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Abstract—In this paper we investigate the impact of
caching content on Content Centric Networking (CCN)
taking into account the energy efficiency of the caching
strategy. We analyse the different threshold levels from
which caching content starts to be beneficial based on
two metrics, and take into consideration the used storage
technologies and the location of the CCN router. Based on
the presented analytical results we address practical issues
regarding the possible deployment of CCN routers from an
energy efficiency and performance trade-off point of view.
This work lays down the foundation for the development
of a model to design practical caching strategies in CCN
taking into account the energy efficiency of different
approaches.

I. INTRODUCTION

Due to the current explosion of the Internet traf-
fic generated by content production and dissemination
applications, like popular video and social networking
services, we can observe a paradigm shift from host-
centric networking towards content-centric networking.
Host-centric networking is based on the assumption that
content is centrally served by a reachable host assigned
with a unique IP address. On the other hand content-
centric networking is based on the principle that content
is the focal point in the networking communication
model (and not the serving host). In Content Centric
Networking (CCN) content items have a unique identi-
fier and can be transparently cached along the network
topology. In CCN when content is cached in network
elements closer to the network edge the communication
delays to serve multiple requests to the same content
as well as backbone network traffic will be reduced.
This can enable, depending of the caching strategies,
a somehow self-distribution of data along the network
topology based on the content popularity.

Caching content can be done in CCN enabled router,
and taking only into consideration the handling of
data and requests, a CCN router is composed of three
main elements: a forwarding Information Base (FIB), a
Content Store (CS) and a Pending Interest Table (PIT)

Fig. 1. Flowcharts describing incoming requests and content in a
CCN router

[1]. The CS is used to buffer requested data, like in any
other router, but can also store cached content for future
requests. The PIT tracks the recently requested but not
yet served content requests. The FIB is used to connect
content name prefix with one or several following hop
routers when the requested content is not present in the
CS or in the PIT. Figure 1 describes the use of these
elements when requests and data content arrive on the
router interfaces.

So far much of the research effort has focused on
architectural issues including naming and addressing
as well as transport, caching, error and flow control
in CCN. However when content is cached on network
elements, the energy efficiency of such approach should
also be evaluated. Basically, content need to be cached
as long as it is cost efficient to keep it, i.e. as long as
the cost of storing the data on a CCN router stays lower



than the cost of re-transmission. The decision to add
data into the cache is taken after serving the pending
requests from the PIT as described on the left part of
Figure 1.

Deciding which content need to be cached is usu-
ally based on the characteristics of incoming requests
and content being requested. However, because a fast
storage alternative is assumed to consume more energy
per storage unit than slower memory technologies an
optimal caching approach should be based on a trade-
off between the memory technology, the level of content
popularity, the energy consumption, and the total size of
the CS. The position of CCN routers in a network has
also a direct influence on the overall performance as the
further the content is cached away from the user, the less
duplication of content data is needed and overall less
storage energy is required. On the other hand the closer
the content is cached to the user the faster the content
can be served and overall less transmission energy is
required.

In this paper we analytically analyse the thresholds
from which caching content starts to be beneficial based
on two metrics considering the energy efficiency of
content caching and taking into account the storage
technologies and the location of the CCN router. In this
paper CCN is based on the CCN model proposed by
[2].

The remainder of the paper is organized as follow.
In Section II we present the related work on energy
efficiency of CCN. Section III introduces two possible
metrics to evaluate the energy efficiency and perfor-
mance trade-off of caching content in CCN. In Section
IV we analyse the different thresholds from which
caching content starts to be beneficial based on the
metrics introduced in the previous Section, and put the
results in the context of real access patterns to a popular
video sharing service. Finally Section V provides a
conclusion on the paper contributions.

II. RELATED WORK

Several CCN designs have already been proposed in
the past decade [2]–[4] and few energy related aspects
of CCN have been previously studied in the last few
years [1], [5]–[8].

In [5] the energy efficiency of several content dis-
semination strategies is evaluated based on simple trace-
based simulations and indicates that CCN can sub-
stantially improve the energy consumption of content
dissemination. This paper looks at the energy efficiency
on the overall network level for different fractions of
CCN-enable routers and does not investigate the energy
efficiency and related metrics for caching content into
the CS.

In [1] the authors evaluate the suitability of existing
software and hardware components in routers for the
support of CCN. This work indicates that while CCN
deployment is feasible at a Content Distribution Net-
work and ISP scale, an Internet scale deployment is
still impracticable due to technology limitations. In our
work we re-use the results and assumption presented in
[1] and focus on possible metrics to define thresholds
for cached content in CCN.

In [6] and [7] the authors provide an assessment of
the relative energy benefit of CCN over other content de-
livery architectures and the impact of different memory
technologies on the overall energy efficiency. However
this paper does not investigate when content should be
cached based on the networking element locations and
used memory technology.

This paper extends the preliminary results presented
in [8] with a more extensive analysis of metrics to define
thresholds from which caching content starts to be
beneficial and takes into account the energy efficiency
of the content caching strategy. We also put our results
within the context of real access patterns observed on
different network sizes.

III. ENERGY EFFICIENCY AND PERFORMANCE
TRADE-OFF IN CCN

One of the main benefits of CCN is the reduction
of networking delay to serve content as fast as pos-
sible. Therefore the sole use of energy consumption
perspectives to decide on the cached contend might
lead to undesirable performance degradations and in-
creased delays. To assess the overall system behaviour
the trade-off between the energy efficiency and perfor-
mance should be evaluated. The energy-delay-product
(EDP) is a widely accepted metric to estimate a system
performance when energy efficiency and delays are
the two main system characteristics. In the following
analysis we assume a set of clients retrieving content
from a server through an intermediate CCN router as
represented by Figure 2. All clients are M hops away
from the CCN router and N hops away from the content
server. For the sake of simplicity we assume that the
network bandwidth and energy consumption per size
unit is the same over all the links of the network.

Previous works on the energy efficiency of caching
strategies in the content store of CCN routers [8]
analysed the energy overhead of CCN storage compared
to the data link energy consumption. This analysis leads
to the estimation of the minimum average access rate
of content objects in order to get an energy efficient
caching policy. The minimum average access rate di-
rectly reflects the popularity of the data over a period
of time. Because a) the power efficiency of data stored
on different caching hardware technologies and b) the
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energy efficiency of data link are directly proportional
to the data size [1], [9], the minimum average access
rate is not relative to the size of the data and is defined
as:

f >
Pstorage

Elink · (N −M)
(1)

where Pstorgare represents the power dissipated per

size unit to store the content in the cache (content store),
and Elink the energy to transport data per size unit
across one link.

We extend the analytic analysis of the energy effi-
ciency of content stored in CCN routers proposed in [8]
and define the energy-delay-product for K requests to
the same non-cached, i.e. retrieved from the source, and
cached content as:

EDPfrom source =

Energy︷ ︸︸ ︷
·K ·N · Elink ·DataSize ·K ·N ·D ·DataSize︸ ︷︷ ︸

Delay

(2)

EDPcached =

Energy︷ ︸︸ ︷
DataSize · (K ·M · Elink + Tcached · Pstore) ·K ·M ·D ·DataSize︸ ︷︷ ︸

Delay

(3)

Fig. 2. Network scenario

where DataSize represents the size of the content,
D the link delay per size unit to move data across it,
and Tcached the lifetime of the content in the cache.

Based on equations 2 and 3 caching content provides
a lower energy-delay-product if:

EDPcached < EDPfrom source

M · Tcached · Pstore < K · Elink · (N2 −M2)

Tcached

K
<

Elink · (N2 −M2)

M · Pstore

(4)

Based on the average time between two accesses
to the same cached content Tcached

K we can define the
minimum average frequency access f to the content
such that caching provides a lower energy-delay-product
as the following:

f >
M · Pstore

Elink · (N2 −M2)
(5)

IV. POPULARITY THRESHOLDS FOR CACHED
CONTENT

The threshold from which content can be added on
the content store of a CCN router can be based from
a strictly energy efficiency perceptive or by taking into
account the energy-delay-product. In both approaches
the specified threshold defines the minimum number
of accesses to one single content per time unit. This
minimum average access frequency can be defined
for different time windows depending of the typical
content access pattern. Based on the differences in
typical access patterns of user content generated in
different online social networks [10] we use in this
work an hourly based access frequency to define the
popularity thresholds from which content can be cached.
Using an hourly based average access frequency gives
the opportunity to interleave popular contents having
different, and sometime opposite, night and day access
patterns. Nonetheless, we intent to extend our analysis
with other time windows (like daily and weekly based
average access frequency) as future work to evaluate its
potential impact on the overall system performance and
energy efficiency.

For different placement positions of the CCN router
along the network described in Figure 2 we analysed the
access frequency threshold from which caching content
starts to be beneficial. This analysis is presented when
a) only the energy efficiency of caching content and b)
the resulting energy-delay-product is taken into account,
based respectively on Equations 1 and 5. Additionally
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M EDP Min f EDP Energy Only Energy only EDP

1 0,0016667 600 0,02 50 6

2 0,0034188 292,5 0,022222222 45 12,30769

3 0,0053571 186,6666667 0,025 40 19,28571

4 0,007619 131,25 0,028571429 35 27,42857

5 0,0104167 96 0,033333333 30 37,5

6 0,0141176 70,83333333 0,04 25 50,82353

7 0,0194444 51,42857143 0,05 20 70

8 0,0280702 35,625 0,066666667 15 101,0526

9 0,045 22,22222222 0,1 10 162

10 0,0952381 10,5 0,2 5 342,8571
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Fig. 3. Minimum access frequency depending on M for DRAM
technology

TABLE I. DISSIPATED POWER FOR DIFFERENT MEMORY
TECHNOLOGIES

DRAM SRAM TCAM
Dissipated power [W/MB] 0.023 0.12 15

we also estimated the impact of the energy efficiency of
different memory technologies on the frequency thresh-
old. Table I presents the used memory technologies and
their respective power dissipations per MB obtained
from [1]. For all values we assumed the energy per size
unit to transport data across a link, Elink, to be equal
to 120 Joule per GB and the total number of hops N in
the network to be 11. The Elink value is based on the
energy efficiency of a Cisco CRS 1 series router [5].

Figure 3 presents the minimum access frequency per
hour for different values of M using the energy-delay-
product and energy efficiency only approaches in case
Dynamic Random Access Memory (DRAM) are used
to store the cached content. In the same way Figures 4
and 5 represent the minimum access frequency per hour
when using respectively Static Random Access Mem-
ory (SRAM) and Ternary Content-Addressable Memory
(TCAM) as storage technology.

Figures 3, 4 and 5 exhibit the same patterns, that
is: a) taking into account only the energy efficiency of
cached content, the minimum number of accesses per
hour is larger than when using as metric the energy-
delay-product, and b) the further the CCN router is from
the end-user the larger the access frequency threshold is.
The fact that using as metric the energy-delay-product is
less restrictive than taking into account only the energy
efficiency of cached content can be clearly explained
by Equations 1 and 5. In Equation 1 the frequency
threshold depends on the distance between the CCN
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Fig. 4. Minimum access frequency on M for SRAM technology
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Fig. 5. Minimum access frequency depending on M for TCAM
technology

router and the content server, while in Equation 5 the
threshold depends on the difference between the squared
number of total hops and the squared number of hops
between the CCN router and user.

Moreover, the value of the frequency thresholds will
depend to a large extent on the used memory technol-
ogy. For example when placing the CCN router at one
hop away from the user and using the energy-delay-
product as metric the minimum access frequency per
hour is 72 when using DRAM, 369 when using SRAM
and 46080 when using TCAM. This can be explained
by the relatively large difference in energy efficiency
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of the memory technologies. Furthermore, due to its
preeminent energy efficiency, the use of Solid-State
Drive (SSD) technology would lead to a corresponding
minimum threshold of less than one access per hour for
any position of the CCN router in the network and for
both metrics. Nevertheless because of its large access
time, a SSD disk could not sustain a large content
store hit probability for any possible number of interest
packet arrival rates and can only be used in edge routers
[1]. In the same way DRAM based content store could
be used on a link having up to 40 Gbps of bandwidth,
and SRAM based content store could be used for links
having up to 440 Gbps of bandwidth [1].

Taking into consideration the typical popularity of
content on the Internet, we can analyse that the use
of TCAM memory can never be energy efficient. For
example on average the most popular video on YouTube
has an overall access rate of up to 1 million per day, i.e.
around 42000 accesses per hour [11], [12]. On Figure 5
this rate is even below the threshold when only energy
efficiency is taking into account to cache content on
an edge router (M = 1) using TCAM memory for its
content store. As an edge router handles only a small
fraction of the overall traffic, this observation com-
pletely ruled out the credibility of TCAM technology
for energy efficient CCN router.

When looking at popular videos from YouTube at
the level of a Canadian university campus consisting of
28,000 students and 5,300 faculty and staff [13] over
a day the average number of view counts for the 100
most popular YouTube videos per hour is 875. Based
on Figure 4 we can observe that it starts to be energy
efficient to cache the 100 most popular YouTube videos
on the campus if a CCN router using SRAM technology
is at most 6 hops away from the users. Moreover, based
on Figure 3 a CCN router using DRAM technology
would be energy efficient to cache the 100 most popular
YouTube videos on the level of the campus, up to 10
hops away from the users.

At the level of a Swedish municipality consisting
of approximately 2200 households and 6800 end de-
vices [14], the total number of requests to YouTube
Video is around 600 per hour during its pick activity
between 7 and 9pm. Therefore if we assume that half
of the traffic originates from four equally popular video
sources, based on Figure 4 all four videos can be energy
efficiently cached in a CCN routed using DRAM for its
content store only if it is one hop away from the user.

V. CONCLUSION

In this paper we analysed the different threshold
levels from which caching content starts to be beneficial
based on two metrics and taking into consideration the
used memory technologies and the location of the CCN

router in the network. Based on the presented results
we addressed practical issues regarding the possible
deployment of CCN routers from an energy efficiency
and performance trade-off point of view. We found
out that based on the position of CCN routers and
its traffic volume to popular content, different memory
technologies and minimum access rate frequency should
be selected in order to provide an energy and/or energy-
delay-product efficient solution.
As future work we intent to more extensively analyse
the overall energy characteristics of CCN routers taking
into account the impact of caching strategies on not
only the Content Store, but also all other elements when
handling control and data requests. We also plan to
extend this work taking into account multiple CCN
routers and paths, along with the energy efficiency
profiles of the routers.
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