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Abstract. With the development of satellite communication technolo-
gies, satellite-terrestrial integrated network (STIN) is often used for con-
tent delivery services as satellites are with wide-area coverage. In ter-
restrial networks, in-network caching has been proved to be an effective
method to improve network performance in terms of throughput and
delay, so information-centric networking (ICN) will be deployed in STIN
architecture (STI?CN). However, the current cache research scenarios in
satellite networks usually ignore cache cooperation among nodes, result-
ing in lower cache hit rate. Secondly, the cache configuration is mainly
implemented in the coverage area, which does not consider satellites
mobility and dynamic network topology, so that network transmission
efficiency is decreased. Thus, we formulate cache content allocation prob-
lem as user average hop count minimization problem, which is solved
by matching algorithm to obtain exchange stability between satellites
and contents. In addition, a proactive pushing scheme is proposed to
solve satellites mobility problem. The cached contents will be pushed to
the subsequent satellite covering the area in advance to further improve
content retrieval efficiency. Simulation results show that the proposed
scheme can significantly reduce user average hop count and improve
cache hit rate.

Keywords: Satellite-terrestrial integrated network -
Information-centric networking -+ Cache allocation - Proactive pushing

1 Introduction

As the popularization of mobile communication devices, such as smartphones
and tablet PCs, making user requirements for pervasive network access any-
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time anywhere become more intense. However, the current network infrastruc-
tures that provide Internet services are made up of terrestrial devices, which are
prone to be damaged in disasters to interrupt communication. In addition, it is
inconvenient to deploy network infrastructures in the remote and isolated areas
such as deserts, seas and forests. To address the above problems, a new network
architecture that integrates satellites into the terrestrial network is proposed—
satellite-terrestrial integrated network (STIN) [1-3]. In STIN, satellites can pro-
vide services in extreme environments without terrestrial infrastructures, which
makes it a strong supplement to traditional terrestrial networks [4,5].

The current Internet traffic is increasing exponentially. From the perspec-
tive of content retrieval, users just concern about contents themselves, not the
servers or hosts where contents are located. In this case, applying the tradi-
tional TCP/IP communication mechanism to STIN will have problems such as
low content delivery efficiency, poor mobility and scalability [6]. Information-
centric networking (ICN) [7,8] has emerged as one of the promising candidates
for the architecture of the future Internet, which has two major characteristics:
in-network caching and routing-by-name. These characteristics enable each node
to cache passing-by data and reduce redundant transmissions. Therefore, estab-
lishing an information-based satellite-terrestrial integrated information-centric
network (STI?CN) can solve a series of problems mentioned above. In-network
caching has drawn lots of attention in satellite networks and proved its effective-
ness in both improving transmission efficiency and reducing delay [9-15].

The critical characteristics of integrating satellites into ICN architecture were
analyzed in [9] and [10], which provide a preliminary direction for exploring
caching research in satellite communication systems. Recently, ICN architecture
was applied in satellite-assisted emergency communications scenarios to solve
mobility and link interruption problems, while effectively reducing end-to-end
delay [11]. Literature [12] proposed caching strategy named SatCache in satel-
lite networks to maximize cache hit ratio on the interest profile of users. In fact,
with the rapid development of technologies such as on-board processing and stor-
age capabilities, [13] first proposed the caching on-satellite to further improve
network performance. However, a two-layer caching model based on genetic algo-
rithm heavily depends on the initialization parameters. In [14], a scheme based on
simulated annealing optimization algorithm was proposed in 5G-satellite back-
haul networks. Although [13] and [14] studied the cache allocation algorithm
for on-board cache, the research scenarios were limited to single-satellite nodes.
Thus, a novel caching strategy based on matching game to minimize content
access delay was proposed in [15]. But the work mainly focuses on optimal
caching content placement at a certain moment, and not considering satellite
network topology time-varying characteristics.

All these above have made contributions to solve cache in satellites. How-
ever, the research scenarios of existing cache schemes are limited to a single
satellite node, non-cooperation among satellites causes cache redundancy. Sec-
ondly, the current algorithms have high complexity and slow convergence in a
large-scale satellite network. Motivated by the above observations, the paper
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considers user preferences and cache content cooperation, and formulates cache
content allocation problem as user average hop count minimization problem.
Since the formulated optimization problem contains 01 variables and it cannot
be solved conveniently, we propose a matching-based cache allocation algorithm
with fast convergence and low complexity, and finally obtains exchange stability
between satellites and contents. In addition, the mobility of LEO satellites incurs
users’ requests not being responded to in time, which will increase user delay.
Therefore, in the case of in-network caching, a proactive pushing scheme is pro-
posed. The cached contents will be pushed to the subsequent satellite covering
the area in advance to further improve network transmission efficiency.

The rest of the paper is organized as follows. Section 2 introduces our STI2CN
scenarios. In Sect. 3, the cache allocation problem is described and formulated.
Then, we propose a matching-based cache allocation algorithm and proactive
pushing scheme. Performance analysis are shown in Sect. 4. At last, conclusions
are drawn in Sect. 5.

2 Network Scenarios

In this paper, when it is difficult for the conventional terrestrial network to
achieve coverage and communication in some remote areas, STI?CN providers
Internet access services for users. As shown in Fig. 1, STI?CN mainly comprises
two parts: the terrestrial network and satellite network. The terrestrial network
is the network currently in use, which is mainly composed of users, ground sta-
tions and content servers. It can provide high data rates to users, but the network
coverage in rural and remote areas is limited. The satellite network is a strong
supplement to terrestrial network, which consists of geostationary earth orbit
(GEO) and low earth orbit (LEO) satellites. GEO satellites are relatively sta-
tionary with the ground, while exhibiting the highest propagation delay due to
the long distance. Thus, GEO satellites are considered as controller to in charge
of routing strategy calculation, mobility management and so on. By compari-
son, LEO satellites are close to the ground and have a short propagation delay,
which mainly realize in-network caching and provide wireless access to users for
obtaining long-distance global communications. However, due to the high-speed
movements of LEO satellites, data transmission in such dynamic environment
suffers frequently periodic interruptions, leading to lack of persistent end-to-end
paths. Therefore, users and LEO satellites are constantly handover to ensure net-
work connection. Normally, when the LEO satellite moves to another area, users’
incomplete data transmissions can be migrated under the guidance of the GEO
satellites. The following will briefly illustrate the process of user communication
and content pushing with Fig. 1 as an example.

Firstly, users obtain contents as follows: when a user sends a request for a
file, the ground station will search for the file in its local cache. If ground station
already caches the file, it will respond to the request directly. Otherwise, the
request will be sent to LEO satellites. Then, LEO satellites check whether the
desired file is currently stored in the cache. If cache hits, LEO satellites will
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Fig. 1. Network scenario.

return the data to user along the requested path. Otherwise, they pass the file
request to the next hop towards the destination of the requested file. Compared
to space network, user delay in ground network is negligible, so it will not be
discussed in detail. The red dashed arrows in Fig. 1 represent content retrieval
path. The first case is that user u; acquires the file f; from the access satellite
LEQO2, and content retrieval path is r11. In case of user uy requesting file fs,
it will obtain the requested file through inter-satellite links(ISL) from LEOS3,
content retrieval path is ro3. The user ug gained file fg from content server in
the last case, content retrieval path is rsg.

In addition, data transmission will often be interrupted due to the mobility
of LEO satellite nodes. Generally speaking, the file is waiting to be issued in
the caching of the access satellite via ISL. However, ground-to-satellites links
(GSL) may be insufficient in the satellite communication, resulting in the link
being interrupted before file is not completely delivered, and the subsequent
satellite covering the area will transmit file for user. If the file is not contained
in the caching of the subsequent satellite, which will request the file from other
satellites and cause longer delay. Hence, the cached contents will be pushed to
the subsequent satellite in advance. The specific pushing process is shown by the
green solid arrows in Fig. 1. GEO detects that LEO2 is about to leave coverage
area B, GEO notifies LEO2 to push the cache list to LEO1, and LEO1 sends
interest packet to LEO2 to request cached contents.

3 Dynamic Cache Allocation Scheme

3.1 Problem Description

For users, the desired contents can be obtained from content sources, which
include source nodes that publish contents (i.e., satellite nodes or content servers
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in ground network) and nodes that cache content (i.e., cache nodes). Users expe-
rience much less hop count to obtain contents from cache nodes than source
nodes. Therefore, it is necessary to reasonably allocate contents to cache nodes,
which reduce user hop count and improve network transmission efficiency.

The existing terrestrial network cache mechanisms adopt mostly the design
ideas of online caching or centralized computing, which exhibit high computa-
tional complexity or high maintenance overhead, these methods are not obviously
suitable for STI2CN. When designing cache strategy for satellite networks, the
following factors need to be considered. Firstly, the limited cache and processing
capacity of satellite nodes requires that the cache strategy cannot be excessive
complexity. Secondly, with high inter-satellite latency and data processing rate
of cache nodes, the cache strategy needs to consider the cooperation among
nodes. Finally, due to the high-speed movement of satellites, satellite’s coverage
area and request distribution vary greatly. In order to improve cache hit rate,
contents cached by nodes should also be changed accordingly. Therefore, it is
necessary to propose a cache allocation strategy that meets dynamic network
topology and lower overhead.

Provider

Fig. 2. Example problem description.

As shown in Fig.2, Q; and @2 represent the request rate for LEO1 and
LEO3, respectively. T is hop count from content provider (i.e., nodes that publish
contents) to LEO3. Requests can be forwarded to content provider If caches miss
in nodes. It is preferable for users to directly fetch contents from cache nodes
rather than content provider which experience longer delay. The cost of satellite
nodes cache deployment is node cache capacity, and profit is hop count for users
to obtain contents. The smaller profit, the smaller hop count.

We assume that LEO1, LEO2 and LEO3 satellites deploy caches, and the
cache capacity of each satellite is C, cache allocation results are shown in Table 1.
The single node cache means that only one satellite is deployed cache, and users
in other regions can obtain contents from this satellite node. The profit of cache
deployment LEO2 =1 is the best, namely hop count is minimal. Supposing that
there are multi-satellite nodes deploying cache, and cache cooperation among
satellite nodes is considered. Obviously, the hop count of cache deployment
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Table 1. Cache allocation results.

Classification Cache Deployment Cost | Profit
Single node cache LEO1=1 C 2Q2
LEO2=1 C Q1+ Q-2
LEO3=1 C 201
Cooperative cache LEO1=1, LEO2=1 2C | Q2
LEO1=1,LEO3=1 2C |0
LEO2=1, LEO3=1 2C | @1
Non-cooperative cache | LEO1 =1, LEO2=1, LEO3=1|3C |0

LEO1=1, LEO3 =1 is the smallest. Compared with cooperative cache, the last
non-cooperative cache leads to larger cache redundancy and waste cache space.
In fact, the cache capacity is very limited and it is not practical to deploy large
cache space in nodes. Thus, cooperative cache allocation gains better results
than the other two cache allocation schemes from network revenue perspective.

3.2 Problem Formulation

Cooperative cache means that the probability of caching the same file among
nodes obeys certain rules. By modeling cooperative cache, contents with higher
popularity can be cached in nodes closer to users, and contents cached in the
network is more diversified to improve transmission performance.

u Content
k ll 12 IJ -1 lJ Server

Fig. 3. Path topology for user to obtain contents.

When establishing the cooperative relationship model between nodes, coop-
eration parameter is proposed to reflect the probability that nodes cache the
same file. The path topology for any user to obtain contents is shown in Fig. 3,
supposing L = {l; |1 < j < J} indicates that J LEO satellites are connected
between user wuy and content server. F = {f,, |1 < m < M} means M files
published by satellite nodes or content server. The size of file f,, is denoted by
bm in bytes. As described in Sect. 2, when a user sends request, the target file
may be obtained at the access satellite {;. Or the request will be forwarded to
other satellites, namely la,--- ,l;, - ,l;. Otherwise, the request will eventually
reach content server. To describe the relationship between file and satellite node,
Boolean variable xJ, € {0,1},Vm,Vj is used to indicate the cache state of file
fm requested by the user at the satellite node [;, which can be expressed as
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(1)

According to the path for user to obtain contents, it can be known that all the
contents must be stored in the content server. Thus, the probability of caching
the same file between nodes should have a certain cooperative relationship. For
the cache of the file f,,,, when the node close to user caches f,,, the probability
that the next-level node caches the same file can be expressed as

B Jj —

: 5 —_al 7xm*1

gfvjl = ] - =1 g i —0 (2)
L+ (=1)"" - g Tm =

Where, g/, denotes the probability that the node close to user caches the file f,,,
which can be regarded as the popularity of the file f,,. 8 is a constant between
[0, 1], which is seen as the cooperation degree between nodes.

The popularity of many current network traffic has been proved to follow the
Zipf distribution. There are M files in the system, contents are sequenced in a
descending order according to their popularity, the requested probability p,, for
myp, popular content is given as

; _ J1,iffile f,, is cached at node I;
™ ™ ] 0, otherwise

1+gzn ’

pm = 1 Q

Where the range of m is [1, M], C' =}, <y s 1/m®. ovis Zipf parameter, which
is denoted by Zipf (a). If the total request rate is @, the request rate of myy
most popular content can be expressed as @Q,, = @ - Pm.-

For notational convenience, all satellite nodes before hit node /; are denoted
as L = {l;]0 <4 < J}. In this case, hop count hop!, when user request to hit
node can be denoted as

hopl, = [T (1= 3,) -2, - j (4)
i<j
Where 2!, is the cache state of all nodes before the hit node /;, and j is hop
count from user to hit node [;. Considering that in practice not only the hit node
stores the target file, but also other nodes and server may cache the target file.
Thus, the total hop count hop;, for user to obtain files from satellite nodes or
server can be calculated as

hopy, = > [[(1—ah,) - 2h, - j (5)
j<IH1i<j
In satellite networks, topology is regularly changing and predictable. Assum-
ing that the maximum hop count for user to obtain contents is H, the probability
that user will experience hop count is % At this time, the hop count expectation
hopy, for user to gain files is represented by
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1 J
hopm = 57 Y hopy, (6)
J€E[1,H]

The cooperative cache allocation scheme aims to minimize user average hop
count hop, which is formulated as: for given cache capacity in satellites, content
popularity and network topology, which contents should be cached in each satel-
lite so that user average hop count is minimized. Thus, the optimization problem
can be expressed as

min hop = Z hopum, - Pm (7)
me[l,M]
s.t. Cl grj_l = # (8)
L+ (=1)"" - g
C2: Z ngn . an < Cj’ vj (9)
me[l,M]
C3: Z Qu — Z Quj =0, if u=1 (10)
ueJ ueJ
Ca: > Qpu— Y al =0,ifu=1 (11)
ueJ ueJ
C5: Z Qju — Z Quj = 0, otherwise (12)
ueJ ueJ
C6: @), € {0, 1}, ¥m,Vj (13)

The decision variable for the optimization objective is files to be cached
on every satellite, that is content placement matrix X, and the values of the
elements in the matrix X can be obtained by xJ, € {0,1}. C; is the cache
capacity of each satellite in bytes. C1 ensures cooperative cache relationships
between nodes. C2 sets the cache space limit for each satellite node. C3-C5
are flow conservation constraints. C6 limits the storage variables of the satellite
nodes to 0 or 1.

3.3 Matching-Based Cache Allocation Algorithm

After modeling the system, it can be concluded that the optimization objective
is a problem with high computational complexity because it contains 0-1 vari-
ables and it is difficult to find the problem optimal solution in polynomial time.
Considering the time-varying characteristics of the satellite network topology
and the limited on-board computing power, a low-complexity solution scheme
should be explored. The matching theory [16] is a promising approach to per-
form resource management in satellite networks, which can effectively deal with
the allocation problems such as on-board storage resources and cached contents.
Thus, a matching-based cache allocation algorithm is proposed. For a node in
satellite networks, a certain number of files need to be cached based on storage



200 J. Duan et al.

space; also, files need to be cached on multiple satellite nodes based on user pref-
erences. Therefore, the problem can be modeled as a many-to-many matching,
in which satellites and files are players in matching games. Based on the above
descriptions, we give the following definitions.

Definition 1: In the many-to-many matching model, a matching u is function
from the set L U F into the set of all subsets of LUF, p: LUF — LUF, for
every l; € L and f,, € F so that

1) p(fm) € Land p(l;) CF
2 Y a1 O] bn € Gy Vi
3) € p(fm) iff frn € (1))

In 1), the matching node corresponding to the file belongs to the satellite, while
the matching node corresponding to the satellite belongs to the file. 2) is the
cache space limit for each satellite node. 3) indicates that file f,, is in the match-
ing set of satellite [;, if and only if that satellite /; is also in the matching set of
the file f,,.

Next, we need to build a preference list between the file and satellite. Each
file has different presences for different satellite nodes, and each satellite node
has different preferences for different files similarly. Here these two kinds of
preference values are defined. First, based on the optimization objective, we
define the preference value of a satellite over a file, which should consider the
following principle: the satellite cached files make the user hop count smaller,
the preference value of these files is higher. So, the preference value of satellites
for different files is set as the ascending order of the utility function as

€j (’ITL, M) =Pm hopin + Z P hopmy (14)
m’'#m
Similarly, we define the preference value of files over satellite nodes, which
can be expressed as

Em (J; 1) = pm - hop},, (15)

It can be seen from the above defined preference value that the matching

in this paper contains externalities, which the preference value of each satellite

node for not only depends on the current satellite cache state, but also is affected

by other satellite cache states. In many-to-many matching with externalities, a

stability concept cannot be defined straightforwardly because the gain from a

matching pair depends on the matching results of other players. Inspired by the

definition of exchange stability, swap matching is defined to achieve stability
[17].

Definition 2: In the matching u, a swap matching is defined as
i = {\ (e (m)) , (' (m')) }} U
{(m, L )\ G O, (! {{e ()N U {53} (16)
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where j € u(m), 5 € u(m'),j ¢ w(m’) and j° ¢ p(m). In swap matching,
two agents in the same set exchange their matches in the opposite set while
keeping all other agents’ matching state unchanged. It is worth noticing that
one of satellite [;; can be a hole which allowing for satellite moving to available
vacancies. Based on the operations of swap matching, we will the concept of
swap-blocking pairs as follows.

Definition 3: (l;,1;/) is a swap-blocking pairs in the matching y, such that

1) Vi € {m,m/, j,5'} & (ug;?’) <& (n)
2) i € {mvm/7 ja j/}agi (Mz;jl) <é&; (/J“)

In Definition 3, condition 1) implies that the utilities of all involved satellites
and files should not be reduced after the exchange operation between the swap-
blocking pairs (l;,1;). Condition 2) indicates that at least one of the players’
utilities is increased after the exchange operation between the swap-blocking
pair. The matching p is two-sided exchange-stable if and only if there are no
swap-blocking pairs.

Algorithm 1: Proposed Matching-Based Cache Allocation Strategy.

1 Initialization
2 Satellites and files are randomly matched with each other subject to constraints
(8)-(13), forming a matching state p.
3 Set iteration count iter = 0.
4 Exchange Matching Process
5 For each satellite /;, it searches for another satellite I;; or file’s available
vacancies O to form a swap-blocking pair.
6 If (I;,1;:) or (I;,0) forms a swap-blocking pair along with j € p(m), and
i€ pn(m),
7 Update the current matching state to ,uﬂ;j " and reset iter = 0.
8 FElse if there does not exist such a swap-blocking pari,
9 Keep matching state p unchanged and update iter = iter + 1.
10 Repeat Step 5 to 9 until iter > itermax-
11 End Algorithm

The proposed algorithm is shown in Algorithm 1, which includes two stages:
Initialization and exchange matching stage. In the initialization stage, complete
the random initial matching scheme in the scene, and set iteration count to 0.
In the exchange matching stage, it cyclically searches for swap-blocking pairs
and performs exchange operations until there are no swap-blocking pairs for
certain consecutive times. At this time, the matching formed after multiple
exchange operations is a stable matching. In the algorithm, satellites and files
try to find swap-blocking pairs according to the preference value, then the num-
ber of exchange operations is O (J - M). During each exchange operation, the



202 J. Duan et al.

complexity caused by the Quick Sort ordering operations is O (JMlog, (JM)).
Thus, the complexity of entire caching allocation algorithm can be calculated as
O (J2M?log, (JM)).

3.4 Proactive Pushing Scheme

As mentioned above, LEO satellites will make cache decision in the satellite’s
coverage area based on the matching-based cache allocation algorithm proposed
in Sect. 3.3. When file arrives at satellite node, it is directly cached if the node
cache space is left; otherwise, the name of the arriving file is matched with the
file in the cache decision. If the match is successful, the cached file is replaced
according to the cache decision; if the match is unsuccessful, no operation is
performed on the arriving file.

However, the link between user and access satellite be interrupted due to
the mobility of LEO satellites, the subsequent satellite covering the area will
provide service for user. In this case, interest packet cannot be responded in
time. For the user, the requested file is cached in the previous satellite, and
the files cached by the subsequent satellite are not preferred by the user, which
will increase hop count for users to obtain contents. Furthermore, there are
tremendous differences in user preferences and the number of content requests
in different geographic regions, simply adopting local caching policies will lead to
frequent cache updates. Therefore, in the case of in-network caching, we propose
a proactive pushing scheme to improve network transmission efficiency.

The basic idea of the proactive pushing scheme here is that when an LEO
satellite is about to leave the divided area, GEO satellite will notify the LEO
to push the cached list to the subsequent satellite covering the area in advance.
With the equal division of the area, each LEO satellite can start the proactive
cache pushing process one by one under the coordination of GEO satellite. The
proactive pushing algorithm can be described as follows.

Step 1: LEO satellites will make cache decision based on the matching-based
cache allocation algorithm proposed in Sect. 3.3, while GEO satellites monitor
the movement of LEO satellites.

Step 2: According to the movement speed and trajectory of LEO satellite [;,
GEO judges whether satellite [; is about to leave the coverage area. If so, con-
tinue to Step 3. Otherwise, go to Step 1.

Step 3: GEO informs satellite [; to generate a cache list C'L; with only the file
name based on the cached files, and push it to the subsequent satellite /;, .
Step 4: The subsequent satellite /; 1 determines whether C'L; is consistent with
CLj1. If not, the corresponding interest packets will be generated, and sent to
satellite [; to request cache files that are not in C'L;;;. Until satellite ;11 no
longer sends interest packets, the step ends.
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4 Simulation Results

To demonstrate the effectiveness of the proposed cache allocation scheme, MAT-
LAB is used in our simulations. In the simulation environment, the STI2CN sce-
nario should ensure normal satellite communication and the coverage of commu-
nication on the whole earth. Therefore, Iridium system is adopted, which consists
of 6 orbital planes with 11 satellites residing in each orbit, 86.4° inclined orbit
planes with the altitude of 780km. Each satellite is linked to the forward and
rear satellites of adjacent planes. Total number of 1,000 files is supposed Zipf
distribution, where o € [0.2,1.2] varies from different file types. The sizes of files
are same, b,, = 1,¥m. The cache capacity of each LEO satellite is same, which
varies from 0.005 to 0.025. The maximum hop count H = 15 and simulation
parameters iteryax = 20 is used.

In addition, three caching schemes are selected as comparison schemes in the
simulation process: the first one is NoCache that no caching in satellites and
cache capacity is 0, the second is Random that each satellite caches files ran-
domly, the last one is content popularity cache that most popular files are cached
in each satellite. During the simulation, the impact on the network performance
is observed by changing the size of nodes’ cache capacity and the Zipf parame-
ters a. We choose two metrics to evaluate the performance of caching allocation
scheme: average hop count and cache hit rate. Average hop count refers to the
average hop count that interest packet caches hit or reaches to content source to
obtain files. Cache hit rate refers to the percentage of cache hits in the satellite
nodes when all the requests arrive at the satellite nodes.
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Fig. 4. The impact of cache capacity ratio.

Figure 4 shows the average hop count and cache hit rate versus different cache
capacity ratio, the following simulation results set the Zipf parameter o = 0.8.
When the cache capacity is small, the increase in cache capacity enables more
requests to be responded in neighboring nodes, and the cache distribution of pop-
ular files tends to stabilize as the cache capacity increases further. In Fig. 4(a),
with the increasing of cache capacity ratio, average hop count among the three
schemes of Random, Popularity and Proposed is diminishing. For popularity
cache, each satellite tends to cache most popular files based on the preference
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of its served users, making it perform better than Random. However, popularity
cache considers no cooperation resulting in the cache redundancy between adja-
cent satellites. As comparison, our scheme further decreases user average hop
count by considering cooperation among satellites. Another result in Fig.4(b)
shows that cache hit rate increases as cache capacity ratio increases and even-
tually plateaus, but our scheme’s cache hit rate is always higher than the other
two schemes.
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Fig. 5. The impact of Zipf parameter a.

Figure 5 shows the average hop count and cache hit rate versus different «, the
following simulation results set cache capacity ratio 0.015. The Zipf parameter
a reflects the concentration of file requests. When « is small, users’ requests are
relatively scattered, and the limited cache space cannot satisfy more requests.
When « is large, users’ requests are more concentrated on popular contents.
Random algorithm is indifferent, while popularity cache and our cache scheme
perform better with the increase of « in Fig. 5(a). That is because both schemes
make content decisions based on the file popularity. Meanwhile, the cooperative
cache allocation in this paper gains most under different popularity models.
Similarly, it can be seen from Fig. 5(b) that cache hit rate in Random is basically
unchanged, while cache hit rate in other two schemes increases as « increases.

5 Conclusions

In this article, we investigate content cache allocation scheme in information-
centric satellite-terrestrial integrated networks. Firstly, the cache allocation
problem is formulated as user average hop count minimization by considering
content popularity and cache cooperation. Then, a matching algorithm with fast
convergence and low complexity is used to solve it, and finally obtains exchange
stability between satellites and contents. Additionally, a proactive pushing
scheme is proposed to accelerate user content retrieval and further improve
network performance. The simulation results show that proposed scheme can
effectively reduce user average hop count and increase cache hit rate.
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