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Abstract 

The Information and Communications Technology sector produces 

roughly 2%of the world's carbon footprint per annum. If the 

communication industry continues on this current path it will prove to be 

fatal for the environment, and thus the time for amendment towards green 

computing is now. Green networking refers to the processes used to 

optimize networking functions to make it additional energy economical. 

Data Center networking infrastructures consider power-hungry devices to 

work. This study will explore some modern sanctionative technologies 

like software outlined Networking, Edge Computing, and Virtualization, 

and the way these distinct ideas can together empower efficient green 

network solutions. 
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INTRODUCTION 

As technology advances, the footprint created will grow heavily. Once the fifth-generation (5G) 

wireless networks are launched, traffic volumes are expected to increase one thousand times and 

therefore the range of connected devices will be 10-100 times more than these days [1,2]. A user 

is predicted to induce data speeds up to 1Gbps and latency of <10 milliseconds. Advances in 

technologies such as artificial intelligence (AI), autonomous internet of Things (IoT), massive 

information analytics, machine learning, blockchain, and augmented/virtual reality can play a 

major role in providing high-speed, low-latency, secure connectivity that's ubiquitous and 

reliable. Research is afoot beyond the fifth-generation (B5G) networks, additionally referred to 

as 6G to support an additional range of users on multi-gigabits transmission rate than 5G 

networks. The challenges for the long run networks are set to attain ten times the energy potency 

along with spectral potency compared with today’s 4G systems.  

Since the origin of computers, abundant architectural style focus has been directed to 

high speed and low complexity of the system. However, studies and recent events have shown 

that the energy costs of computing are negatively impacting the environment. In recent years, 

green networking has become progressively more vital to cut back green gas emissions within 

the environment. The main goal of green Networking is to cut back computing’s carbon footprint 

and reduce its impact on carbon emissions. This paper presents a few of some popular green 

computing initiatives that are already creating their way into the ICT industry. 
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Datacenters leave quite a bit of space for energy savings as they are typically designed without 

considering energy consumption. Many studies are going on for green networking under 

hardware and software system areas. Two main rising technologies are software-defined network 

(SDN) and network function virtualization (NFV). These 2 technologies highly complement one 

another. Therefore, the target here is to explore facultative technologies like Edge, SDN, and 

NFV for energy saving in datacenters. 

This paper will detail the results from a simulation that utilizes the ideas of SDN, Edge 

Computing, and Virtualization in a huge region under ICT infrastructure. It will explore how the 

adoption of virtualization and edge computing among a network topology will lead to reduced 

energy consumption and increased service quality for network end-users. 

 

Theory 

1. Motivation and background 
Extension of green networking ideas covers any methodology that reduces latency, saves 

bandwidth, or decreases computation time, as a discount in these factors invariably results in 

power savings. These savings can directly translate into lowering greenhouse emissions, a key 

concern within the modern ICT era. Increased energy consumption among the ICT field comes 

from various sectors. This paper will focus primarily on datacenters, that are the second highest 

leading perpetrator in greenhouse emission (Personal Computers being the number one 

source)[3]. Each day there are over two quintillion bytes of data created, these data originate 

from distinctive sources and typically need to be routed across the net [4]. Datacenters, with their 

centralized style and superior processing power, have become one amongst the main 

destinations.  

  

1.1 Edge Computing 
Edge computing refers to the infrastructure of computing that exists “on the edge” of the data. 

Edge computing allows the gathering and processing of data nearer to the source, reducing 

latency times [6]. Edge computing is an umbrella term encompassing others like Mobile Cloud 

Computing, Cloudlets, Fog Computing and Mobile Edge Computing. Current trends among the 

expansion of devices connected to the net shows that there will be new amounts of traffic 

travelling over it in the future. The arrival of the IoT heralds the ultimate incorporation of 

billions of devices (including sensors, watches, actuators, embedded systems) into the net . 5G 

mobile users are contributing to this increase, and their demand for network services pushes our 

networks to their extremes. Therefore a viable resolution rests in transporting the “Cloud” nearer 

to the devices requesting services [6]. This is often the concept behind edge computing, where 

computational resources are brought nearer to the user. Widespread distribution of these edge 

computing devices requires that some computation is completed at the sting before the 

information is shipped off to remote datacenters. This can reduce not only service delay, but 

conjointly energy consumption. 
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1.2 Software Defined Network (SDN) 
SDN is solely a paradigm rather than an ossified design. Hence, it's cheap for researchers to 

review the technologies for networking by adopting the core plan of SDN, not being restricted to 

a minimum of one mounted structure. Then the SDN can be extended to varied situations, like 

datacenter networks, network security, optical networks, satellite networks, and mobile edge and 

wireless networks on the far side 5G[7]. whereas the thought of SDN is relatively old, it's solely 

in recent years that the technology has seen widespread adoption, as it will build network devices 

less complicated, modify higher control over the network and increase network performance. 

The key idea of SDN is to separate the control plane for switches and routers from the data 

plane. It permits networks to run easy programs that permit dynamic rules. 

 

1.3 Virtualization 
As mentioned in the introduction, virtualization refers to the creation of a Virtual Machine (VM) 

in a Physical Machine (PM). The goal of virtualization is to boost quantifiability by centralizing 

tasks of a machine. Many virtual machines will run on one physical host, which reduces 

overhead, increasing potency and giving a lot of accessibility of resources compared to the older 

methodology of “one host, one machine”[8,10,11]. Virtual machines use a hypervisor, that 

basically is also a VM monitor; that is nothing but a pc software that creates and runs virtual 

machines. VMs conjointly capture snapshots of this virtual atmosphere, that is, the state of a 

virtual machine at an exact point in time. It permits the machine's state to be reconditioned later 

if required. In addition, if one needed to maneuver the VM to a unique host machine, the 

snapshots are typically migrated over to the other host machine that options a hypervisor. 

 

1.4 Reference model for virtualization 
Virtualization within the broader sense refers to the thought of sharing. A reference model is 

usually used to describe the differing forms of the concept and also the architectural 

implementations. In [9] a green maturity reference model bestowed uses a layering concept; a 

type of numerous layers of abstraction through which virtualization is typically applied. Higher 

levels of virtualization maturity correspond to lower levels of energy consumption. Therefore, 

architectures supporting higher levels of maturity are green and given a lot of attention. Shown 

here is an example of a green maturity model: 

Level zero – No virtualization 

Level one – Logical virtualization 

Level 2- Datacenter virtualization 

Level 3- Cloud virtualization 

This paper focuses on datacenter virtualization. 

 

2. Related work 
Virtualization will facilitate reduction of the power consumption of a datacenter, one amongst 

the primary contributors to ICT emissions. Virtualization has a lot to supply. One such profit is 

minimizing downtime by using the flexibility to migrate virtual machines between hosts. It 

conjointly offers the load leveling of labor , which can increase the employment rates of physical 

hosts, while closing down alternative physical hosts for raised ascendible power savings. 

Resources of the physical host are typically shared, and monitored simply within a virtualized 
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setting which may additionally save power [10,11]. Datacenter topology plays a major role in 

deciding the extent of failure resiliency, ease of incremental expansion, communication 

bandwidth and latency. The aim is to make a robust network that offers low latency, typically up 

to many microseconds, and high bandwidth across servers. several network designs are projected 

for datacenters in [8, 9]. These networks usually accompany a large degree of path redundancy 

that permits for raised fault tolerance. Though the majority of these topologies are symmetrical, 

in practice, datacenter networks end up to be typically a-symmetrical because of frequent failures 

of network parts (switches, links, ports, etc.). In distinction to mounted networks, reconfigurable 

topologies involve optical circuit change, wireless or a mix of each to adapt to traffic demands. 

These topologies believe quick algorithms that take into account the reconfiguration latency. 

 

Experimental 

Simulation design  
The main datacenter was designed with 10 hosts, each being a Dell PowerEdge R840 

multipurpose server. The smaller edge datacenters that act as the edge computing element of the 

simulation used a single host of the same hardware to keep up scale. Because the datacenters 

during this design are comparatively tiny, they were given a ten Gbps link to the surface 

network. 

 

 
 

The execution of a Cloudlet is as follows. First, the datacenter Broker creates the Cloudlet (task) 

and submits it to at least one of its VMs. The input size of the task determines however long it'll 

take to reach the datacenter primarily based upon links within the network and their several 

latency. The task’s instruction count and the MIPS rating on the physical host confirm the 

execution time of the task on the VM. Once the task is finished executing, it comes back to the 

datacenter Broker. 

 

RESULTS 

The simulation program was written in Java using the CloudSim API. The program was designed 

to modify dynamic creation of VMs and Cloudlets and permit their submission by brokers 

according to the antecedently outlined traffic model. 2 factors tested within the experiment were 

virtualization and the inclusion of an edge (Cloudlet). Virtualization had 3 levels, as outlined by 
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the CloudSim API: Best fit, 1st fit and simple fit. The edge element in the network topology was 

either present or not, its presence achieved by setting extra nodes within the network topology as 

smaller datacenters with four restricted hardware resources. The results are plotted in Figure 3. 

 
 

DISCUSSION 

 Interpretation of Results 

Virtualization: From the results, it can be shown that due to virtualization there is up to a nine 

percent savings in energy consumption. there is a negligible distinction in first fit algorithm 

versus the best fit algorithm when edge computing is taken into account.   

Edge: The VM scheduling algorithm is a vital contributor to energy savings across the edge 

factor. However, when considering the case of edge vs no edge, there is a dip energy potency. 

This can be attributed to the overhead prices incurred within the setup of further nodes. 

 

CONCLUSION 

As worldwide ICT infrastructure grows, and also the power consumed by the ICT field rises, the 

importance of green networking solutions are crucial for sustainable growth. Datacenters are one 

amongst the leading contributors to greenhouse emissions, and thus a green networking target for 

reducing carbon footprint. With the rise of IoT and mobile devices being promptly accessible to 

international client markets, this is projected to grow exponentially. This study has shown how 

green networking principles embedded within these networking infrastructures accomplish 

energy savings that scale with the size of the network. We have seen how virtualization is a 

primary factor in energy savings. Adoption of potent\ VM scheduling algorithms (such as Best 

Fit) lead to notice energy savings of up to nine percent.  
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