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Abstract: Cloud Energy consumption of Information 

Communication Technologies (ICT) has been 

increasing tremendously due to the application which 

has Internet and Internet of Things (IOT). This has 

posed a problem for sustainable environment. Several 

ways and techniques have been undertaken to enhance 

efficient energy in ICT networks. The concept of 

emerging energy has been thoroughly discussed in the 

making of this paper, mostly known as Software 

Defined Network (SDN) due to which standard 

networking protocol has been used instead of 

centralized control. This methodology has exposed 

affirmative pros in comparison with the ongoing 

methods such as centralized management, low capex, 

flexibility & scalability and network function 

virtualization. As an effect of these advantages, SDN 

has been observed and accepted as rising method to 

conserve energy when it overcomes the challenge of 

universalization of the technique between the various 

operating networking platforms. Mandatory actions are 

expected from the world standardization bodies such as 

ETSI, ITU, ONF and IETF etc. for its widespread 

deployment.  
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1. Introduction 

        There has been a rapid growth in the energy 

consumption of the equipments used in Information 

and Communications Technologies (ICT). The 

introduction of the new apps based on Internet and 

Internet of Things (IoT) along with the ever-rising 

requirement of video and cloud services, smart phones 

and tablets has led to increase the traffic across 

networks. This has turned up to expose the booming 

ICT energy consumption. For instance, it is estimated 

that Internet traffic will rise up to 84.5 times by 2017 

compared to 2010. Similarly, Internet users have 

grown from 2.3 billion to 3.6 billion by 2017 in 

comparison with 2010. 

     In a report submitted by GWATT, the overall 

consumption of energy for ICT in 2013 was observed 

to be 109 GW which accounts to 6% of the global 

consumption electricity. Similarly, bills of network 

energy pertaining to telecom operators are accountable 

for greater than 9 percent of their operational costs. A 

Large part of this consumption (68.89 GW) accounted 

for infrastructure equipment like access network 

(21.19 GW), service core and data center (36.98 GW) 

and other networks (1.6 GW). Left out major chunk 

was due to the devices (38.64 GW) which included 

consumption on Personal Computers (36.9 GW), 

Smart phones and mobile phones (0.6 GW each), and 

printers and tablets (1.1 GW).    

    Such enormous utilization of vitality by ICT 

equipment is a reason for worry that warrants the 

consideration of technocrats and IT directors for 

enhancing the vitality proficiency of IT types of gear. A 

few techniques for achieving vitality productivity in IT 

supplies have developed throughout the years, 

particularly with the target of decreasing carbon 

impressions from utilization of ICT. A portion of the 

methodologies that have been embraced as of late are 

portrayed in the following area.  

2. Related work 

Techniques catering to Energy Saving In Ict 

Networks 

     In the previous couple of years, vitality cost and 

electrical prerequisite of telecom organizations and web 

access suppliers has been persistently expanding. Thus, 

the idea of vitality proficient systems administration 

has turned out to be particularly famous. Subsequently, 

to expand the vitality productivity of system, 

equipment change and instrument that can misuse the 

system components must be coordinated.  

     There are three fundamental ways to deal with low 

vitality organizing which are portrayed in Figure 1 and 

depicted in points of interest as takes after:  

A. Re-designing; 

B. Dynamic adjustment; 

C. Sleeping/standby. 

 
              Figure 1. Energy Saving in ICT Networks 
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A. Re-designing 

   This is identified with utilization of more proficient 

silicon advances and lessening the multifaceted nature 

inside the system gear. For instance, Complementary 

Metal Oxide Semiconductor (CMOS) is one of the 

vitality effective innovation (e.g., ASICs, FPGAs, 

organize/parcel processors, and so on.) and memory 

advancements (e.g., Ternary Content-Addressable 

Memory (TCAM)) for bundle preparing motors. Rather 

than conventional advances, for example, Bipolar 

Junction Transistor (BJT) which devours force of the 

request of milli-watt (mw), CMOS expends force of the 

request of microwatt.  

  

B. Dynamic adjustment 

This can be performed by utilizing two power-

mindful capacities, to be specific, execution scaling and 

sit without moving rationale. Execution scaling is 

accomplished by decreasing the connected voltage at 

CMOS and by changing the clock recurrence. For 

example, the power utilization of CMOS based silicon 

can be roughly portrayed as takes after:  

P=CV2f …. (1)  

Where P is the Power utilization, C the capacitance of 

CMOS, and V is the working voltage and f is the 

recurrence.  

   Then again, sit still rationale permits decreasing force 

utilization by quickly killing sub-segments when no 

exercises are performed, and by re-awakening them 

when the framework gets new exercises.  

 

C. Sleeping/standby 

Sleeping/standby philosophies are used to keenly and 

particularly keep unused framework/contraptions to 

low standby modes, and to wake them up just if 

fundamental. In any case, since today's frameworks and 

related organizations and applications are proposed to 

be continually and always open, standby modes must 

be explicitly maintained with unique intermediary 

procedures which will have the capacity to keep up the 

system network of dozing segments as appeared in 

Figure 2. The fundamental goal of such intermediary, 

e.g., organize association intermediary (NCP), is to 

react to routine system activity as the gadget rests, and 

to wake the gadget when and just when it is genuinely 

essential. 

 

 
 

Figure 2: Example of network connection proxy  

    Another developing method that has gigantic 

potential for energy protection for IT equipment’s is 

Software Defined Network (SDN) in which 

institutionalized systems administration conventions is 

supplanted with unified control. This procedure gives a 

few advantages that are portrayed in Section 4. 

3. Architecture of SDN 

      In conventional network, network devices, for 

example, router and switches goes about as black box 

with application executed on them. In addition, 

information plane and control plane are incorporated in 

every gadget (Fig.3a). In any case, SDN is another 

innovation in which control of network devices is 

segregated and set midway that is it isolates the control 

plane from information plane (Fig.3b). It additionally 

gives the adaptability to create and test new convention 

in genuine networks as controller is set halfway.  

This empowers the knowledge of the gadget to be 

part from the packet forwarding motor and controlled 

halfway, while information transport is appropriated. 

 
 (a)   Traditional network        (b) SDN network   

Figure 3. Comparison of traditional and SDN network 

 

 
Figure 4. Software Defined Networking (SDN) 

structure 

SDN designs for the most part have three segments, 

SDN applications, SDN controller and SDN 

Networking Devices.  

4. Advantages of SDN 

SDN offers a few focal points over customary network. 

A portion of the key advantages are:  

Energy management: Energy streamlining can be 

connected at different segments of the SDN design or 

SDN itself can be utilized as a method for energy 
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sparing. Energy sparing in SDN can be tended to 

algorithmically or through equipment base changes.  

Programmable: Organize particularly programmable 

considering the way that the control limits are 

decoupled from sending limits which enables the 

system to be naturally masterminded by selective or 

open source robot situated gadgets. 

Network Functions Virtualization (NFV): NFV and 

SDN are two firmly related, free, integral and 

commonly gainful innovations. SDN work includes 

partition of control and information; centralization of 

control and programmability of network though NFV 

manages exchanges of network capacities from 

committed apparatuses to bland servers. Network 

Functions Virtualization can bolster SDN by giving the 

foundation whereupon the SDN programming can be 

run. 

 
Figure 5. Network Functions Virtualization 

Relationship with SDN  

 

Centralized Management: Organize learning is reliably 

united in SDN controller programming that keeps up an 

overall point of view of the system, which appears to 

applications and course of action engines as single, 

cognizant switches. 

Lessen Capex: SDN possibly constrains the need to 

buy reason assembled, ASIC-based networking 

equipment as new application can without much of a 

stretch be introduced at the highest point of controller 

in application layer.  

Decrease Opex: SDN enables algorithmic control of 

the system parts, for instance, hardware or 

programming switches/switches that are dynamically 

programmable, making it less requesting to setup, pass 

on, supervise, and scale systems.  

Dexterity and Flexibility: Software Defined 

Networking helps affiliations rapidly pass on new 

applications, organizations, and establishment to 

quickly meet changing business destinations and 

objectives.  

Empower Innovation: New sort of administrations, 

application and plan of action can be made specifically 

in application layer without exasperating different 

parts.  

 

Network administration and asset use: By decoupling 

the control and information plane it gives adaptability 

to the framework and assets can be used by the 

necessity by programming the control plane.  

Bandwidth: SDN can use the accessible transfer speed 

effectively by dispensing to the required client 

progressively. 

5. Methods of Energy Efficiency in SDN 

     Energy streamlining can be connected at various 

segments of the SDN. The equipment construct 

arrangements are connected considering the sending 

switches and Software construct arrangements relate to 

respect to the controller.  

     Energy proficiency techniques in SDN can be 

partitioned into four classes  

1. Traffic aware 

2. Compacting TCAM 

3. Rule arrangement 

4. End host aware  

5. Traffic Aware Solutions  

With activity mindset energy productivity 

approaches, energy utilization can be lessened by 

killing some sending switches amid low movement 

load, or putting CPUs or ports at rest mode. The 

arrangements in this gathering can possibly essentially 

enhance energy proficiency in SDN. Versatile tree is a 

power director, which progressively confirms the 

arrangement of dynamic network components –links 

and switches to fulfill changing movement loads. It 

comprises of three sensible modules-enhancer, router 

and power control as appeared in Figure 6. 

 

 
Figure 6. Eenergy Eefficiency in SDN 

The part of the optimizer is to find the base power 

arrange subset which satisfies current development 

conditions. Its wellsprings of data are the topology, 

action arrange, a power show for each switch, and the 

pined for adjustment to non-basic disappointment 

properties (spare switches and spare point of 

confinement). The streamlining agent yields a game 

plan of element parts to both the power control and 

coordinating modules. Control flips the power states of 

ports and entire switches, while coordinating picks 

routes for all streams, and after that pushes courses into 

the system. 

        There are three unique strategies for registering 

least power network subset: Formal model, Greedy 

canister pressing, Topology-aware heuristic. Every 

technique accomplishes distinctive exchange off 

amongst versatility and optimality.  
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       The formal model details the power sparing issue 

by determining target capacity and imperatives. The 

target work limits the entirety of the aggregate number 

of switches turned on and the quantity of connections. 

The upside of the formal model is that it ensures an 

answer inside some configurable ideal; in any case, it 

just scales up to 1000 hosts.  

      The avaricious container pressing optimizer 

assesses conceivable stream ways from left to right. 

The stream is allocated to first way with adequate limit. 

The analyzer enhances the adaptability of the formal 

model.  

D. Traffic aware 

The topology-aware heuristic optimizer parts the 

stream and finds the connection subset effortlessly. It is 

computationally proficient, since it exploits a fat tree 

structure and takes just port counters to figure interface 

subset. This approach utilizes IP to formalize the 

advancement issue. The disadvantage is corruption of 

execution due to turning on and killing segments. It 

utilizes Correlation-aware Power Optimization 

(CARPO) calculation. CARPO makes three strides, 

Correlation Analysis, Traffic Consolidation and Link 

Rate Adaptation to streamline the power utilization. In 

the initial step, CARPO takes the information rates of 

the movement streams as information and breaks down 

the connection between various activity streams. In the 

second step, in view of the relationship coefficients 

from the past investigation, CARPO utilizes the 

90percentile information rate of each connection in the 

past period to combine the traffics under the connection 

limit requirement. After the solidification, unused 

switches and ports are killed for power funds. In the 

last stride, CARPO adjusts the information rate of 

every dynamic connection to the request of the united 

activity streams on that connection, with the end goal 

that more power funds can be accomplished. 

E. Compacting TCAM Solutions 

SDN offers a few advantages over the present 

network as far as giving adaptability yet it accompanies 

a cost at the exchanging devices. For instance, SDN 

rethinks streams to be recognized by a 15 field 

(dissimilar to in IP where it is characterized by 2-5 

fields contingent upon the layer they have a place 

with). This command each stream section in TCAM 

table to be 356 bits (15 fields) which is 7 times more 

than that of a L2 exchanging gadget (ordinary IP 

switch). This infers the bit-length of stream sections put 

away in TCAM will now be 7 times more than that of a 

L2 switch. These effects SDN switches in a few ways. 

Firstly, it requires higher estimated TCAM for putting 

away a similar number of streams that a L2 switch can 

hold. Auxiliary, this can rapidly top off the stream 

tables and prompt stream table blast. Late reviews have 

set up that the stream entry to the SDN switches can be 

of the request of 72,000 streams/sec. Thirdly, the 

quantity of operations which have been generally the 

query operations, will now be changed over into the 

embed operations as there will be more misses in 

TCAM table. The consolidated influence every one of 

these outcomes in higher power scattering and longer 

get to idleness, ordinarily more contrasted with existing 

TCAM in superior switches.  

Stream Identifiers (Flow-ID) are utilized as 

substitution for the stream passages. The switches store 

just the Flow-ID's in the table as opposed to putting 

away the whole 15 field for each stream passage. These 

Flow-IDs are pushed on to the headers with the 

assistance of SDN. All operations in the TCAM are 

performed on this shorter Flow-ID and the energy can 

be spared corresponding to the quantity of bits 

diminished. This idea of stream ID is fundamentally the 

same as that of Multiprotocol Label Switching (MPLS). 

MPLS is a sort of information conveying procedure for 

elite broadcast communications networks that guides 

information starting with one network hub then onto 

the next considering short way marks instead of long 

network addresses. This stays away from complex 

queries in a directing table.  

Compacting Flow Entries utilizing Flow-ID  

     The stream sections in a table group approaching 

parcels into various streams. Once a stream passage is 

recognized, ensuing bundles having a place with the 

stream require not coordinate the whole stream section. 

The extent of the passage can be currently compacted 

and supplanted with a shorter ID for arrangement. 

Thus, we present the idea of "Stream ID". Stream ID is 

a numeric identifier used to recognize the streams 

particularly.  

      In the switch stream table, the stream section can be 

decreased to the extent of the "Flow ID" and related 

activities. All routings are performed in view of the 

Flow-ID's.  

      SDN's customizing ability is utilized to exploit the 

Flow-ID. Bundles are distinguished to have a place 

with a stream considering the Flow-ID and activities 

comparing to the stream are connected on the parcels. 

This requires the headers of the bundle convey the 

Flow-ID data to be capable for the switches to 

recognize the stream to which the parcel has a place. 

Switches perform query operation in view of the Flow-

ID as opposed to full measured stream separated from 

the header. Fig. 3 demonstrates the SDN design 

comprising of the controller, Open Flow switches and 

host machines. 

 

Step 1: In OpenFlow the main bundle of another 

stream landing at an interface of a switch as appeared 

in figure 6.  

Step 2: Packet is sent to the controller.  

Step 3: The controller creates a Flow-ID for the 

stream and stores it in its nearby reference table as 

delineated in figure 6.  
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Step 4: The controller reacts back to the switch with 

an OpenFlow activity message comprising of the 

activities to be performed on the parcels of the stream. 

In our work, we increment the "movement" some bit 

of the representative with a Boolean "Littler" pennant. 

In case the flag is clear, the change plays out the 

standard exercises on the packs. For instance, the 

standard is set to be clear if the objective convey is 

related with a comparative switch. Something else 

(COMPACT standard set), the switch utilizes the 

Flow-ID and performs operations on the packs 

identifying with the Flow-ID and yield it to specific 

port as given in the movement part. Limited operation 

contains implanting the Flow-ID into the header of the 

bundle.  Leaving aside the "presentation" and 'start of 

delimiter' fields in the Ethernet. Plot, the Flow-ID is 

secured in 2 bytes of the packaging. The "prelude" and 

the 'start of delimiters' are used by the association 

layers for purpose behind choosing packaging limits 

and are left set up. In OpenFlow engaged switches, the 

"PUSH" licenses development of bits of data to 

showed pieces of the bundle? We use the "PUSH" tag 

of the OpenFlow configuration to incorporate another 

header to the package containing just the 'Stream ID'. 

The main header and bundle payload is embodied 

inside this header.  

Step 5: The controller sends a stream insert operation 

to all the switches en route of the package. This stream 

entry involves a "Stream ID" and related exercises to 

it. Exactly when a package lands at the center 

switches, the 'Stream ID' is expelled from the header 

and is composed against the sections in the stream 

table (proactively presented by the controller on the 

switches). These changes don't play out any 

COMPACT operations and don't require any 

additional gear. They play out the common operations 

of an Open Flow switch except for that they isolate the 

Flow-ID's from the header and output for a planning 

entry in the question tables.  

Step 6: For the takeoff switches, the controller sends a 

stream install operation that contains the "Stream ID" 

and exercises to oust the 'Stream ID' from the header 

of the bundles.  

Step 7: The header that was in the main bundle 

without the Flow-ID is sent to the yield port to pass on 

to the end has.   

 
Figure 7. Compacting Flow Entries utilizing Flow-ID  

F.  Rule Placement Solutions  
The energy productivity systems for govern 

arrangement arrangements begin by formalizing the 

energy cost show and he imperatives related, then 

applies heuristic method to discover ideal energy 

sparing methodology. Sending tenets are created and 

pushed to the sending switches by the controller. The 

controller produces guidelines and pushes them to the 

sending switches. Setting the standards to switches 

dispersed over the network and enhancing given a 

target work under that compels is NP-difficult issue. 

The target work in our specific case is limiting energy 

whereas that compels are the quantity of switches, 

stream table limit, interface limit, and number of ports 

per switch.  

G. End Host Aware Solutions  
Server virtualization empowers the working of 

different virtual machines at the same time on a solitary 

physical server, accordingly diminishing power 

utilization and squandering heat when contrasted with 

running underutilized physical servers. Thus, rather 

than working numerous servers at low use, 

virtualization strategy consolidates the handling power 

onto less servers that work at a higher aggregate usage.  

Table 1. Power dissipation comparison for TCAM 

operations: L2, OpenFlow and compact TCAM 

 

                                  No. of entries = 100,000  

Operations  L2 

Sw. 

(60 

bit) (in 

nJ)  

OpenFlow 

Sw. (356  

bit) (in nJ)  

Using 

Compact  

TCAM (16 

bit) (in nJ)  

Write/Insert  195150 792660 566100 

Search/Lookup  447050 1807130 131670 

6. Challenges 

     As SDN is extremely encouraging field as it offers 

many preferences over customary network like 

specifically programmable, concentrated control, 

adaptability and so on, as portrayed in Section 4 above. 

Be that as it may, in the meantime techniques for 

energy effectiveness in SDN have many difficulties. A 

portion of the key difficulties are as per the following:  

Standards: Currently numerous association (ETSI, 

ONF, IETF, ITU) are taking a shot at SDN however 

entire models of SDN has not been created so far which 

is a major impediment in arrangement of the SDN  

Quality of administration: In activity aware 

arrangements, turning the network parts on and off in 

view of network load helps in decreasing energy 

utilization. Be it as it may, turn the network part on and 

off powerfully influence the segments and nature of 

administration (QoS).  

Scalability and adaptability: The activity aware model 

should be versatile because high movement stack (As it 

is adaptable just up to 1000 hosts).  
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Cost: Forwarding switches utilize TCAM, which is 

very costly and have high power utilization. Also in 

compacting TCAM arrangements, data put away in 

TCAM can't be further packed after a specific limit. 

Fuzzy nature of network condition: Since the issue of 

streamlining of energy effectiveness is NP-hard (i.e. for 

which union to an answer is not generally conceivable), 

using heuristic systems is inescapable. In any case, the 

impediment of such heuristic systems is that they don't 

give the correct arrangement in each time. If there 

should be an occurrence of network where condition is 

rapid i.e. information is changing ceaselessly issue 

turns out to be extremely testing.  

7. Route Forward 

         At present numerous associations (e.g. ETSI, 

ONF, IETF, and ITU) are working in the territory of 

creating gauges with the goal that it could be sent at the 

soonest. Be that as it may, it would not be anything but 

difficult to send SDN with existing base of networks 

supporting basic establishment and business. The move 

to SDN along these lines requires concurrent support of 

SDN and existing network. Facilitate advancement is 

required to accomplish a half breed framework in 

which customary, SDN-empowered, and cross breed 

network can work. Such interoperability requires the 

support of a proper convention that both presents the 

prerequisites for SDN correspondence interfaces and 

furnishes in reverse similarity with existing IP directing 

and multiprotocol name exchanging (MPLS) control 

plane advances.  

       ITU-2013-2016 review period commenced with 

stamped accentuation on SDN considering the order 

issued by World Telecommunication Standardization 

Assembly (WTSA)- 12. ITU-T Study Group 11 

(Signaling necessities, conventions and test) is 

entrusted with creating flagging prerequisites and 

conventions for SDN, and this work adjusts to the 

utilitarian prerequisites and models created by Study 

Group13(Future networks). ITU has as of now give 

some proposal on SDN for instance ITU-T Y.3300 

depicts necessity and engineering of SDN including the 

definitions, destinations, abnormal state capacities, 

prerequisites, and the abnormal state design of SDN, 

ITU-T Y.3320, portrays prerequisites for utilizing 

formal particular and confirmation systems in SDN, 

ITU-T Y.3321 Requirements and ability structure for 

NICE (Network Intelligence Capability Enhancement) 

execution making use of programming characterized 

networking advancements (S-NICE).  

8. Conclusions 

    Presentation of SDN as a procedure for energy 

effectiveness has been examined in detail in the paper. 

This innovation supplements the current strategies for 

energy effectiveness frequently utilized as a part of 

networks, re-building, dynamic adjustment and 

Sleeping/standby modes. SDN offers a few favorable 

circumstances over the traditional methods of energy 

productivity, for example, unified administration, low 

capex, adaptability and versatility and network work 

virtualization. Because of these favorable 

circumstances, SDN can be considered as a developing 

method for energy productivity gave it can defeat the 

test of institutionalization of the innovation which can 

prompt interoperability among the various networks in 

which it can be used. Exertion of world 

institutionalization bodies, for example, ETSI, ITU, 

ONF and IETF and so forth is essential for its broad 

sending. 
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