period of time, and the model of this paper does not 

consider the user's mobility, and the connection 

between the user and the base station is not 

interrupted during the transmission of the file. 

},,,{ 21 n
fffF   denotes a library of n files. We 

use the content popularity to indicate the probability 

that the user requests specific content, and assume 

that the content popularity meets the requirement of 

the Zip-f distribution with the parameter  . We can 

define the content popularity of file f at SBS j of 

cell i as 

0,,,
)(

)(
p

,

,

, 
 








i

Ff
ji

f

ji

fji

f
BjCi

q
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where ji

f
q

,  denotes the descending order of the 

access frequency of file f in SBS j of cell i. In order 

to calculate the backhaul link load of the network, 

we also need to calculate the popularity distribution 

of files under the global network. Reference [11] 

and [12], we have 

FfCi
B

p

i

Bj

ji

f
i

f

i
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Ff
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p
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i

f

f
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||
p  
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) 

where i

f
p  defines the content popularity of file f 

in cell i and f
p  define the content popularity of file 

f in global network. Let )(uN  denote all SBS sets 

that can establish a reliable connection with user u, 

denoted as the neighborhood of user u, then the 

probability that user u accesses the file f can be 

expressed as 
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We denote the set of files in the cache of node j 

in cell i as ii

j
BjCiA  ,, , and use set 

},|{ ii

j
BjCiAA   to denote the set of file sets 

cached by each base station in global network. For 

the convenience of follow-up work, we denote the 

union of files cached by cell i as 

CiAA i
Bj

i

j

i   , , and denote the union of files 

cached by global network as  Ci
i

total
AA  . Then we 

can define the union of files cached by the 

neighborhood of user u as  

CiAA uNj
i

j

i

uN
  ,)()(   (4) 

B. Backhaul Link Load 

Once the user's request is served by the base 

station of the cell, there is no need to send the 

request to the remote internetwork and the backhaul 

links traffic can be seen as offloaded. Given a cache 

placement A, we can define the backhaul links load 

as 

  
total

Af ff
SpAL )(  (5) 

where f
p  denotes the popularity of file f in global 

network, 
f

S  denotes the size of file f, 

}|{
totaltotal

AfFffA  denotes the 

complementary set of total
A . 

 

 

All paragraphs must be indented.  All paragraphs 

must be justified, i.e. both left-justified and right-

justified. 

C. Delay Cost Model 

Since the size of the request message sent by the 

user is much smaller than the file size of the file f, 

the system delay of this model only considers the 

transmission delay generated by the file during 

transmission. Inspired by [13], we use file 

transmission delay as the weight of the edge 

Ejie ),( , i.e., ),( jiw . We denote the set of the 

feasible path from node i to node j as 

}),,(),,({),( 21 jiPjiPjiP   where any feasible path 

is expressed as 

)},(,),,(),,({),( 1|),(|211 jvevveviejiP
jiPk

k
   where 

1|),(|21 ,,, jiPk

vvv   denote the intermediate nodes of node 

i to path j, then the minimum file transmission 

delay transfer from node i to node j can be 

expressed as  

 


 ),(),(
),(),(

),(min),( jiPvue
jiPjiP

k

k

vuwjit  (6

) 

We denote the set of files requested by mobile 

user as O , the files requested by user u in cell i is 

denoted as Oo
i

u
 . Given a cache files placement, 

we can define the file transmission delay to server 

requested Oo
i

u
  as  

else

Aoif

tmbut

jut
Aod

total

i

u

i

AoVjji

u
j

i
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),(

0
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(

7) 

where 0t  denotes the delay cost of transferring files 

from the Internet to MBS of the target cell, ),(
i

mbut  

denotes the delay cost of transferring files from 

MBS to the target user. Then, the delay cost 

generated by user u can be define as 

i

of

i

u

i

fu

i

u
UuCiAodpAD

i

u

 


,,),()( ,  (

8) 

Finally, we can define the total delay cost of the 

global network as 

 
 


Ci Uu

i

u
i

ADAD )()(  (9) 
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IV. MULTI-CELL EDGE CLOUD 

COLLABORATIVE CACHE MODEL 

In order to achieve a cache placement with low 

latency and low link load, we formulate the 

cooperative caching problem of multi-cell as a 

Stackelberg game model, where the players of the 

game model are the control center of MBS and the 

base station group of the cell. On the one hand, the 

control center of MBS plays as the leader that is 

mainly used to reduce the backhaul link load of the 

network, and at the same time take into account the 

network delay state, and give a cache file placement 

for filling all cached entities. On the other hand, 

based on the cache placement policy given by the 

leader, the base stations in the cell play as the 

followers that exchange the files beneficially to 

further optimize the network delay caused by the 

cache placement. In the following part, we will 

analyze the cost function and formulation of the 

leaders and the followers respectively. 

A. Cost Model of Leader and Follower 

The decision made by the control center is to 

obtain a cache placement with low backhaul link 

load. However, solely consideration of the 

optimized backhaul link load is likely to reduce the 

number of copies of files in the cell and affecting 

the performance of the cache strategy in delay cost. 

Thus, the cost function of the control center can be 

defined as 

)()1()()(
leaderleaderleaderleader

ADALAT    
(1

0) 

where leader
A  is the cache placement made by the 

control center, function L and function D are 

defined in (5) and (9), respectively. )1,0(   is a 

weighting factor.  

Based on the cache placement policy given by the 

leader, the base station group exchange the files 

beneficially to further optimize the network delay. 

The cost function of base station group can be 

defined as 

)()(
followerfollowerfollower

ADAT   (11

) 

where function D are defined in (9). 

B. Problem formulation of Stackelberg game model 

Given a cache placement A, the control center 

changes the strategy A in order to reduce the cost 

function of the control center of this strategy. The 

optimal A of control center is obtained by solving 

the following problem. 

)1,0(

,,,,

,,

},|{..

)()1()()(minarg
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j

ii

j
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f

ii

j

leader
A

UuBjCiFoA

BjCiSS

BjCiAAts

ADALAT

i

j

 (12) 

the utility of base station group is affected by the 

total delay of the network model. The base station 

of each cell adjusts the cache file for the purpose of 

maximizing the overall network benefit, so we 

build the following optimization model for the 

follower's cost function: 

iii

u

i

j

ii

j
Af

f

ii

j

Ci Uu of

i

u

i

fufollower
A

UuBjCiFoA

BjCiSS

BjCiAAts

AodpADAT

i

j

i i

u











  



  

,,,,

,,

},|{..

),()()(minarg ,

(13) 

The equilibrium of the Stackelberg game 

indicates that the decision of the leader and the 

follower is close to each other and the solution is 

satisfactory to both parties. Given the initial cache 

strategy A, the optimal decision of the base station 

group can solve the problem (13), and the optimal 
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decision of the control center is the solution (12), so 

the Stackelberg model Nash equilibrium solution of 

this paper can be expressed as a strategy (A, B). 

Nash equilibrium has another way of expression. 

Take the control center as an example. For any 

cache strategy 
leader

A , if *

leader
A  is the Nash 

equilibrium of the control center, then there is 

always 

)()( *

leaderleaderleaderleader
ATAT   (14) 

V. STACKELBERG GAME SOLUTION 

The optimization problem in section IV belongs 

to the base station buffer problem. [9] has proved 

that this kind of optimization problem belongs to 

the NP-complete problem that finding the optimal 

solution of the problem with a single algorithm is 

difficult. Combining the characteristics of the 

model and the two-layer characteristics of the 

Stackelberg game, we design an iterative alternating 

Stackelberg Model Solution Algorithm (SMSA) to 

solve the problem. 

The solution process of the model is as follows: 

The model is divided into two sub-problems: the 

control center sub-problem and the base station 

group sub-problem. First, the control center 

executes the Improved Shuffled Frog Leaping 

Algorithm (ISFLA) with the random cache 

placement init
A  as the initial solution, and the 

obtained new cache placement leader
A  is used as the 

initial solution of the Greedy Swapping Algorithm 

(GSA) of the base station group. Performing a file 

exchange yields a new cache placement 
follower

A  as a 

new round of initial resolution execution loop 

alternate iterations. When the number of iterations 

reaches the maximum number or the solution no 

longer changes, the algorithm will terminate and 

output cache placement last
A  as the equalization 

solution for the Stackelberg game. The SMSA is 

shown in Algorithm 1. 

Algorithm 1: Stackelberg Model Solution Algorithm (SMSA) 

Input: FEVGUBMC ),,(,,,,  

Output: 
last

A  

1: 1000_max_,1,  numiterkA  

2: ),,,( FUBCLTGAA
init
   

3: initlast
AA   

4: While numiterk _max_  do 

5:     ),,,,( FUBCAISFLAA
lastleader

  

6:     ),,,,( FUBCAGSAA
leaderfollower

  

7:     If 
followerlast

AA   then 

8:         Exit 

9:     Else 

10:         
followerlast

AA   

11:         1 kk  

12:     End if 

13: End while 

14: Return 
last

A  

A. Improved Shuffled Frog Leaping Algorithm (ISFLA) 

Traditional SFLA is a group-based collaborative 

search algorithm generated by natural biological 

imitation, imitating the process of frog foraging in a 

limited space [19]. The wetland where frogs live 

represents the solution space. Each frog represents a 

solution to the solution space, and then these frogs 

are partitioned into different subgroup, each 

performing a local search. Within each subgroup, 

every individual frog has its own idea that may be 

infected by other frogs. After a certain number of 

evolutionary steps, ideas are passed between the 

subgroup in a shuffling process. The local search 

and the shuffling process continue until the defined 

convergence criteria are met [20][21]. 

The Improved Shuffled Frog Leaping 

Algorithm(ISFLA) in this paper is optimized on the 

traditional SFLA for both the update mechanism 

and the number of update solutions for the 

algorithm in the local search phase: (1) Improving 

the number of solutions in the internal search: the 

traditional SFLA only update one worst solution per 

round in the internal search phase, which has a 

great impact on the convergence speed of the 
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algorithm. In order to speed up the convergence of 

the algorithm, we update N worst solutions each 

time; (2) Modifying the update mechanism of the 

solution: The traditional SFLA local search process 

is only suitable for solving continuous problems, 

and it is not convenient for us to deal with discrete 

combinatorial optimization problems. [15] proposes 

a discrete shuffled frog leaping algorithm for 

solving multi-kock problems, and proves that the 

algorithm can solve the feasibility and effectiveness 

of the multi-package problem. In order to catch up 

with the update of the solution of the model and 

reference [15], this paper proposes a stochastic 

cross-solution update mechanism. Application of 

the improved algorithm is summarized in the 

following steps: 

Step 1: Initialize. Set 
ethnic

N  and 
group

N , 
ethnic

N  is 

the number of subgroup, and 
group

N  is the number of 

frogs in each subgroup. Therefore, the total number 

of frogs in the swamp is defined as 

groupethnicsum
NNN  . 

Step2: Producing an initial population. In order to 

make the ISFLA algorithm fully demonstrate the 

global search ability and avoid falling into local 

optimum, we randomly generate N cache 

placements as the initial population of the algorithm. 

Step3: Subgroup division. In this paper, the cost 

function (10) of the control center is used as the 

fitness function of the algorithm. Each frog 

calculates the fitness value through the fitness 

function and sorts the sum
N  frogs in descending 

order of fitness values. Allocate them evenly in 

ethnic
N  arrays 

ethnic

i

ethnic
NiP ,,2,1,   to get the 

subgroup set },,2,1|{
ethnic

i

ethnicethnic
NiPP  . In this 

process, the first frog goes to the first subgroup, the 

second frog goes to the second subgroup, frog 

ethnic
N  to the thN

ethnic
  subgroup, frog 1

ethnic
N  to 

the first subgroup, and so on. 

Step4: Local Search within each subgroup. First, 

the frog position with the global best fitness value is 

identified as 
best

X . In each subgroup, the frogs 

position with the best and worst fitness value are 

represented as i

best
X  and i

worst
X , respectively, 

enthnic
Ni ,,2,1  . Then, in each subgroup, a certain 

update process is applied to enhance 
worst

N  frogs 

with the worst fitness value. In this update process, 

we randomly select the cache file of the base station 

with the highest fitness solution to cover the cache 

files of the 
worst

N  worst solution corresponding base 

stations. If this process leads to a better solution, it 

will replace the worst frog. Otherwise, the update 

process are repeated, but in this case i

best
X  is 

replaced by 
best

X . If no improvement takes place, a 

new solution will be randomly produced to replace 

that frog. 

Step5: Shuffling process. After each subgroup 

completes the internal search, remix the solutions of 

all subgroups, and then return to step3 to repeat the 

above process until the convergence criteria are 

fulfilled. The output of the best fitness value 

solution is the final solution of the algorithm.  

B. Greedy Swapping Algorithm(GSA) 

Inspired by the Local Greedy Swapping 

algorithm of [13], we propose the Greedy Swapping 

Algorithm (GSA) to exchange beneficial cache 

between cells, thus greedily reducing the delay cost 

of the global network.  

In each cell, the relationship between the base 

stations can be regarded as a tree with MBS being 

the root node and s SBS being the leaf nodes. We 

convert this tree into a tree with the depth of s+1 

using the child brother method, as shown in Fig. 3. 

The algorithm takes the tree of Fig.4 as the 

reference. In each iteration, starting with the node 

with the depth of s, the beneficial exchange set 

between the node and its child node will be found 

http://www.ijctjournal.org/
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and exchanged. After the execution, the node of 

depth s-1 node performs the above operation and so 

on, end this iteration until the depth is 1. 

 

 

Fig. 3.  A cell model expressed as a tree with a depth of s + 1 

Before describing the algorithm, we first define 

the concept of a beneficial exchange set: set the 

maximum number of iterations K, we define the 

beneficial exchange set of the base station j of the 

cell i at the k-th iteration as )(kO
i

j . Set )(kO
i

j  is 

composed of triples that each triplet represents a 

beneficial exchange, e.g. if there is a triple ),,( 21 ffv , 

then the exchange of the 1f  of the base station j 

with the file 2f  of its parent node will reduce the 

delay cost in global network, the set of beneficial 

exchange can be expressed as 

)}()(

,,|),,{()( 2121

ATAT

AfAfffvkO

followerexchangefollower

i

v

i

j

i

j




 (13) 

 

where the function 
follower

T  is defined (11), indicating 

the delay cost of the cache placement. )(AT
follower

 

represents the delay cost generated by the cache 

placement A before the file exchange, and 

)(
exchangefollower

AT  represents the delay cost generated 

by the cache placement 
exchange

A  after the exchange 

of the file. What’s more, we use 

KkBjkOkO
ii

j

i  ,}|)({)(  to represent the 

beneficial exchange set of all base stations of cell i. 

The GSA algorithm takes the result of the ISFLA 

algorithm as the initial solution and performs 

iteration K times for each cell. Each iteration finds 

all beneficial exchange sets mikO
i ,,2,1),(   and 

exchanges all the files recorded in the triple and 

then proceeds to the next iteration. GSA is shown in 

Algorithm 2. 

Algorithm 2: Greedy Swapping Algorithm (GSA) 

Input: FBCA
SFLA

,,,  

Output:
GSA

A  

1: SFLAGSA
AAK  ,100  

2: For each Ci  do 

3: 0k  

4: While Kk   do 

5: For each i
Bi  do 

6: 
                     ,|),),({()(

121

i

j

i

j
AfffjpakO 

)}()(,
)(2

ATATAf
followerchangefollower

i

jpa
  

7: For each )(),),(( 21 kOffjpa
i

j
  do 

8:                           }{\}{ 12 ffAA
i

j

i

j
  

9:                           }{\}{ 21)()( ffAA
i

jpa

i

jpa
  

10: End for 

11: End for 

12:               1 kk  

13: End while 

14: End for 

15: Return 
GSA

A  

where )( jpa  represents the parent node of node j in 

the tree. The output of the GSA algorithm will be 

the new round of initial solution to repeat SMSA 

until the convergence criteria are satisfied, and the 

final result of SMSA is the final cache decision of 

the global network. 

VI. SIMULATION RESULTS 

In this section, we use simulations to evaluate the 

proposed Stackelberg Model Solution 

Algorithm(SMSA) on the three aspects of total 

delay cost, backhaul link load and inter-cell 

cooperation. Unless otherwise stated, the simulation 

consists of the following initial settings: 

http://www.ijctjournal.org/
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1. We implement 3 cells in a 5000 x 5000 m2 

regular grid. Each cell has a coverage range of 

600m where MBS is located in the center of cell 

and 8 SBS are evenly scattered over the coverage 

region. The communication range of MBS is 600m 

and the communication range of SBS is 250m. 

2. We use the YouTube request trace data 

collected by the campus of the University of 

Massachusetts Amherst during the day of March 12, 

2008 (refer to: 

http://traces.cs.umass.edu/index.php/Network/Netw

ork) and select the top 200 files with the most 

requested requests to join the file library F. We 

assume the file popularity p follows the Zipf 

distribution with parameter 1.5 and the request 

ranking of the file is based on the YouTube request 

trace data. We set: MbS
f

10 , ,50MbS
i

b
j

  

,3,2,1, i  8,,2,1 j and MbS
i

mbs
100 3,2,1, i . 

3. We set the latency from a SBS to a mobile user 

as 10ms. The latency from MBS to a SBS ( or from 

a SBS to MBS ) in the same cell is denote to be 

10ms, and the latency from a MBS to other MBS of 

different cell is assigned to be 50ms, the latency 

from the Internet of remote cloud to a MBS 

assigned to be 130ms. 

In order to demonstrate the advantages and 

disadvantages of the proposed SMSA algorithm, 

this paper compares the SMSA algorithm with the 

random cache algorithm, [4] proposed the Depth 

First Greedy(DFG) algorithm and the Local Greedy 

Swapping(LGS) algorithm. Then, we evaluate the 

impact of the number of mobile user and the 

number of SBS on the performance of algorithm 

through Simulation. 

A. Impact of the Number of Users 

We set the number of users from 100 to 200 

gradually, and the other environments are recorded 

the experimental results of each scheme under the 

initial settings to evaluate the impact of changes in 

the number of users on various algorithms. 

Fig. 4a shows the change in system cost caused 

by cache placement under the change in the number 

of users. And Fig. 4b and Fig. 4c show the change 

in delay cost and linked load cost respectively 

caused by cache placement under the change in the 

number of users. We can observe that the proposed 

SMSA scheme outperforms the other three schemes 

in terms of delay cost and backhaul link load 

optimization, resulting in the lowest network delay 

and minimum backhaul link load. 

 

 

a)                                                  b) 

 

c) 

Fig. 4  Numerical results for a) System cost with respect to the number of 

users b) Total delay cost with respect to the number of users c) Linked load 

cost with respect to the number of users 

B. Impact of the Number of SBSs 

As shown in Fig. 5a, the SMSA cache scheme 

proposed in this paper can maintain the optimal 

performance with lowest system cost as the number 

of SBS changes. The performance of the DFG 

algorithm is close to our algorithm. Observing 

Fig.5b and Fig.5c, it can be found that the 

performance of the DFG algorithm is close to our 

SMSA in terms of backhaul link load, but the DFG 

http://www.ijctjournal.org/
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algorithm is not good enough in optimizing the total 

system latency cost. 

 

a)                                                  b) 

 

c) 

Fig. 5. Numerical results for a) System cost with respect to the number of 

SBS b) Total delay cost with respect to the number of SBS c) Linked load 

cost with respect to the number of SBS 

 

C. Impact of cell collaboration 

Most of the existing researches on mobile edge 

cloud caching focus on collaborative caching in 

single-cell scenarios [8]-[10]. In order to verify the 

effectiveness of the multi-cell cooperative caching 

proposed in this paper, we evaluate the performance 

of each solution in terms of system cost, total 

latency cost, and backhaul link load, respectively, 

under conditions where inter-cell support is 

coordinated and the simulation results are shown in 

Fig. 6a, 6b and 6c respectively. It can be seen from 

the figure that the performance of all algorithm 

supporting inter-cell cooperative caching is much 

stronger than that of non-cell cooperative caching. 

For example, the system cost of SMSA solution is 

reduced by 46% compared to the non-cooperative 

condition, the total system time delay is reduced by 

29.9%, and the backhaul link load by 48%. In 

addition, it can be found that SMSA is more 

suitable for solving the cooperative cache problem 

of multi-cells than the greedy algorithm. 

 

a)                                                  b) 

 

c) 

Fig. 6. Numerical results for cell collaboration 

VII. CONCLUSION 

In this paper, we propose a multi-cell cellular 

network model, which uses mobile edge technology 

and is equipped with an edge server with caching 

function in each base station. Therefore, it is 

considered to be able to solve the optimization 

problem of multi-cell cooperative caching. We 

formulate the problem as a Stackelberg game 

problem and decompose it into sub-problems of two 

types of players. Then, we design an iterative 

alternating Stackelberg Model Solution Algorithm 

(SMSA) to solve the problem, and we use the 

numerical simulation experiment to evaluate the 

performance of the proposed algorithm. The 

simulation results show that the proposed algorithm 

outperforms the greedy algorithm proposed by 

other researches in terms of delay cost optimization 

and reduction of backhaul link load, and proves the 

effectiveness of our proposed algorithm in solving 

multi-cell cooperative caching problem. 
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