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Abstract 

The energy consumption by ICT (Information and Communication Technology) equipment is 

rapidly increasing which causes a significant economic and environmental problem. At 

present, the network infrastructure is becoming a large portion of the energy footprint in ICT. 

Thus the concept of energy efficient or green networking has been introduced. Now one of the 

main concerns of network industry is to minimize energy consumption of network 

infrastructure because of the potential economic benefits, ethical responsibility, and its 

environmental impact. In this paper, the energy management strategies to reduce the energy 

consumed by network switches in LAN (Local Area Network) have been developed. 

According to the lifecycle assessment of network switches, during usage phase, the highest 

amount of energy consumed. The study considers bandwidth, link load and traffic matrixes as 

input parameters which have the highest contribution in energy footprint of network switches 

during usage phase and energy consumption as output. Then with the objective of reducing 

energy usage of network infrastructure, the feasibility of putting Ethernet switches hibernate 

or sleep mode was investigated. After that, the network topology was reorganized using 

clustering method based on the spectral approach for putting network switches to hibernate or 

switched off mode considering the time and communications among them. Experimental 

results show the interest of this approach in terms of energy consumption. 

 

Keywords: Green Networking, Energy Efficiency, Network Optimization, Energy Efficient 

Design, Switch Hibernation.  
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1 INTRODUCTION 

 We are now living in the age of information and communication technology and 

the energy consumption, as well as carbon emission by computing and communications 

equipment is increasing rapidly. At present ICT is responsible for about 2% of global 

carbon emissions which is similar to the aviation industry [1].  

The enhancement of energy consumption has large negative economic and 

environmental impact. In recent years, we are struggling with climate change and in 

coming years it is the greatest challenge to tackle it. For that reason energy consumption 

reduction is very important because it is directly related to greenhouse gas emission which 

is responsible for climate change. 15-30% volume of emission needs to be decreased in 

order to keep the global temperature increase below 2 degree Celsius [2]. 

The growth of internet users has been astonishing from last few years. From 1990 to 

2010, the number of internet users increased from 3 million to 2 billion and by mid-2012, 

the user number reached 2.73 billion. Regional growth rates have been exceeding 3 600% 

in Africa and 2 600% between 2000 and 2012 in the Middle East [3]. As a result, the 

electricity demand of ICT is growing at a much faster than overall electricity demand. 

Network-enabled device electricity demand is growing at a rate of 6% per year and total 

ICT energy demand reached 1560 TWh in 2013 [3]. 

Because of this continuous growth of internet users, the spreading of broadband access 

and the increasing  number of online services being offered by telecoms and Internet 

Service Providers (ISP), the energy efficiency issue  has become one of the highest priority 

objectives also for wired networks and service infrastructures. These continuously rising 

trends in network energy consumption depend on new services being offered, as well as on 

data traffic volume increase [4]. According to [5], data traffic is increasing rapidly which 

follows Moore‘s law, by doubling every 18 months. 

In recent years, some efficient steps have been taken to reduce the energy consumption 

of network infrastructure. This paper is a contribution to this mitigation in focusing only to 

reduce the energy consumption of network switches in a LAN (Local Area Network). It is 

stated in [6] that, a network switch consumes energy during its manufacturing phase, usage 

phase and dismantling phase and the highest amount of energy consumed by network 

switch during usage phase.  

The concern of this research work is only during the usage phase and the objective is to 

reduce the energy consumption of simple network architecture build up with Ethernet 

Switches and end devices. It is described in [3], up to 80% of energy consumption is used 

for some devices just to maintain the network connection and more than 600 TWh of 

electricity was consumed on 2013 by such devices. It is possible to reduce up to 65% of 

energy consumption of such devices using the best available technologies and strategies. 

Bandwidth and number of connection are mostly responsible for energy consumption of 
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Ethernet switch in usage phase [7] [8]. Proper network architecture design and cabling plan 

using clustering approach increases the efficiency of the network [9] [10]. An efficient 

network design reduces traffic propagation delay, jitter and packet loss which also reduces 

energy consumption. Therefore in this paper, optimization, reorganization and clustering 

approach of network architecture have been proposed by analyzing bandwidth, traffic load 

in point to point communication as well as the feasibility to hibernate or switched off the 

devices was investigated which keeps alive only to maintain network connection in 

objective with reducing energy consumption.  

The experiment was done with cisco switches and strategies have been applied to 

optimize and reorganize the network topology. In the experiment, the power consumption 

was used to measure energy usage of network architecture. In the first phase of our 

experiment, network topology was designed which consists of connected Ethernet switches 

that support energywise and desktop computers were connected to each switch. Then the 

power consumption of all switches was measured using different bandwidth with same 

traffic load according to traffic matrix. In the second phase, the network architecture was 

reorganized and optimized using clustering method based on spectral approach with the 

objective to reorganize network cabling in order to be able to sleep or hibernate unused 

components of network infrastructures for a certain amount of time during low traffic 

period. Hibernation mode decrease a large amount of power consumption compares to 

operation mode of a network switch and switched off mode doesn’t consume any power. In 

the third phase, the feasibility of putting various components connected with Ethernet 

switches or the switch itself to sleep or hibernate was investigated in considering the 

changes of communication activities. After applying spectral approach in different cases of 

communication in same network topology, it was possible to hibernate or switched off the 

network switch which saved a significant amount of energy.  
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1.1 MOTIVATION 
The energy consumption and carbon emission by network infrastructure is 

increasing rapidly and it has very bad impact on environment. Environmental problems 

related to Green House Gas (GHG) emission is increasing and in recent years several 

studies have been done highlighting GHG emissions and their impact on the climate 

change.  According to the report published in [43], the ICT sector is responsible for 2% of 

global carbon emission and it is increasing day by day. The Global e-Sustainability 

Initiative (GeSI) estimated and reported that, the carbon footprint of networks and related 

infrastructures at about 320 Mtons of CO� emissions in 2020 [43]. According to the studies 

published by University of California (2007) and University of East Angelia (2003), the 

last two decades were the warmest in the history of last 400 years of global temperature 

[44].  The ratio of network enabled devices to people on planet in 2012 is 2:1 and the 

projected number of network enabled devices by 2020 is 50 billion which will reach 500 

billion in the following decade which will produce large amount of GHG [3]. As people 

are becoming more and more dependent on ICT usage, it’s the high time to reduce energy 

consumption and carbon footprint of ICT. 

1.1.1 Power Greedy Network Infrastructures  

There is a rapid growth of ICT as well as internet users and for this reason the 

demand of network devices and other infrastructures are increasing. Studies say that, the 

global figure for network connected devices could be 100 billion by 2030. According to 

the report published in [41], within a period of one year (2011 to 2012) global data center 

power consumption demand has increased to 63% and the estimated growth in energy 

demand of network enabled devices is 2X between 2012 and 2025. Figure 1 shows the 

global footprint of ICT in 2013. 

            

 
 

Figure 1: The global energy footprint of ICT in 2013. 
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Studies shows that, 6% of current total final electricity consumption will be used by 

network-enabled devices by 2025 if steps are not taken to improve energy efficiency [3].  

Figure 2 shows the current and projected global electricity consumption by network 

enabled devices.  

 

 
Figure 2: Current and projected global  electricity consumption by network enabled 

devices. 

Between 2005 and 2020, EU total energy demand is expected to increase by 15.5%, while 

ICT energy consumption will grow by 84.3% [39]. It is estimated in European Union that, 

between 2005 and 2020 data center energy consumption could increase by 396% [40]. 

So energy efficiency should be improved to reduce energy consumption in global ICT and 

make the network infrastructures green and sustainable.  

1.1.2 The Opportunity for Significant Energy Savings Potential 

A big range of technologies and solution can be implemented to shut down or 

reduce energy requirements without reducing the service quality and network connectivity.  

The global energy efficiency potential that could be achieved by shutting down network 

enabled devices and reducing standby electricity consumption is almost 600 TWh annually 

by 2020 which is more than combined current electricity consumption of Canada and 

Finland [17]. Figure 3 shows current and projected global network-enabled device 

electricity consumption and savings potential. 
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Figure 3: Current and projected global network enabled device electricity 

consumption and savings potential  (Source: Bio Intelligence Service, 2013, Inputs 

provided). 

Savings potential was estimated on the difference between average device and best 

available technologies. Domestically and professionally used network enabled devices 

were considered in this projection which started on 2012. 

1.1.3 Sustainable Economy 

Energy efficiency and green ICT has both environmental impact as well as 

economical impact. The cost of energy is ever increasing [Eric et al 2015]. So energy 

efficiency can reduce electricity bill significantly. Energy production is responsible for 

CHG emission and in [38], authors explained that one third reduction of the GHG 

emissions may produce an economical profit that is higher than the amount of investment 

required reaching this target. Now very less priority is given to energy efficiency during 

device manufacturing since buyers and users are more interested on improved and new 

features than energy efficiency which is one of the main barriers of green ICT. But energy 

efficient devices has more gain, that’s why it is recommended to select energy efficient 

devices to create market drive for  greater efficiency, apply power management and be 

conscious about turning off devices that do not need to be connected to 24/7 [17] . 

Moreover according to the analysis in [42], the energy efficiency has the potential to 

improve economic growth while reducing energy demand. 
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1.2 BACKGROUND 
This chapter presents brief overview of green networking, green networking 

strategies and the research fields of green networking. 

1.2.1 Green Networking 

 The concept of green networking has begun to spread in the past few years and 

gaining popularity. Besides of ecological issues, green networking also stems from 

economic needs by reducing energy costs and electricity needs. According to [47], green 

networking is fairly new and one of the first research works on green networking was done 

by Gupta and Singh on 2003. Since then numerous research have been done and 

researchers are trying to make the network system more energy efficient, greener and eco-

friendly. There are multiple criteria and parts of green networking domain and one such 

aspect is energy efficiency.  

In [38], Bianzino et al. defined green networking in different point of views which have 

been pointed out below: 

1.2.1.1 Green Networking in Environmental Point of View 

The objective of green networking is to minimization of CHG emission and 

therefore the first step is to use renewable energy as much as possible by maintaining same 

level of performance. This objective can be achieved by redesigning the network 

architecture or relocating the network equipment which can save significant amount of 

energy as well as reduce CHG emission. One reason of energy loss is related to the 

transportation of energy and second reason is to cooling of devices. Relocation can solve 

this problem.  

1.2.1.2 Green Networking in Economical Point of View 

The global energy market has volatile and time varying prices according to the 

customer demand. It is not possible to store energy efficiently and the consumption 

prediction is done based on historical data. Therefore computation and networking 

infrastructures can be delocalize in order to reduce operational cost related to energy by 

maintaining certain level of Quality of Service. 

1.2.1.3 Green Networking in Regulatory Point of View 

The environmental consideration of green networking should have regulation to 

maintain their objective and assist deployment. Regulation can be done by government by 

pushing towards green technology by applying taxes on CHG emission or raising 

consciousness and funding on the research on energy efficiency and green ICT. 

1.2.1.4 Green Networking in Engineering Point of View 

The green networking is to reduce energy consumption for a given task by 

maintaining same quality of performance. This objective can be achieved by 

manufacturing phase of devices, operational phase or dismantling phase to step towards 

green ICT. 
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 The green Information and Communication Technology (ICT) has the potential to 

reduce energy consumed by it as well as to reduce energy consumption on other domains 

too. The field of ICT is fairly considered as a key factor for developing control systems 

and services to reduce and monitor third party energy consumption and wastage and to 

achieve high levels of energy efficiency [1]. ICT is one of the main reasons for emission of 

GHG and environment pollution therefore one domain of green networking is computer 

network such a way that it will lower energy consumption, conserve power, lower 

environment pollution and enhance performance. 

1.2.2 Green Networking Strategies 

Traditionally, networking systems are designed and dimensioned according to 

principles which conflicts with green networking objectives [38], which are over 

provisioning and redundancy. Overprovisioning is to design and dimension the network 

architecture according to its highest usage which can sustain peak hours. Sometimes extra 

capacity allows to sustain during unexpected events which consumes over energy during 

low traffic periods. This design method helps to sustain and keep alive the network 

architecture during pick traffic, unusual events and to provide better Quality of Service 

(QoS) but it is not green and consumes large amount of energy. On the other hand, 

networks are designed in a redundant manner due to resiliency and fault tolerances. 

Additional devices are added to the network infrastructure to take over the control and 

service when another device fails. Sometimes two or more backup infrastructures are made 

for data security and fault tolerance in data centers which requires more energy. These 

approaches are totally opposed to the objective of green networking which makes green 

networking research more interesting and technically challenging. Therefore a major 

change is needed in network design, development and research to deploy energy awareness 

without compromising the quality of service and network reliability.  

 According to [49], the largest part of undertaken approaches is founded on few base 

concepts which can be classified as Dynamic adaptation, Re-engineering and or Standby or 

Sleeping. The taxonomy of undertaken approaches for energy efficiency of Future Internet 

mentioned in [49] is shown below: 

 
Figure 4: The undertaken approaches for energy efficiency of Future Internet. 
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According to Beckmann et al. in [54], the green network technologies can be divided into 

two parts, one is software level methods and another one is hardware level methods.  

Software level methods includes virtualization, green TCP, resource consolidation etc. and 

hardware level methods includes adaptive link rate, hibernation, Energy Efficient Ethernet 

(EEE) etc. 

In [38], authors individuate four classes of solutions towards green networking namely 

resource consolidation, selective connectedness, virtualization and proportional computing. 

1.2.2.1 Re-engineering 

The aim of Re-engineering approach is to design and manufacture more energy 

efficient network device considering of sustainability, optimize internal organization of 

devices and reducing intrinsic complexity levels. Currently novel energy efficient 

technologies are based on new silicon (e.g., for network or packet processor), memory 

technologies for packet processing engines and novel media or interface technologies for 

network links [49]. Different researchers are working to reduce complexity of network 

device architecture, especially in IP routers and switches and the main idea is to reduce the 

functionality of devices which is mainly responsible for core and transport networks, 

therefore switches and routers can be manufactured with lower number of gates. The 

approaches are taken by researchers in [50], [51], in terms of header processing, switching 

fabric speedup, buffer size, memory access bandwidth speedup to allow reducing 

equipment complexity.  

1.2.2.2 Dynamic Adaptation 

Dynamic adaptation is to regulate the packet processing engines, link bandwidths, 

and network interfaces of network devices to meet the actual network requirements and 

traffic load to maintain the best quality of service. This approach can be performed by 

dynamic voltage scaling and idle logic which allow the dynamic tradeoff between 

performance and power consumption. Both of the approaches are done in hardware level. 

The largest part of current network equipment don’t supports such hardware capabilities 

but to follow the current trend of green networking, the power management rapidly 

evolving in hardware (HW) technologies [51] [52]. 

 The power scaling capabilities of any device allows dynamically adjust the working 

rate of packet processing engines or link interface according to the traffic load or other 

requirements which is usually done by tuning the voltage of processors or clock frequency 

or by throttling the CPU clock. All of these three approaches also can be taken at the same 

time for scale the capability. 

 The idle logic reduce power consumption by rapidly turn off and on the sub-

components according to the activities on the particular device. This mechanism can be 

triggered by external events or internal scheduling. 

Both of these energy aware approaches can be jointly applied by maintaining system 

performance, quality of service according to current workload requirements to make 

tradeoff between power consumption and network performance. 
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1.2.2.3 Smart Sleeping 

Sleeping or standby approach smartly and selectively allow  devices or part of 

devices to turn themselves into low energy states where almost all functionality of that 

device is stopped and wake up them only if necessary. When a device or part of device is 

put into sleep or standby mode, it loose network connectivity and application as well as 

other services stop working. Now a days, PC architectures already included such kind of 

power management features to put them sleep mode quickly during non-working periods. 

1.2.2.4 Virtualization 

Virtualization is one of the most common methods that are used as green 

networking strategy. This is the process of dividing up the resources like network links, 

servers, operating system to give impression of multiple and individual version of object. 

As network link virtualization, available bandwidth is splitted out into different individual 

channels which can operate individually and each of channels can be assigned for different 

purpose. Two methods are used for virtualization of a network link, one is Time Division 

Multiple Access (TDMA) and another is Frequency Division Multiple Access (FDMA). 

For TDMA, each application access the total bandwidth for fraction of time and for 

FDMA, each application is assigned to certain fraction of total bandwidth. The 

virtualization mechanism reduces active link as well as reduces power consumption. 

1.2.2.5 Resource Consolidation 

Resource consolidation is another software level method of green networking 

which means efficient and effective use of server resources to reduce total number of 

active devices. In [55], resource consolidation regroups all strategies to reduce energy 

consumption of global architecture because devices are underutilized at a certain time 

which can be observed by daily or weekly manner.  Using this strategy, it is possible to use 

certain amount of resource for current traffic demand even the architecture is over 

provisioned by maintaining the required level of performance. Often the companies suffers 

from underutilized servers operating at the same time which needs significant amount of 

resources and energy to run, therefore modern companies use server consolidation which 

efficiently allocate server resources. Sometimes it creates complex data structures for 

handling, therefore resource consolidation often combined with virtualization.  

1.2.2.6 Green TCP 

The applications which can detect and analyze their own behavior and can predict 

upcoming long idle period is called energy aware applications and green TCP is such kind 

of energy aware application approach. During the idle period the device can go to sleep or 

low power state which can reduce significant amount of energy consumption. Many 

improvements could be done to TCP to allow computers, end devices and hosting 

networks to go to sleep mode while idle, but the problem is, TCP is connection oriented 

protocol which requires ACK (Acknowledgement) for every transferred data packet. If 

server doesn’t receive ACK, it sends data packet again and after a certain number of 

retransmission, the connection drops. Modern servers allow saving local application data in 

the ram but hardware doesn’t allow keeping connection during sleep mode. Therefore, if 
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any client goes to sleep, TCP connection will be automatically closed which can create 

many problems such as, servers cleans up all resources and data files dedicated to the 

connection which may result data missing. Secondly, reconnection causes overhead that 

reduces quality of service. Therefore a convenient software level method was proposed by 

the authors in [56] which are called “green-TCP” that defined additional control message 

that allows client to go to sleep without the loss of session with the server. For example, a 

“sleep” message is defined which is sent by the client to the server to specify how long it 

will sleep and server doesn’t send any message during the sleeping period. When the client 

needs to wake up, it sends “wake up” message to the server and the server responds 

accordingly to establish connection with the port number.  

1.2.2.7 Interface Proxying 

Interface proxying is hardware level approach which is similar to Green-TCP 

which allows devices to sleep during low activity period. Green TCP only saves energy 

while entire client device sleeps but many applications needs to receive background traffic 

while particular process in client machine can be idle state. In this case green TCP does not 

help because all incoming traffic during idle period drops. This is the case where interface 

proxying can help which delegate responses to “trivial” traffic away from power intensive 

CPU towards low energy processor of network interface controller or of external device, 

such as Ethernet switch [38] [57].   

1.2.2.8 Energy Efficient Ethernet 

Out of all network equipment, switches are the most power hungry and Power over 

Ethernet (PoE) is very inefficient in terms of power consumption among Ethernet switches 

which is powered through a twisted pair Ethernet cable. This method of powering is well 

fitted, but consumes ten times more power than regular Ethernet switches [58]. To solve 

this problem, IEEE developed 802.3az standard, called Energy Efficient Ethernet (EEE), 

which supports idle mode for Ethernet port which saves energy. The switch port activates 

only when there is any traffic to send or receive.  

1.2.2.9 Hibernation 

Hibernation for network devices like routers and switches is fairly new which means 

shutting down most of the components of devices while maintaining its state. Hibernation 

of a device loses the network connection. Hibernation can significantly reduce the power 

consumption of network device and saves more power than sleep mode.   

1.3 Problem Definition 
 This thesis aims to develop strategies to reduce power consumption of network 

infrastructures especially in LAN network by reorganizing network cabling. The main 

research question identified and addressed in this thesis is  

 “to reduce energy usage of network infrastructures by reorganizing network cabling 

according to the communication among end devices and to investigate the feasibility of 

putting Ethernet switches hibernate or switched off mode during low traffic hours” 
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The term network infrastructures and LAN network in this context refers to a typical 

enterprise or university networking environment composed of switches and personal 

computers. 

The questions those this thesis is trying to answers are following: 

i. What are the possible ways of optimizing the energy usage of network 

infrastructures? 

ii. What is the impact of reorganizing network infrastructures on energy usage? 

iii. Which parameters should be chosen to reduce energy usage of the network? 

iv. How it is possible to hibernate or switched off a part of the live network according 

to the communication? 

v. What is the impact of hibernation or switched off mode on energy usage of a LAN? 

1.4 Delimitations 
 The developed solution and achieved result from the experiment of this thesis was 

tested during one month period of time on fixed network architecture comprised of 

following equipment: three cisco switches model 2960-X, nine Dell Precision T1700 

desktop computers and one powerspy2. Each experiment was tested for 15 minutes 

continuously. The experiments were limited to certain amount of scenarios which are: 

i. Measuring the power consumption of the unorganized network topology according 

to fixed set of communication for 1Gpbs and 100 Mbps bandwidth of all switch 

ports. 

ii. Measuring the power consumption of the optimized solution for the same set of 

communication and bandwidth. 

iii. Investigate the feasibility to hibernate or switched of part of network on optimized 

solution and measure the power consumption of the network topology while 

hibernation or switched off mode was possible. 

In all experiments 100Mbps and 1Gbps bandwidth has been used in switch ports because 

the Ethernet cards in Dell Precision T1700 desktop computer support only 100Mbps and 

1Gbps bandwidth but these two bandwidth satisfies the purpose of the experiments. High 

and low traffic loads 90 Mbps and 9Mbps respectively, has been used in all experiments 

considering the bandwidth of the switch ports to check the impact of traffic load in switch 

ports and to maintain minimum number of trunk ports for inter- switch communications. In 

all cases 1Gbps bandwidth has been used for trunk ports to limit the number of trunk links 

into 2 for frequent inter-switch communications.  

1.5 Thesis Structure 
 The remaining part of this thesis is organized as follows: section 2 includes the 

related works of this thesis, section 3 describes the methodology of the thesis where the 

objective of the thesis and the method used for problem solution has been stated. The 

system architecture and experimental details is described in section 4. Result and analysis 

on the result is described in section 5.  The discussion on the result and whole thesis is 

described in section 6 and section 7 concludes the thesis. 
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2 RELATED WORK  

 Numerous studies have been explored both in the wired and wireless network to 

analyze the energy consumption pattern of network devices and to reduce energy 

consumption using different strategies. 

2.1 Related Work in Network Energy Consumption Evaluation 
In [11], the authors have been studied the lifecycle energy use of network devices 

and explained how network devices can impact on environment pollution. The lifecycle 

energy use of network devices has been studied in [12] but mostly in the context of home 

and office environments. Rivoire et al. explained in [13] from a device manufacturer's 

point of view that, network devices such as routers and switches are power proportional 

which means they consumes energy proportional to their usage. In [16], the authors 

showed how different parameters affect energy consumption of network switch. After that, 

they defined a model which shows the relationship between parameters related to the 

Ethernet switch and energy consumption. Fithritama et al. proposed a method in [14], 

based on fuzzy logic to identify the relationship between network parameters and their 

impact on power consumption when deploying new network equipment. Their proposed 

method is also applicable to control the expected level of energy consumption by tuning 

different network parameters. In [15], the energy consumption of small Energy Efficient 

Ethernet (EEE) switches is studied and analyzed through several experiments. Based on 

the experiment result, the authors proposed a model to measure the energy consumption of 

Energy Efficient Ethernet switch. 

2.2 Related Work in Network Energy Consumption Optimization 
Gupta et al. explored the feasibility of power management schemes at network 

switches in the LAN [16]. They examined the possibility to put various components on 

LAN switches to standby or sleep for reducing energy consumption. Experiments to 

evaluate energy management studies for network switches were performed in [6]. The 

authors found, energy usage in the operational stage is dominating and they examined 

some energy management techniques parametrically to reduce the operational energy 

footprint of network switches. In [4], authors explored and presented the design and 

evaluation of two forms of power management schemes to reduce the energy consumption 

of network. They have shown that simple strategies for sleeping or rate adaptation have 

significant energy savings without noticeably increased packet loss and latency. 

2.3 Related Work Based on Clustering Approach 
Consideration of information flow is very important to design network architecture. 

The objective of network designer is to confine the strong co-operation and 

communication in sub-network to avoid flooding and overloading the whole network. In 

order to minimize overloading, intra-group communication should be maximum and inter-

group communication should be minimum. To achieve this network optimization and 

scalability objective, clustering method has been widely pursued by research community. 
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In this research work, clustering algorithm has been used to reduce communication; isolate 

groups for hibernate or switched off part of network.  

 Many clustering algorithms have been proposed [17],[18-23],[32] to fulfill various 

objectives based on wireless sensor network but none of these algorithms aim to minimize 

energy consumption in network architecture. Most of these algorithms are heuristic in 

nature and the criteria for selection of good cluster and grouping of the nodes are intra and 

inter-cluster connectivity, if the application is sensitive to data latency and the length of 

data routing paths. The objective of these algorithms is to generate minimum number of 

clusters.   

 In [24], authors proposed spectral algorithm to find communities in graph and 

showed that spectral algorithm is effective and efficient at finding both desired clustering 

and the required number of appropriate clusters from a different kinds of real world graph 

data sets. They observed spectral algorithm is faster for large sparse graphs. In [25], the 

author introduced and presented the most common spectral algorithm from scratch by 

different approaches. 

  He also discussed of different spectral clustering algorithms and different graph 

Laplacians, their advantages and disadvantages and their basic properties. Krommenacker 

et al. defined some criteria to reorganize the network architecture and explored algorithms, 

especially spectral algorithm to identify and define the cabling plan of switched network 

for real-time applications [9].  The spectral algorithm to design the cabling plan for 

industrial Ethernet architecture has been used [10], which can reduce handling delays of 

messages inside the time cycle of applications. 
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3 METHODOLOGY 

 This section describes the general objective of the thesis work, spectral approach of 

clustering; algorithm description and optimized recursive bisection spectral algorithm to 

reorganize the network switches and to make clusters of end devices. 

3.1 Objective 

 The goal is to reduce the energy usage of network infrastructure and to investigate 

the feasibility of putting Ethernet switches in hibernate or switched off mode. To achieve 

this goal a network topology combining with Ethernet switches and desktop computers is 

used which is reorganized using clustering method based on the spectral approach for 

putting network switches to hibernate or switched off mode considering the time and 

communications among them. 

 The spectral algorithm is used to cluster the end device according to the usage of 

switch ports and to ensure the minimal interaction between two clusters. As an initial step 

of the approach, a graph G� has been introduced and translated that into traffic matrix 

according to the communication among end devices.  

The below section describes clustering method based on the spectral approach which has 

been used to reorganize and optimize network topology. 

3.2 Spectral Approach 
 The spectral algorithm is one of the most successful heuristics for partitioning 

graphs and matrices. This approach is used to solve scientific numerical problems such as 

solving parse linear systems [26], partitioning for domain decomposition [27], Ethernet 

architecture segmentation [10] and so on.  

In this research spectral approach has been used to  

a) Adjust the size of the clusters in regard to the capacity of the switches in terms of 

port number. 

b) Reorganize and minimize the cabling of the switch by breaking graphs into sub 

graphs. 

c) Investigate the feasibility of putting unused switches on hibernate or switched off 

according to usage. 

 

Given an undirected weighted graph G = (V, E), where G is a division of its vertices  � 

into two disjoint subsets, �� and ��. Let E(V�, V�) is the set of edges (links for 

communication) ��� with one endpoint in ��and other in ��. The cut size of the partition is 

the sum of the edge weights of E : 

� = � �(���)

���∈�

 

   Where v� ∈ V� and v� ∈ V� 

Here the objective is to find a disjoint subset of V, P = {v�} which minimizes  c . 
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The adjacency matrix A(G�), of the graph G is n × n matrix where (ij)th entry is the weight 

of edge e�� ∶  w��  and 0 otherwise. For adjacency matrix, the diagonal entries are always 0.  

 

As the spectral algorithm considers only undirected graph, thus it needs to work with 

 A(G) = A(G�) + A(G�)�             

 

3.3 Algorithm Description 

Let D (G) is an undirected graph converted into  � × � diagonal matrix such as  

��� = � �(���)

�

 

The Laplacian matrix �(�)of the graph G is �(�) = �(�) - �(�). 

According to [33-36] a good cut size is the second smallest eigenvalue λ2 and its 

associated eigenvector �  = ���, �� ,…………………�� � (Fiedler vector). 

Now, sorting the vertices on the incremental way according to the values of the 

components of Fiedler vector gives the reorganization of the vertices. 

 

 The objective of the partitioning is to use exactly d devices (in this case network 

switches) and to minimize the communication through the switches if there are two levels 

of switches. A splitting value s should be found for spectral partitioning which divides the 

vertices of G into  V� such that u� > s , and V� such that u� < s and that is called a Fiedler 

cut. The choices for the splitting values s are: 

a) Bisection cut, where s is the median of(��, �� ,…………………�� ). 

b) Sign cut, where s is equal to 0. 

c) Ratio cut, where s is the value that gives the best cut ratio denoted 

 with (V�, V�) = |E(V�, V�)|/min (|V�|, |V�| )  

d) Gap cut, where s is the value in the largest gap of the sorted list of the Fielder 

vector components. 

 To partition a graph into power of two numbers of groups, Recursive Spectral 

Bisection (RSB) algorithm [31] is applied. In this this paper, optimized recursive bisection 

algorithm has been used for partitioning the graph. 
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3.4 Optimized Recursive Spectral Bisection Algorithm ( RSB in �[�/�] 

) 
 In [29], the authors proposed improvement of RSB algorithm for design a switched 

Ethernet network cabling plan as follows: 

a) Compute the Fielder vector for the graph. 

b) Sort the vertices according the values of the components of the Fielder vector. 

c) Calculate d for the group to be partitioned. 

d) Assign n[d/2] first vertices to one sub-group and the others to the second one. 

e) Cut of value (n[d/2]) = number of ports * [number of devices/2]. 

f) Apply steps 1-4 recursively to each sub-group until the size of each sub-group 

becomes≤ n. 
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4 IMPLEMENTATION AND EXPERIMENT DETAILS 

 This section provides system architecture and implementation of developed 

solution on that network architecture. 

4.1 System Architecture 
This section describes the general network architecture that has been used in the 

research and the criteria to reorganize and design efficient architecture for switched 

Ethernet Networks. Figure 5 shows the network architecture and the cabling plan used 

during the experiment.  Three Cisco Ethernet Switch 2960-X (S1, S2 and S3) were used 

during the experiment and three desktop PCs (Personal Computer) were connected to each 

switch. Two trunk ports have been used in each switch to support more traffic load in inter-

switch communication. 

 

 

 

 

 

 

 

 
 

 

Figure 5: Cabling plan and Network architecture. 

To make the experiment simple and make easy to understand the communication among 

the end devices, the network architecture was kept very simple but fully functional as a 

LAN. In this network architecture it is possible to get a whole picture about reorganizing 

of network switches and clustering the end devices. This network architecture is fully 

scalable and it is possible to increase any number of switches and PCs according to the 

number of ports in switch to make the network architecture larger. 

4.2 Criteria To Reorganize Network Switches 
 The below section describes the criteria in three actions which needs to fulfill to 

reorganize the network switches. 

4.2.1 Action 1 
It illustrates that if PC 1 has frequent communication with large data size with PC 

7, then it is better to connect either PC1 in S3 or PC7 in S1. Thus it is very important to 

consider information flows during design a network. In this case, the goal is to maintain 

communication among devices by avoiding overload the whole network which will 

increase network efficiency and reduce energy consumption. 

S1 

PC 1 PC 2 PC 3 

S3 

PC 7 PC 8 PC 9 

S2 

PC 4 PC 5 PC 6 
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4.2.2 Action 2 
The objective of action 2 is to gather the PCs strongly communicating among them, 

with consequently the idea to group PCs without communication in other clusters in order 

to be able to hibernate or switched off these clusters. 

4.2.3 Action 3 
If the capacity of each port of all switches is 1 Gbps and total traffic load for the 

communication between S1 and S2 or S2 and S3 is more than 1Gbps, then more than one 

trunk port needs to be connected to support the communication. In this situation, if inter-

switch communication can be reduced, it is possible to eliminate redundant trunk between 

two switches. Thus reducing the traffic between switches allows to reduce bandwidth and 

as a result, reduction of energy consumption. 

 Therefore in general, the criteria to reorganize the communication among switches 

are to minimize inter-group dialogues in order to maximize the intra-group exchanges or to 

create groups without communication. Some other criteria should also take into account 

such as the number of ports and capacity of each port with the objective to use the smaller 

number of switches with a higher number of connected ports.  

 

4.3 Parameter Selection 
 Parameter selection is one of the most important issues for power management of 

Ethernet switch. Bandwidth and the number of connections are mostly responsible for 

energy consumption of Ethernet switch [7] and the packet size has no impact on energy 

consumption on the switch [28]. So in our experiment bandwidth, traffic load on each 

switch port and traffic matrix according to the communication among end devices were 

used as the input parameter and power consumption of switch was measured as the output 

parameter. Though traffic load has very little impact on energy usage, but it represents the 

service that the network must offer (QoS). In the experiment traffic load was used to 

maintain the frequency of communication among the end devices and to draw traffic 

matrix depends on that communication. 

 

4.4 Detailed Experiment 
 The experiment was done according to the figure 5. Powerspy2 sensor was used to 

measure the total energy consumption of three switches which can send real-time energy 

consumption data via Bluetooth [7],[29]. Ostinato traffic generator was used to generate 

traffic into the switch ports [30]. Three sets of experiment were done and each set contains 

two experiments. During each set of experiment, for all switch ports, the same bandwidth 

was used which were 100Mbps and 1Gbps. Depending on the traffic load and frequency of 

communication we have designed 9 × 9 traffic matrix and measured energy consumption 

of the network topology. According to the frequency of communication among end 

devices, two type of traffic load has been used which are defined as large transmission and 

small transmission which are shown in traffic matrix as “10” and “1” in respectively. 90 

Mbps traffic load was used as large transmission and 9 Mbps load was used as small 
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transmissions which were fixed for all experiments. 90Mbps traffic load is near to highest 

in the case of 100Mbps bandwidth in switch port and 9Mbps traffic load is near to lowest 

traffic load for 1Gbps bandwidth in switch port which shows effect of the highest and the 

lowest traffic load in terms of power consumption in switch port. For all experiments two 

trunk links between switches with 1Gbps bandwidth to support high number of inter-

switch communications. 

More information about traffic load and frequency of communication is shown in Table 1. 

Each experiment was run and monitored for 15 minutes. 

 

 
For large transmission 

(10) 

For small 

transmission (1) 

Frame size (Byte) : 1125 1125 

Packet per second: 10000 1000 

Total size of transmission per 

second (Mbps) 
90 9 

 

Table 1: Traffic load and frequency of communication. 

4.4.1 Serialization of Network Switches Based on Spectral Algorithm 
 Figure 6 shows the exchange on graph G� and its associated adjacency matrix 

A(G�). It was assumed that, each vertices of the graph are end devices (PC) and group of 

three end devices are connected with a network switch with capacity of three ports.  For 

the connection of nine end devices, three network switches were required. According to the 

adjacency matrix, most of the frequent communications are inter-switch communication. 

 

  

                                                                                

              

      

 

 

                                                                                                                                         

      

                              

  G�       

        A(G�) 

Figure 6: Exchange graph for communication and its adjacency matrix. 10 refers to 
90Mbps  and 1 refers to 9Mbps. 
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As the spectral algorithm considers only undirected graph, A(G) was calculated and from 

there Laplacian Matrix L(G) was calculated which is shown in Figure 7. 
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L(G)  

Figure 7: Undirected adjacency matrix and Laplacian matrix for graph G. 

After computing the Fielder vector for the graph and sorting the vertices according the 

values of the components of the Fielder vector, sorted vertices showed in Figure 8 were 

obtained and adjacency matrix showed in Figure 9 according to that serial was drawn. 

According to matrix, three clusters have been created and we can assume that group of 

three end devices are connected with each switch. From the matrix and communication, 

cluster of strong intra-switch communication and less inter-switch communication was 

observed. Partitioning of the end devices and their connection with the network switch 

according to the algorithm is discussed in the next section. 
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            VFIEDLER                                       Sorted Vertices 

Figure 8: Fiedler values and sorted vertices for  the Graph G. 

 

 

 

 

 

 

 

 

 

 

Figure 9: Optimized matrix for the communication for graph G using spectral 

algorithm. 
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4.4.2 Partitioning of End Devices Based on Optimized Recursive Spectral Bisection 
Algorithm ( RSB in �[�/�] ) 

According to the assumption before, nine end devices are connected with three network 

switches with capacity of three ports. Here the sorted vertices from Figure 4 have been 

used as end devices. After applying improvement of RSB algorithm [29], the obtained 

result in Figure 10 partitioned the end devices into three parts and group of three end 

devices are connected with each switch. 

 

 

 

 

 

 

                                     

 

Figure 10: Partitioning of End Devices by Using RSB in  n[d/2]. 
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5 RESULTS AND ANALYSIS 

 This section presents the obtained result during the test phase. In traffic matrix, the 

red marked PCs are connected with S1, blue marked PCs are connected with S2 and green 

marked PCs are connected with S3. 

5.1 Case Study 
For conducting the experiment, communication among the end devices during day time or 

working hours and night time or nonworking hours was considered. The working hour was 

defined as T� = 16 hours and nonworking hour was defined as T� = 8 hours . The 

communication among the end devices are more than nonworking hours which has been 

shown by traffic matrix1 and matrix2 accordingly in Figure 7. Both of the matrix in Figure 

7 are unoptimized.  

The architecture is composed of 9 PCs connected to 3 Ethernet switches (respectively S1, 

S2 and S3) with capacity of five ports each switch as explained in figure 1. Figure 7 shows 

that PCs in red (1, 2 and 3) are connected to switch S1, PCs in blue (4, 5 and 6) to switch 

S2 and PCs in green (7, 8 and 9) to switch S3. 

       Matrix 1      Matrix 2                      

           

          T�                                                             T� 

Figure 11: Traffic matrix according to the communication among end devices during 

working and non-working hours. 

In this case, most of the frequent communications are intra-switch communication and in 

optimized organization, the most of the frequent communications are inter-switch 

communication among end devices showed in Figure 11. The total amount of traffic load is 

same for both matrixes. 
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The yearly power consumption for Figure X can be calculated by the formula below: 

������ = (���������� + ����������) 365 

 

Here ������ is the yearly power consumption, ���������� is daily power comsumption for 

Matrix 1 and ���������� is daily power consumption for Matrix 2. 

Table 2 and Table 3 shows the experimental results of power consumed by the network 

architecture showed in Figure 1 for 100 Mbps and 1Gbps bandwidth. For all 

measurements, bandwidth for both trunk ports and the ports connected for was same and 

two trunk ports were connected between each switch to support communication. 

 

Time Working hours ( ��) Non-working hours ( ��) Total 

Power consumption 

(KWh/Year) 

598.6 

 

299.6 

 

898.2 

 
 

Table 2: Power consumption for 100 Mbps bandwidth in unoptimized organization. 

Time Working hours (��) Non-working hours ( ��) Total 

Power consumption  

(KWh/Year) 

620.8 

 

308.9 

 

929.7 

 
 

Table 3: Power consumption for 1 Gbps bandwidth in unoptimized organization. 

There is no notable change in power consumption for traffic load, but there is a noticeable 

change in power consumption when there is a change in bandwidth. The power 

consumption increases 0.2 to 0.4 Watt per port if the link speed is changed from 100 Mbps 

to 1Gbps respectively. Reducing bandwidth from 1 Gbps to 100 Mbps could save yearly 

33.3 KWh in unoptimized organization where 5 ports in each switch were active. Another 

noticeable observation is, an extra trunk link was needed in working hour for unoptimized 

organization to support communication and to avoid packet loss for traffic overload 

between S1 and S2. 

 

 For clustering and optimizing the communication and cabling plan for the whole 

day, the weights of Matrix 1 and Matrix 2 have been calculated considering the time  T�  

and T� respectively and spectral algorithm was implemented on that matrix. It has been 

assumed that, Matrix 1 and Matrix 2 is derived from connected graph G1 and G2 

respectively. The weight of G1 and G2 is defined by C which is shown in Figure 12. 
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A (C) 

Figure 12: Combined matrix and Undirected adjacency matrix for the 

communication. 

As the spectral algorithm works with only undirected graph, so A (C) = C+C’ has been 

calculated shown in Figure 12 and from there Laplacian matrix L(C) has been calculated 

which is shown in Figure 13.  
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L (C)                                                            

Figure 13: Laplacian matrix for graph C. 

 

 

 

 

 

 

 

 

 

             VFIEDLER              Sorted Vertices 

 

Figure 14: Fiedler values and sorted vertices for the Graph G. 

After computing the Fielder vector for the graph C and sorting the vertices according the 

values of the components of the Fielder vector, sorted vertices showed in Figure 10 were 

obtained.  

  Here nine end devices are connected with three network switches with capacity of 

five ports where two ports are connected as trunk. The sorted vertices from Figure 14 have 

been used as end devices. After applying improvement of RSB algorithm [10], the 

obtained result in Figure 15 partitioned the end devices into three parts and group of three 

end devices are connected with each switch. 
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Figure 15: Partitioning of End Devices by Using RSB in  n[d/2]. 

The optimized adjacency matrix was drawn based on working hour and nonworking hour 

according to the serialization found in Figure 16. 

Optimized Matrix 1          Optimized Matrix 2 

 

   T�           T� 

Figure 16: Optimized Matrix 1 and Matrix 2. 

The power consumption by optimized solution during  T�   time is measured, which is 

showed in Table 4.  

 

Power Consumption at Working hour (T1) by Optimized Organization 

Bandwidth 100 Mbps 1 Gbps 

Power consumption (KWh/Year) 
596.3 

 

613.8 

 
 

Table 4: Yearly power consumption by optimized solution during working hour. 

The power consumption by optimized solution during  T�   time is measured, which is 

showed in Table 5.  
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Power Consumption at Nonworking hour (T2) by Optimized Organization 

(KWh/year) 

Bandwidth With Trafic Hibernate Switched off 

100 Mbps 298.7 218.1 99.9 

1 Gbps 306.9 219.6 100.7 

 

Table 5: Yearly power consumption by optimized solution during non working hour. 

 Power consumption for 100Mbps 

bandwidth (KWh/year) 

Power consumption for 1Gbps 

bandwidth (KWh/year) 

Always active 895.0 920.7 

With hibernation 814.4 833.4 

With Switched off 696.1 613.8 
 

Table 6: Total yearly power consumption for optimized solution for different 

bandwidth. 

Table 6 shows yearly total power consumption of optimized solution using spectral 

algorithm. The result shows that optimized solution consumes less energy than 

unoptimized architecture. It was also possible to reduce extra trunk port between S1 and S2 

during working hours because spectral algorithm produced clusters of PCs which have 

strong communications among those which reduces inter-switch communication showed in 

optimized Matrix 1. After applying spectral clustering on end devices and serialization of 

network switches, it was possible to hibernate or switched off two network switches (S1 

and S3) during nonworking hours because it created two clusters of PCs without 

communication which are connected with S1 and S3. 

 

 Power saving for 100Mbps 

bandwidth (KWh/year) 

Power Saving for 1Gbps 

bandwidth (KWh/year) 

Always active 3.2 9.0 

With hibernation 83.8 96.3 

With Switched off 202.1 315.9 
 

Table 7: Power saving by using optimized solution. 

Table 7 shows the power savings after using spectral algorithm for different bandwidth.  

For 100 Mbps bandwidth, the optimized solution could save yearly minimum 3.2 KWh 

when no hibernate or switched off feature activated to maximum 202.1 KWh with 

switched off feature activated during nonworking hours. For 1Gbps bandwidth, the 

optimized solution could save 9.0 KWh when no hibernate or switched off feature 

activated to maximum 315.9 KWh for switched off feature activated during nonworking 

hours. 
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6 DISCUSSIONS 

 The spectral approach is also applicable for optimizing bigger network architecture. 

So using clustering method based on spectral approach, it is possible to save large amount 

of energy according to traffic load and pattern for bigger picture and more complex 

architecture. The Ethernet switch is only a part of network architecture and to put efficient 

and greater impact, other network components like router, WIFI hotspot etc. should be 

considered. It is also possible to apply spectral algorithm for clustering those device 

according to traffic and optimize the whole architecture. Moreover, the experiment was 

done with one type of Ethernet switch, so result may vary for different type of switches. 

 In [37], authors mentioned correlation between the power consumption and carbon 

emission. Therefore, by optimizing network architecture using spectral algorithm, it is also 

possible to reduce carbon footprint caused by network equipment. In [53], Yamada et al. 

proposed to reduce carbon footprint of network equipment specially router by following 

power efficient design and power saving design.  As a big picture, with proper design and 

development of network architecture, it is possible to reduce and control global energy 

usage and carbon footprint cause by network devices. 

 For hibernation or switched off Ethernet switch, it should be considered the Quality 

of Service. The hibernation mode consumes about 20 watt and switched off mode 

consumes nothing.  For the Cisco switch model 2960-X, it takes 260 seconds to get ready 

after wake up from hibernation and 290 seconds from switched off mode. The time 

difference to be fully functional from hibernation and switched off mode is 30 seconds 

which can be critical for few cases but for normal office works or Local Area Network, it 

doesn’t have that much impact. 

 Frequent on-off can put extra load which can reduce life time and some devices are 

vulnerable on this situation, on the other hand always keep on a device also can reduce life 

time, therefore switched off can be good choice too. 

 Hibernation and wake up time can be scheduled by command line which is not 

possible for switched off mode but using rack power distribution units (PDUs) it is also 

possible to switched off and on automatically.  

 Therefore, the choice of hibernation or switched off an Ethernet switch can be 

according the necessity of the user. Hibernation saves 30 seconds compare to switched off 

mode, so if this amount of time becomes critical for QoS of a company, hibernation is 

better. Otherwise for a small office, they can use switched off mode and by using PDU, it 

is possible to turn off the unused Ethernet switches after office hour and turn on before 

office hour automatically which could save a large amount of energy.  
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 As bandwidth has significant impact on power consumption of Ethernet switch, 

Adaptive Link Rate (ALR) can be very effective to reduce energy consumption. Energy 

Efficient Ethernet (EEE) is already implemented in new model switches and EEE saves 

considerable amount of energy compare to normal operational mode of Ethernet switch 

[45]. When there is no traffic in the link, EEE put the link to low power idle state and 

sends some pulse signal to keep the link alive. ALR on the top of EEE can save more 

energy but sometimes ALR creates problem because of its transition time. In [46], authors 

proposed some techniques to reduce transition time but more research is needed for faster 

and smoother transition.  
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7 CONCLUSION AND FUTURE WORK 

 This thesis work presents a novel way energy efficient network design and 

management system. Experiment result shows that significant amount of energy can be 

saved by reorganizing the network switches and clustering the end devices using the 

spectral algorithm. It is also possible to use this approach for bigger scenario which has 

potential to save large amount of energy usage. 

 The experiments was done only for one type of switch (CISCO 2960X model), 

therefore same experiment can be done by using different models of switch. Similar 

experiments can be done for other network devices such as routers to reduce more energy 

consumption. The proposed solution is tested with a simple fixed network architecture 

composed with three network switches and nine desktop computers but it is possible to 

apply this solution in dynamic architecture composed of dynamic number of switches and 

end devices. 

 In this thesis work, the network architecture was designed using network switches 

and Desktop Computers but in real world, the network architecture is more complex. 

Therefore in future there is scope to perform similar kind of experiment combining several 

types of switches, routers and access points in bigger picture and large network 

architecture to reduce large amount of energy consumed by network infrastructures, 

therefore to reduce CHG emission for greener earth.   
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APPENDIX 

Appendix 1 : Screenshot for PowerSpy2 
 

 

Figure 17: Live power reading for network topology. 

 

 

 

Figure 18: Maximum, Minimum and average power readig. 
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Figure 19: Live power reading. 

 

Appendix 2 : Screenshot for Ostinato Traffic Genarator. 

 

 

 

Figure 20: Traffic matrix and port configuration. 

 



49 

 

 

Figure 21: Protocol configuration for sending traffic. 

 

 

 

Figure 22: Data rate configuration. 

 

 


