Optimization of Component Based Softwares To
Achieve Energy Efficient Green Computing

Thesis submitted in partial fulfillment of the requirements for the award of
degree of

Master of Engineering
in
Computer Science and Engineering

Submitted By
Lalit Kumar
(Roll No. 851232004)

Under the supervision of:
Dr. V.P. Singh
Assistant Professor
Computer Science and Engineering Department

COMPUTER SCIENCE AND ENGINEERING DEPARTMENT
THAPAR UNIVERSITY
PATIALA — 147004

July 2015

pg. |







pg. Il




Abstract

Green computing is newer research area where the researcher tries to develop energy
efficient computing to save the environment and energy wastage. In software industry
repetitive writing the same codes, developing same application again and again and
serving unnecessarily useless components are the great hurdles in the field of achieving
green computing targets. In this research we present a model of green software
development by means of using component based software’s. As the components once
developed for some client can be used for another client without recoding .This reduce
the redevelopment time. The ready components can be used by another software
suppliers as a reedy product, thus again saving of significant energy. The components can
be reused with minor customizing for different client. This save the time and money as
well and enhance profitability. In this paper we developed a model for CBSE software’s
to achieve the energy efficiency goals. We proposed 4 levels of model in which first
model includes the design and development phase,. The second level includes the user’s
level customization for energy efficiency. In the third level we focus on energy saving by
auto saving and data back up as data loss wastes a lot of energy to regain the data. In the
fourth stage we focus on disposal, reengineering, reuse of software components. We
successfully demonstrated that our proposed component based software development
model is highly efficient to achieve the environment friendly energy efficient green
computing targets. We propose an energy consumption calculation formula GCBSEEU
for CBSE software’s.
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Chapter 1

Introduction

1.1 Green Computing

Green processing, likewise called green innovation, is the ecologically mindful utilization
of PCs and also related assets. Such practices embody the usage of vitality effective focal
handling units (CPUs), servers and in addition peripherals and also decreased asset

utilization and in addition fitting transfer of electronic waste (e-waste).

Government regulation, however well meaning, is just piece of a general green
processing logic. The work propensities for PC clients and also organizations can be

changed to minimize unfriendly effect on the worldwide environment.

The primary aftereffect of green processing examination brought about the Sleep mode
capacity for PC screens. This capacity permits the PC to enter and also by mode after a
pre-set period goes with no client movement. After this, many concepts like vitality
expense bookkeeping, flimsy customer arrangements, e-waste, and also virtualization

were created.

Green registering is ordinarily alluded to as Green IT. The thought is to guarantee the
slightest human effect on nature. Aside from this, it expects to accomplish ecological

manageability.

The initial move toward the green registering development was the initiation of the
Energy Star program in 1992. This served as a deliberate name that was honored to PC
items that were effective in demonstrating that they utilized least vitality while
augmenting proficiency. The rating was honored to screens, iceboxes, TV sets,

ventilation systems, and also other family unit machines.

In straightforward dialect, green registering is the investigative perceptions of proficient

and in addition compelling outlining, assembling, utilizing, arranging, and in addition



reusing of PCs and additionally PC related items like servers, system frameworks,
correspondence frameworks, screens, USBs, printers, and so on. The perceptions utilizes
science to make advancements that assistance to save normal assets and in addition

decrease the unsafe effect on the earth.
These four pathways concentrate on numerous exercises, for example,

Power Management - This element implies protection of force utilized by every single
electrical machine. Numerous apparatuses now accompany a force sparing/administration
include too. Gadgets with this component consequently kill the force or switch the

apparatus to a low power state when not being utilized.

Vitality Efficient Computing - Computers have a fan/radiator like segment inside them.
The vitality misuse of PCs is expanding by the day. Sadly, very few individuals are
mindful of this. Vitality waste is prompting a climatic change from smoldering coal and
additionally oil. Figure out how to purchase a vitality proficient PC.

Remediation of Environmental Pollutants - This arrangements with decreasing and
additionally expelling contamination or contaminants from groundwater, soil, surface

water, or residue.

Server Virtualization - This is prevalently referred to as VPS and in addition is
ordinarily used to part the server. The thought is to utilize one server which associate
with numerous individual PCs. This advancement has been found in programming,

innovation, and additionally different sorts of structural engineering virtualization.

Sewage Treatment - This wastewater treatment includes expelling of contaminants from
waste water and in addition sewage. Many chemical and additionally natural procedures

are utilized to evacuate chemicals and in addition different contaminants.

Effective Disposal/Waste Management - This is the accumulation, preparing, reusing,
and additionally transfer of waste materials.

Proficient Recycling - Reusing items is vastly improved than giving them a chance to

stay in as well as fills.



Administrative Compliance - A system must be composed by governments, which
would offer tenets for controlling waste administration, diminishing contamination, and

additionally stringent punishments for rebelliousness.

Reusing and in addition Water Purification - This is the procedure of uprooting every
single unneeded material and also contaminants from water. The water is then utilized for
drinking or satisfying particular necessities for medicinal, compound and additionally

different employments.

Green Metrics and additionally Methodology - It is vital to measure supportability and

also ecological execution to help achieve our objectives.

Renewable Resources - Use of renewable wellsprings of vitality, for example, sun

oriented power and wind to fill needs like warming, cooking, and so on.

Eco-Labeling of IT Products - More organizations ought to outline their items so they
get the eco-mark. Customers must check for the eco-mark before putting their assets in a

specific IT item.

Flimsy Client Solutions - Thin customer is otherwise called an incline customer

arrangement, and in addition obliges PCs to rely on upon another PC or server to work.
1.2 Going Green at Work

Associations must take after these straightforward strides for making the green

processing mindfulness in their working environments.

« Announcing green expectations to all representatives.

« Setting up a board of trustees to shape a green IT arrange.
» Centralization of all desktops.

» Using effective PC applications.

« Power administration strategies.

» Business execution improvement.

The most well-known activities associations have embraced are:



Virtualization: Virtualization is the combining of servers and additionally frameworks to
lessen power utilization and in addition vitality usage. It prompts utilization of more than
one framework on a solitary bit of physical equipment. This considers least power
utilization and additionally most extreme cooling. Power Saving: Industry as well as

like ACPI outline and also make PC segments in a manner that they bring about force

controlling and additionally sparing.

Telecommuting: Employees telecommuting diminish the fuel emanation made amid
driving by vehicles. Additionally, there is decrease in overhead expenses on utilities, and
so on. These activities bring about expanded power and additionally vitality investment

funds.

VolIP: VolIP as well as for VVoice over Internet Protocol and also brings about less phone

wiring and additionally lower expenses.
1.3 Regulations and additionally industry activities

Government Regulations:

Numerous legislative organizations have kept on executing additionally regulations that
empower green processing. The Energy Star project was reexamined in October 2006 to
incorporate stricter proficiency necessities for PC gear, alongside a layered positioning

framework for affirmed items.
Industry Regulations:

Climate Savers Computing Initiative (CSCI) is a push to decrease the electric force
utilization of PCs in dynamic and also idle states

The Green Electronics Council offers the Electronic Product Environmental Assessment
Tool (EPEAT) to help with the buy of "greener" processing frameworks. The Green Grid
is a worldwide consortium committed to propelling vitality effectiveness in server farms
and in addition business figuring biological systems. It was established in February 2007
by a few key organizations in the business — AMD, APC, Dell, HP, IBM, Intel,
Microsoft, Rackable Systems, SprayCool (obtained in 2010 by Parker), Sun
Microsystems too as VMware. The Green Grid has following developed to many



individuals, including end-clients and government associations, all centered on enhancing
server farm foundation productivity (DCIE).

The Green500 rundown rates supercomputers by vitality productivity (megaflops/watt),
empowering an emphasis on proficiency as opposed to total execution.

Green com Challenge is an association that advances the improvement of vitality
preservation innovation and additionally rehearses in the field of Information and in
addition Communications Technology (ICT).

The Transaction Processing Performance Council (TPC) Energy detail expands existing
TPC benchmarks by permitting discretionary distributions of vitality measurements close
by execution results.

SPEC power is the first business benchmark that measures power utilization in
connection to execution of server-class PCs. Different benchmarks which measure

vitality productivity incorporate SPEC web, SPEC virt, and also VMmark.

1.4 Green Approaches:

Item life span:

Gartner keeps up that the PC assembling procedure represents 70% of the common assets
utilized as a part of the life cycle of a PC. [20] More as of late, Fujitsu discharged a Life
Cycle Assessment (LCA) of a desktop that demonstrate that assembling and also end of

life records for the greater part of this current desktop's natural foot shaped impression.
Server farm plan

The U.S. Branch of Energy determines five essential territories on which to center vitality

effective server farm plan best practices:

» Information innovation (IT) frameworks
» Environmental conditions

» Air administration

» Cooling frameworks

» Electrical frameworks



1.5 Algorithmic productivity

The efficiency of computations has consequences on the count of PC belongings required
for any given processing and in addition there are many proficiency exchanges in
building projects. Calculation changes, for example, changing from a moderate (e.g.
direct) look calculation to a quick (e.g. hashed or recorded) seek calculation can lessen

asset use for a given assignment from generous to near to zero.
1.6 Asset distribution

Calculations can likewise be utilized to course information to server farms where power
is less costly. Various analysts have tried a vitality portion calculation that effectively
courses movement to the area with the least expensive vitality costs. The specialists
invest around 40 percent reserve funds on survival costs if their proposed calculation

were to be sent.
1.7 Virtualizing

PC virtualization alludes to the reflection of PC assets, for example, the procedure of
running two or more coherent frameworks on one arrangement of physical kit. The notion
began with the IBM centralized server frameworks in 1960s, however was marketed for
in the 1990s.

1.8 Terminal servers

As a segment of green computing industries have shifted towards Terminal servers. The
framework comprises of a uniting a focal server with the client, where the major part of
processing is done on the server, while the end client experience the working framework
on the terminal. These can be collaborated with customers, which consume around 1/8™

of vitality of an ordinary machines.
1.9 Power management

The Advanced Configuration and Power Interface (ACPI), an open industry, permits an

operational framework to control the force sparing segments of its essential equipment.



This allows a framework to kill parts naturally, like additional hard drives and monitors
after defined time of latency. Moreover, when most parts are killed a framework may
sleep. ACPI is a descendant to a prior Advanced Power Management, which authorizes a

PC's BIOS to regulate various power administration functions.
1.10 Server farm power

Server farms, which have been condemned for their exceptionally high vitality, an
essential center for defenders of green computing. [3][29] Data focus can conceivably
enhance their vitality and also space productivity through procedures, for example,
stockpiling combination and in addition virtualization. Numerous associations are

planning to dispose of underutilized servers, which brings about lower vitality utilization.
1.11 Working framework support

Since Windows 95 has been released, Microsoft has included restricted PC power
administration. These at first accommodated with suspend-to-RAM along with the
addition of a low power state of screen. Further emphases included sleep mode and
additionally bolster for ACPI. Windows 2000 was the first NT-based working framework

which incorporated force administration.
1.12 Green processing accreditations

A few confirmations exhibit that an individual has particular green figuring information,

including:

Certified Green Computing User Specialist (CGCUS), certified Green Computing
Professional (CGCP) certifications along with Certified Green Computing Architect

(CGCA) are offered as a part of Green Computing Initiative (GCI).

CompTIA Strata Green IT is intended for IT chiefs to demonstrate that they have great
information of green IT rehearses and also techniques and additionally why it is vital to

join them into an association.



Information Systems Examination Board (ISEB) Foundation Certificate in Green IT is
fitting for demonstrating a general understand well and in addition familiarity with green
figuring and additionally where its usage can be valuable.

Singapore Info com Technology Federation (SiTF) Singapore Certified Green IT
Professional is an industry embraced proficient level accreditation offered with SiTF
approved preparing accomplices. Confirmation obliges fulfillment of a four-day educator
drove center course, in addition to this one-day elective from an approved vendor.
Australian Computer Society (ACS): The ACS offers an endorsement for "Green
Technology Strategies™ as a component of the Computer Professional Education Program
(CPEP). Honor of an authentication obliges consummation of a 12-week e-adapting
course composed by Tom Worthington, with composed assignments.

International Federation of Green ICT - advances two fundamental green projects,
towards Green business and in addition Green Government, and additionally a system
intended for expert Green IT accreditation by IFG.

1.13 Component Based Development

Component based development (CBD) is a branch of programming designing that put
accentuation on the division of concerns in appreciation of the expansive running
functionality available all through a given programming framework. It is a reuse-based
way to deal with implementing; characterizing and in addition creating 1oosely coupled
self overseeing parts into frameworks. An individual programming part is a bundle of
programming; a Web administration; or a free unit that encapsulates and arrangement of
related capacities (or information). Reusability is an imperative element of a high-
quality programming part. The Tool bolster — motivation behind Software Engineering
is to givepractical solutions to problems; and also presence of proper tool is essential
for a successful CBD execution. Development tools, for example, Visual Basic; have
turned out to be the extremely successful; yet the numerous different tools are yet to
show up the segment selection and in addition the discovering tools; the segment
information base record and thetools for dealing with the archives; the part test tools;
component-based outline tools; run-time framework analysis tools; the segment design

tools; and so forth.



CBD is a discipline that the guarantees to take the product building into another period.
The Building on the accomplishments of article arranged programming development;
CBD means to deliver the product building from a bungalow industry into an industrial
age for the Information Technology; wherein programming can be assembled from
segments; in the way that the equipment frameworks are currently built from the units of

parts.

This volume gives a review of the current condition of the CBD; as reflected by
exercises that have been taking place recently under pennant of CBD; with a perspective
to giving the pointers to future patterns. The commitments report contextual analyses —
self-contained; altered term examinations with the limited arrangement of clearly
characterized purposes and the measurable results — on a sample of the heap parts of
CBD.

It dealing with COTS (commercial off-the-shelf) parts; the methodologies for CBD;
compositionality; i.e. step by step instructions to calculate or foresee properties of a
composite from those of its constituents; segment programming testing; and additionally

matrix processing.

1.13.1 CBD life cycle

The CBD Llife Cycle includes all the exercises and in addition work items essential to

develop a segment based programming framework.

Qualification Adaption

Selection Testing

Maintanence Integration




Fig 1. Component based development cycle



1.13.2 Factors affecting CBD

Parameter Incompatibility

Amid the part based development trade of information happen between segments when
segments are incorporated with different segments. However, here and there this may
bring about some problems as the trades of data between the parts happen. Since on
account of the segment based development the parts may be from diverse sellers and
additionally the vast majority of the times the source code is not given with the black box
segments. So it might be difficult for the part buyer to anticipate the functionality of
black box segments. It might be impossible or extremely difficult to change black box
segment. In this manner it is difficult to utilize theblack box part amid the segment
based development; when value returned by one segment's capacity is gone to the
segment's capacity as a contention to perform its capacity however their information sorts
are distinctive so parameter bungle happen. This is called parameter incompatibility
problem. For this situation a blunder may emerge and in addition it may influence other

part's functionality joined tithe influenced segment.
Interface Complexity

Controlling and in addition minimizing programming compZlexity is one of key
purposes of the every product development standard in light of the fact that it influences
numerous different viewpoints like product reusability; testability and additionally
maintainability and so on. The Interface complexity is one of the key element to be
considered while selecting a part amid segment based programming development. The
interface complexity can be characterized by the considering its connections with
different segments. So selected segment should have low number of approaching and
additionally cordial connections with different parts; in another words the segment
should have low coupling with the other segments. 1ess interface complexity helps in
minimizing mix and in addition the support endeavors. In this manner the parts having

less complex interfaces can be easily coordinated with different segments.



1.13.3 CBD Testing

Testing is an essential a piece of each product development process. To give a decent
quality the product item's trying must be done thoroughly. However, if there should be
an occurrence of CBD; now a day's black box parts are being produced to be reused and
in addition in the vast majority of the cases the source code is not given with the segment
by segment merchants. So it is exceptionally difficult to trust functionality of black box
segment by the part customer. So the part buyer needs to test segment appropriately. In
any case, it is exceptionally difficult for the segment purchaser to produce suitable
experiments on the grounds that in the greater part of the cases source code is not
available with the segment. So it results in difficulty for testing the part conduct and it
is considerably more difficult to test thewhole conduct of a product framework build by
coordinating black box segments having highcoupling. Since it will be more difficult
to produce the experiments; track blunders and also settle them. In any case, the
utilization of free segments or the parts with low coupling will result in 1ess number of
and also simpZle experiments and in addition it will be anything but difficult to discover

blunders.

Upkeep is also an essential some piece of each product development life cycle in light
of the fact that it helps in staying up with the latest. It also decreases shots of the product
failure. Along these lines now and then with the end goal of programming framework
support a need may emerge for thereplacing a segment with another segment or making a
few alterations in the current part. Yet, this may bring about some problems .This may
lead to the prerequisite of the making adjustment in the parts that are associating with the
altered or replaced segment. This will also expend more exertion; time and in addition
cost. In this way segment that is 1less replicable and additionally modifiable should be
abstained from amid part based programming development. This problem can also be
solved by utilizing free parts or by utilizing the segments having less coupling with

alternate segments.



1.13.3.1 Problems in Testing Software Components

To check the quality of a part and also to understand well as its practices, clients must
spend a lot of endeavors on understanding well the given segment archives. In addition
to this they need to make a test suite and also the test driver to perform the
acknowledgment testing. For in-house segments, engineer’s usually make their own test
suites for segment testing. On the other hand, these suites are developed utilizing a
specially appointed way. At the end of the day; they are made utilizing the conflicting test
organizations; the differing technologies; the many repositories and additionally tools.
This has something to do with the way that they are made by distinctive groups in various
tasks. The key symptom of this is that test suites are difficult to be reused, incorporated
and additionally oversaw in precise approach to the component testing, part joining and

in addition framework testing.
1.13.3.2 Figuring out of programming

Figuring out is the procedure of finding the mechanical standards of a human made
gadget, protest or framework through investigation of its structure, capacity and
operation. It regularly includes taking something and investigating its workings in point
of interest to be utilized as a part of upkeep, or to attempt to make another gadget or

system that does likewise without utilizing or basically copying any piece of the first.

In a segment based programming, projects are built utilizing established programming
parts. It includes outsider segments, in-house parts and additionally new1ly built
application segments. Indeed, an item is a combination of altered segments to meet the

particular necessity set.

There are two elements which influence the compZlexity of segment reconciliation. First
is the quantity of involved segments. The other is the customization capability of the
parts. Although the current mix methodologies, for example, incremental incorporation;
are applicable to part combination. Architects require new viable mix methods and in

addition efficient tools to boost part coordination.



Figuring out has its inceptions in the investigation of equipment for business or military
favorable position. The object is to derive plan choices from deciding items with almost
no extra learning about the methods included in the first generation. The same procedures
are in this manner being examined for application to legacy programming frameworks,
not for mechanical or resistance closes, but instead to supplant wrong, deficient, or

generally occupied documentation

By and by, two fundamental sorts of figuring out develop. In the first case, source code is
as of now accessible for the product, however more elevated amount parts of the system,
maybe ineffectively archived or reported yet no more substantial, are found. In the
second case, there is no source code accessible for the product, and any endeavors
towards finding one conceivable source code for the product are viewed as figuring out.
This second utilization of the term is the one the vast majority are acquainted with.
Figuring out of programming can make utilization of the clean room outline strategy to

stay away from copyright encroachment.

On a related note, discovery testing in programming designing has a considerable
measure in a similar manner as figuring out. The analyzer for the most part has the API,
yet their objectives are to discover bugs and undocumented elements by bashing the item

from outside.

Different purposes of figuring out incorporate security inspecting, evacuation of duplicate
insurance ("breaking™), circumvention of access limitations frequently introduce in
purchaser gadgets, customization of implanted frameworks, (for example, motor
administration frameworks), in-house repairs or retrofits, empowering of extra
components on minimal effort "handicapped" equipment, (for example, a few

representation card chip-sets), or even minor fulfillment of interest.
1.13.4 Code reuse

Specially appointed code reuse has been honed from the soonest days of programming.
Software engineers have constantly reused segment of codes, layouts, capacities, and

methods. Programming reuse as a perceived territory of study in programming building,



then again, dates just from 1968 when Douglas Mcllroy of Bell Laboratories proposed

constructing the product business with respect to reusable segments.

Code reuse plans to spare time and assets and decrease excess by exploiting resources
that have as of now been made in some structure inside of the product item advancement
process. The key thought in reuse is that parts of a PC project composed at one time can
be or ought to be utilized as a part of the development of different projects composed at a

later time.

Code reuse infers the production of an independently kept up rendition of the reusable
resources. While code is the most well-known asset chose for reuse, different resources
created amid the improvement cycle may offer open doors for reuse: programming

segments, test suites, plans, documentation, etc.

The product library is a decent illustration of code reuse. Software engineers may choose
to make inward reflections so that certain parts of their project can be reused, or may
make custom libraries for their own particular utilization. A few attributes that make
programming all the more effortlessly reusable are seclusion, free coupling, high

attachment, data concealing and division of concerns.

For recently composed code to utilize a bit of existing code, some sort of interface, or
method for correspondence, must be characterized. These generally incorporate a "call"
or utilization of a subroutine, question, class, or model. In associations, such practices are
formalized and institutionalized by space building otherwise known as programming

product offering designing.

The general routine of utilizing a former adaptation of a surviving program as a
beginning stage for the following variant, is likewise a type of code reuse. Some
purposed code "reuse" includes essentially duplicating some or the majority of the code
from a current project into another one. While associations can understand time to market
advantages for another item with this methodology, they can consequently be saddled
with a significant number of the same code duplication issues brought about by cut and

glue programming.



Numerous scientists have attempted to make reuse speedier, less demanding, more
methodical, and a necessary piece of the ordinary procedure of programming. These are a
portion of the principle objectives behind the development of item arranged
programming, which turned into a standout amongst the most widely recognized types of
formalized reuse. A to some degree later creation is nonspecific programming.

Another, more current means is to utilize program generators which can make new
projects of a certain sort, in light of an arrangement of parameters that clients pick. Fields

of study about such frameworks are generative programming and meta programming.
Software reuse types
Concerning inspiration and driving components, reuse can be:

» Opportunistic - While getting prepared to start a venture, the group understands
that current segments they can reuse.
« Planned - A group deliberately outlines segments with the goal that they'll be

reusable in future ventures.

Software Reuse

Inspiration/Driving Shape/Structure of
Components Reuse
I e ] A—

Fig. 2. Software Reuse Types

Concerning shape or structure of reuse, code can be:

« Referenced - The customer code contains a reference to reused code, and along

these lines they have particular life cycles and can have unmistakable adaptations.

* Forked - The customer code contains a neighborhood or private duplicate of the

reused code, and in this way they share a solitary life cycle and a solitary form.
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Fork-reuse is regularly demoralized in light of the fact that it's a type of code
duplication, which obliges that each bug is adjusted in every duplicate, and
upgrades made to reused code should be physically converged in every duplicate
or they turn out to be outdated. In any case, fork-reuse can have advantages, for
example, seclusion, adaptability to change the reused code, simpler bundling,

organization and adaptation administration.

Reuse can be classified further:

Internal reuse - A group reuses its own parts. This may be a business choice, since
the group may need to control a part discriminating to the venture.

External reuse - A group may decide to permit an outsider part. Permitting an
outsider segment regularly costs the group 1 to 20 percent of what it would cost to
create internally. The group should likewise consider the time it takes to discover,

learn and coordinate the segment.

1.14 Programming Development Life Cycle (SDLC) stages:

There are various programming techniques characterized and outlined which utilize

advance procedure of programming. These methodologies are likewise indicated as

"Software Development Models" (e.g. Waterfall model, iterative model, V-model,

incremental model, and so forth.). Different life cycle model is chosen considering the

end goal to accomplish the procedure of software design advancement.

These models depict various phases of the product cycle and the way in which those

stages are executed. Each stage generates deliverables required by the next stage of the

life cycle. Code is built by configuration which is as known as advancement stage.

Subsequent to coding and enhancement, the testing evaluates the end product of the usage

stage against requirement.



Requirement Analysis

Design

Implementation

Testing

eployment

Maintenance

Fig. 3 Software Development life cycle model
Requirement Analysis:

In this stage the business requirements are collected. The stake holders involved during
this phase are the clients, partners and supervisors. All the stakeholders have gatherings
and meetings with the end goal to capture the needs like, “who would be using the
framework”, “How the framework would be utilized”, “What information needs to
yielded by the framework™. In this phase brainstorming is done to get the answers to the

above questions. The requirement documents are developed and explicitly signed off.

Final output of this phase is the requirement specification document on which all the

parties have mutually agreed on.

Design: Using the specification document, the framework and various other
programming setup is discussed in this phase. Various design documents like high level

and low level are created in this phase. It is one of the most critical phase of the life
27



cycle. In this phase the software cycle shifts from “what to do” to “how to do”. The
logical design is converted into physical design. Input, Output, code schema,

database, etc. are sketched in this phase.
Implementation/Coding

In this phase the sketched design needs to be implemented using certain programming
languages / tools etc. The data movement and control is coordinated by the set of
programs. A code if written properly further reduces the efforts in the testing and

maintenance phase. The phase should be implemented in a modular approach.
Testing

Before deploying the code being developed in the above phase, it needs to be thoroughly
tested using proper system and integration testing. The test plan needs to be properly
executed on the given test data, something similar to the real data. The actual results

should match with expected results.
Maintenance

Maintenance and further enhancements are done in this phase. This phase is necessary to
remove the errors in the system after being deployed to production or to provide further
optimized / enhanced version of the code. Future change request are also implemented in
this phase. However, if any major changes are requested than a new project may be

carried out.

Territories of Focus for Energy Management Metrics At the point when talking about
vitality measurements, a great spot to begin is with a noteworthy sympathy toward most
organizations today: understanding and measuring vitality effectiveness. Numerous
modern organizations have been centered around vitality proficiency for a considerable
length of time, particularly in vitality concentrated commercial ventures like metals,
mining, minerals, mash and paper, oil and gas, and then some. Endeavors for the vast

majority of these organizations have been in a few distinct zones:



* Unit-level streamlining — concentrating on control arrangements that can
enhance the effectiveness of gear, for example, smelters, boilers, chillers, and

compacted air frameworks.

*  Process-level streamlining — executing programming like Advanced Process
Control (APC) to start including vitality, not simply item costs, into procedure

control frameworks.

« Energy proficiency ventures — executing new advancements intended to
diminish the utilization of vitality in operations. These can incorporate variable
velocity drives, new lighting frameworks, sun powered, wind, consolidated
warmth and power, and that's just the beginning. Much of the time organizations
use distinctive obstacle rates for vitality proficiency ventures when contrasted
with other capital expenses furthermore frequently influence financing
alternatives that utilization future vitality investment funds in the beginning

capital expenses.

In spite of the fact that emphasis on each of these ranges has conveyed worth to
organizations, they have not so much been a piece of a bigger vitality administration
activity inside of the association. At the point when this is the situation, organizations
frequently battle in comprehension which measurements to gauge and how to screen

execution increases after some time.
1.15 Best Practices Around Measuring Energy Metrics

As driving organizations move to upgrade key assets and make a key IEM system, there

are some predictable best practices we are seeing executed around measurements.

« Data granularity — measuring information close continuous and at the unit-level

conveys highly enhanced worth to following measurements

« Converging acquirement and utilization information — by uniting this data
with a solitary information model, organizations hope to attach vitality acquisition

choices to the condition of operations



*  Viewing vitality as an item cost, not settled expense — organizations ought not
take a gander at vitality as a simply altered expense, rather it ought to be separated
into a blend of settled and variable expenses and included inside both the Bill of
Materials and also the costing strategies set up at the organization, (i.e. action

based costing) .
Measuring the Right Metrics

The other significant inquiry organizations must answer today is around which

measurements to quantify. There are a few unique elements to consider:

One is regardless of whether different organizations measure the metric; this is vital in
light of the fact that when a minimum amount of organizations measure a metric there
will be more assets for characterizing and benchmarking the metric against associate

gatherings.

The second variable to consider is the means by which all around adjusted to other
organization measurements and objectives the vitality measurements are. In the event that
your organization is centered on effectiveness or cost in operations, this center ought to

additionally be reflected in the vitality measurements.

At last, the measurements ought to be standardized after some time and record for
changes outside of vitality. Case in point, as the cost of vitality changes after some time

vitality proficiency additions can be skewed.

For these reasons and then some, LNS sees the accompanying measurements as integral

to powerful Industrial Energy Management:

» Energy Intensity — as vitality is followed all the more granularly and attached to
the item, it ought to be standardized for changes underway and changes in vitality
costs with the goal that a genuine picture of vitality productivity upgrades are

made

« Carbon Intensity — commanded in a few areas and commercial enterprises,

carbon force is regularly a superior measure of productivity additions than taking



a gander at vitality itself. Frequently, it more nearly concurs with operational

proficiency picks up than vitality force increases alone

1.16 Accomplishing the Level of Granularity Needed with Technology

Finishing a viable vitality measurements project takes an innovation venture that
incorporates framework joining between control frameworks, fabricating programming,
and undertaking applications. This mirrors a great part of the great work officially done
in the ISA-95 model of MOM framework joining.

Numerous computerization sellers are as of now fusing vitality into information models
and systems administration conventions to guarantee this information can stream up
through to big business frameworks and dash boarding advancements. In future reports,
LNS will be covering an all the more top to bottom examination of measurements utilized

today and in addition how market driving organizations are exploiting.

The transformation of smartphones, tablets and slim line laptops into important corporate
assets has done more than change how companies do business. This mobility trend has
also fast-tracked improvements in PC power usage, resulting in increasingly smaller
machines that can perform sophisticated tasks while using less energy than legacy
models. With power management software, companies can enjoy additional efficiency

gains from hardware.
New MacBook Pro demonstrates balance of high performance and low-power usage

One example of this phenomenon is the latest iteration of Apple’s Retina MacBook Pro.
With the help of an Intel processor, it gets up to nine hours of battery life, compared to

the seven hours of its predecessor.

At the same time, the 13-inch model is smaller than ever, with a body that is less than an
inch thick and weighs only 3.46 Ibs. An extra boost comes from the newly released OS X
Mavericks that gives all Macs an extra hour of Web browsing time per charge. Amid all
of these optimizations, the new MacBook Pro still contains components optimized for
heavy workloads, demonstrating the possibility of balancing energy efficiency and

performance.



Developments in mobile processors and experimental computers may provide even better
insight into the evolution of power-performance balance. Although farfetched for now,
low-power carbon nanotube technology illustrates the destination that smartphone chips
could reach after years of refinement. For example, the iPhone 5S’s A7 chip has twice the

performance of its predecessor, but consumes only half as much power.

As computers become better at doing more tasks using less battery charge, enterprises
can reap more benefits by using PC power management software. These solutions
intelligently analyze the full system before putting it into savings mode. As a result,
business users can rest assured that all work and disk states are preserved, making energy
management tools a natural complement to increasingly efficient PCs, Macs and mobile

devices.

While individual consumers can save hundreds of dollars each year by pursuing simple
best practices like regularly putting computers into sleep mode or unplugging fully
charged gadgets, enterprises can enjoy similar savings at scale with power optimization
software. Power saving software has the added benefit of working with a variety of
operating systems and hardware types, meaning that it can turn even an older, less

efficient desktop into an efficient machine.

1.17 Organization of Thesis

Rest of the thesis is organized as below:

Chapter 2: In this chapter detailed description of the literature survey is done to study
component based software model.

Chapter 3: In this section gap analysis followed by problem statement along with the
objective of this research work.

Chapter 4: This chapter provides the proposed approach along with change
identification and analysis.

Chapter 5: This chapter provides the implementation details along with the application
of proposed approach.

Chapter 6: In this chapter conclusion followed by contribution and future scope is

discussed.
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Chapter 2

Literature Survey

The Component based programming designing is most likely most appropriate
programming improvement procedures accessible so far that impeccably suited for
vitality productivity green registering model.

As of late numerous endeavors have been done in acquiring green programming. A few
endeavors are centered on building green and manageable programming, some outline
programming procedures to help all partners in building green programming items.
Others endeavors are centered on building programming devices that measure the impact
of programming on the earth and in addition the impact of use improvement situations on
the product as far as vitality effectiveness. Efforts accentuate on the working framework
to help control the force utilization of uses.

A mixed bag of examination take a shot at Green ICT has mostly centered on natural
supportability as far as PC equipment. However, uncovering the issues identified with
vitality utilization in programming can be an extraordinary help in accomplishing green
registering. Programming elements are in charge of CO2 discharges as are equipment
parts. Programming has a roundabout impact on nature by working and additionally
dealing with the basic equipment running it. Some product based arrangements can
screen and in addition use assets proficiently and additionally others can be sufficiently
manageable to restrain the need of adding more equipment because of redesigns.
Shockingly there is an absence of models and also work in the territory of PC

programming and in addition programming advancement forms.

General programming arrangements found in [4, 5] incorporate virtualization, shutting
applications no more being used, effective calculations by composing a smaller
configuration of codes and information structures, decrease of parallelism overhead by
creating proficient burden adjusting calculations, fine grained green processing, and

additionally making vitality distribution calculations for directing information. Naumann



et al., [1] thought of a theoretical reference model named GREENSOFT model for
maintainable programming. Their four section model backings programming engineers,
directors, and additionally programming clients in making, keeping up, and utilizing
programming as a part of a green way. The four sections cover an existence cycle model,
measurements, method models, and also proposals and in addition devices for diverse

partners.

Shenoy and in addition Earatta in [38] likewise give a green improvement show in which
they propose steps that may prompt lower carbon outflows in the product life cycle

stages.

Mahaux and in addition Canon [2] contend that prerequisites building is basic to the
entire programming life cycle essentially in the use stage where clients are conveyed the
framework and in addition anticipate that it will fit in with their necessities. They assert
that right prerequisites building can help programming last more consequently decreasing

the vitality utilization.

Capra et al., [9] concentrate on building up a measure of vitality proficiency for
programming applications and additionally represent how application advancement

situations can have a negative impact because of the extra lines of code they include.

Gupta and in addition Singh in [8] present a structure for making a shrewd force profile
that actualize three techniques at the season of login into the framework. These routines
ceaselessly measure the force utilization of running programming in a given time of time

and additionally can be fused in working frameworks.

With the developing demas well starting more unpredictable programming applications,
Information and Communication Technology (ICT) has had a tremendous negative effect

on the earth because of its expanding asset and in addition power utilization.

The impact of ICT on reasonable improvement [1, 12] particularly on programming is the
intriguing issue now-a-days in Green Computing. Reasonable improvement alludes to
asset use for addressing the needs of people while considering the natural, financial, and

also societal effects. In spite of the fact that ICT as of late has been attempting to discover



effective answers for the earth, it is not clear whether vitality and in addition asset reserve

funds by ICT will surpass its asset utilization.

Research that spotlights on the outline of code and also how it may bring about bloating
are found in [13]. An exertion spent on vitality effectiveness through including more

centers a solitary CPU can be found in [14].

In [10] a methodology in view of occasional estimations of GPIs and in addition QoS and
also reception of Service Oriented building design is utilized to advance vitality

productivity at the Software-as-Service layer.

In [11, 12] endeavors are spent on characterizing general great practices in green
programming building, for example, gathering prerequisites through electronic means
and in addition sending the idea of virtualization. Lives up to expectations that emphasis
on the significance of necessities building for maintainable programming are found in
[22, 23, 24, 30, 33].

In [22] the product necessities building procedure concentrating on manageability

prerequisites for an organization named The Yellow Project is accounted for.

A way to deal with green administration based applications is accomplished through

incorporating eco-mindful necessities in view of vitality objectives is found in [23].

In [24] it is contended that green ICT ideas identified with programming prerequisite
designing ought to be added to undergrad programming courses. In [30] a necessities
building methodology is produced that permits architects to have supportability as a top
of the line quality target. Tending to manageability of programming procedures is found
in [32].

In [34] endeavors are spent in having clear measurements for measuring the carbon foot
shaped impression of programming improvement, the measure of assets utilized by
programming, and additionally the amount of harm it does to the earth. Work found in
[33, 39] emphasis on quality designing in light of the estimations of programming as far
as quality measurements. Lives up to expectations that are devoted for practical

improvement in software engineering are found in [3, 37].



Chapter 3

Problem Statement

3.1 Research Gap Analysis

Research Gap analysis comprises of characterizing the current express, the wanted or
“target’ state and henceforth the crevice between them. In the later phases of critical
thinking the point is to take a gander at approaches to conquer any hindrance
characterized and this may frequently be expert by in reverse anchoring legitimate
arrangements of activities or middle of the road states from the wanted state to the current
state. As it were, posing the question, what must be set up, or more likely than not

happened all together that this fancied state (a) can exist?

3.2 RESEARCH METHODOLOGY: CASE STUDY

About Case Study:

We use Case study method, modeling and statistical analysis for implementing the
proposed model. We used 2 online e-commerce component based projects for this case

study.
3.3 Testing Tools used:

Statistical Analysis Tools: SISA (Simple Interactive statistical Analysis): SISA is a
basic intuitive factual investigation apparatus which is similar to SPSS. A mechanized
online tests can be performed by utilizing this apparatus.

Tellurium: An Automated Software Testing Tool: Tellurium Automated Testing
Framework is an open source robotized testing system for testing web applications.
Tellurium developed from Selenium system around 2 years back with an alternate testing
methodology. Tellurium is based on Ul module idea, which makes it conceivable to
compose reusable and simple to keep up tests against the element RIA based web
applications. Ul module is accumulation of Ul (DOM) components assembled together.



Windows performance Analyzer: It is an inbuilt windows based tool to analyses the

CPU performance, memory uses and network performance.

3.4 Problem Formulation

Green computing is newer research area where the researcher tries to develop energy
efficient computing to save the environment as well as energy wastage. In software
industry repetitive writing the same codes, developing same application again as well as
again as well as serving unnecessarily useless components are the great hurdles in the
field of achieving green computing targets. In this research we present a model of green
software development by means of using component based software. As the components
once developed for some client can be used for another client without recoding .This
reduce the redevelopment time. The ready components can be used by another software
suppliers as a reedy product, thus again saving of significant energy. The components can
be reused with minor customizing for different client. This save the time as well as
money as well as well as enhance profitability. In this paper we developed a model for
CBSE software to achieve the energy efficiency goals. We proposed 4 levels of model in
which first model includes the design as well as development phase, The second level
includes the user’s level customization for energy efficiency. In the third level we focus
on energy saving by auto saving as well as data back up as data loss wastes a lot of
energy to regain the data. In the fourth stage we focus on disposal, reengineering, reuse of
software components. We successfully demonstrated that our proposed component based
software development model is highly efficient to achieve the environment friendly
energy efficient green computing targets.

3.5 Objectives

« To observations existing approaches being proposed for identifying as well as
analyzing change as well as also undersea well asking existing techniques for
Energy Efficient Green Computing (EEGC) software engineering.

« To propose an approach which creates reduced as well as efficient

* To validate the approach using the case observations of automated teller machine

as well as analyze the results.



Chapter 4
Proposed Approach:

Green Component Based Software Engineering (GCBSE)

4.1 Overview
PROPOSED MODEL of GCBSE

The principal objective of this research includes:

i.  To Observations as well as examine the existing Green Computing Techniques as
well as Models.

ii.  Development of a model to reduction of energy wasting by using component
Based Software. .

iii.  Comparison of existing green computing models with CBSE computing models.

As the increasing threats of global warming as well as the strict guidelines of
environment regulatory bodies it is necessary to build energy efficient software which
saves energy wastage on many levels as well as thus save energy finally. Which in turn

contributes its part to the environment friendly eco system to reduce the energy wastage?
Suitability aspects of CBD software towards green computing:

The Component based software have several unique features which make it highly
efficient for green computing such as:

1) The component based software are need not to be programmed again as well as
again for different applications as it can be directly attached as a separate component
as well as then integrated with the systems as detachable component. Thus saves a
lot of human efforts which in turn saves the energy wastage in development stage.

2) The component developed for a system can be easily debugged, recycled,
reengineered as well as reused. This saves a lot of software development time. Thus

contributes in energy saving.



3) The component based software can be easily customized for different client’s need
as well as budget as it can be easily added or removed from the system. This saves
the customization time for clients as well as thus saves energy.

4) There are many freely available open source components are available for
developers, by use of these freely available components we further reduce the
development cost as well as time, which in turn contributes significantly in
achieving green computing targets.

5) At end user level it can be further customized as per the requirements of the user’s
needs by enabling or disabling the software sub-components. This further reduces
the processor cycle as well as memory consumption. This in turn saves energy as
well as attributes in green computing targets.

The above mentioned featured clears that the CBSE based software are highly adaptable

for achieving green computing targets.

4.2 Detailed Description of Proposed Approach-(GCBSE)
Stage-1

Energy Units Consumptions (EUC) in GCBSE:

GCBSEEUC = (>.Time spent + Y| Line of Codes in all components)* )° Human

Involved

Here GCBSEEU = Green Component Based Software Engineering Energy Units

Consumptions.

In the development phase of green computing we reduce the energy wastage in every
stage of SDLC life cycle. Requirement Design Unit Testing Implementations Increment

System Testing Release of System, Uses, Green analysis.



Chapter 5

Implementation and Experimental Results

5.1 Overview

The components of a software project can be reused with minor customizing for different
client. This save the time and money as well and enhance profitability. In this paper we
developed a model for CBSE software to achieve the energy efficiency goals. We
proposed 4 levels of model in which first model includes the design and development
phase. The second level includes the user’s level customization for energy efficiency. In
the third level we focus on energy saving by auto saving and data back up as data loss
wastes a lot of energy to regain the data. In the fourth stage we focus on disposal,
reengineering, reuse of software components. We successfully demonstrated that our
proposed component based software development model is highly efficient to achieve the
environment friendly energy efficient green computing targets. We propose an energy
consumption calculation formula GCBSEEU for CBSE software. This saved a lot of

human efforts and thus saves the energy which strongly supports the eco-friendly goals.

5.2 Application of Proposed Approach: GCBSE

The GCBSE is highly suitable for the rapid and eco-friendly component based software

development with reduced energy consumptions. Our GCBSE model is useful to cut the
manpower costs as well as energy wastage to develop a similar type of component based

projects.
5.2.1 Case Study of e-Commerce Projects:

Two different e-commerce clients need to setup a website which would help them in growing
their business. They reached out to a software company to help them in setting up their

websites.



5.2.2 Implementation of GCBSE model

For implementing the above case study the website for first client involved building all

the required components from scratch as this was the first time the website was built.

However, for building the second website, the proposed GCBSE model is implemented,

since the already exsisting components can be used to built the website.

Below are the various components being built for client one:

ERP Solutions Major Software Components
Administrative Login Components | Customer’s Login Components
1 | Customer listing Payment module
2 | Products listing Cash /Credit report
3 | Buyers + viewers logs Payment invoice
4 | Payment manager Payment Module
5 | D.R.R. (daily report register) Booking record
6 | Delivery tracker Delivery status
7 | Delivery management Delivery schedule
8 | Booking cancelation management | Booking cancel module
9 Feedback
10 | Stock Inventory management Product searching & booking
11 Product descriptions
12 News for upcoming products
13 Special offers
14 SMS services
15 e-mail notification

Table —1: Components of Power core e-commerce Modules

However the components which are bold were also required for client 2, so these
components were directly used and integrated with the additional requirements of client
2.

On an average a CBSE software contains ¥4 fraction of optional sub components.

In a typical condition we can achieve nearly 25% of energy savings by reduction of

optional subcomponents.



5.2.3 Experimental Results.

Time Spent
Sr. Linesof | (P3S) Number of Human | epcpeyc
No SDLC Stages Codes 1st Client Individuals (2)4#
) (8 hours=1 | #(Skilled )
day)
1 Requirement Gathering 5 3 15
2 Designing 35 3 105
3 Coding / Customization 46500 512 5 235060
4 Integration 30 5 150
5 Testing 65 5 325
6 Dellvery'as well as 12 4 48
Installation
Maintenance 25 4 100
Disposal 0
Total 46500 684 27 235803

Tablel: Energy Consumptions computations for client 1

#Human Individuals: skilled software individual
##GCBSEEUC: (3 Time spent + > Line of New Codes written in all components)* Y Human Involved

Time
Lines of Lines of New Spent | Number of
Sr. SDLC Stages Codes cod.es written (Days) Hur:nz_m GCBSEEUC
No. Reused during 1st Individuals (2)#t
Customization Client | #(Skilled )
1 | Requirement Gathering 0 3 2 6
2 | Designing 0 20 3 60
3 Coding / Customization 46500 350 65 5 2075
4 Integration 0 15 3 45
5 | Testing 0 20 4 80
6 Dellvery‘as well as 0 11 3 33
Installation
Maintenance 15 3 45
Disposal 0 0
Total 46500 149 27 2344

Table2: Energy Consumptions computations for client 2

#Human Individuals: skilled software individual




##GCBSEEUC: (3 Time spent + Y Line of new Codes written in all components)* Y Human Involved
Computation of Energy Saving By Customization of Components =GCBSEEUC (1) -
GCBSEEUC (2) = 235803 —2344 = 233459 units

Percentage energy savings =

(Energy saved / Total energy consumed in earlier project) * 100 = (233459 / 235803) *
100 = 99%

The energy saving ratio decreases as well as becomes saturated after a certain number of
iterative analogous projects. As the difference between the SDLC life cycle energy
consumption in the earlier project as well as new project decreases rapidly as well as

becomes stable after certain level.
Energy Saving by Reduction of optional Sub Components

CBSE software’s are highly adaptive towards customization. The customization of

enables reduce the unnecessary sub components as well as make it as per user’s need.

5.4 Graphics - Animation components:
Graphics as well as animations are the sub-components of CBD software.

It consumes significant computer memory as well as CPU cycle. This result a slower

computing experience. Which in turn consume time as well as energy.
The animator sub components are:

« Many Effects (Smoothing, fading, Shining, Rotating etc.)
« Moving Animations (Video , Picture )

« Graphics

For GCBSE model we reduce these components as they enhance only appearance but

reduce the system performance.



WE UL e FRp

.Applicationsl Processes I Services Performance |Networking | Users

—cpuu g Ht oy

i |'\
M\m i“‘l IM

i

l|| H ‘
H\ VI‘ f\r.r L‘ “‘ "I\ i H ,w

W |]
HH \” \r., i ‘ ‘I ' l‘ H\ \ i (\ H“ '\‘ \\| _(| b“,f\“f

1~ Physical Memory Usage History

- Physical Memory (ME) System
Total 3260 Haridles 46560
Cached 503 Threads 1463
Hvalable 433 Processes 110
Free 0 Up Time 0:10:55:16
Cormmit (GE) 2110
- kernel Memary (MB)
Paged 206
Morpaged 3 Resource Manitor,,,

Processes: 110 |CPLI Usage: 100% ‘Physwcal Memary: B4% |

Fig.4 CPU as well as Memory Uses with full animation



File  Options View Help
App\ications'\ Processes | Services Petfmance ‘Netwurkjng | Lsets |

(PU Lsage CPU Usage Histary

‘\“\ ’\ H‘

| "
.
| |‘{ l‘

T
i "

“ i‘ ‘

“ ,\; \h

" \‘

| \‘

l h .\ ‘ \\’ rf.

};\ ‘

i

Phvsical Memary Usagg Hstory

Physical Memory (ME) System

Tetal 3260 | | Handles 46226

Carhied 551 | | Threads 1444

fivailzble 555 | | Processes 109

Free 7 Jp Time 010:53:33
Camnit (&8) 2)10

fcernel Memay (ME)

Paged 207

Norpaged % Resaurce Monitor, .,

Fig. 5 CPU as well as Memory Uses with Reduced Animation
5.5 Energy Saving Model of Data Protection in GCBSE.:

Data losses affect the business badly as well as spoil the precious human energy. We
propose a model by designing of auto saving GCBSA as well as a backup module to keep

the file as well as work save.



5.6 Auto save Model of GCBSE

In this auto save model of GCBSA software we design an auto saved duplicate copy of
the documents which keep saving the work continuously as temporary file. Whenever the

work completed it replace that temporary files with the permanent file.

This keep our work when power failure in desktop or Laptop battery down cases. This

saves human efforts as well as thus contributes the Green Computing Goals.
5.7 GCBSA Data Back Up Design

The data loss might be occurs due to viruses, system crash or any physical damage to the
system. When the data is lost then it again spoils precious human energy to recover as
well as recreate the same data. In commercial organization it may cause severe business

losses.
We design the GCBSA data backup in 3 levels:

1. Data backup within the disk drive well as alone system:
In a disk drive as well as alone system we keep the data in admin protected
separate disk drive. By this our data remains safe when operating system fails. Or
the OS containing drive goes formatted.

2. Alternatively the GCBSE keep the data on a removal storage like flash drive or
portable HD.

3. In network environment we design to keep the data on a data backup server
connected with local LAN.

4. In public network environment we keep the data on cloud repository like Google

Drive or on a remote server.

By means of this model we achieve the green computing goals up to a significant level as
well as minimize the energy wastage on each level of component Based Software

computing.



Chapter 6

Conclusion and Future Scope

6.1 Conclusion

Green computing is newer research area where the researcher tries to develop energy
efficient computing to save the environment and energy wastage. In software industry
repetitive writing the same codes, developing same application again and again and
serving unnecessarily useless components are the great hurdles in the field of achieving
green computing targets. In this research we present a model of green software
development by means of using component based software. As the components once
developed for some client can be used for another client without recoding .This reduce
the redevelopment time. The ready components can be used by another software

suppliers as a reedy product, thus again saving of significant energy.
6.2 Contribution

We achieved significantly 62.5% in energy savings during the software development
stages. We further achieve almost 25% energy reduction by means of reduction of
optional sub-components. We further minimize the energy wastage by deactivating the

animation as well as graphics components.

By means of data auto saving as well as data backup plan we protect the system from
data losses as well as thus saving of energy spoiling. Thus we succeed to achieve the

maximum energy savings without compromising the system performance.
6.3 Future Scope

This GCBSE model further can be exposed well used to hardware level, Operating
System level as well as Network level. The effects of bas well as width on network in

case of cloud computing like 2G 3G, 4 g can also be optimized for GCBSE.
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