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ABSTRACT

Content-Centric Networking (CCN) has recently emerged as
a clean-slate Future Internet architecture which has a com-
pletely different communication pattern compared with ex-
iting IP network. Since the World Wide Web has become
one of the most popular and important applications on the
Internet, how to effectively support the dominant browser
and server based web applications is a key to the success
of CCN. However, the existing web browsers and servers
are mainly designed for the HTTP protocol over TCP/IP
networks and cannot directly support CCN-based web ap-
plications. Existing research mainly focuses on plug-in or
proxy/gateway approaches at client and server sides, and
these schemes seriously impact the service performance due
to multiple protocol conversions. To address above prob-
lems, we designed and implemented a CCN web browser
and a CCN web server to natively support CCN protocol.
To facilitate the smooth evolution from IP networks to CC-
N, CCNBrowser and CCNxTomcat also support the HTTP
protocol besides the CCN. Experimental results show that
CCNBrowser and CCNxTomcat outperform existing imple-
mentations. Finally, a real CCN-based web application is
deployed on a CCN experimental testbed, which validates
the applicability of CCNBrowser and CCNxTomcat.
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1. INTRODUCTION

In recent years, the World Wide Web (WWW) has become
one of the most fundamental Internet applications. Web
browsers and servers play a key role in satisfying the needs
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of a large and growing community of web users. Content-
Centric Networking (CCN) [1] has emerged as a clean-slate
network architecture to address the problems faced by cur-
rent IP networks.

Existing web browsers and servers are designed for the
hypertext transfer protocol (HTTP) and IP-based Internet.
Consequently, the deployment of the existing web applica-
tions on CCN is still an open issue due to the lack of inter-
connections tools. Current research focuses on the gateway
for HT'TP and CCN protocol conversion [5] or plug-in man-
ner [4] to validate CCN under real HTTP traffic. However, a
gateway is not an efficient approach given the additional cost
of the protocol conversion. The lack of native support for
web applications has greatly hampered the wide adoption of
CCN.

To address above issues, we designed and implemented a
full-fledged CCN web browser (called CCNBrowser) [2] and
a server (called CCNxTomcat) [3]. CCNBrowser was devel-
oped based on the open source Webkit, and CCNxTomcat
was based on Apache Tomcat. We leverage CCNx develope-
d by PARC laboratory as the CCN prototype. Native CC-
N functions are integrated into implementations to support
interactions among users, servers and routers in CCN. In
addition, to facilitate smooth network evolution, our imple-
mentations support the content request using both ’cenx://’
and ’http://” URI schemes for HTML, CSS and JavaScript.

2. IMPLEMENTATION

To give a clear description, architectures of CCNBrowser
and CCNxTomcat are depicted in Fig. 1 and Fig. 2, re-
spectively, where the components highlight in blue are CCN
related.
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Figure 1: CCNBrowser architecture
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Figure 2: CCNxTomcat architecture

T T 20 T T n T T T T
260 |- 1 ,
240 [ 1 5T ) 60 —»— CCNxTomeat
20 [ ] 16 ] —=— HTTPICCN Prox
g 200 [ N wl 50
o 180 —=— CCNBrowser 1 % -
S e[ e HitpProxy 1 g 2l 1 § wl
S o[ —A—NDNJS 2 E
< 2W0|weng — 2 = = — 8 — 28— 2
S 120} £ 2|
3 & B
2 100 | 3 8 3
2 £
E el F o —»— CCNxTomcat ool
60 [ . [ —=— HTTP/CCN Proxy /
P ° 3 4l 10 [=-
0f N 4 2
0 . . . . . . . . . . . 0 . . . . . . . . .
0 50 150 200 0 100 200 300 400 500 600 700 800 90 1000 0 100 200 00 400 500 60 700 80 90 1000

.
100
File Size(MB)

(a)

File

(b)

Size(MB) The Number of Concurrent Threads Invocations

()

Figure 3: Test results: (a) CCNBrowser vs. NDN.JS and HTTP/CCN Proxy in terms of the single file test.
(b) CCNxTomcat vs. HTTP/CCN Proxy in terms of the single file test. (c¢) CCNxTomcat vs. HTTP/CCN

Proxy in terms of the throughput.

3. EXPERIMENT

We conduct experiments on a real testbed to compare the
performance of CCNBrowser and CCNxTomcat with exist-
ing NDN.JS and HTTP/CCN proxy. The results in Fig.
3 indicate that CCNBrowser exceeds existing NDN.JS and
HTTP/CCN gateway implementations by a factor of nine-
teen and five, in terms of the throughput, and CCNxTomcat
outperforms existing HTTP/CCN implementations by 58%
in a single request, and by a factor of three under 1000 con-
current requests. We also setup a real CCN-based personal-
ized web site as shown in Fig. 4 for the practical utilization
of CCNBrowser and CCNxTomcat.
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Figure 4: A real CCN-based personalized web site
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