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ABSTRACT

Information-Centric Networking (ICN) is one promising architecture paradigm which is a profound shift
from address-centric communication model to information-centric one. Although ICN routing has at-
tracted much attention from researchers, there are few researches on improving it inspired by other
fields. In this paper, we propose a Routing mechanism for ICN incorporating Software-Defined Network-
ing (SDN) and Community division (RISC), by decoupling control plane from data plane and dividing ICN
topology into different communities. Firstly, we propose a community division scheme based on maximal
tree in order to help retrieve the content conveniently and effectively. Secondly, we place all information
about contents and forwarding into the corresponding information center for the centralized manage-
ment. Thirdly, we design a routing mechanism which consists of intra-community routing based on same
community information and inter-community routing based on social relationship among communities.
Finally, the experimental results show that the proposed RISC not only speeds up content retrieval but

also outperforms existent methods.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The current Internet has been suffering from some significant
limitations such as those brought by mobility and content distri-
bution, which are inherent and inevitable due to its address-centric
communication model [1]. At present, users widely use mobile de-
vices to generate and consume digital media contents, producing
large volumes of traffic, which is hard to be undertaken by the
current Internet efficiently. For example, Cisco Visual Networking
Index (CVNI) predicts that the annual global mobile data traffic is
expected to reach 366.8 EB by 2020 from 44.2 EB in 2015 [2], and
that the could traffic in Middle East and Africa region is expected
to have the highest compound average growth rate (43%) by 2020
[3]. Furthermore, most users are mainly interested in accessing the
content irrespective of its physical location with the development
of mobile, cloud and big data technologies. For example, CVNI pre-
dicts that mobile users are expected to reach 5.5 billion, that is,
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70% of the global population, by 2020, and personal mobile de-
vices are expected to reach 8.5 billion by 2020 [2]. Therefore, the
current Internet is becoming inadequate to the newly emerging us-
age patterns [4].

In order to facilitate the development of Internet continu-
ously, many countries (e.g., USA, Germany, Japan and China) have
paid high attention to the design of the future Internet [5], and
Information-Centric Networking (ICN) is one of the promising net-
working paradigms. As we know, the research of ICN has been
supported by some projects, such as Data-Oriented Network Ar-
chitecture (DONA) [6], Content-Centric Networking (CCN) [7], Pub-
lish/Subscribe Internet Technology (PURSUIT) [8], Named Data Net-
working (NDN) and its Next Phase (NDN-NP) [9]. Especially, the
first NDN community meeting (2014, Los Angeles) [10], the sec-
ond one (2015, California) [11] and the third one (2016, Kyoto)
[12] have highlighted the importance of ICN. As a clean-state
networking paradigm, ICN is a profound shift from IP address-
centric communication model to information-centric one [13],
where content-aware routing and in-network caching are two no-
table features currently considered [14]. The content-aware routing
delivers Interest packets to the content provider which returns the
content to the interest requester by Data packets. The main goal
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of in-network caching is to cache the frequently used contents as
long as possible since they are expected to be requested by other
users. The cached content replicas are capable of quick response to
interest requests, which reduces bandwidth usage and latency, thus
improving routing efficiency. However, ICN does not properly have
an efficient routing scheme for the large-scale production network,
which remains one of its major issues to be solved for the future
deployment. In fact, the lack of scalable routing scheme is one of
the main obstacles which slows down the large-scale deployment
of ICN. Therefore, the design of efficient ICN routing mechanism
has attracted much attention from a lot of research communities.

Some ICN routing mechanisms have been proposed, for ex-
ample, flooding [15,16] and forwarding Interest packets according
to the “best” outgoing interface(s) [17-23]. However, the flooding
usually overloads network, wastes network resources and reduces
network performance. It is usually unfeasible in ICN to find the
“best” outgoing interface(s) to forward Interest packets with net-
work scale, time scale and Forwarding Information Base (FIB) size
considered [22]. Besides, the above mentioned two kinds of routing
schemes are hard to realize the global control of contents and re-
trieve the closest content replica. In recent years, Software-Defined
Networking (SDN) has been treated as enabling the new routing
scheme development [24], and it can realize the global awareness
of contents effectively in the centralized management manner [25].
Furthermore, the scalability of ICN routing is also an important is-
sue which is very difficult to be overcome by the above mentioned
two kinds of routing schemes. In [20,26,27], the community divi-
sion has been proposed to address routing scalability. Moreover,
ICN pays attention to user interests, thus the community division
based on interest similarity relation can speed up content retrieval.
Based on the above statements, in this paper, we adopt the basic
ideas of SDN and community division to devise an efficient ICN
routing mechanism.

As we know, SDN is considered as one promising networking
paradigm to overcome the limitations of the current network ar-
chitectures, and it was originally conceived at Stanford University
[28]. In SDN, the control is decoupled from forwarding, and the
network is directly programmable according to Open Networking
Foundation (ONF) [29]. On one hand, SDN breaks the vertical inte-
gration by separating control plane from data plane; on the other
hand, network switches just have the forwarding function whilst
controllers are responsible for managing the whole network in the
centralized manner [28]. The combination of the above SDN fea-
tures can improve network management, control and data han-
dling effectively [30-33]. Especially in the industry, Yahoo, Google,
Facebook, Cisco and Microsoft have paid attention to SDN develop-
ment. As two networking paradigms, ICN and SDN have profound
impact on the future Internet, thus introducing the ideas of SDN
into ICN is becoming a hot research topic, which is also done in
this paper.

The community division [34,35] can be used to improve packet
forwarding efficiency in ICN routing and help retrieve the con-
tent for interest requests conveniently and effectively. In fact, Con-
tent Routers (CRs) in the same ComMunity (CoM) usually have the
same or similar features (e.g., interest categories). In this case, if
the content is retrieved from any CR in its CoM, there is no need to
forward Interest packets to CRs in another CoM, and thus avoiding
redundant interest forwarding. When and only when the content
cannot be retrieved from all CRs in one CoM, Interest packets will
be forwarded to CRs in another CoM. It is obvious that the com-
munity division can improve routing efficiency and reduce routing
overhead. Thus, in this paper, we divide ICN topology into CoMs
according to the cached contents in CRs.

This paper proposes a novel Routing mechanism for ICN in-
corporating SDN and Community division (RISC), which decouples
control plane from data plane by introducing SDN at the same time

divides ICN topology into CoMs by introducing community, and the
main contributions are summarized as follows.

(i) We propose a system framework of RISC which consists of SDN
controllers, CoMs and Information Centers (ICs). RISC has the
control plane which consists of SDN controllers to make routing
decision, and the data plane which consists of CoMs and ICs to
forward packets.

(ii) In order to help retrieve the content conveniently and effec-
tively, we propose a novel community division scheme based
on maximal tree, which is one clustering analysis method, to
divide ICN topology into CoMs.

(iii) In terms of each CoM, we place all information about contents
and forwarding into the corresponding IC for the centralized
management, which is controlled and managed by SDN con-
troller.

(iv) We propose a new routing mechanism to forward Interest pack-
ets and Data packets, which consists of intra-community rout-
ing based on same CoM information and inter-community rout-
ing based on social relationship among CoMs.

The rest of this paper is organized as follows. Section 2 re-
views the related work. Section 3 proposes the system framework
of RISC. In Section 4, the clustering analysis based community divi-
sion is presented. Section 5 introduces the centralized information
management. The routing decision of RISC is done in Section 6.
Section 7 shows simulation results. Finally, this paper is concluded
in Section 8.

2. Related work
2.1. ICN routing

The routing plays an important role in ICN since it determines
packet forwarding and content retrieval, thus a lot of ICN rout-
ing mechanisms have been proposed. According to what we have
learnt, in [13], the flooding algorithm was firstly proposed to ad-
dress ICN routing issue. Although it could guarantee retrieving the
content by sending Interest packets via all available outgoing inter-
faces, it would cause the heavy message traffic. Therefore, in [15],
a cluster-based routing algorithm was proposed to reduce interest
flooding. In [16], a flooding-based route discovery mechanism was
proposed by considering the relationship among chunks, where the
content was divided into a number of chunks. Although [15,16] re-
duced overhead brought by the successive flooding to some extent,
it was hard to manage the degree of flooding.

A number of routing proposals about forwarding Interest pack-
ets according to the “best” outgoing interface(s) have been studied.
In [17], an adaptive interest forwarding strategy was proposed by
ranking different outgoing interfaces and selecting an outgoing in-
terface to forward Interest packets. In [18], a named-data link-state
routing protocol was proposed to announce the name prefixes. It
used OSPF to propagate link-state advertisements throughout the
entire network, which leaded to that the corresponding route com-
putation no longer produced just one shortest path. In [19], a
greedy ant colony forwarding algorithm was proposed to provide
the intelligent interest forwarding, which improved cost-efficiency
and scalability for CCN. In [20], an adaptive forwarding strategy
based on probability was presented. It used Ant Colony Optimiza-
tion (ACO) to compute the probability of path selection and used
the statistical mode to compute the timeout for retransmission. In
[21], a priority-based interest forwarding strategy was designed, in
which Interest packets with higher priority were forwarded prior
to those with lower priority. In [22], an exploration and exploita-
tion based interest forwarding strategy was introduced. It spanned
over two extremes, i.e., the deterministic exploitation towards a
known replica and the random exploration towards an unknown
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