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Abstract. In recent years, the number of network devices which are being used
in new network infrastructure and intelligent buildings, are growing more and
more. Because these devices can often have high processing activity, we must
consider their power consumption. Their energy requirements may vary
depending on their operation mode, their processing capacity and even the type
of devices to which are connected. The ability to determine exact consumption
of network can provide an optimal network design and the other auxiliary
systems, such as cool system, which may be necessary for the proper operation
of the network. In this paper we determine the power consumption generated by
network devices of different manufacturers and models. These tests allow us to
see the energy consumed when they are in await mode and when they are
working, running a routing protocol in order to interconnect different networks,
promoting the development of the sustainable Green Networks.
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1 Introduction

The increase of mobile devices and the advancement of new technologies, with the
possibility to access data networks and Internet, have led us to increase the network
infrastructure.

In recent years, there has been an increment of the number of smart phones [1],
capable to access to Internet through mobile phone network through wireless access
to public networks in cities and public places, which offer this service, improving
customer convenience. The implementation of new network services such as data, IP
Telephony, IPTV, etc. [2], has also generated the need to increase the number of
network devices such as switches and routers. As a consequence of this increment, it
has had an increment of the energy consumption in the entire system. We should note
that the network devices work better within a temperature range. The range specified
by manufacturers is usually between 0-40 °C [3, 4], but the exact value of the
operating temperature may change depending on the device or even the task that is
running. This factor is important, because the cooling systems must be designed
taking into account the correct operating temperature of the devices. A ventilation
system should cool a system that generates much heat, should be more powerful,



which will mean higher energy consumption. Given these facts, the energy saving is
vital when trying to implement sustainable networks, where the network must never
die [5].

Currently, new energy solutions based on the introduction of IP transmission
protocol to all areas of the network are being implemented. The migration of these
systems to the next generation networks (NGN) generates a saving energy between 30
and 40% [6]. Furthermore, the incorporation of routing systems and IP switching
improve the energy efficiency of data transmission networks and voice transmission,
where there has been a reduction of the requirements of the network capacity between
60 and 70% [6]. Although other systems such as energy-aware routing protocols, that
are being employed in other research fields like in Mobile Ad-hoc Networks [7]), or
traffic control systems, to improve the performance [8], we really think that the best
way to reduce the energy consumption is to take care of what is being configured in
the network devices.

In this paper, we intend to measure the energy consumption of several network
routers, depending on its operation mode and the routing protocol that is running
(each routing protocol has specific operation features) [9]. In addition, we want to
check, if the amount of heat generated by each device is directly related to the device
activity. These measures will provide a highly reliable tool for the optimal design of
networks and the choice of the most appropriated routing protocol.

The rest of paper is structured as follows. Section 2 presents some previous work
and researches regarding to consumption estimation and saving energy in network
devices. To perform our tests, we have mounted a network topology, consisting of
various network devices. Section 3 shows the topology and characteristics of the used
devices. In Section 4 we show the obtained measures from the different tests. Finally,
conclusions and future work will be shown in Section 5.

2 Related Works

There is great interest in the analysis of the energy consumption of network devices
because the excessive consumption can lead to unexpected and rapid failure of the
network.

In [10], S. Sendra et al. presented a survey on power saving techniques and energy
issues in wireless sensor networks. They also performed a comparison of several
routing protocols and MAC protocols to be used in ad-hoc networks (taking into
account their energy constraints).

Other authors have focused their analysis on the energy consumption from the
point of view of the development of software tools. These tools aim to help in the
control of the consumption of our networks as it is the case of those programmed
applications for estimating power consumption of network devices such as routers,
switches, etc. The report published in November of 2011 [11] shows a comparative of
applications that estimate the power consumption of devices. However, the document
indicates that the results provided by this software are not very accurate (they
compare their values with the ones gathered from the real power consumption).
Therefore, we must understand these tools as approximation tools, that can help us to



do an initial design of our system, but they can never replace actual measurements
over real devices.

Due to the recent emergence of new network services and applications, networks
are growing, regarding to the number of devices. The increase of the number of
network devices also implies an increment of the power consumption. In 2009, M.
Kakemizu et al. [12] discuss the possibility of keeping the energy consumption in
2025 at the same level as nowadays by reducing the number of equipments and
network devices. To do this, authors propose the development of new technologies
based on the flow of information going through the network. They propose two
mechanisms that allow efficient use of resources. These are called ECO switching and
ECO routing. The first one is based on a new model of switching packets that
eliminates the packet buffers and routing tables. The second mechanism includes
some paths to the routers when the traffic volume is low. This permits them to wait in
sleep mode while they do not receive/transmit anything. When a router needs
transmit/receive something, it is activated.

Finally, A. P. Bianzino et al. [13] surveyed several strategies to bring the network
to the concept of "Green Network" and explained why it is important to close
networks to this concept. Authors explain several strategies that would achieve the
objectives pursued by a green network. The authors argue that the design strategies
should be based on the simplification and unification of the network to avoid
excessive network devices. They also propose the implementation of mechanism of
selective connection, where routers can turn-off / turn-on depending on their use, and
the group of multiple processes and services using virtualization in the same
hardware. This is proposed because a single device working at full capacity,
consumes less power than several devices running process less complex.

3. Scenario and Hardware Description

In order to perform our measurements, we need to test the performance of several
routers from different brands and models. In this section we will see the used routers
and their characteristics. To determine the consumption, we have used an electronic
device, called "Kill a Watt". The device is able to provide direct measurements of
voltage, power and current, without the need for further calculations. The power
consumption is given with an accuracy of 1% (0.2W). The section also describes the
used topology and the study cases used to take measurements.

To carry out the measures, we used a network topology consisting of four routers,
two switches and four computers. Fig. 1 shows the topology used for our purpose. As
we can see, the routers are responsible for splitting the networks.

Static routing protocols are often used for small networks, where there are no
redundant paths and where there is only one point of attachment to the rest of the
network. A dynamic routing protocol is used, if any of the aforementioned conditions
is not met. Dynamic routing protocols, allow routers to exchange information. From
this information, a router can modify and update their routing tables. In our tests, we
have used static routing and the two dynamic routing protocols most used [14]:
Routing Information Protocol V.2 (RIP V.2) and Open Shortest Path First (OSPF). In



each case, we measured the energy consumption of each network device, when
devices are in idle state and while it is executing the routing protocol.
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Fig. 1. Network topology.

Network devices used in our test have been Cisco 2620, Cisco 1700 and Cisco 1841,
from Cisco Systems Inc, router AR410 from Allied Telesyn and 3Com OfficeConnect
Remote 531 Access Router of 3Com. The switch used to connect the routers is Cisco
Catalyst 2950. In this paper we do not measure the energy consumption of the
switches because they are measured in another study. The purpose of this paper is to
measure and compare only routers. The study cases included in this paper are:

e Iststudy case: Router Cisco 1841 and switches Cisco 2950.

e 2nd study case: Router Cisco 2620 and switches Cisco 2950.

e 3rd study case: Router Allied AR410 and switches Cisco 2950.

e 4th study case: Router Ciscol700 and switches Cisco 2950.

e  5th study case: Router 3Com Office Connect Remote 531 Access.

Table 1 shows the hardware characteristics of each device. All routers allow the

static routing protocol.

Table 1. Hardware features for all devices.

Max Data  Operating Internal Flash  Processor (one Routing Data

transfer Rate Temperature memory memory processor) protocol Transmission

(Gbps) (°C) (KB) (KB) protocol
Allied Motorola MPC860 RIP & RIP v2, Ethernet, Fast
AR410 0.1 0-40 16 8192 50 MHz RISC OSPF Ethernet
Cisco Motorola MPC860 RIP & RIP v2, Ethernet, Fast
1841 0.1 0-40 191 62720 50 MHz RISC OSPF Ethernet, serial
Cisco Motorola MPC860 RIP & RIP v2, Ethernet, Fast
2620 0.1 0-40 32 8192 50 MHz RISC OSPF Ethernet, Serial
Cisco Motorola MPC860 RIP & RIP v2, Ethernet, Fast
1700 0.1 0-40 32 8192 50 MHz RISC OSPF Ethernet, Serial
3COM  0.010 0-40 2048 2048 Motorola MC68360 Ethernet, Serial,

25MHz ISDN




4 Results

After configuring the static routing and the 2 routing protocols (if they are available in
the router) in all devices, we gathered the measurements obtained. We have
summarized these values in several tables and graphs, with the goal of comparing
their consumption for different operating conditions. In this section, we will see the
results obtained. This will let us determine which set of devices consume less energy.
In each case we will only discuss the power consumption of the routers, although we
also provide the switches values only for comparison purposes. Switches had
approximately 17 W-h power consumption all the time (they have not varied).

4.1 First study case

First study case test was performed using the router Cisco 1841. Table 2 shows the
values of power consumption provided by these devices. Fig. 2 shows the values of
power consumption grouped by the protocol configured in the routers. As Fig. 2
shows, the power consumed by all devices is, in all cases, between 16 and 18 W-h.
We also note that the routers A and C have consumption slightly superior than the
ones shown by routers B and D. This may be because, the devices A and C, are using
the serial interface to communicate between them. In addition, we note that the device
configured as DTE, consumes about 4% more power than the DCE device.

Table 2. Results of measurement of 1 case.

Device Power consumption (W-h)

A B C D §S1 82
Idle Mode 16.3 16.2 16.9 17.0 16.9 16.5
RIP Protocol 173 164 178 17.1 17.2 16.8

OSPF Protocol 17.3 16.2 17.8 17.3 17.2 16.7
Static Protocol 17.1 16.1 175 17.0 17.1 16.7

Fig. 2. Power consumption for 1* case.
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4.2 Second study case

Second study case analyzes the behavior of the router Cisco 2620. Table 3 shows the
values of power consumption provided by these devices. Fig. 3 shows the power
consumption for these devices. In this case, router A and C have around 15 W-h of
power consumption, while the power consumption for routers B and D are close to
13.5 W-h. In this case, the difference of power consumption between the routers A/C
(with a serial link) and B/D (without a serial link) is around 16%.

Table 3. Results of measurement for 2™ case.

Device Power consumption (W-h)

A B C D S1 82
Idle Mode 13.8 13.6 14.7 13.3 16.8 16.6
RIP Protocol 149 13.7 155 134 172 16.9
OSPF Protocol 15.0 13.6 15.5 13.4 17.2 16.7
Static Protocol 14.8 13.4 153 133 17.1 16.8

Fig. 3. Power consumption for 2™ case.
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4.3 Third study case

Allied AR410 router presents the lowest power consumption of all devices under this
test. Table 4 shows the values of power consumption for this case. If we analyze the
consumption of all devices, depending on the protocol they are been running, we can
see that all routers have power consumption between 6.5 W-h (for OSPF in router C,
configured as DTE) and 6.8 W-h (for RIPV2 in router C, configured as DTE). In idle



mode, routers maintain their consumption lower than the 6.6 W-h. These values are

shown in Fig. 4.

Table 4. Results of measurement for 3™ case.

Device Power consumption (W-h)

A B C D S1 82
Idle Mode 66 64 65 65 16.8 16.5
RIP Protocol 6.7 6.7 68 6.7 17.3 17.1
OSPF Protocol 6.7 6.7 6.5 6.7 17.2 16.9
Static Protocol 6.6 6.5 6.7 6.6 17.2 17.1

Fig. 4. Power consumption for 3" case.
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4.4 Fourth study case
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The fourth case analyzes the consumption of the router Cisco 1700. Table 5 shows the
values of power consumption for this device. Fig 5 shows that this Cisco Systems inc.
router model consumes less energy than the other models under test. But, it consumes
more energy than the Allied Telesyn router model. As we can see, the protocol that
consumes more energy is RIP compared with Static routing protocol, where routers
consume around 10 W-h (3% less energy). The router A and C (with the DCE and
DTE connection) consume more energy than routers B and D.

Table 5. Results of measurement for 4" case.



Device Power consumption (W-h)

A B C D S1 82

Idle Mode 96 92 99 9.1 16.7 16.6
RIP Protocol 103 9.5 10.8 9.2 17.2 17.1
OSPF Protocol 10.1 9.3 10.6 9.2 17.2 16.9
Static Protocol 9.9 9.0 10.1 88 17.1 17.0

Fig. 5. Power consumption for 4™ case.
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4.5 Fifth study case

Finally, we have measured the operation consumption for 3Com Office Connect
Remote 531 Access. This model only accepts the static routing protocol. Moreover,
the connection between them was using RDSI, so only router A and C was measured.
As Table 6 shows, the routers power consumption is around 11.6 W-h. Fig, 6 shows
these results in a diagram, where it is easy to see the large difference between the

routers and switches consumption.

Table 6. Results of measurement for 5 case.

Device Power consumption (W-h)
A B C D S1 82
Idle Mode 91 - 90 - 16.6 168
Static 11,5 - 11.8 - 169 17.1
Protocol

Fig. 6. Power consumption for 5" case.
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4.6 Comparative

Once the tests have been performed, we can determine the combination of devices
that consume less energy. As shown in Table 7, the topologies formed with Cisco
routers consume more power, compared with Router Allied AR410, which can
consume 40% less power than Cisco Router 1841. Fig. 7 shows these results
graphically. As Fig. 7 shows, the model that provides less power consumption is
Cisco 1700 (within the three analyzed Cisco router models). It has up to 30% of less
power consumption than Cisco 1841.

Table 7. Total power consumption.

Device Total power consumption (W-h)
Casel Case2 Case3 Case4 Case5
Idle Mode 99.8 88.8 59.3 71.1 69.7
RIP Protocol 102.6 91.6 61.3 74.1 N/A
OSPF Protocol 102.5 914 60.7 73.3 N/A
Static Protocol 101.5 90.7 60.7 71.9 79.4

Fig. 7. Total power consumption.
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5 Conclusion

Saving energy in network devices is being a hot topic in recent years. This is due to
the proliferation of the concept of Green Networks and the interest of research groups
to develop sustainable networks. Therefore, the first step is to be able to determine the
power consumption of these devices.

In this paper, we have performed a power consumption study that different router
models consume depending on the routing protocol that is running. As we have seen,
the energy consumption depends directly on the device hardware, the configuration
capabilities of these and the active interfaces. The difference in consumption between
a protocol and another one is small, presenting a maximum difference of 2-3%. The
highest values has been obtained for RIP protocol in study case 1 (102.6 W-h), where
we had router Cisco 1841, and the lowest one has been the idle mode in study case 3,
Allied AR410 router, (59.3 W-h). Despite of what people think, OSPF has being
consuming less energy than RIP in all cases.

In future work, we would like to analyze the operating temperature of the devices,
in function on the routing protocol. With this new analysis we will can to establish
several design rules for the cooling systems that these devices need, in order to
maintain the entire system at a suitable temperature. Moreover we will also compare
several switch models from different manufacturers.
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