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Abstract. Information-Centric Networking (ICN) replaces identifying
endpoints with identifying content. One of the most common and impor-
tant features of ICN architectures is in-network caching, which can sig-
nificantly reduce content request latency and improve user quality of ser-
vice(QoS) and network performance. Therefore, how to efficiently utilize
cache resources and optimize cache performance has become one of the
research hotspots in ICN. This paper proposes a local popularity caching
strategy based on content relevance caching (CRC). In this strategy, the
local popularity of the content is calculated based on the relevance of the
content requested. Routing nodes make caching decisions based on local
popularity. In the forwarding process of the interest packet, the cache node
ID table in the interest packet is updated according to the local popular-
ity, and the cache decision is made. In the backhaul process of the data
packet, content caching and replacement strategy need to be performed
according to the caching parameters and local popularity parameters. In
cache replacement, if the remaining cache capacity of the current routing
node cannot satisfy the required capacity of the cached content, the local
popularity of the content needs to be used to replace the cached content.
In this way, repeatedly requested content ends up being cached in routing
nodes closer to the user. The simulation results show that CRC has better
network performance than several other classical caching strategy.

Keywords: Information-Center Networking · Content Relevance ·
Local Popularity · Caching Strategy

1 Introduction

With the development of information technology, the traffic in the network con-
tinues to increase. The number of users who obtain information from the network
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is gradually increasing, and users are more concerned about the content itself
[1]. This has led to the Information-Centric Networking (ICN) [2] architecture as
the research direction for future networks. ICN emerged as an architecture that
includes caching at the edge of the network. Unlike traditional methods, users
in ICN request content directly from the network only by their Named Data
Object (NDO) names [3]. As shown in Fig. 1, ICN includes cache management
modules in all routing nodes to realize the decoupling of content and address [4],
and each routing node in the network can selectively store a copy of the content
[5]. When the same content request occurs again, the corresponding content can
be returned directly from the routing node without the need to obtain it from
the source server. However, the cache capacity of each routing node is limited,
and only reasonable cache deployment [6,7] can improve the cache utilization of
nodes.

The current caching strategies in ICN include: Leave Copy Everywhere (LCE)
[8], Leave Copy Down (LCD) [9], Probability [10], ProbCache [11] etc. LCE
is the routing node caches every piece of content it passes through. It does
not consider the influence of content popularity and network topology, which
will lead to frequent replacement of cached content in routing nodes, resulting
in low cache utilization of routing nodes. LCD is next-hop routing node that
caches content at the hit routing node, which helps to gradually push popular
content caches to edge routing nodes. It considers the network topology, however,
popular content needs to move many times to reach the edge routing node, so
the convergence speed is slow. Probability is that the routing node caches the
arriving content with a fixed probability. It without considering the distance
between the user and the routing node. Therefore, the QoS for users cannot be
improved. ProbCache is the probability that content can be cached to a routing
node inversely proportional to the distance between the routing node and the
content requester. It enables content to be quickly cached to routing nodes closer
to the user. The research found that in practical applications, there is a relevance
between the content requested. However, some existing caching mechanisms [12]
do not consider the relevance between the content requested.

Aiming at some existing caching mechanisms, this paper proposes a caching
decision based on content relevance caching (CRC). Considering the relevance
between the contents requested, the local popularity of the content is calculated
according to the relevance between the contents [13]. Therefore, according to
the local popularity of the content, the routing node decides whether to cache
the content requested. During the forwarding of interest packet, make caching
decisions based on local popularity and update the table of cache node IDs
in interest packet. In the process of backhauling data packet, content caching
and replacement strategy need to be performed according to cache parameters
and local popularity parameters. In cache replacement, if the remaining cache
capacity of the current routing node cannot satisfy the required capacity of the
cached content, the local popularity of the content needs to be used to replace
the cached content. This paper considers the user’s QoS from the content request
delay in the network [14,15], and the content copy is cached in the node closer
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Fig. 1. Cache model in ICN.

to the user side, so as to realize the network performance and improve the user’s
QoS [16].

In this paper, it is assumed that all routers in the network have the same
computing power and the same cache capacity. Furthermore, to simplify the
model, this paper considers everything contents in the network to have the same
capacity. Considering the content service model of the network, it is assumed that
the requests sent by users satisfy the Poisson distribution, and the popularity of
the content satisfies the Zipf-like distribution [17].

2 Cache Model and Modified Structure

2.1 Cache Model

In order to simultaneously satisfy the user’s QoS and improve the cache utiliza-
tion, the optimal cache location needs to be adopted when content caching. The
optimization problem model is derived for the content cache location problem
as follows.

min
∑

c∈C

∑

n∈N

dcn (1 − Sc
n)

s. t

⎧
⎪⎨

⎪⎩

∑

c∈C

Sc
n < Cn ∀n ∈ N

Sc
n = {0, 1} ∀n ∈ N,∀c ∈ C

(1)

where dcn represents the distance from the content request initiated by node n
to the routing node that provides content c. The Sc

n represents whether node n
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caches content c, the value is 0 or 1. The content cached by each node cannot
exceed the cache capacity of the routing node itself. The caching strategy pro-
posed in this paper is a caching strategy based on content relevance, and the
caching decision is made in the forwarding stage of the interest packet. In order
to make the content relevance-based caching strategy proposed in this paper fea-
sible, it is necessary to add the cache routing node ID table field to the interest
packet and data packet, and add the cache parameter Sc

n and the popularity
parameter pop to the routing node.

When the request interest packet sent by the user arrives at the routing node,
the cache parameter Sc

n in the routing node needs to be queried first. If Sc
n = 1, it

means that the content has been cached in the routing node, and the data packet
is returned directly. If Sc

n = 0, it means that the routing node does not cache
the content, and the local cache cannot satisfy the user’s request. Continue to
forward the interest packet upwards. In the forwarding process, a cache decision
needs to be made in order to update the cache ID table in the interest packet.
The caching decision proposed in this paper is a caching decision based on a
greedy algorithm. If the remaining cache space of the current routing node is
sufficient, the arriving content can be directly cached. At this time, the ID of
the routing node needs to be added to the cache node ID table in the interest
packet, the cache parameter Sc

n corresponding to the cache information table in
the routing node is set to 1, and the interest packet continues to be forwarded
upward. If the remaining space of the current routing node is insufficient, it is
necessary to determine whether to add the ID of the current routing node to the
interest packet after updating the local popularity. Assuming that ID =n1, n2...
represents the list of nodes on the forwarding path of the content request that
have decided to cache the data packet, there are:

IDc =
{

IDc ∪ {n} popcn > min
({

pop i
n | i ∈ Cn

})

IDc otherwise (2)

where Cn represents the set of all content that have been cached in routing
node n. The i represents the least popular content cached in the current routing
node.The popin represents the content that has been cached in routing node the
minimum popularity of the current routing node. If the local popularity c of
the currently requested content is greater than the minimum local popularity
among the cached content in the current routing node. Then the current routing
ID of the node needs to be added to the node ID table of the cached interest
packet. Set the cache parameter Sc

n corresponding to the cache information table
in the routing node to 1, and the cache parameter of the modified content i to
0. Continue to forward interest packet up.

2.2 Modified Interest Packet, Data Packet and Routing Node
Models

The modified the fromat of interest packet is shown in Fig. 2(a), the fromat of
data packet is shown in Fig. 2(b), and the structure of the routing node is shown
in Fig. 3.
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Fig. 2. Modified packet of interest and data

Fig. 3. Structure of the modified routing node.

3 Local Popularity Caching Mechanism Based on Content
Relevance

3.1 Calculation of Content Relevance

In practical applications, each user has its own access domain, which means that
there is a high relevance between the content requested by the user, so the content
with high relevance in the routing node is more likely to be accessed by the
user in turn. In this paper, the proposed caching strategy exploits the semantic
relevance of content as the relevance between content. The first step in semantic
relevance analysis is to extract attributes that have an impact on relevance,
and the more attributes with the same or similar semantics, the greater the
relevance. When calculating the semantic relevance, this paper mainly considers
the content name of the interest packet, and calculates the content relevance
according to the content name attribute of the interest packet.

Relevance coefficient parameter: βc
c′ represents the relevance between the

content c and the content of the node cache c′, βc
c′ value of is 0, 1.

βc
c′ =

|M ∩ M ′|
|max (M,M′)| (3)

In this equation,M and M ′ represent the semantic vector spaces of content c
and content c′, respectively. Where M = M1,M2......Mk denotes the set of name
strings of content c and M ′ = M ′

1,M
′
2......M

′
m denotes the set of name strings

of content c′. The number of elements in the intersection between the semantic
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vectors M and M ′ is used as the numerator. The maximum number of ideas
of M and M ′ (i.e., the maximum number between k and m) is used as the
denominator.According to the above formula, the relevance between the content
c and the content c′ is obtained.

3.2 Local Popularity Calculation

Since the content requested by the user is high relevance, data content with high
relevance is more likely to be requested by the same user. Taking relevance into
account when calculating local popularity can improve network performance.
The local popularity of content c at routing node n is updated as follows.

popcn =
Retcn∑

cj∈Cn
Retcjn

+
∑

c′∈Cn

βc
c′ (4)

where Retcn indicates the number of requests for content c in routing node n, and
Cn indicates all content cached by routing node n. The

∑
cj∈Cn

Retcjn represents
the total number of requests for all content at routing node n. The βc

c′ indicates
the relevance between content c and content c′. The

∑
c′∈Cn

βc
c′ indicates the

sum of the relevances between the content c and all content already cached in
the routing node.

3.3 Caching Decision Process

The caching decision proposed in this paper is made in each routing node along
the forwarding path of interest packet sent by users. The decision-making process
algorithm is as follows.

The algorithm proposed in this paper is based on the greedy algorithm. When
the routing node receives the interest packet requested by the user, it firstly
queries whether the remaining available cache capacity of the current routing
node can satisfy the cache capacity for caching the content requested by the
user. If possible, directly add the ID of the routing node to the cache node ID
table of the interest packet, calculate the popularity of the interest packet in the
current routing node, and update the cache node ID table interest packet and
the cache information table in the routing node. If not, it is necessary to query
the minimum popular content and its popularity in the cache information table
of the routing node, and compare the popularity of the arriving content with the
minimum popularity of the cached content in the node. If it is greater than, add
the ID of the routing node to the cache node ID of the interest packet table, and
update the cache node ID table interest packet and the cache information table
in the routing node, and then forward the interest packet. The cache parameter
of the replaced Interest in the routing node is set to 0. If the popularity of the
content is less than the minimum popularity of the content in the routing node,
the interest packet is forwarded directly.
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Algorithm 1. Caching decisions based on content relevance

Input: interest packet for request content c received by node n
popcn = 0

Output: Sc
n

1. if CacheAvailablecapacity > CacheContentCapacity then
2. Sc

n = 1
3. Update the current local popularity of content c in the routing node popcn
4. IDc ∪ {n}
5. CacheAvailablecapacity = CacheAvailablecapacity − CacheContentCapacity
6. else
7. Calculate the current local popularity of content c in the routing node popcn
8. if popcn > popin then
9. Sc

n = 1
10. IDc ∪ {n}
11. Si

n = 0
12. else
13. Sc

n = 0
14. IDc = IDc

15. end if
16. end if

4 Simulation and Performance Analysis

In order to verify the performance of the caching strategy proposed in this paper
in the network. This paper uses the ndnSIM2.7 simulation tool to compare the
caching strategy with several other existing caching strategies. And verify the
effectiveness of the strategy through simulation processing. MATLAB is used for
the result data.

4.1 Experimental Environment and Parameter Settings

Simulation is performed in Linux (ubuntu 18) environment using NS3-based
ndnSIM2.7 [18] emulator. The main modified parts are:

(1) The format of interest packet is modified, and the cached message ID table
is added to the interest packet.

(2) The format of data packet is modified and the cached message ID table is
added to the data packet.

(3) Modify the structure of the routing node and add the cache message ID
table in the routing node.

The cache strategy proposed in this paper is simulated and implemented, and
compared with other cache strategies. The experimental simulation parameters
are shown in Table 1.

The network structure used in this paper is a tree structure, divided into 7
layers, each internal node has 2 child nodes, and there are 127 nodes in total,
including 64 leaf nodes, 62 intermediate nodes, and 1 root node. In the simulation
process, the leaf node is set as the user request node, the intermediate node is
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Table 1. Experimental parameter setting.

Experimental parameters Experimental setup

Frequency of content requests per node 100

Cache capacity per node 50–150(100)

Content Capacity 1

Content Popularity Parameter (Zipf) 0.6–1.4(1)

Simulation time 10 s

set as the routing node that needs to make caching decisions, and the root node
is set as the content source node. It is assumed that the content source node
can provide all the content requested by users in the network, and the cache
required to cache each content is 1 unit. The content popularity obeys Zipf
distribution, the parameter of Zipf is set between 0.6 and 1.4, the default value
of Zipf parameter is 1. The cache capacity of each node is set to 50–150 units,
and the default value of node cache capacity is 100 units.

4.2 Experimental Performance Indicators

In order to be able to effectively compare the results of the caching decision
proposed in this paper with several other caching decisions, several common
network performance in the network are selected as evaluation metrics.

(1) Cache hit ratio: cache hit ratio is the ratio of the number of content
requests satisfied by a routing node to the total number of content requests
made by all content requesters over a period of time. cache hit ratio can be
used to measure the cache performance metrics in the network, and the cache
utilization of a routing node can be reflected by the cache hit ratio. The higher
the value of cache hit ratio, the higher the cache utilization of the routing node.
Suppose the number of cache hits of a routing node is Rhit, the total number of
requests for all contents sent by a requester is Rtotal, and the cache hit ratio is
cachehit, then there is a cache hit ratio of:

Cachehit =
Rhit

Rtotal
(5)

Figure 4 reflects the variation of cache hit rate with Zipf parameter when the
cache capacity is the default value, from the figure, It can be seen that in different
cache decision strategies, with the increase of the Zipf parameter, the cache rate
increases, but the cache hit rate in CRC is better than the cache hit rate in other
caching strategies, which is because when the cache capacity of the routing node
is certain, the cache hit rate in the same routing This is because when the cache
capacity of a routing node is certain, users are more likely to request content with
high relevance in the same routing node, and the relevance of users’ requested
content is taken into account when calculating the content popularity in CRC,
which can improve the cache hit ratio. Moreover, the local popularity calculation
method is introduced in the CRC strategy proposed in this paper, which can
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more accurately sense the dynamic changes of the popularity of interest packet
in the routing nodes, so the cache hit rate changes more obviously. From the
figure, It can be seen that when the Zipf parameter is equal to 1, the cache hit
rate of the routing node increases significantly, and the cache hit rate at this
time is better than several other cache strategies.

0.6 0.8 1 1.2 1.4

0.2

0.4

0.6

0.8
LCE
Probability
ProbCache
CRC

Fig. 4. Variation of cache hit rate with Zipf parameters.

Figure 5 shows the variation of the cache hit rate with the change in the
cache capacity of the routing node when the Zipf parameter is set to its default
value. From the figure, it can be seen that the cache hit rate of the routing node
increases with the increase of the cache capacity of the routing node. The higher
cache hit ratio of CRC compared to several other caching policies is due to the
real-time update of the popularity of the cached content in the CRC strategy,
which makes the content cached in the routing node reach the real-time update
with the popularity of the content.

60 70 80 90 100 110 120 130 140 150
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Fig. 5. Variation of cache hit rate with cache capacity.
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(2) Average delay: The average delay is the average time for a user to send
a content request and receive a content response. The average delay can reflect
the retrieval efficiency of the content in the network and the QoS of the user.
The lower the average delay, the higher the retrieval efficiency., the better the
QoS of the user.

Figure 6 shows the average delay as a function of Zipf parameters. It can be seen
that as the Zipf parameter increases, the average latency decreases across several
caching decisions. When the Zipf parameter is 1, the caching decision proposed in
this paper is quite different from other caching decisions. In this experiment, the
delay of one-hop routing node is set to 10 ms. From the simulation results, it can
be seen that the average delay is about 35 ms, indicating that most of the user’s
requests are responded between two hops, which improves the user’s QoS.
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Fig. 6. Variation of average access latency with Zipf parameters.
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Fig. 7. Variation of average access latency with cache capacity.



132 X. Xiong et al.

Figure 7 shows the average delay with the cache capacity is recorded, indi-
cating that the average delay decreases with the increase of the cache capacity.
Compared with other caching strategies, the CRC average delay reduction is
more obvious. Because the CRC considers the relevance between the content
requested by the user, the content copy is cached in the routing node closer to
the user, which can respond to the user’s request faster.

(3) Hop reduction rate: Assuming that hopr(t) is the number of hops elapsed
in a single request and Hopr(t) is the number of hops elapsed by the correspond-
ing user of this request to obtain content from the content-providing source, the
hop reduction rate is H(t):

H(t) =
∑

r=1 Hopr(t) − ∑
r=1 hopr(t)∑

r=1 Hopr(t)
(6)
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Fig. 8. Variation of hop count reduction rate with Zipf parameters.

Figure 8 shows the hop reduction rate as a function of the zipf parameter.
When α is small, the popularity of the content is not concentrated, and the
residence time of the cached content in the node is small. At this time, the
cached content in the routing node is frequently replaced, making it difficult for
the content of subsequent requests to be responded by the routing node, and the
effect of shortening the content acquisition path is not obvious, and the reduction
rate of hops is low. As α increases, requests for content are more concentrated,
and at this time, the replacement of cached content in routing nodes is reduced.
Because the caching strategy proposed in this paper makes full use of the local
characteristics of content popularity, the performance can be better than several
other caching strategies.

Figure 9 shows the variation of hop count reduction rate with the cache capac-
ity of the routing node. When the cache capacity of the routing node is small,
most of the content requests need to be forwarded to the content-providing
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source server to get a response, and the hop count reduction rate is lower at
this time. The performance improvement of CRC is more stable compared to
the other caching strategies.
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Fig. 9. Variation of hop count reduction rate with cache capacity.

5 Conclusion

In order to effectively utilize the cache space of routing nodes in ICN and improve
the service quality of users, a cache strategy based on CRC is proposed. Based
on the local popularity of the content, the ultimate goal is to minimize the for-
warding distance of content sent by users. The simulation results show that CRC
can cache content in routing nodes closer to the user, obtain a higher cache hit
rate, reduce the user’s request delay, and improve the user’s QoS and network
performance.The next step will be based on the research of this paper, com-
bined with the diversity of user requests in the network, to analyze some key
problems existing in the current caching strategy. Combined with the relation-
ship between routing nodes, the cache strategy is studied to further optimize the
cache performance of the network.
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