We calculate the cache hit rates of the 1st , 2nd and 3rd routers
based on section 6.2 and they are 0.188, 0.055, 0.043, respectively.
We assume that CPU cores of all routers consume the maximum
power when the reassignment algorithm is not used (without reassignment in Figures 8 and 9). Figure 8 and 9 show the power at
the various Interest packet sending rates up to 32,810 [packet/s].
Figure 8 and 9 show the total power consumed by all routers
and the power which is obtained by subtracting the power
. In other
constantly consumed, i.e., the sum of all routers’
words, the latter power is the power proportional to loads. The
reason why we show Fig. 9 is as follows. The loads of all routers
are light due to the small network configuration. The power
constantly consumed accounts for a large portion of the total
tower. In other words, the power proportional to loads accounts
for just a small portion. Thus the difference between the two, i.e.,
with re-assignment and without re-assignment in Fig.8 is small
even if the power proportional to loads would account for a large
portion in actual large-scale networks.
400
350

Power [W]

300
250
200

Table 2 show the power consumed in the three configurations.
The second and third rows show the total power and the power
proportional to loads. The difference in the row (b) somewhat
remarkable compared with that in the row (a). The power of cnfgall is the largest among three configurations. At least, in this small
network, the packet number reduction due to caching does not
compensate for the prices for CPU clock cycles for packet level
caching.
This observation is somewhat contradictory to the intuition
that caching would reduce power consumptions. What we want to
say from the observation is not that caching is not effective to
reduce power, but that the precise power consumption model
estimating the power consumed by packet forwarding is inevitable
both to estimate power consumed by an NDNx network and to
analyze tradeoffs between the reduction of forwarded packets and
the increase of power due to packet level caching.
Table 2. Power Consumed by NDNx Network [W]
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CS Lookup and CS Lookup& Insert blocks in Table 1. Thus the
following question is raised. Whether does caching actually
reduce the power consumed by an NDNx network? Thus we try to
answer this question by comparing the power consumed by three
configurations of networks: all routers, only the 1st level routers
and none of routers provide the cache functionality. The three
configurations called as cnfg-all, cnfg-1st and cnfg-none,
respectively.
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The observation from the figures is that the reassignment
algorithm reduces power consumed by an NDNx network,
especially at light loads. However, we note that estimations with
the algorithm are the minimum values which would be obtained in
ideal conditions.

6.4 Power Reduction Due To Caching
Caching reduces the number of forwarded NDNx packets as the
prices for CPU clock cycles for packet level caching, i.e., those of

(a)Total power
(b)Power
proportional to load

cnfg-all
335.2
82.9

cnfg-1st
325.3
73.0

cnfg-none
326.0
73.7

6.5 Lessons Learned
The power consumption model which we develop and the
case studies are pre-mature, but we obtain important lessons to
achieve power-efficient ICN networks.
 The power consumed by ICN packet forwarding and packet
level caching accounts for a large portion of the power
consumed by an ICN network. Although this may be partly
because the current ICN routers’ designs are not mature, it is
important to understand more precisely how ICN packet
forwarding consumes power and to improve the forwarding
algorithm. Our power consumption model focussing on packet
forwarding would play an important role to do so.
 The proposed algorithm of re-assigning loads, e.g., the groups
of tables, among CPU cores is such an example of algorithm.
The algorithm is designed so that the number of active CPU
cores is minimized. Multicore software ICN routers should be
designed to consider efficiency in both forwarding
performances and power consumed by packet forwarding.
 Caching itself does not reduce power due to the prices for CPU
clock cycles for packet level caching in some environments.
This shows that reducing the power is not trivial and it is an
important research topic.
 Switching-off devices when their load is light is useful to
reduce power. The proposed re-assignment algorithm is such an
example. Another promising candidate is to switch-off NICs
because the power at the idle time is high. For example, the
power of the NIC in this paper is between 13.42 and 13.90 W
and it is about three times larger than that of one CPU core.
This observation implies that caching would play an important
role to achieve traffic engineering techniques for switching-off
redundant links [24].

 Although the model is hardware platform dependent, we
consider that the models on the other hardware platforms are
easily developed. First, our modelling technique is concise and
it specifies the power as functions with a few parameters.
Second, most assumptions on power consumptions are
confirmed in section 4 and we believe that they would be true
on other platforms. An example assumption is that power
consumed by the DDR device is proportional to the access rate
[byte/s].
 In addition, although the model focuses on a specific PC which
is implemented in terms of current technology, we believe that
the modelling method which the paper proposes is applicable to
model multi-core software routers in the future due to the
following reasons: First, the hardware platforms of multicore
software routers and PCs of current technology are similar as
described in section 3.1. Second, since most technologies of
devices including memory devices are mature, it is expected
that their performances and consumed energy are gradually
improved.
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