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Software metrics for green mobile applications

Georges Bitar

Abstract

“Going Green” includes all the aspects that can enhance the way we live in order to
protect the environment. Today, we are in an urge to “Go Green” in many facets in our
life, such as reducing the consumption of energy and having more eco-friendly products
since this is the only solution to reduce the crisis that we might face in the future.
Computing devices are quickly spreading in our world and they are expected to reach
2.9 billion devices in 2017. Thinking of the amount of devices that are harming the
environment by their energy consumption and their toxic wastes pushes us to think in a
solution that preserves the environment. In this thesis, we stress on the increased number
of mobile devices and show the importance of having green applications to save the
environment. The thesis proposes four metrics which are the energy metric that is related
to power consumption, the economic metric that tackles the financial part for software
development, the performance metric that checks whether the application performs well
on the device component, and finally the energy/performance metric that is a ratio
between both the energy and the performance metric. These metrics aim to provide a
design for mobile applications that is better for the environment. The proposed model
was implemented on a banking mobile application and the results are compared with a
regular banking application that does not take into consideration the environment. The
end results proved that the application that follows the defined metrics preserves the

environment and performs better than the regular application design.

Keywords: Green, Computing, Environment, Metric, Economic, Power,

Performance, Mobile.
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Chapter One

Introduction

Nowadays, we hear the term “Go Green” more frequently. We can see flyers all
over the streets that encourage us to “Go Green”, and we can see advertisements on the
television and on websites that pushes us to “Go Green”. This is because we are in an
urge to “Go Green” in order to save the environment and eventually in order to save
ourselves. Moreover, and according to the statistics that were conducted the National
Academy of Science, there are 14 billion pounds of garbage that are being dumped into
the ocean every year (Parker, 2014). Moreover, according to the Worst Polluted
Organization, pollution kills 8.9 million people a year and almost 200 million of people
are exposed to lead, mercury, and pesticides which make them suffer from health
problems like brain damage (Shiller, 2015). All this is the result of pollution; all these
facts push the global community to “Go Green”. When it comes to the environment,
going green includes practicing procedures that diminish the harm that we are causing to
the Earth. In fact, diminishing the damage people cause to the environment is the only
hope that is left to save the Earth and save the coming generation. “Going Green”
includes all the aspects that can enhance the way we are living in order to protect the
environment. However, there is a fact that is not widely known around the world,
“Going Green” is not a phrase that is used to emphasize the protection of the
environment only. The term is meant to define the concept of renewable, sustainable and

eco-friendly procedures, products and energy. Today, we are in an urge to “Go Green”



in many aspects in our life as reducing the consumption of energy and have more eco-

friendly products is the only way to reduce the crisis that we might face in the future.

It is important to “Go Green” in the products that we are using in order to save
energy. One of the products that is being widely used all over the world, and is
becoming one of the essentials for any person is the computing device. According to the
statistics that were conducted by Gartner Inc. in 2013, 2.4 billion computing devices
were produced in 2013 which is a 9% increase from the year 2012 (Gham, 2013). In
fact, the production of computing devices is expected to grow reaching more than 2.9
billion devices in 2017 (Gham, 2013). All these facts allow us to understand the
importance of “Go Green” when it comes to computing devices. The term “Green
Computing” stands for the process of “Go Green” with computing devices. More
precisely, green computing is defined as environmental responsible use of computing
devices and all their resources. There are many reasons that push us nowadays to use
green computing. For example, in a regular school, a computer lab that should
accommodate for 30 students should have 30 CPUs with 30 monitors. Moreover, for
each CPU you will need a software license, which means you need to pay for 30
software licenses. In such a scenario you will need to have a huge space and high
capacity air conditioning that can manage keeping the 30 CPUs cooled so that they do
not get damaged. Moreover, practicing a security procedure in such a scenario will mean
deploying it on each and every PC, which takes a lot of time and is difficult to manage.
All these problems are easily solved when we use green computing. The 30 student
computer lab that practices green computing will have one server that replaces the 30

CPUs. This server will require small space and low capacity air conditioning compared



to the 30 CPUs. Thus, all the pollution that results from the air conditioning will be
reduced. In fact, air conditioning is one of the major polluting machines. Air
conditioning emits wasted heat that damages the air temperature and consumes a lot of
electricity that by itself is a major polluting factor that hurts the environment. In
addition, green computing does not only save the environment but also reduces the cost
where one software license that is installed on the server can replace the cost of the 30
software licenses. Controlling the security is also going to be easier when working on a
single machine instead of the 30 machines. Thus, it is easier to manage the security in
green computing and it is more practical. Another example is the Infosys company that
embedded a large green computing program that helped in reducing direct cost up to
$130,000 and it also helped in reducing the energy cost with an amount of $100,000

(Bigazzi and Bertini).

These scenarios can show the power of green computing in reducing the cost,
saving the environment, and in easing the management process. If we think of the
number one computing device, we can directly know that it is the mobile device.
According to CNET, there are officially more mobile devices than people in the world
and the number of mobile devices are increasing five times more than human are
increasing. In the year 2014 there were 7.14 billion mobile phones devices and the
number is expected to increase exponentially to reach 9.2 billion devices in the year

2019 (Margot, 2014).

Almost everyone holds a mobile phone. On average a person uses their mobile
phone for three hours and sixteen minutes at least per a day according to the daily news

statistics that were conducted in 2014 (Woolaston, 2014). The advantages of the mobile



phone make and people are tempted to get one in order to ease their life. As the
development of mobile applications is growing more and more, the mobile phone is not
limited to phone calls anymore; there are almost a hundred other features that makes the

smartphone a significant tool.

The mobile phone was released in 1946, and since that date scientists devoted a
lot of time for the development of the mobile device. In the past, a mobile phone
weighed at least 1.1 kg and could only make phone calls to the people that are in the
same metropolitan. Today, a mobile phone weighs at most 0.149 kg and it can be used to
call anyone at any place in the whole world. In fact mobile phones are not anymore
limited to phone calls; you can text, you can make a video call, you can browse the
internet, you can book all your meetings, you can capture important moment of your life,
you can navigate the roads through GPS, you can check the news and the weather, and
you can get entertained by listening to music, play games, and watch videos; all these
features are now provided in any smart phone. In fact, having a small device that
possesses all these features that can ease our lives made that the mobile phone became a
necessity in our daily lives. The mobile phones are not only used to ease life in the work
and education fields, but they also ease your life in case of emergency. Just imagine
yourself in the middle of the night driving on a highway street were almost no human
being is passing by, and suddenly your car broke down. The first thing you will think of
is calling for help. Now just imagine yourself in the same scene, but without a mobile
phone. It will be almost impossible to reach for anyone, and you will probably have to
wait until some car expert passes by and fixes your car. This is not the only emergency

situation that can be saved by having a simple mobile phone. According to the journal of



Emergency Medicine, 137 more lives are saved from 100,000 patients when emergency
services are called from a mobile phone in case of accidents comparing to calling from a

landline phone (Wu, Briggs, Kemp, Gray, Maclntytre, Rowley and Willet, 2012).

Not having a mobile phone nowadays is becoming a problem; for instance, if you
are facing an emergency case, no one will think that you might not have a mobile phone.
Thus, they will expect that you will call in case of emergency. However, mobile phones
are energy consuming devices and all their functions depend on the lifetime of the
battery. Once your phone’s battery dies you simply lose all the luxury that is provided
by the mobile phone. Today, all the doctors are recommended to keep their mobile
phone turned on, so that they can be reached in case of emergency. In Chicago, a doctor
could not be reached because his phone was not responding, this delayed saving the
patient since they had to look for another doctor. The doctor reported that the battery of
his mobile phone was uncharged. Therefore, major problems can happen just because all
the applications that run on the mobile devices consume a lot of energy. Thus, having a
mobile phone is really important nowadays. However, dumping this huge number of
mobile phones into the environment has many side effects. Mobile phones are made of
mercury, cadmium, beryllium, and traces of many other hazardous materials that are
considered toxic wastes. These toxic wastes harm the environment and increase the
pollution which, as was discussed earlier, is becoming so dangerous to an extent that
pushes us to think of solutions to save our world. Mobile phones do not only harm the
environment because of the toxic wastes, but also because of their consumption of

energy. The mobile applications consume a lot of energy and thus the mobile phone



holder will have to recharge it frequently. This increases the use of electricity and help

in upsurge the percentage of air pollution.

In this thesis, we propose to "Go Green™ in mobile computing. Using green
computing in mobile devices can have many advantages. This will be achieved by
defining metrics for a green mobile application. In the proposed model, we explore in
depth how to deploy a green mobile application that consumes less power, is economic,
have a good performance, and decrease the utilization of the device component. A
decrease in the utilization will help in protecting the CPU, RAMs, and all the mobile
device hardware; thus, it will decrease in the number of toxic wastes since the mobile
device will have a longer lifetime. Saving energy can help in reducing the air pollution
by consuming less electricity. Our defined green mobile application will not only benefit
the environment and protect it, but it also allow the consumer to have a better experience
with their mobile phones which make them more satisfied with the mobile application.
This is due to the fact that, a green mobile application will save the battery of the mobile
phone while the user will be capable of benefiting from the great features and good
performance. Thus, the revenues from the mobile application will increase when it is

green.

In summary, the important contributions of this thesis are as follows:

e Defining metrics to analyze an application behavior and decide whether it
IS green or not.
e Propose a calculation method for each of these metrics that can be adjusted

according to the user preference.



e Implementing a mobile application that follows the said metric in order to
show that designing a green application is better than a regular one.
The rest of the thesis is organized as follows. Chapter 2 discusses related works
that already exist in the literature. Chapter 3 describes the problem and the proposed
model. Chapter 4 discusses the implementation and presents the experimental results,

and, finally chapter 5 concludes the thesis and presents future work.



Chapter Two

Literature Review

Green is the term of utmost concerns in our days and was a subject mainly
related to environment friendly metrics which has now expanded to computing.
Chaudhary, Murala and Shrivastava discussed the migration from paper (to reduce
environment harm and trees cutting) to databases in the last decade, and want to show
that the large storage devices used for saving the databases are posing a threat to the
environment as a lot of power is needed to maintain the data centers up and running.
Moreover, in order for the data center to run smoothly, it must be kept under certain
temperatures which also require cooling systems and a lot of energy. In their paper, the
authors after discussing the energy and heat issues related to big data centers, they
provided steps in order to build a green data center; however, the paper is theoretical
without any implementation of the solution. The authors provided a vague description of
how a green data center can be built and gave examples of big companies such as

Google and IBM who have packages to build green data centers.

On a second note, and to continue the discussion on green data centers, Wang
and Khan provided a deep study about the metrics that can help building a green data
center. The paper makes use of many statistics to show the level of the threat, before
going into describing the solution. As discussed earlier, the main issue is the power

consumption and the cooling cost. The authors provided two solutions to build a green



data center which are the involvement first of all of “green elements in the design and
building process of a data center”, and second of all to “greenify the process of running
and operating a data center in everyday usage”. Moreover, metrics were defined to
analyze if a data center is green or not. Some metrics examples that were used in this
paper are the energy efficiency of the data center, tracking a data center green efficiency,
and comparing the data center to other data centers and checking if it is greener or not.
The authors also discussed each metric in details, and provided examples and
mathematical formulas for applying each step described to build a green data center

model.

Balckburn in his paper tackled green data centers and presented metrics related
to data center efficiency or as it is named in his paper “DCcE”. The paper is published in
“The Green Grid” (TGG), which is a global group of firms, educational institutions, and
government agencies devoted to evolving energy efficiency in data centers. The paper
described a mechanism for defining the amount of effort that delivers primary services,
data center compute efficiency. The author defined the primary services as being the
specific services provided by a server. The paper provided a very accurate description of
the metrics and formulas used to build a green data center that reduce energy
consumption, and testing has been made where a data center was modified based on the
paper proposition. The server computing efficiency was calculated on a two weeks
period, and results proved that the overall energy consumption was highly improved by
allowing the data center administrator to log each server’s primary services; once a
server is not providing primary services, administrator can turn it off as it is not needed

for the data center functionalities, which lead to saving energy.



Another article from The Green Grid by Belady from Microsoft discussed data
centers power efficiency metrics. The author started the paper by debating the main
issues that are faced nowadays in IT organizations and which are power consumption
and cooling system for the data centers. In this paper, metrics for measuring power
consumption are presented which are the PUE and the DCE as shown in figure 1. Each
one of the metrics is used to calculate respectively the energy consumption and the data
center efficiency. The author continued his paper by describing the use of each metric
after that he concluded with a theoretical result. No test cases were presented in the
paper but the metrics were well described and figure 1 below showed how they can be

applied in a real life example.

PUE: Power Usage Effectiveness
DCE: Data Center Efficiency

Bullding Load
Demand from grid

Total Power T
Facility - Switchgear Equipment
Power - UPS Power
—> e Battery
~ backup
- Etc.
Cooling
- Chillers
= CRACS
- Etc.

~

Total Facility Power

PUE =
IT Equipment Power

DCE = 1 . IT EQuipment Power e Oty Saih dorma By 10096

PUE Total Facility Power

Figure 1: PUE and DCE calculation in a data center (Source: Christian, B. 2008)

After discussing some articles from the literature about green data centers, we
will now discuss some articles that cover the architecture for energy aware evaluations
and optimization. First of all, Kipp, Liu, Jiang, Buchholz and Shubert provided us with a

paper targeted toward developing methodologies and models to reduce environmental
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impacts of IT systems. The main aim of the paper was energy related and they described
a new approach for an effective monitoring on complex IT infrastructures, while keeping
at the same time the impact of such a system very low; thus, they developed an energy
efficient tool to analyze IT infrastructures. The paper provided guidelines on the best
way to design and develop a green application; it described the methodologies for a
green software engineering model. Two main problems were tackled which are energy
aware system and run-time management efficiency. In summary, the paper focused on
the evaluation of IT infrastructure based on the energy-efficiency of the hardware
environment. After describing the techniques, some test scenarios were provided where
the authors analyzed some IT systems based on the approach they provided in their
paper; in addition, they observed the application that was developed to monitor the
infrastructures itself. However, the paper did not analyze the result in a clear manner and
the reader will be kept waiting for some results which were never presented in the paper.
Thus, we cannot analyze the efficiency of their application and the efficiency of the

method provided.

Kern, Dick, Naumann, Guldner, and Johann indicated in their paper that the
approaches that tackle green software are rare. Thus, in their paper they discussed green
software and green software engineering. Green software is energy efficient software
that achieves a longer battery life and reduces costs. On the other hand, green software
engineering is the process of building software that is classified as green. The authors
developed a “greensoft” model that categorizes some aspects of green and maintainable
software. The model that they proposed in the paper is presented in figure 2. The metrics

indicated in the second phase help in measuring the degree of software greenness. They
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suggested in their paper few metrics which include energy efficiency and cost; however,
their main focus was the energy efficiency of software and suggested ways to measure it.
Thus, the metrics suggested by Kern, Dick, Naumann, Guldner, and Johann where not
strong and limited to the energy; meanwhile, there are many other metrics that should be

considered when measuring how much software is green.

Reference Model “Green Software”

" Lifeeycle of B
Software Products
>Development>> Usage >> End of Life >
\ J
( Sustainability Criteria h
for Software Products
" Common Directly related | Indirectly related |
Quality Criteria Criteria and Criteria and

and Metrics Metrics Metrics
© T

Procedure Models

P ™
Develop
Administrate Lse
L Purchase
-

-~

Recommendations for Action
and Tools

" For Developers For For h
L r

Figure 2: GreenSoft model (Source: Naumann, S., Kern, E., & Dick, M)

Talebi and Thomas discussed specific techniques that enable green computing to
be integrated in classrooms and research laboratory. The suggested techniques can only
be applied in the schools and universities. These include turning off the equipment
between classes, use the computers’ power saving modes, eliminate phantom loads,

upgrade to extend computer lifecycle, and many other techniques. Moreover, the

12



authors discussed how these techniques can save a lot of energy and can help in making
the software greener. The approach of the authors is very beneficial and enlightens the
users on the importance of green software; however, it is only limited to universities and

schools and cannot be applied in all the environments.

On another note, Mahmoud and Ahmad also tackled the software engineering
topic and discussed techniques and models to build a green application. The paper
focused on two topics that are currently two of the famous topics, the energy and the
resources consumptions. The paper covered hardware models but did not focus on the
software related energy consumption. The proposed model presented in the paper is a
model similar to the GREENSOFT model which supports all levels of developer
whether beginners or advanced. The model presented is divided into two levels. The first
level signified the way of obtaining green software, whereas the second level focused on
energy efficiency methods that build the software. The developed model has also been
tested in a theoretical manner through mathematical formulas and results proved to be
positive; however, the authors did not present a real life testing that can model the

structure presented in the paper and show its functionalities.

As discussed in the previous review, the GREENSOFT model is a well-known
model when talking about green software engineering. Naumann, Kern and Dick
discussed in their paper the GREENSOFT model and tried to classify green software
engineering. As shown in figure 3, the authors explored a software life cycle, and the
effects it goes through its different phases. The reason behind developing a green
software were discussed, and the main reason for all institutions to go for a green model
is usually energy consumption, and trying to cut some costs. The GREENSOFT model

13



which is a conceptual reference model was developed by Naumann et al. in 2011 in

order to support any software developer in order to build and preserve software in a

more supportable way. The model includes all the aspects shown in figure 3 and some

metrics to calculate the software efficiency, power consumption and heat dissipation.

The testing presented by the authors for the model they developed proved to be an

efficient model as it caters for the process of developing a green application and for the

product itself.

Development Usage End of Life
Development ) ) Distribution ) Usage ) ) Deactivation > ) Disposal

- Business trips - Packaging - Software induced - Backup size - Packaging

- Office HVAC - Data medium energy consumption | - Long term storage - Data medium
g al - Energy for ICT - Manuals - Software induced of data (due to - Manuals
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5 - Telework - Dematerialization - Media disruptions
= Globally distributed development - Smart logistics -
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5 - Changes in software development - Changes of - Demand for new software products
T w| methads business processes | -
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@ PUBLIC To the extent possible under law, the person who associated CCO with this work has waived all copyright and related or neighboring

DOMAIN

rights to this work.

Figure 3: Software life cycle and different phase’s effects (Source: Naumann, S., D, M., K, E., & J, T. 2011)

Moreover, Kocak, Alptekin and Bener evaluated the software product and the

environmental characteristics of the software using a framework that was designed by

them. The authors in their work designed a framework using ANP, which is a widely
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used approach to evaluate and prioritize environmental criteria. The main feature in this
paper is the developed framework which can help in analyzing and determining the need
for each criterion when developing the software model and defining each requirement of
the software. The authors organized their paper by sections, where each section tackled a
different subject as follows: summarizing the software quality, defining environmental
attributes and the methodology in evaluating the framework. The paper presented ideas
related to green software metrics; however, the model described is very theoretical and
cannot be applied to real life systems which is a weakness in the paper; however, the
ideas discussed are important and some of them can be applied easily on current system

models.

Hindle’s work, software evolution was discussed, and power consumption issues
were the main topic especially when discussing mobile applications designed for laptops
and smartphones which are highly dependent on a single battery. The author tackled the
impact of software evolution and its effect on power consumption by providing metrics
to measure power consumption, and by studying the application behavior when it gets
updated. In fact, mobile developers often apply patches and fixes to applications;
however, what is sometimes ignored is the effect that such updates can have on battery
consumption. The developers might only be applying a fix to increase the application
responsiveness or any other quality of the application. Thus, before entering the process
of modifying an application, the developers must specify a time to analyze whether the
application will be affected positively or negatively. The author presented a
methodology that measures the power consumption of an application and presents a

methodology to use in analyzing any update that will be performed on an application. In
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the paper, many test cases were performed and the methodology provided proved to be
working positively and can help developers in assessing the impact that any update will

have before applying it on the application.

Archiving requires a lot of storage and process capabilities. In their paper,
Bigazzi and Bertini discussed the environmental impact of data archiving and how to
add some green measure to it, and they discussed specifically the PORTAL data archive
which is Portland Oregon Regional Transportation Archive Listing. The paper discussed
the sustainability measures in transportation systems which can be broken into three
areas: environmental, economic and social. After discussing each measure in details the
authors then jumped directly to the conclusion. No test cases were performed, and no
results were provided to check whether the metrics can be used or not. This is a

weakness in the paper that must be addressed in order to enhance it.

One of the famous topics in the world of computing is cloud computing. There
are many subjects that branches under the topic cloud computing, but one of the major
subjects that is becoming famous nowadays is green cloud computing. Atrey, Jain and
lyengar in their paper discussed cloud computing in general before going more deeply
into discussing the negative aspect that cloud computing has on the environment as
figure 4 shows. In fact, cloud computing provides “unlimited” capabilities; however, the
cost for such performance and storage is pollution due to the high power consumption
and the CO, emission. The paper focused on describing the metrics to analyze power
consumption. In addition, the authors provided a comparative study between green cloud

and usual cloud. The paper is very theoretical and no testing was performed; however,
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the authors suggested an implementation as a possible future work in order to prove the

effectiveness of their approach to reduce power consumption in cloud computing.
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Figure 4: Cloud and environment (Source: Atrey, A., Jain, N., & lyengar, N. 2013)

On another note, Saha discussed in his paper the term green computing and how
to have a green IT. To start with what is green IT? According to Saha, Green IT is “the
study and practice of designing, manufacturing, using, and disposing of computers,
servers, and associated subsystems efficiently and effectively with minimal or no impact
on the environment. In his paper, Saha presented a green computing model, green
metrics and statistics about the adaptability of green computing models. The paper
provided a detailed description of each green computing model aspect and explained the

reason behind the need to go towards green computing instead of traditional computing.

Moreover, Siso, Fornos, Napolitano and Salom in their paper discussed the

energy and heat aware systems. Data centers as discussed earlier, are huge storage space
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that requires a lot of energy to function and a lot of processing which leads to the need
of having cooling systems. Thus, most data centers are not environment friendly. In their
paper, the authors described the negative effects of power and heat consumption in data
centers; in addition, they provided metrics to calculate them. Metrics are classified into
categories and they are ordered by importance. The authors also talked about metrics
standardization where they suggested having some set of standard metrics that can be
applied on all systems. Furthermore, they discussed the gaps in the existing metrics and
proposed some enhancements. In the last section, the authors provided some examples to
prove their theories and they discussed. The metrics provided in the paper are very

helpful in designing environmental friendly data centers.

Rivoire in her paper presented a model and some metrics for energy aware
computing systems that covers small devices and large data centers and supercomputers.
In the paper, the author developed an energy efficiency model that can be used as a base
model to develop new systems, in addition; the author designed metrics that help the
software engineer to develop a power friendly applications. The paper is backed up with
some experimental results that showed the efficiency of the model; however, the model

cannot be used widely on any system which is an important weakness in the paper.

In our work, and in contrast with the above discussed papers, we will introduce
green metrics for mobile applications that will account for the device’s entire component
in order to reach for an optimal green model that will be environment friendly and
mobile friendly. In fact, in the thesis we will discuss metrics that takes into consideration
the CPU, the memory of the device, the battery and power consumption and many
others; whereas, in the above papers and as we can see, all the authors are discussing one
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aspect of a green model, and in particular most of the studies tackle the energy
consumption metric and forget about the rest of the components present on the device
that might and that will harm the environment one way or another when neglected

during software design and development.
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Chapter Three

The Proposed Model

Developing a well-organized application is always the priority of software

engineering companies. Whether it is a mobile application or a desktop application, the

aim is always the same, meeting the customers’ expectation. However, developing an

application requires a good organization where the developers’ priorities cannot be

limited to the features that the application offers only. In fact, in order to have a fruitful

application, several aspects should be taken into consideration including the energy

consumption of the application, the performance of the application, the utilization of the

device components and the economic side as per figure 5. This chapter discusses in

details each of these listed metrics and shows their effect on the evaluation of the

application.
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Figure 5: The proposed model

20

h 4

CQuality of Service

energy and
perfarmance




3.1Enerqy Metric

3.1.1 Battery Consumption

Most developers, nowadays, do not understand how to optimize the power
consumption of their applications; even though, it can be an easy task to perform once
the subject is studied in a well-fashioned manner. Mobile phone holders expect that their
phones’ battery will last at least eight hours. In fact, if the battery of the mobile phone
lasts less than the expected time, many consumers’ work might and will be affected.
This damage in their work will definitely push the consumers to change their mobile
phones more frequently thinking it will reduce the impact and provide them with more
battery life. The battery of the mobile phone gets drained as the applications consume a
lot of its energy. The mobile phone holders may not understand this and put the blame
on the battery instead of the installed applications. Thus, because of this problem people
tend to change their mobile device more frequently. In fact, the applications that are
consuming a lot of the mobile’ battery power are explicitly tending to hurt the
environment; this is due to the fact that the consumers tend to change their mobile phone
faster which will increase the toxic waste that is dumped into the environment.
Therefore, in order to protect the environment and in order to satisfy the consumers’
needs, it is important to have both hardware and software that are power efficient.
Moreover, no matter what the application features are, if it consumes a lot of energy, the
user will be tempted to uninstall it directly and might even write some negative feedback
about the application which will have an undesirable effect on the application expansion.
This being said, when developing an application, the developer must have both software
and hardware efficiency in mind in order to have a green mobile friendly application.
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Every person, before leaving home, or simply a room, turns off the lights in order
to save energy; similarly, when an application is not using a mobile device component,

this component should be turned off in order to save energy.

To start the discussion, we should note that the power consumption on mobile
devices is measured in Watts (W). For example, sending a text message (SMS) will
usually consume around 300 milliwatts (mW). In order to develop a green mobile
application, the developer must analyze the structure of the application and then specify
the components that consume a lot of energy in order to assess the best way for this
application to be developed. Let us consider a device with a 3.5V battery and 3000 mAh
capacity. If this device must be fully recharged once every 24 hours, then the set of tasks
performed on it will consume on average around 437.5mW/h (3.5(V) x 3000(mAh) =+
24(h)). If we go back to the texting example we provided earlier, it would reduce the
battery capacity by about 85mA (300(mW) = 3.5(V)) on the device. This is just an
example of estimation; however, the actual consumption for each task will differ
according to the running time and the component that are used. In regular scenario, the
main source of power consumption on a mobile device is the display and the cellular
radio (mobile network). The display is composed of the touchscreen, the graphics and
the backlight; so if we want to follow the cardinal rule we stated above, once the phone
is not in use, simply turn off or dim the display in order to reduce power consumption.
Similarly, the cellular radio mainly consume the most power in order to establish a
connection to a 3G or 4G network; however, there are several ways a developer can use
in order to reduce the power consumption which will be discussed shortly. According to

a study performed by A.Caroll and G.Heiser in 2010, the following tasks and their
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average power consumption are shown. A one-minute phone call consume around
1054mW, sending and/or receiving email over mobile network consumes 610mW, a
video playback will consume 454mW, sending and receiving email over Wi-Fi network
consumes 432mW, and audio playback consumes 320mW and finally as shown earlier,
sending a text message will consume 302mW. The above are estimations which can give

us an idea of relative power consumption required for different tasks.

The question that will arise now is the way to measure an application power
consumption which most developers ignore when developing an application. At any
given point in time, the application power consumption must be determined in order to
decide whether this application is power efficient or not. In order to measure an
application’s power consumption two ways can be used. The first one is hardware based
and the second is software based. The first way implies connecting a power management
hardware tool on the phone battery in order to study the power consumption. This
approach is highly accurate; however, it will measure and analyze the total power
consumption of the device and will not be specific to the desired application. Thus,
complex computation might need to be made in order to find out the consumption of a
specific application. In order to study a specific application power consumption,
software-based methods exist which are less expensive and easier to deploy. The
following can be performed by two ways by either installing a power calculating
application directly on the device, or by having the software tool incorporated in the
Integrated Development Environment (IDE) used to develop the application. For an
Android application, if the development is made using Eclipse IDE, plug-ins like Trepn

exist which are free and help monitor the overall battery consumption while visualizing
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the impact of each subsystem used by the application. For iOS application for example,
the XCode IDE offers monitor tools that can help measure the application battery
consumption at any point in time in addition to other aspects of the application that will
be tackled in the next points of our paper. This being said, it is now time to become

more aware of the power consumption of your applications.

Now that we highlighted the influence of battery life on the success of a mobile
application, defined energy consumption in watts and battery capacity in milliampere
hours, and enumerated regular power consumption for numerous common smartphone
tasks, we will describe some of the relationships among hardware components and
provide the guidelines for balancing among them in order to develop a green mobile

application that is power efficient and battery friendly for the mobile device.

In order to develop a well-balanced mobile application which offers power
efficiency, three rules must be followed and taken into consideration which are: first, the
fact that power consumption differs from one component to the other; second, weighing
any increase in performance against the power is costly; and third, knowing what is the
use of every hardware component used by the application on the mobile device. Each
hardware piece (CPU, GPS, display, etc.) present on the mobile device has its own
power consumption rate; however, they work in combination with each other. So, for
example, when a developer modifies the application use of the GPS, this will involve
indirectly a modification of the CPU usage also which will impact the battery
consumption. This is a complex problem since it is not easy to see the relationship
among components. This case is going to be discussed further in section 3.4 which

tackles the need to have balance between the energy and the performance.
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High-level mobile application Software Development Kit (SDK), such as Android
and i0S simplify the platform for mobile application development; however, they do not
handle applications’ power consumption in the design phase. In fact, a developer cannot
understand the power implication of the application until it has been implemented since
numerous layers of abstractions and middleware are present between the application and
the mobile device hardware component. This being said, when developing the
application, the developer must take care of several software aspects which include the
way the application will interfere with the mobile device component and predicting the
power consumption at early stages. In order to perform such predictions, a System
Power Optimization Tool (SPOT) exist which is an MDE tool that can be used by the
developer at the early development stages; i.e., at the design level, in order to predict the
application power consumption by generating code that will help emulate the application
architecture and analyze the power consumption in order to optimize it and have a green

application that will be power efficient as shown in figure 6.
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Figure 6: Early stage analysis of the energy consumption

The system power optimization tool will allow us to analyze and predict power

consumption at early development stages on physical hardware during early phases of
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the software lifecycle, which is the first step that must be adopted before developing any
application so that the application is developed in a well-fashioned manner and the
developer will not need to reshape (or worse re-write) the code for the application after
finishing the development phase. Embedding any change after finishing the development
phase wastes a lot of time and delay the application delivery. Thus, detecting power
consumption at an early stage reduces the cost of redesigning or refactoring the

application at later stages.

In summary, in order to build a green mobile application the following steps

should be followed:

¢ Do not update the Ul when the application is running in the background.
e Allow the user to turn off features when not required.

e Limit the number of resources used.

e Choose protocols, design service interfaces, and batch communications that can
cater for the request and are energy efficient:

1) Analyze the needed resources during design phase.

2) Compare and contrast between the resources and choose the more power
saving. For example, The GPS is usually used when the developer needs
to fetch the users’ location. However, the GPS is energy consuming and
we can replace it with the Mobile network which is always running and
consumes less energy.

3) Design the application according to the results.
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This being said, power consumption should be studied on both the hardware and the
software level in order to have an accurate estimation of the application consumption
and optimize it to reach a green application that will not consume more power than the
device battery can support in order to allow the device to last 24 hours without

recharging it as discussed in this section.

3.2Economic Metric

Software development is a challenging and expensive process that requires a lot of
resources and financing. A critical objective for its success is to prove the viability and
importance of such software development, in order to attract sufficient number of
potential investors that will finance the project. When developing any mobile application
or any software in general, the quality, the reliability and the availability of the software
are the concerned features for attracting investors. Before financing any project,
potential investors evaluate the worthiness of such investment by comparing the cost
with its expected return after analyzing its financial studies. That is why, focusing on
return on investment and time value of money, is actually essential to increase the
interest of targeted stakeholders. In other words, stakeholders must consider having a
developed green software application is worth financing, and it is a profitable

investment.

First of all, defining some financial terms is important for better understanding the
topic. The Term “Return on Investment (ROI)” according to the Investopedia is a
performance measure that is used to evaluate the effectiveness of an investment or to

compare the efficiency of a number of different investments. To calculate ROI, the
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benefit (return) of an investment is divided by the cost of the investment (location rental,
software licenses, developer salaries, and any cost that can arise for the project); the
result is expressed as a percentage or a ratio as per the following formula:

Gains from Investment ($) —Project Cost($)

: x 100. In the above formula "Gains
Project Cost ($)

ROI(%)=

from Investment” refer to the profits acquired after selling the investment of interest,
which is in this case the green mobile application. Return on investment is a common
financial study because of its adaptability and easiness. Investors should accept positive
ROI projects, since gains from investment will be greater than initial project cost. If ROI
is zero, project should also be accepted because it has generated return that at least
covered its cost. However, projects that have negative ROI are not attractive for
investors because they generate extra cost. In addition, when investors have the
opportunity to compare between several investing projects, they should choose the
project with the highest ROI and smallest cost of capital. On the other hand, the Time
Value of Money (TVM) is the idea that money available now, at present time is worth
more than the same amount in the future due to its potential earning capacity when
properly invested, or deposited in a bank account and generating interest. The sooner the
money is received, the more its value will be when correctly invested. The TVM using
the compound interest is calculated based on the following formula FV($) =
Current Value($) x (1 + Interest Rate)NumberofYears The compound formula always
generates a higher amount than the simple interest calculation due to the fact that when
compounding each year earned interest is added to the original amount and thus

increases that amount against which interest is calculated in subsequent years.
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After discussing and defining the financial terms “Return on Investment” and “Time
Value of Money”, both terms will be applied in this thesis to determine whether
developing a green mobile application is worth the investment or not. Recall that a
green mobile application is a light application on the smartphone components and on its

battery, this result in a less power consumption and environment protection.

However, the question in this section is how to decide if the software development
company accounts for the development of a green mobile application in its monetary
decisions, and if it will be as profitable as a regular application that does not account for
the green metrics that are becoming widely used and followed by most companies. First
of all, and prior to undergoing profitable ratio analysis, each phase of the project must be
clearly defined and analyzed. There are different phases that should be conducted in this
study such as: software requirement, the design, the unit testing, the implementation, and
finally the unit testing before deployment. Once the system requirements are set, the
software engineers must analyze each step in order to assess the component needed for
each feature of the software, and the best way to build it. Since we are discussing green
computing, the developer will have two ways of development; either by going green or
developing in a normal fashion without taking into account the mobile resources. Each
development method will have an estimated project cost that will vary from one to
another and the expected return on investment for both solutions must be analyzed in
order to determine what is best. The question of how investment in information
technology impacts corporate productivity has been debated for more than a decade and
it can be defined in a similar way to ROI which is the amount of output produced per

unit of input. The output of a firm is not only the physical number of products produced,
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or the number of software modules completed, but also the value created to customers.
Value added to customer’s satisfaction in the product can take different forms such as
product quality, timelines, customization, price, convenience, variety, and other
intangibles. In this thesis, the values created to customers will be highly considered due
to the fact that customers will have to wait for a longer period before receiving a green
application due to the customization needed when development stages begin.
Nevertheless, it is worth mentioning that once an application has been designed by a
firm following the green techniques, it will be a re-usable application which will save
time and resources for longer terms. On the other hand, monetary considerations is vital
when developing a new application especially since green and eco-friendly feature will
have already been created and deployed, and the developer only needs to reuse them. As
shown in the previous formula, the ROl depends mainly on two variables: the project
costs, and the gains from investment which are the project returns. First of all let us start
by discussing the project costs which are mainly the important part in our study, since
having a green application will induce some higher cost than a regular application; and
thus, we will need to check if it is worth developing and investing in it. The project costs
can be split into two variables: the fixed costs and the variable costs. Fixed costs do not
change through the life cycle of a project, nor by the volume of outputs; whereas,
variable costs change through the project life cycle and volume of output. The fixed
costs include but are not limited to: the rent expense of work development space, the
needed equipment including computers, consulting fees, and others. The variable costs;
however, include the labor payroll (an employee will request a raise on the salary for
example), software licenses for development, power and electricity use, marketing

expense, and many others. Thus, when developing any project, these costs must be taken
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into consideration. In this study, a cost related analysis for the green project is included
while simulating the components that are used and before beginning the development.
That will allow us assess the needs and the steps which will be followed through the
development phases, testing and implementation, and post-implementation stages
whereby a quality assurance agent will have to check the software and confirm that the
application is green and friendly on the mobile device. Here is an example showing the
importance of the cost in this thesis. First of all, when designing and preparing for the
application, a cost analysis must be thoroughly prepared and the estimated ROI
analyzed. On the other hand, the gains generated from the investment are the returns that
the investment will provide to the company. So, if, for example a mobile banking
application is designed, the bank will charge its customers an amount of let us say $2 per
month for using the mobile application. To provide a simple example, if the bank has
10,000 customers and is expecting 8,000 of those customers to use this service, then
every month, the application will generate $16,000. So first of all, when making the
analysis of the application and before beginning of the development, the project manager
will have to consider all the variables (fixed cost, variable cost and the expected input
from the application) in order to assess the need and the feasibility of the project.
Proceeding with the banking application, the project manager in this case will have to
perform two studies: one for a regular application, and other one that accounts for the
green metrics we are defining. Thus, the project will have two ROI to compare between.
Generally, the regular application will have a higher ROI than the green application.
However, several factors will need to be considered before saying that the regular one
will provide the bank with more benefits. In fact, if the bank decides to go with the

regular application instead of the green one, the bank will make more profit on the short
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term, but the application will not be power efficient for example, and if it is always
running in the background as it will be discussed in the next section, or if it consumes
the device battery very fast as discussed earlier, the user will be tempted really fast to
uninstall the application and terminate this service. This on the long run, will lead to
financial losses, and leave the bank with two options: either stop offering mobile
application service, or redesign the application to account for the issues, and will end up
in greater costs than the initial investment. So developing the application from the
beginning of its life cycle as a green application and following the green metrics, will
result in a lower ROI on when starting with the project, yet it will not lead to financial
loss as most customers and users will be satisfied by the application, and they will not be
tempted to remove it and deactivate the service. Thus, having a green mobile application
is much more profitable than having a regular mobile application; which in return might
drain the battery or consumes the user’s entire mobile network leaving them with no
ways of communication. On the other hand, the time value of money must be taken into
consideration. If the bank is willing to invest $500,000 for the application development,
the return for the initial cost might take, for example, three years to payback, whereas if
this budget was invested in some other projects, the return would have been faster.
However, some variable returns will also exist when developing a green application. In
fact, the application will be developed once with initial cost of $500,000, however, the
bank will be able to first re-use the application free of cost for some other projects, and
later sell the application for other banks (if developed internally) and make higher profit

while saving and helping the environment.

3.3Performance Metric
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As was discussed earlier, the power consumption and the economic are two
important factors for the success of a mobile application. However, the main aspect that
determines the failure or the success of a mobile application is the performance of the
application when it is running on the mobile device. The performance of an application
reaches the end users directly and affects their opinion; where they will be even
encouraged to use the application or they will simply prefer to uninstall if it does not
meet their expectations. The end users usually have high expectations from the
applications; they expect to benefit from the services that are provided without having to
deal with any problems. In other words, the users will not tolerate an application with
lagging or an application with a bad performance where in such a cases, the users would
prefer not to benefit from any service and simply uninstall the application and even in
some cases the users might leave a negative feedback on the store that discourages
anyone from installing and trying the application. This being said, it is clear that the
performance of an application can have a direct impact on the application’s growth and
reputation. In this section, we are going to concentrate on the importance of the mobile
applications’ performance and explore how the performance can make a mobile

application green.

The performance will be based on the relation between the quality of service and
the utilization. The utilization is defined by the CPU usage, RAM usage, 1/0O usage, and
storage usage of the application when it runs on a device. The utilization has direct
impact on the performance, where the higher the utilization is the worse the performance
is. In fact, when the utilization increases this implies that the application is using a lot of

resources that will lead to low performance. Moreover, the quality of service of an
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application is a qualitative measure that specifies the performance of the application; in
which, high quality of service implies a high performance. This being said, the
performance is a ratio that is affected by the utilization and the quality of service; thus,
to have a good performance the utilization must be low whereas the quality of service

must be high.

3.3.1 OQuality of Service

In this section, we discuss the application’s performance as it is perceived by the
end user in terms of the quality of the services that are provided by the application and
the user satisfaction. Nowadays, all the users have high expectation the applications that
they download from the stores on any computing device and specifically on the mobile
device. Mobile applications are now present in all sectors and are becoming essential
parts of our daily lives whether it is a mobile banking application or a social network
application. This being said, the consumers will never accept a lagging application that
IS not smooth when running and that does not have an acceptable if not an excellent
graphical user interface. No one will work nowadays on DOS, for example, as was the
case ten years ago. As the capabilities in the world of computing are developing the
mobile applications are becoming more user-friendly and have many advanced features.
In fact, experiencing a more advanced application is allowing the users to have a high
expectation from any downloaded application, starting from its power consumption, to
its performance and quality of service. Moreover, the mobile applications stores value
the consumers’ opinion in any application and open the opportunity for them to leave
their feedback which will even encourage other users to download and buy this

application or discourage them. Thus, consumers can have direct effect on the profit of
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the application and an application that pleases the consumer in terms of the performance
can overcome an application that provides sophisticated features but have a power

performance.

In order to demonstrate the importance of the mobile applications’ performance
we will show the importance of the quality of service by an example since it cannot be
measured in a quantitative way since it is customer dependent where each user has
different expectation from the same application. The following example concentrates on
the banking mobile applications which are now one of the number one applications that
are installed on all the mobile phones. Consider two banks that offer the same mobile
application services. Both banks open 24 hours a week, provide credit card services,
debit card services, loans and customer service support. Both banks have the same
number of employees, and both provide the same interest rate and the same conversion
rate. On the surface it appears that there is very little to differentiate between the services
offered by these two competing banks. It would also be fair to say that these competing
banks offer the same throughput capacity in terms of money withdrawal and deposit per
week. Now consider that bank A opens 5 hours every day from 8:00 AM till 1:00 PM
from Monday to Friday, whereas bank B opens 24 hours for only one day of the week
from 8:00AM till 7:59AM the second day. So while both banks provide the same
throughput capacity over the weekly period, they differ greatly in the actual service
provided. Depending on the customer needs these different bank service models will
succeed or fail in quite dramatic fashion. If the consumer’s business is an online work
that requires withdrawing money and depositing money on a daily basis, then bank B

will fail to deliver to the customer a good service. In contrast, consider a customer who
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employed and works from 8:00 AM to 5:00 PM on weekdays, and then it is impossible
for the employee to benefit from the services provided by bank A and perform any kind
of operation. In such a case, the employee will prefer to be a customer at bank B that
operates only one day per a week; however, at any time of that day the customer will be
able to perform the transaction needed. This being said, it is clear that depending on the
customer and business needs, each model will provide a better quality of service; even

though, they both deliver the same service but in a different fashion.

For this reason, it is absolutely mandatory to take care of the quality of service
delivered when developing a mobile application. Before developing any application, the
software engineers should analyze the business need of this application and they should
know the targeted end users in order to develop an application with the needed features
and design that can satisfy the end users. For example, if your targeted users are elderly
people, the mobile application should use a large font, should be easily accessible, and
should be useable in order to allow this category of users to appreciate the application;
otherwise, the application will not succeed in reaching the end users and the investor
will waste money on a failing application. If the application developed is a mobile
banking application, it should, for example, directly show the users their accounts’

balance and credit cards’ remaining balance.

Thus, understanding the quality of service needs of an application and the quality
of service is a crucial step in delivering a good overall customer experience.
Understanding the quality of service requires accurate measurement and reporting of

throughput over time, along with a periodic review of the application requirements
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against the actual service provided in order to have the largest number of satisfied users

by the developed application.

3.3.2 Utilization Metric

As the title of this section shows, we will now be discussing the utilization metric
which can be calculated in a quantitative manner and that will help us develop a better
green application. We will present a formula for each metric in this section, and
depending on the user or the company’s needs, each metric can be given a weight
according to its importance. First of all, the definition of utilization is to put to use, and
especially to make profitable or effective use of something, which in our case will be the
different components that are present on the mobile device in order to have an

application that can be qualified as green.

3.3.2.1 CPU usages

One of the important usages when discussing mobile applications’ utilization is
the CPU usage. The CPU is mainly the most important hardware component on the
device; in fact, without it the application cannot run. If the CPU processing limit is
reached, the device will stop functioning, have heating issues, and might even
breakdown. In order to understand the importance of a CPU, it is important to stand its
functions and roles in any device whether it is a mobile or not. Thus, we will start by
defining what a CPU means or more formally the Central Processing Unit. It is
commonly referred to as the “brain” of a computer which is responsible for executing a
sequence of stored instructions called a program. In our work, we will discuss the best

procedure that makes use of a CPU in order to have an application that can be
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considered as green. Effective use of the CPU will lead to a better and faster running
application. Most of the time, mobile devices use a small fraction of their CPU power,
and mainly make use of less than 5% of their CPU the majority of the time. The CPU
metric will thus be discussed and analyzed in terms of percentage; that is the average

percentage used by an application while running.

No application whether it is a mobile application, a cloud application or a
desktop application, can run without the presence of a CPU. Thus, an application must
make use of the central processing unit present on the device; however, the way it uses it
will differ. One application can, for example, make use of 70% of the CPU for
launching, after which it will only use 1% of it to run. Whereas, another application
might use 8% of the CPU at all time while running and at boot. In this case, the decision
is left for the user to decide which application makes a better use of the CPU. The first
application indeed seems better on the long run; however, let us consider that both
applications perform the same tasks and are mobile banking applications. Usually, a
customer will check the accounts available balances, perform some transfers and view
the transaction history for all active accounts. Thus, the main purpose of the application
is to display information for the user. Having one that needs 70% of the CPU to boot and
the other only 8% will make a difference in choosing which application to install and
consider the best and ultimately, the green application. In fact the one that uses only 8%
seems on paper to be the best in performance; however, we should take into
consideration that it will keep on using those same 8% all the way until destroying the

application. On the other hand, the first application will use at the long run only 1% of
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the CPU which is more power efficient first and second it reduces the CPU heating and

work which will lead to an increased CPU lifetime.

The CPU is a mandatory component on any device as discussed earlier, and
having a long lasting CPU will lead to a higher device lifetime which is more “green” to
the environment. In order to preserve the CPU, the developer must develop their
application in a smart way that makes the best use of the CPU and only load needed
items of the application at a time. For example, instead of loading all the application
features which might not be used by the user which means that it will lead to overuse of
the CPU that is bad for the device as it will need to be replaced sooner. As discussed in
the beginning of section 3.3, every metric under this category can be given a factor of
importance which is a variable between 0 and 1. The lower the variable, the less it will
be important to the company and thus will be disregarded while preparing the
application development plan. However, in order to have a green mobile application,
each metric should be tackled independently of the others and be given high priority in
order to develop a fully functional green application and not a partially green

application.

In summary, to make good use of the CPU and keep the performance the

following should be followed during the design phase of the application:

e Load only the needed components of the application.
e Limit the number of resources that are used since each resource consume from

the CPU limit.
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e Avoid unnecessary work by validating input early to reduce unnecessary
processing.

e Use progressive processing by handling data changes efficiently and performing
incremental updates to the database.

e Minimize round trips by batching work to reduce call latency. Batch calls
together and design coarse-grained services that allow performing a single
logical operation by using a single round trip.

e Use Bind Variables which uses soft parsing where any SQL statement will be
saved in the shared pool to save instead of having to validate the SQL

statement’s syntax every time.

3.3.2.2 RAM usage

After having discussed the importance of the CPU usage and how it will affect
the mobile phone if used in an uncontrolled manner, we will now tackle the importance
of the RAM usage. In fact, the CPU is the brain that runs the software; however, without
the RAMs, no program can function as expected. Let us first start by defining the
RAMSs, which are the Random Access Memory, and are a form of computer data
storage. A RAM device, allows data to be read and written in approximately the same
amount of time regardless of the order in which data items are accessed. As your
computer runs programs and works with data, it uses RAM to store the program
information. Having a bigger RAM allows your computer to run more complex
programs in a faster fashion. RAM also allows you to "multitask," or work among

several open programs as we can see in figure 7.
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Figure 7: RAM usage by applications

For example, working on a Microsoft Word document, surfing the Internet, and
listening to music files at the same time can be very draining to the computer's RAM.
While the processor is considered the first factor that specifies the system speed, the
RAM is the second biggest that have a major effect on the speed. If you work with large
spreadsheets or digital images, having more RAM is a big help and mainly a need if we
want our programs to run smoothly without affecting the consumer. The main advantage
of the RAMs is that they have a direct access data storage, which stores data found on
the hard disk that allows faster access to that data. However, random access memory is
considered currently as a volatile storage media; thus, in case of power cut, all what is

stored on the RAM is destroyed. For this reason, having good applications that preserve
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the battery, allows having to a faster mobile device since data will be held longer in the

random access memory.

RAM usage, similar to the CPU usage, will be measured in percentage. The
RAM usage of an application is the percentage that this specific application is using
from the available random access memory. The larger the RAMs of a device, the faster it
will be. However, the larger the RAMs of a device, the more polluting it will be.
Applications nowadays are requiring more and more random access memory storage;
thus, more random access memory must be produced which will lead to high pollution
since building a random access memory requires the industry to have their machines
running for longer time and thus producing more hazardous waste that will be dumped
in the nature. The less an application need RAMs, the better it is, the “greener” it is as it
will also be power friendly and will preserve the existing RAMs allowing other
application to make use of the present component which reduces the need of having
higher RAMs mobile devices. Today, a mobile device is becoming more desirable when
it has a larger random access memory compared to the other existing mobile devices. In
fact, people are demanding a better utilization which is linked with the RAM capacity.
However, increasing the RAM to solve the utilization issue is harmful to the

environment as it has been discussed earlier.

In order to have a green mobile application that makes appropriate use of the
random access memory, this application must first of all make use of the garbage
collection found on the platform the application is being developed for. In fact, a simple
step is to delete all trace of the application from the memory when the user finishes the

work on it and close it completely. This will free the random access memory which
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allows more applications to execute smoothly since the garbage collection is another
essential step to release the space held by the application on the RAM which is very easy
to implement and has proven being very efficient. A second way to make good use of
the available random access memory is by avoiding introducing memory leaks and
releasing any reference object at the appropriate time. Memory leaks are usually caused
by holding onto object references in global members. The developer should consider
RAM constraints through all the development phase including application design (before
development has started). There are many ways to design and write code that lead to
more efficient results. First of all, services must be used sparingly; for example, if the
application requires a service to perform work in the background, the developer should
not keep it running unless it is actively performing a job. Moreover, the developer must
make sure not to leak the used services by failing to stop them when their work is
completed. Second of all, the developer should release memory when the user interface
becomes hidden (application running in the background). When the user navigates to a
different application and the user interface is no longer visible, the developer must
release any resources that are only used by the user interface. Releasing user interface
resources at this time can significantly increase the system’s capacity for cached
processes which has a direct impact on the quality of the user experience. Another
important thing that must be taken into consideration by the developer is being aware if
memory overhead. The developer must be knowledgeable about the cost and overhead
of the language and libraries that area being used for implementation and keep this
information in mind when designing the application from the beginning till it is
completed. In fact, a few bytes here and there add up very quickly and will lead to

memory overhead.
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Thus, in summary in order to reduce the RAM consumption and keep good

performance the designer should obey the below procedures:

e Make use of the garbage Collection which helps releasing memory when it is not
used.

¢ Avoid memory leaks by releasing any variable that is not need anymore and by
closing any file/service/connection that is not needed anymore.

e Pool shared resources that are scarce or expensive to create such as the database
or the network connections.

¢ Release unused Resources to allow other application to make use of it.

Thus, random access memory must be given high priority while designing an
application in order to keep the user experience acceptable if not good, and have a good

running application that do not consume all of the device RAMs.

3.3.2.3 1/0 usage

After discussing the importance of the CPU and RAM usage and listing the best
way to optimize their use, we will now tackle the input and output usage. Before
showing the importance of I/O usage in affecting the utilization we need to have a clear
definition of what is 1/0. The term 1/O is used to describe any program, operation or
device that transfers data to or from a computing device and to or from a peripheral
device. Every transfer is an output from one device and an input into another one. So
input and output will be used to communicate with the external resources that are
outside the mobile device and it is used to communicate with the internal resources that

are on the device itself such as the touch screen as an example. This being said, we can
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start by saying that input and output operations will have a very negative effect on the
device if not properly implemented. Figure 8 shows the I/O layers to highlight on the

complexity of any input and output operation.

Figure 8:1/0 layers

First of all, a computing device, and more specifically a mobile device is highly
dependent on 1/O operations. In our study, 1/0 will be measured in unit of time which
represents the time needed to perform any 1/O operation. In fact, a lot of operations and
information must be gathered from the internet, from the device external storage, and
from the device external memory card since device storage is limited. Thus, having an
efficient 1/0 operation will lead to a fast software application and a fast device, whereas
long and slow 1/0 operations will lead to lagging device and a slow application with bad
quality of service. Moreover, input and output operations on a computing device can be
very sluggish compared to the processing of data. An I/O device can incorporate
mechanical devices that must physically move, such as a hard drive seeking a track to
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read or write; this is often orders of magnitude slower than the switching of electric
current. For example, throughout a disk action that takes ten milliseconds to accomplish
a processor that is clocked at one gigahertz could have achieved ten million instruction-
processing cycles. Another issue that is currently occurring is that speeding up the 1/O in
a program is an often neglected area of optimization. A small optimization effort in the
domain of input and output can produce unexpected positive and fast results. In order to
optimize input and output operations, many steps can be followed which will result in
having a green mobile application that makes good and efficient use of all the 1/0 layers
in order to preserve them. Two types of I/O optimizations exist; one that affects the
application source code, and one that does not affect it. What is important in our case is
the method that affects the source code, which implies that the developer is working on
optimizing the application code to enhance the 1/0 operations. First of all, the developer
can use unformatted 1/0O when possible to bypass conversion of data. Unformatted
input/output is the most basic form of input/output. Unformatted input/output transfers
the internal binary representation of the data directly between memory and the file.
Whereas formatted output converts the internal binary representation of the data to
Unicode characters which are written to the output file and which is much slower.
Another way to optimize 1/O operations is by using special packages such as buffer 1/0
which is the process of temporarily storing data that is passing between a processor and
a peripheral. The main purpose of the special packages is to smooth out the difference in
rates at which the two devices can handle data, random access 1/0 and asynchronous
queued I/O which is a form of input/output processing that allow other processes to
continue before the transmission is finished. This way does not block the resource that it

is using and does not slow down the device responsiveness.

46



Thus any developer when working on a green mobile application should keep in

mind the I/O consumption by following the below procedures:

Avoid Depending on the internet all the time by fetching information from the

device storage which is faster.

¢ Avoid I/O Bottlenecks by scaling out and using multiple copies if possible.

e Process independent tasks concurrently.

e Acquire late and release early to minimize the duration that of holding a shared
and limited resources such as network and database connections.

e Reduce contention by not holding an 1/O for a long time to avoid queuing tasks

and reducing the performance.

Thus, enhancing I/O operations especially on mobile devices is a must since they
have limited resources, limited capabilities and make use of many peripheral devices and

storages to accomplish any needed task.

3.3.2.4 Storage usage

The last metric related to the utilization section is the storage usage. Storage usage is
a very vital metric especially when discussing mobile devices and in particular mobile
phones since storage on mobile devices is very limited. In fact, several manufacturers
are deciding to build devices whose storage cannot be expandable through memory card
which might be an issue on the long run since application nowadays are growing bigger
and are consuming more storage. In this section, and in order to analyze the storage

usage, we will calculate the amount of storage the application is using in terms of
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megabytes (MB), from the total storage available on the device and present it in the form

of a percentage, to show relatively the importance of the storage used by the application.

Every installed application on a mobile device will use its internal storage, part of its
cache storage, and maybe the external memory card in case it was found on the
smartphone. Thus, storage must be analyzed thoroughly in order to optimize it as much
as possible. For example, the Facebook application upon its launch weighed around 15
MB before installation, whereas now its size became of 35 MB. Moreover, it uses after
installation around 400 MB of storage which is really heavy for a device that has a
limited storage. Another example is the WhatsApp application and which upon its first
lunch weighed 1MB, whereas now the installation file is of 18 MB and the total storage
used by the application is around 300 MB. Those two examples depict two of the most
popular social application found in the world currently and their storage size together
can reach 800 MB, which is approximately 1 GB. Taking into consideration a regular
mobile device which has a built in storage of 16 GB; the OS takes approximately 5 GB
and keep for the user approximately 10 usable GBs of storage. Installing WhatsApp and
Facebook use 1 GB which is 10% of the 10 GB available storage. Such numbers are
really big and storage is really scarce. To build a green application, the developer must
first of all think of the best way to optimize storage usage. The developer should make
use of cloud storage which is expanding fast and becoming popular among consumers.
Another way to save storage is by creating a web based application. Instead of having all
components of the application installed on the user’s device; the developer will deploy a
web based mobile application that will be accessible anytime and which will have no

effect on the storage since it will not be based on the device storage. Moreover, if the
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developer decides to go with a device based application, this developer must make use
of the cache available on the device to store information fetched from the internet and
delete them upon the closing of the application which will save storage. In fact, the
bigger the size of an application, the bigger is the effect on the device and the
environment. Moreover, if the user is out of storage, they will have two choices; either
replacing the phone with another one with bigger storage, or buying an external memory
card (if the device allows) in order to expand the storage capacity of the smartphone. In
both cases, hazardous material is being dumped into the environment which has a
negative effect on the atmosphere, and companies will need more chemical tools to build

more phones and more storage.

In conclusion, in order to reduce storage usage and keep good performance the

following procedures should be followed carefully during the design phase:

e Design a light application that does not take a high space from the device by
using lower resolution images to save space.
e Make use of cache and clear it once done.

e Use external storage when possible and store rarely used data on it.

Storage usage is an important factor when discussing mobile application, and must
be handled very carefully by the developer in order to have an optimal application that is
green from all the sides and which will lead to better mobile performance and less

environmental harm.

3.4Energy/Performance metric
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After discussing the energy and performance metric separately, in this section we
will discuss the energy over performance ratio. The developer must balance between the
energy and the performance in order to have a green application that is first smooth and
run without lagging on the device and second that saves the device battery without
affecting the performance. In this section, our main focus is to minimize that ratio. In
other words, we will be focusing on reducing energy consumption while keeping high
performance for the application. Usually, current software engineers focus mainly on
improving an application performance without taking care of the battery consumption
which lead to a very good application with enhanced features and functionalities that
provides a good quality of service; however, the application consumes battery in an
unbalanced manner which will lead to uninstalling the application as no one wants a
dead mobile device after two hours of use. In order to illustrate the importance of this
ratio we will explain it by an example. Consider two mobile banking applications having
the same features. Both applications provide the customer with a brief summary of the
accounts and credit cards, provide details information for each of these entities, allow a
transfer to be performed and requesting several banking services online. The differences
between these two applications are the following; application A is faster than application
B. In fact, application A loads in less than one second and is very fast while switching
between screens and do not show any sign of lagging. Whereas, application B provide a
smooth quality of service, but takes around three seconds to load and it takes more time
than application A to display information. Nevertheless, application A consume one
percent of the battery every five minutes, whereas application B uses one percent of the
battery every fifteen minutes. Since both applications have the same functionality, the

consumer will be more tempted to use application B instead of application A; even
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though, application A is faster and has better performance. This highlights the need of

balancing between both energy consumption and application performance.

It is well-known that the better the application performance is, the more it will
consume battery. This analogy is related to the fact that having a better performance
means that the CPU needs to run faster, the RAMs will be used more, and the
mobile/wireless network might also be used more in order to have a smooth experience
in the case of an online application. All these components need a lot of power to run
which will lead to battery draining faster. Another important factor that affects battery
and performance is the presence of advertisement in the application. In fact several free
applications make use of advertisement in order to have a money income resulted from
the application. However, and according to researchers at the University Of Southern
California, Rochester Institute of Technology (RIT), and Queen's University in Canada
said that a phone's Central Processing Unit (CPU) is like its brain and advertisement eat
up a lot of that brain power slowing it down. When compared to application without
advertisements, the researchers found that applications with advertisements use an
average of sixteen percent more energy than application without advertisement. In
addition, an application with advertisements uses an average of 48 percent more of the
CPU time. This factor, will increase the CPU time of the mobile device, consume more
power and at the same time reduce the performance of the application itself. Thus,
adding advertisement on any application will result in a badly developed application that
cannot be rated as green. Another factor that will impact performance and battery
simultaneously is the applications that make use and are highly dependent on

information fetched from the internet. In fact, if a basic application need to run it will
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only need to use the basic components of the mobile device which are the central
processing unit and the random access memory. The more the application needs
components, the more it will drain the battery and impact the performance. So if an
application needs to use the global positioning system to fetch the user location, mobile
network to fetch data from the internet, and the Bluetooth device to send and receive
information from other devices then this application will be highly performing and have
lots of features; however, the battery will be majorly affected. A better alternative to
this application will be an application that uses the mobile network for both fetching the
location of the user and sending and receiving data through the internet and if possible it
can also use the mobile network to send files through the internet instead of using the
Bluetooth device which decreases the components used. In fact, this application can
have the same application features; however, it can perform in a better way and more
important it can have a better battery life which will make this application a green
application. Thus, in order to have a green application, it is very important to balance
between the energy consumption and the performance. Focusing on one side of the

application will not result in a complete green application.

Thus, the application should not be the fastest application available but have to be

fast enough. This can be accomplished by following the below measures:

e Make use of fewer resources that will lead to saving energy while maintaining
performance.
e Concentrate on tuning end to end performance in which the parts that interfere

with the user should have high priority in terms of performance.
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e Implement power profiles to increase performance when the device is plugged
into external power and not charging its battery.
e Load future resources/features in the background before accessing them.

e Choose the best resources in terms of power saving and performance enhancing.

After discussing all of the metrics, we can say that a green application is an
application that follows each metric, and balance between them. In fact, a developer can
decide to give more importance to one metric depending on the application that is being
developed and the features that it is serving. However, having a green application that is
good for the environment and for the phone at the same time should be consistent with

the defined metric and balance energy, economy, utilization and performance.
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Chapter Four

Implementation and Experimental

Results

After defining all the metrics and discussed the steps toward a green mobile
application, we will now analyze a developed mobile application that follows the steps
of green mobile application. The developed mobile application is an iOS application that
is designed for banks. The application is compared with a regular bank application that
provides exactly the same features in order to show whether the defined metrics are
accurate and to show that a green mobile application can outperform a regular mobile

application.

4.1 Application design

In order to show that our defined metrics are actually useable and lead to a green
application in terms of the environment and the mobile device, we developed an i0S
mobile banking application. Two builds for the mobile banking application were
developed; one version which is a regular application that do not take green metrics into
consideration. Whereas, the other one which is the green version that follows the green
metrics defined earlier in order to protect the environment. Both builds of the application

have the same features as shown in figure 9.
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However, the features are implemented using different algorithms in the two builds.
Both applications provide the following features: general information related to the
bank; account and credit card information, full transaction history, transfers between
accounts (under the mobile banking section), and additional services such as requesting
cheque book, a loan, or any service that the bank has to offer (under products) in an easy
and well-organized manner to help the customer perform these operation from any place
and at any time. So first of all, the main aim of the application is to provide ease of use
of the bank’s services to the customer which requires a good quality of service from the
application. In addition, the application aims to be always up and running in order to
better serve the customer. To discuss the application, we will start by a splash screen that
opens with the bank logo once the application is requested to be loaded for the first time.
Then a welcome screen with a slider displaying marketing banners from the bank
appears and under that slider we can find six buttons that direct us to a page in the

application as presented in figure 9.
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Figure 9: Application main features

The first button introduces general information related to the bank, the second
one describes the bank products, the third button is a plan for the youth, the fourth
button directs the user to the map to find the nearest branch, the fifth directs the user to
the nearest ATM, and finally the last button directs the user to the online banking page

where they can find all needed information related to their accounts.

Now that the application main features have been described and discussed we
will go into more details related to the application development itself which is very
important in this study. As discussed earlier, two builds for this application exist which
means that the same features have been designed in two different ways in order to model

the green metrics we discussed earlier in chapter three and the regular software
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engineering that is currently popular among developers. First of all, one build has been
named “greenthesis” which represents our green model while the other build named
“redthesis” which is the regular model. Each one of these builds make use of the device
resources in different ways; while both deliver at the end the same result as we will be

showing throughout this section.

4.2 Metrics Experimentation

4.2.1 Energy Experiments

In this section, we will start by discussing the energy improvement that the green
application will bring to the device’s battery and the impact this enhancement will lead

to.

4.2.1.1 Battery Consumption Experiment

As we stated earlier, our main concern was preserving the environment by
mainly extending the mobile device lifetime. In order to do so, the most important factor
that needs to be considered is the battery which is the major key on any mobile
computing device. It is a scarce resource that most of the consumers suffer from due to
the fact that recharging it might not always be feasible. In order to preserve the battery,
first the device hardware must be battery efficient (which is not a subject we can impact
in this study). Second, the software and applications installed on this device must be
battery friendly in order to save as much energy as possible. Every developer, in the
early stages of the mobile application design, must take care of battery issues where the
design should make use of the least resources possible in the best available way. In our

designed application, each build uses the battery of the application in a different way. In
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fact, “redthesis” make use of the CPU, the RAMs, the mobile network, the Wi-Fi
adapter and the GPS as much as possible; whereas, the “greenthesis” only uses the CPU,
RAM and mobile network to perform the needed tasks. As shown in table 1, the
“redthesis” consumes more than double the battery consumption of the “greenthesis”.
The values of the battery consumption are based on the research done by Perrucci,
Fitzek and Widmer which was specifically performed for mobile phones and lead by
Nokia mobiles. In their paper, the authors illustrated the resources’ usage for the battery
in mW/hour. Based on the research, a 2% CPU usage consumes 55mW/hour, which
gives us for the 1% usage a consumption of 27.5mW/hour. As for the RAM usage, we
measured both applications RAM usage(see figure 10) and found that “redthesis” uses
1.5 times more RAM then “greenthesis”, which implies according to the same study an
increase of battery consumption by 1.5. The authors measure the mobile network
consumption of battery, and according to their paper, downloading at a rate of 44kb/sec
will induce a usage of 500mW/hour. According to the 10s system, our application
downloads on average 758kb for the first run and in case of any update at the level of the

application the new content will be downloaded incrementally; which implies that with a

758(kb)

—————~ = (.74 sec to download the needed
1024(kb/sec)

data speed of 1MB/sec it will take

content; thus, the “greenthesis” will consume 0.1mW/run to download the needed data
and store it on the device cache. However, “redthesis”, will download the same needed
content on every run that is executed. The same calculation will be performed for the
Wi-Fi adapter which is used by the “redthesis” only; however, the Wi-Fi technology
downloads at an average speed of 700kb/s and consumes 1629mW/hour. Thus, the

application will consume on each run 0.45mW/hour. Now let’s consider that redthesis
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made use of the mobile network to download the needed information when a Wi-Fi
connection was unavailable, this will induce the same battery consumption. So in both
cases, “greenthesis” will either consume less than “redthesis” when downloading the
needed data or the same; however, in both cases, “redthesis” will not outperform
“greenthesis”. Now to show this information, in table 1, we are assuming that half the
data will be downloaded in “redthesis” through the mobile network and the other half
through the Wi-Fi just to point out the fact that in both cases, greenthesis will be more
power efficient. Finally, regarding the GPS power consumption which is only used by
the “redthesis”, when the GPS is operated it consumes 429mW/hour. If the application is
used for around 5 minutes, which is the average usage time for a banking application, we

get a battery consumption of 35.75mW/hour.

Table 1: Battery consumption

Resources (mW/run) GreenThesis RedThesis
CPU (1%) 2.291 2.291
RAM 10.2 15.6
Mobile network 0.1 0.05
+

0.41 (location)

Wi-Fi 0 0.225
GPS 0 35.75
Total: 13.001 53.916

This reduction in component usage affects the energy consumption drastically

and improves the battery life which in return leads to an improved battery lifetime. As
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discussed in the earlier sections, battery consumption is the major problem that pushes
the consumers to change their mobile phones where the demand of the consumers
requires mobile phones that have a battery that can operate for a full day. Green
applications will lead to such a result, since these applications as demonstrated will use
fewer resources from the computing device and use each of these resources in an
efficient manner. This reduces the energy consumption and allows the device to have an

enhanced daily battery usage as proven by the experimental results.

4.2.2 Economic Experiments

Going green provides the investors with a paradigm that offers economic growth
while protecting the earth and its’ environment. Investors seek for gaining the profit in
any project and green metrics can attract them and satisfy their interest in many ways.
This was proven in the “greenthesis”; in fact, it is hard to discuss economic when talking
about computer application as it is not a fixed investment. In order to assist whether the
“greenthesis” is economically green we need to specify the cost of these applications.
Table 2 lists in details all the costs of developing the “redthesis” and “greenthesis”. As
shown in the table, the cost of the “greenthesis” is more than the regular thesis; the cost
of the platform, application design, QA testing, and the publication of both applications
Is the same since the requirements of both applications are the same. The “greenthesis”
does not require any extra processor or database space; however, the development of this
application is more costly since the developer will have to design the code in a way that
can allow it to be reusable. The code of “greenthesis” as shown in the appendix is well
structured, easily maintainable and useful; in which, the code tries to take into

consideration future requirements and uses abstraction as much as possible.
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Table 2: Project cost

Project Cost ($) GreenThesis RedThesis
Platform cost 5,000 5,000
Fixed Costs Application Design 2,000 2,000
Submit to iStore 99 99
Development 4,000 3,000
Variable Costs = QA Testing (backend and usability 2,000 2,000
testing)
Total: 13,099 12,099

Although the cost of the “greenthesis” is higher than the “redthesis” application,
the “greenthesis” application has higher gain of investment. As discussed earlier in the
previous sections, the “greenthesis” application is light on the device as it makes use of
less resource than the “redthesis”; this, as expected encourages the consumers to use the
application and to keep requesting from the bank for this service. Both applications were
tested on a group of fifty people to take into consideration the feedback of the
consumers. First, for every user a dummy account was created in order to allow the user
to perform transactions and simulate real life use of the application. For the first week
the “redthesis” was installed on the users’ devices and then the “greenthesis” was
installed for another week. The users were asked the questions listed in table 3 to test the

usefulness of the “greenthesis” application.
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Table 3: User feedback

Questions GreenThesis RedThesis

1) Would you recommend the | - Yes 45/50 - Yes 15/50
application to a friend? - No 5/50 - No 35/50
2) Could you notice any battery | - Yes 15/50 - Yes 45/50
drainage? - No 35/50 - No 5/50

3) Were vyou satisfied by the | - Yes 45/50 - Yes 25/50
application performance? - No 5/50 - No 25/50
4) Would you pay for the service | - Yes 40/50 - Yes 33/50
and keep the application? - No 10/50 - No 17/50
5) Did the quality of service of the | - Yes 45/50 - Yes 10/50
product meet your expectations? - No 5/50 - No 40/50

As per table 3, the users prefer the “greenthesis” application and would keep on paying
for using the services provided by this application. However, the number of satisfied
users drops to almost half when talking about the “redthesis”. Suppose that the bank is
charging the customers 2% per month for this service. Based on question number 4 the
bank will earn 9608 per year in offering the “greenthesis” service; in contrast, the bank
will earn only 7928 per year in case of providing “redthesis” services based on the
considered population. This shows that the gain of investment of the “redthesis” is
almost two third the gains of “greenthesis”. On average, a bank has at least 10000
customers and according to our questionnaire, 80% of those customers will subscribe to
the mobile banking service which means that the “greenthesis” profit will be $16000

every month; whereas, the profit from “redthesis” will be $13200 (66% of the customers
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will subscribe to “redthesis”). The results obtained from this questionnaire will be
analyzed according to Return on investment (ROI), payback method, and Time Value of
money. Moreover, based on the survey result, the percentage of satisfied customers with
the green application is 80%. This rate is for the 50 customers in the sample. For the
entire population, we are 95% confident that the satisfaction rate of the “greenthesis” is

between 70.7% and 89.3% and for the “redthesis” 54.9% and 77.1%.

In order for potential investors to include the “greenthesis” in their investing
decisions, ROI of the “greenthesis” must be greater than the “redthesis”. Accordingly,
The ROl will be calculated based on the formula presented in chapter 3

Gains from Investment ($) —Project Cost($)
Project Cost ($)

ROI(%)=

x 100. Hence, the ROl of the

16000($) —13099(%$)

“greenthesis” is ROI(%)= 13099 ($)

x 100=22.14%: in contrast, the ROl for

13200($) —12099(%)

“redthesis” will be ROI(%)= 12099($)

x 100=9.09%. This proves that the

“greenthesis” is a better investment than the “redthesis” since it has a greater ROl which
will lead to greater return on investment. However, the ROI calculations don’t account
for the Time value of money, Discount rate, and life time of investment. Therefore the
results obtained from ROI are not that accurate and must be supported with other

financial testing.

Other Financial measurement is the payback period, which is calculated in order
to know the period that both builds of the application will require to recover the initial
expenses of the project. Accordingly, potential investors must seek the project that has a
lower payback period for them to recover initial costs earlier. The initial cost of the

“redthesis” is $12099 and the gain of investment is expected to be $13200 per year as

63



long as the application is active. Thus, the payback period of the “redthesis” is 10
months (12099$/13200$ = 0.91). In contrast the payback period of the “greenthesis”
is 9 months only (13099$/16000$% = 0.81). This allows us to conclude, that the
“greenthesis” is faster by one month than the “redthesis” in recovering the initial cost.
The payback reassures results obtained by the ROI method, whereby the “greenthesis” is
a better for investors in comparison with the “redthesis”. However, the Payback method

doesn’t also account for Time Value of money concept and to Discount rate.

Therefore, the returns generated from both applications, should be compared at
the same period taking into consideration the rate of return for each project. To do so,
Future Value of the initial investment should be calculated for both projects for the same
investment period. Future value is the value of an asset or cash at a specified date in the
future that is equivalent in value to a specified sum today. Depending on the compound
rate future value formula presented in chapter 3, the future value of money for both

investments is calculated.

For simplicity, three factors in the analysis are assumed: 1. Life term of the
projects is equal to 5 years. 2. Initial Cost is the Present Value and no other cash flows
are considered 3 and the rate of return is assumed to be 10% for “greenthesis” and for
“redthesis”. The Rate of return can be either a cost or an opportunity, however, since the
project is an investing project and not borrowing than the rate of return will present an
opportunity of the initial cost of each project which reflects the present value. Investors

must seek projects with greater Future value taking the life time of the projects the same.

e Future Value is calculated by : FV=PV(1+R)" whereby:
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o FV: Future Value
o PV: Present Value
o R: Discount rate or rate of return

o N: Time

According to the formula, the future value for “redthesis” is FV($) =
12099($) X (1 + 0.1)°>= $19485.56, whereas the future value for “greenthesis” is
FV($) = 13099($) x (1 + 0.1)> = $21096.07. This being said, the FV of 5 years
investment in the greenthesis is greater by $1610.51 which means that the “greenthesis”

is a better investment compared to “redthesis”.

The green metrics do not only offer higher return on investment, but also offer a
future investment compared to the regular applications that are not capable of providing
reusability. In fact, “greenthesis” has been designed in a way that allows code reusability
in an easy manner, where the code has been broken into blocks; each block having a
specific functionality which will allow future developers to re-use any piece of the
existing code. Thus, such a design saves money to the company for future projects. On
the long run, the developed code that cost more will be capable of returning this

additional cost with an extra gain by reducing development time

In conclusion, all the economic analysis point to the fact that “greenthesis” is a
better investment than “redthesis” where the green metrics will incur higher money
returns than a regular application since it is more preferable by customers, which allows

the increase in ROI, decrease in the payback period and provide a higher future value.

4.2.3 Performance Experiment
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The most important metric in our paper is the performance since it will be the
main game changer when discussing both builds of the application. In fact, the most
important factor in any application for utmost of the consumers and developers is the
performance and the quality of service of an application. The more an application is rich

with features, the more its performance gets affected in case it was neglected.

4.2.3.1 Quality of Service

Most users nowadays are not looking for complicated applications that require a
lot of knowledge to use, but prefer simple applications that have a good design and the
basic features the application should offer. In fact, when developing the mobile banking
application, we could have added a lot more features than what is currently included;
however, the application will lose its scope as there is no more information a bank needs
to show for its customers. Thus, we can say that having extra features on an application
is not always a good idea. Based on our questionnaire raised in table 3, we can conclude
that 45 out of the 50 testers were satisfied by the quality of service provided by the
“greenthesis” application, in contrast to only 10 out of the 50 who appreciated the
quality of service of the “redthesis”. This shows that the quality of service of the

“greenthesis” is better than the “redthesis” since it has an enhanced performance.

4.2.3.2 Utilization Experiment

Regarding performance, each feature that is implemented inside the mobile
application will require some component resources to work properly; and thus, will

affect the overall performance of the application. In our case, we made use of several
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green techniques that we discussed earlier in chapter three while developing

“greenthesis” in order to have our green application.

4.2.3.2.1. CPU and RAM Experiment

First of all let us discuss the performance differences of both applications in
regards with implementation. As stated earlier, the application allows the user to get the
location of the nearest branch and the nearest automated teller machine (ATM)
available. In order to do so, the current location of the user must be fetched by the
application to compare it with the available branches or ATMs in order to return to the
requester a list of the nearby branches (or ATMs). In order to provide the discussed
service, the developer can implement this feature in two different ways. The first by
using the global positioning system (GPS) built in the device and the second using the
mobile network. Both solutions will lead to the same result; however, using the GPS will
incur additional power since a new component of the computing device is being used in
addition to using more CPU power and more RAM space. The only positive side for
using the GPS is the accuracy of the user location. Though, when using the mobile
network to get the user location, the CPU usage will not be affected, RAM storage will
not increase, and power will not be affected since any regular mobile phone user is
always connected to their cellular network in order to send and receive calls. Thus, this
mobile component is always in use by the device. We can now say that, both
applications will provide a list of the nearest branches/ATMs, with one being less
accurate than the other. In fact, the GPS system has 10 meters accuracy; whereas, the
mobile network, depending on the user’s location from the antenna, can have an

accuracy of 100 meters. However, in the bank case, this difference in accuracy can be
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ignored since it is only used to show the client where the nearest branch is located and
will not serve as a navigation application which will require high precision in order to
direct a user to his/her location accurately. As shown in figure 10 below, the location
service will use more memory when the GPS component is used instead of the mobile
network. The application

“greenthesis” memory consumption is 93 MB, while

“redthesis” consumes 130 MB from the random access memory.
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Figure 10: GPS memory consumption

Another important feature that was implemented in our study is the concept of

garbage collection and tasks killing. In fact, once an application is launched and loaded,

it will use RAM space and consume data usage (internet consumption) when it needs to
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fetch data from the internet. The most important concept in this case is resources
allocation. Once the application is hidden in the background (user switches from one
application to another one), it should either become idle or get killed. Each option has its
pros and cons but implementing one of them will rescue the developer from the
disadvantages of keeping the application running indefinitely. In our case, we decided to
put the application to sleep; in other words, once the application is in the background, it
will release a part of the memory and will have an active listener that will wake the
application from its idle state when the user switch back to it. This will lead to a better
performance since the application will not be loaded several times and will decrease
CPU consumption as it is already present in the random access memory. In our mobile
banking application, we use the memory allocation function in order to keep the RAM
free as much as possible. When running “redthesis”, if the user access the map and close
it several times, the RAM usage will keep on increasing indefinitely as shown in figure
11; this is because the memory is not being freed when the user exit from a screen. In
contrast, in the “greenthesis” the memory is being freed whenever the user exit from a
screen. This enables the mobile device to have higher free RAM space available when a
task request for using it. The “greenthesis” memory is being freed; thus, as shown in
figure 11, it uses only extra 11.5 MB from the RAM compared to 29.5 MB in the case of
the “redthesis” which is more than the double usage. The RAM consumption is mainly
stable on “greenthesis”, whereas in “redthesis” the RAM will keep on increasing until no

more space exist on the device and the application will crash.
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Another important feature in the “greenthesis” build is the use of caching. In fact,

when the application is launched the home screen slider shown in figure 9 will provide

the user with the latest marketing campaigns available from the bank. Thus, this slider

needs to be regularly updated with the latest campaigns for consistency purposes. One of

the ways to develop this feature, which is done on “redthesis”, is by getting all the

marketing campaign from the internet each time the application is launched and the

slider is swiped. This will lead to high data consumption since the application will be

mainly downloading pictures. Moreover, it will lead to a bad quality of service when

working with the slider and swiping through the campaigns in the case of a slow or bad
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internet connection. This will incur lagging in the application which will affect in a
negative manner the quality of service. Another feature that will provide the same
impact is the branches/ATMs locator which also needs to stay updated in the case of a
new branch or a new ATM. Fetching all this data from the internet is a bad option, used
by most of the developer since it is the easiest solution; however, will lead to high data
consumption and bad quality of service which are two important factors for any mobile
phone user. In order to improve and solve this issue, “greenthesis” will first of all make
use of caching and store all this information on the device storage temporarily with the
date of the last update (date of last time cache was updated). Such a design will affect
the performance of the application since the “redthesis” depends on the internet to fetch
all needed data and display them on the slider. This will lead to a higher cost in terms of
bandwidth and I/O usage with respect to the “greenthesis” usage of I/O and bandwidth.
As shown in section 4.2.1.1, both applications need to fetch 758KB from the internet;
however, “greenthesis” will perform that operation once and store the data on the device
storage; whereas, “redthesis” will download that information each time the application is
executed which will lead to high I/O usage and lagging in the display of the pictures due
to the data transfer that might not be always stable. Although, the “greenthesis” saves
I/O usage, it will store the data on the device storage. Hence, the “greenthesis” uses
more device storage than the “redthesis”. Both builds of the application have the same
installation file size of 8.9MB as shown in figure 13; however, “greenthesis” will need
an extra space in order to save the marketing campaigns and all fetched data. However,
the size of the extra data is minimal and will not affect negatively the device storage

especially that most of the devices in the current days have high storage.
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Figure 13: Installation file size

Thus, we can say that when comparing both builds performance, the performance
on “greenthesis” is much better than the one on “redthesis” because of all the
performance enhancement implemented in order to keep the application as smooth as
possible and in the same time keeping the device memory and central processing unit

available and with free space as much as possible.

4.2.4 Energy/performance experiment

The last metric that will be analyzed and tested is the energy/performance relation
which is very important when talking about green applications. This metric will be

responsible for balancing between the two separates individual metrics in order to reach,
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if possible, the optimal green application in terms of both performance and energy
consumption. In order to reach such a balance, the developer as discussed in chapter 3
must take care of both performance and energy issues starting from the design phase. On
the other hand, the “redthesis” build was developed regularly as stated earlier; with only
in mind application features and performance while ignoring the impact this will induce
on the battery and the user experience. As shown in section 4.2.3 the performance of the
“greenthesis” is better than the performance of the “redthesis”. Table 4 summarizes the
results induced and shows that “greenthesis” utilization overcomes “redthesis”
utilization when speaking of the CPU, RAM, and I/O usages; however, “redthesis” has

slightly a better utilization in storage usage.

Table 4: Performance utilization values

GreenThesis RedThesis
CPU Usage 1% 1%
RAM Usage 93.4MB 130MB
I/0 Usage 758KB 758KB

X times application launched

Storage Usage 9.658MB 8.9MB

The better performance affected the energy consumption of the “greenthesis” as shown
in table 1. The usage of the CPU in both applications is the same (1%); thus, the energy
consumption of the CPU in both builds is also the same (27.5mW/hour). However, the
RAM usage in the “redthesis” is higher than the “greenthesis” which impacted the
battery consumption where the “redthesis” consumes 15.6mW/hour while the

“greenthesis” consumes only 10.2mW/hour. Moreover, the I/O usage of “greenthesis” is
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lower than the usage of “redthesis™; this fact imposed a less consumption of energy in
the “greenthesis” application where the mobile network consumed only 2.36mW/hour
while “redthesis” 4.72mW/hour. In order to calculate the ratio Energy/Performance we
will sum the RAM, 1/O, and storage usage in MB; the CPU usage is going to be
neglected since it is the same between the two applications. Moreover, the battery
consumption of all the resources except the CPU is going to be calculated to measure the

effect of the performance on the energy.

e Greenthesis Energy/Performance:

o Energy summation of the Resources = 10.2 + 2.36 = 12.256mW/hour.

o Performance Utilization Summation = 93.4 + 0.758 + 9.658

103.816MB.

¢ Redthesis Energy/Performance:

o Energy summation of the Resources = 15.6 + 4.72 + 0.45 + 35.75
56.52mW/hour.

o Performance Utilization Summation = 130 + 1.516 + 8.9= 140.416MB.

As shown, the performance utilization summation of the “greenthesis” is better than the

“redthesis” which had an impact on the energy consumption of the resources where the

“redthesis” consumes 44.264mW/hour more than the “greenthesis”.

This being said, we can conclude that the balance between the performance and the
energy metrics was successful in the “greenthesis” which is in overall better than the

“redthesis”.

4.3 Summary of experimental results
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In summary, the same experiments were conducted on both applications to prove

that the “greenthesis” accomplishes its goals in terms of preserving the environment.

The “greenthesis” was developed taking into consideration the performance, energy, and

economic in order to satisfy both the users and the investor. The different in the

development are summarized in table 5.

Table 5: Regular versus green application

GreenThesis

RedThesis

Energy * Uses the resources that * Does not check the
consumes less energy. resource
consumption.
*  Uses less number of resources.

* Does not take into
consideration using
fewer resources.

Performance * High number of satisfied users * Less number of

¢ Limits the number of resources
used

* Uses progressive processing
*  Pools shared resources

* Makes use of garbage
collection

* Avoids Depending on the
internet all the time

* Avoids I/O bottleneck

* Stores low resolution images

satisfied users.

¢ Does not limit the
number of resources
used

* Does not use
progressive
processing

* Does not pool shared
resources

¢ Does not make use of
garbage collection

* Depends on the
internet all the time

e Does not avoid I/O
bottleneck

*  Stores high resolution
images
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Energy/Performance

Tunes end to end performance

Maintains high performance
while reducing energy
consumption

Loads features in background
before accessing them

* Does not concentrate
on tuning end to end
performance

* Does not load
featuresin
background before
accessing them

Economic

High number of satisfied users

Reusable code

* Less number of
satisfied users

* Non-reusable code

The “redthesis” consumes the CPU, RAM, and the mobile network a lot which

affects the performance, energy consumption, and the economic value of the application.

The “greenthesis” tackled these issues and implemented the proposed solutions that not

only guarantees better user satisfaction but also saves the environment. Table 6

summarizes the experimental results of the metrics.

Table 6: Summary of Experimental results

Metrics Greenthesis Redthesis
Energy 13.001mW/run 53.916mW/run
Economic ROI: 22.14% ROI: 9.09%
Payback: 0.81 months Payback: 0.91 months
FV:23084.91% FV: 19485.56%
Performance QOS: 40/50 QOS: 33/50
Utilization: 103.816MB Utilization: 140.416MB
Energy/Performance Energy: 10.71 Energy: 51.625

Performance: 103.81MB

Performance: 139.65MB
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In summary, both “redthesis” and “greenthesis” are highly performing
applications. However, as the experiment shows, the “redthesis” is not environmental

since it consumes more energy, has lower economic value and is less performing.
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Chapter Five

Conclusion and Future Work

Mobile phones expansion is growing exponentially nowadays. Every person has
at least two mobile devices and this growth comes with a negative effect on the
environment. In fact, the development of a mobile device requires a lot of machines to
be used and many hazardous elements combined together which has a negative effect on
the environment. As discussed in the thesis, there are several ways to limit such impact
on the environment by mainly taking care of developing mobile friendly software’s that
will run on the device, following some predefined procedures which will lead to a green
application being deployed which will protect the environment and increase the device
lifetime. In our thesis we defined four different metrics. The energy metric tackled
battery consumption issues where several solutions were provided in order to decrease
the battery draining. The economic metric defined terms such as the return on
investment, the future value of money, and the project payback after which it discussed
the importance of having a budget friendly and reusable application in order to reduce
the costs of investment and making future use of the application code. The performance
and utilization metric take care of the usage of the device resources where we defined
and presented several formulas to study these usages and provided solutions to reduce
them in an efficient manner that does not affect the quality of service. The last metric

that was discussed is a combination of the performance and energy metrics where we
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provided a way to balance between both applications to get the best result and reach an

optimal green and ecofriendly application that has a balanced usage.

Once these metrics were defined we developed an application that follows them
in order to demonstrate and prove their effectiveness. The developed application showed
positive results and proved that a green application is better than a regular application.
For the future work, each metric will be developed more thoroughly with more details to
try and reach the optimal green application. In addition, a formula will be developed that
can cater for all the defined metrics. In other words, this formula will be able to give
information on how the application is. It will also have weights for each metric. Thus, in
this way the investors will have the ability to express their interest in each metric, and
give each metric a different degree of importance according to their need and to the
project need; Moreover, the scope of our research is going to be expanded to cover all
the computing devices and will not be limited to smartphones especially that we are
witnessing nowadays an increase in the usage of the computing devices in every aspect

of our lives.
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Appendix A

Survey

Thank you for taking the time to complete this survey. Your feedback is important to us to
complete our study about the green mobile applications which is my topic for my thesis at Lebanese
American University.

This survey should only take about 5 minutes of your time. Your answers will be completely anonymous.

If you have any questions, you may contact me on:

Georges Bitar 70-752602 georges.bitar@lau.edu

1. Would yourecommend the application to a friend?

a. YES
b. No
2. Could you notice any battery drainage?
a. YES
b. NO
3. Were you satisfied by the application performance?
a. YES
b. NO
4. Would you pay for the service and keep the application?
a. YES
b. NO
5. Did the quality of service of the product meet your expectations?
a. YES
b. NO

Figure 14: Survey

WebviewViewController.m

#import "WebviewViewController.h"
@interface WebviewViewController ()

85



@end
@implementation WebviewViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil
{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];
if (self) {
/I Custom initialization

}

return self;

}

- (void)viewDidLoad

{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.
//self.navigationController.navigationBar.titleTextAttributes
/= @{UITextAttributeTextColor : [UIColor orangeColor]};

NSString* htmlString=@"";

if([self.title isEqual ToString:@"OUR HISTORY"])

htmIString= @"<span style=\"color:#9C9E9f;\"><p>The bank was established in
1980 and has experienced large year on year intrinsic growth since then. This impressive
performance can be attributed to the Bank’s sound management structure coupled with
our philosophy that customer satisfaction comes first. The bank is registered in the
Bank's list # 101 BDL.<br><br>Another factor has been the commitment of our
shareholders, who are encouraged to re-invest all profits to support the Bank’s ongoing
expansion scheme. The shareholders have also demonstrated their commitment to the
Bank by raising capital from their personal funds whenever expansion plans warranted
additional capital injection. <br><br>The bank branch network covers most major cities
and residential areas. This carefully located branch network has been instrumental in
expanding our customer base. <br><br>QOver the years The bank has succeeded in
meeting its main objective, which is to continuously introduce high-quality products and
services that meet our customers’ evolving needs. Aside from basic banking services,
The bank scope of operations includes as well insurance brokerage. To keep ahead of the
highly competitive market, The bank has made substantial investments in the latest
technologies and now boasts an extremely advanced IT infrastructure. <br><br>This
bold strategy has driven The bank further in the Lebanese bank ranking.<br><br>The
bank solid corporate foundation combined with its promise to deliver the most
innovative and attractive banking products can only strengthen and consolidate its
position among Lebanon’s leading banks.</p></span>";

else if([self.title isEqualToString:@"OUR MISSION™])
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htmIString= @"<span style=\"color:#9C9E9f;\"><p>The bank is a leading
Lebanese commercial bank focused on providing customers with personalized assistance
and high quality products. Our commitment to our customers is reflected in an
inexhaustible drive to improve our services and introduce innovative products that meet
our customers’ evolving needs.</p></span>";

else if([self.title isEqual ToString:@"OUR VALUES"])
htmIString= @"<span style=\"color:#9C9E9f;\"><p>Honesty, integrity and

customer focus.<br><br>These are the cornerstones of our growth. They serve as the
driving forces in our journey towards banking excellence and the realization of our
vision: “The bank will be a world class provider of banking services”.<br><br>We will
achieve this through the management initiatives, we are implementing, as they are
targeted at shaping the way our staff perceive, think and respond to the customer.
<br><br>Our values will be reflected in the output of every function, in the products we
create, the systems we implement and the way we serve our customers.<br><br>By
living up to these promises every day, we make sure that The bank is the best place to
bank. <br><br>What makes us different?<br><br>We work hard to be worthy of the
trust and responsibility, which our clients have entrusted us with. This trust is built on
both the transparency of our day-to-day relationship with those customers and the
effectiveness with which we provide our “basket” of popular products that are tailored to
their needs. <br><br>However, as part of our evolutionary strategy, we are continually
developing and improving our culture, services, and products to ensure greater client
loyalty. This is our philosophy and we believe in itl</p></span>";

else htmlString=@"";

[self.webview loadHTMLString:htmlString baseURL:nil];
if([self.title isEqual ToString:@"ACCOUNTS"])

{
NSURL *targetURL = [NSURL
URLWithString: @"http://www.almawarid.com/Brochures/Products/accountsbro.pdf"];
NSURLRequest *request = [NSURLRequest requestWithURL:targetURL];
[self.webview loadRequest:request];

}
else if([self.title isEqual ToString: @"LOANS"])

{
NSURL *targetURL = [NSURL
URLWithString: @"http://docs.google.com/gview?url=http://www.almawarid.com/Broc
hures/Products/loansbro.pdf"];
NSURLRequest *request = [NSURLRequest requestWithURL:targetURL];
[self.webview loadRequest:request];
b
¥

- (void)didReceiveMemoryWarning

{

[super didReceiveMemoryWarning];

87



I/ Dispose of any resources that can be recreated.

}
@end

AppDelegate.m

#import "AppDelegate.h”

#import "mainScreenViewController.h"
#import <GoogleMaps/GoogleMaps.h>
@implementation AppDelegate

- (BOOL)application:(UlApplication *)application
didFinishLaunchingWithOptions:(NSDictionary *)launchOptions
{

self.window = [[UIWindow alloc] initWithFrame:[[UIScreen mainScreen] bounds]];

NSFileManager *fileManger=[NSFileManager defaultManager];

NSError *error;

NSArray *pathsArray =
NSSearchPathForDirectoriesinDomains(NSDocumentDirectory,NSUserDomainMask,Y
ES);

NSString *doumentDirectoryPath=[pathsArray objectAtindex:0];

NSString *destinationPath= [doumentDirectoryPath
stringByAppendingPathComponent: @"Branches.plist"];

NSLog(@"plist path %@",destinationPath);
if ([fileManger fileExistsAtPath:destinationPath]){
/INSLog(@"database localtion %@",destinationPath);

¥
NSString *sourcePath=[[[NSBundle mainBundle]

resourcePath]stringByAppendingPathComponent: @"Branches.plist"];

[fileManger copyltemAtPath:sourcePath toPath:destinationPath
error:&error];

I/ Override point for customization after application launch.

[GMSServices
provideAPIKey:@"AlzaSyBxYBk29QQ02Z10KAWFXLLN6ZsTFecm3x9I1"];

self.window.backgroundColor = [UIColor whiteColor];

mainScreenViewController *main=[[mainScreenViewController alloc]
initWithNibName: @"mainScreenViewController” bundle:nil];

[self.window setRootViewController:[[UINavigationController alloc]
initWithRootViewController:main]];
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[self.window makeKeyAndVisible];
return YES;

}
- (void)applicationWillResignActive:(UlApplication *)application

/I Sent when the application is about to move from active to inactive state. This can
occur for certain types of temporary interruptions (such as an incoming phone call or
SMS message) or when the user quits the application and it begins the transition to the
background state.

I/ Use this method to pause ongoing tasks, disable timers, and throttle down OpenGL
ES frame rates. Games should use this method to pause the game.

}

- (void)applicationDidEnterBackground:(UlApplication *)application
{

/I Use this method to release shared resources, save user data, invalidate timers, and
store enough application state information to restore your application to its current state
in case it is terminated later.

/'1f your application supports background execution, this method is called instead of
applicationWillTerminate: when the user quits.

}

- (void)applicationWillEnterForeground:(UlApplication *)application

/Il Called as part of the transition from the background to the inactive state; here you
can undo many of the changes made on entering the background.

}

- (void)applicationDidBecomeActive:(UlApplication *)application

I/ Restart any tasks that were paused (or not yet started) while the application was
inactive. If the application was previously in the background, optionally refresh the user
interface.

¥
- (void)applicationWillTerminate:(UlApplication *)application

/I Called when the application is about to terminate. Save data if appropriate. See also
applicationDidEnterBackground:.

}
@end

branchesViewController.m
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#import "branchesViewController.h"

@interface branchesViewController ()
{
NSMutableArray *arrayOfBranches;
GMSMapView *mapView_;
¥
@end

@implementation branchesViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil
{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];
if (self) {
/I Custom initialization

}

return self;

}

- (void)viewDidLoad
{

[super viewDidLoad];

self.map_view.frame=self.view.frame;

NSDictionary *infoDictionary = [[NSBundle mainBundle] infoDictionary];

NSString *appDisplayName = [infoDictionary
objectForKey:@"CFBundleDisplayName™"];

if([appDisplayName isEqualToString: @ ThesisGreen"])

self.navigationController.navigationBar.titleTextAttributes

= @{UITextAttributeTextColor : [UIColor greenColor]};

[self.navigationController.navigationBar.backltem.titleView setTintColor:[UIColor
greenColor]];

}

else

{
self.navigationController.navigationBar.title TextAttributes
= @{UITextAttributeTextColor : [UIColor redColor]};

¥

// Do any additional setup after loading the view from its nib.

/*NSString
*branchesJson=@"{\"Branches\":[{\"BranchID\":\"1\" \"Branch_Mnemonic\":\"HMRA\
"\"Name\":\"HAMRA\" \"Mobile\":\"+961 3 330821\",\"Phone\":\"+961 1
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734040\" \"gmX\":\"33.897748\" \"gmY\":\"35.48417\"},{\"BranchID\":\"2\" \"Branch _
Mnemonic\":\"ALEY\" \"Name\":\"ALEY\" \"Mobile\":\"+961 3

330822\" \"Phone\":\"+961 5

555755\" \"gmX\":\"33.807733\" \"gmY\":\"35.597613\"},{\"BranchID\":\"3\" \"Branch
_Mnemonic\":\"BKLN\" \"Name\":\"BAAKLINE\" \"Mobile\":\"+961 3

330823\" \"Phone\":\"+961 5

304000\" \"gmX\":\"33.703778\" \"gmY\":\"35.570984\"},{\"BranchID\":\"4\" \"Branch
_Mnemonic\":\"MRLS\" \"Name\":\"MAR ELIAS\" \"Mobile\":\"+961 3

330824\" \"Phone\":\"+961 1

312800\" \"gmX\":\"33.893217\" \"gmY\":\"35.49408\"},{\"BranchID\":\"5\" \"Branch_
Mnemonic\":\"MNSF\" \"Name\":\"MANASSEF\" \"Mobile\":\"+961 3

330825\" \"Phone\":\"+961 5

720222\" \"gmX\":\"33.701493\" \"gmY\":\"35.518799\"},{\"BranchID\":\"6\" \"Branch
_Mnemonic\":\"SHTR\"\"Name\":\"SHTAURA\" \"Mobile\":\"+961 3

330816\" \"Phone\":\"+961 8

541111\" \"gmX\":\"33.809391\" \"gmY\":\"35.859632\"},{\"BranchID\":\"7\" \"Branch
_Mnemonic\":\"SHHM\" \"Name\":\"SHEHEEM\" \"Mobile\":\"+961 3

330817\" \"Phone\":\"+961 7

240444\" \"gmX\":\"33.619345\" \"gmY\":\"35.486484\"},{\"BranchID\":\"8\" \"Branch
_Mnemonic\":\"MATN\" \"Name\":\"MATEN\" \"Mobile\":\"+961 3

330818\" \"Phone\":\"+961 5

531000\" \"gmX\":\"33.843045\" \"gmY\":\"35.730286\"},{\"BranchID\":\"9\" \"Branch
_Mnemonic\":\"TRPL\" \"Name\":\"TRIPOLI\" \"Mobile\":\"+961 3

330819\" \"Phone\":\"+961 6

625000\" \"gmX\":\"34.434264\" \"gmY\":\"35.836099\"},{\"BranchID\":\"10\" \"Branc
h_Mnemonic\":\"DORA\" \"Name\":\"DORA\" \"Mobile\":\"+961 3

330820\" \"Phone\":\"+961 1

269999\" \"gmX\":\"33.894927\" \"gmY\":\"35.552444\"} {\"BranchID\":\"11\" \"Branc
h_Mnemonic\":\"HSBY\" \"Name\":\"HASBAYA\" \"Mobile\":\"+961 3

499278\" \"Phone\":\"+961 7

552000\" \"gmX\":\"33.398199\" \"gmY\":\"35.692595\"},{\"BranchID\":\" 12\" \"Branc
h_Mnemonic\":\"DHIA\" \"Name\":\"DAHIA\" \"Mobile\":\"+961 3

498990\" \"Phone\":\"+961 1

476000\" \"gmX\":\"33.831923\" \"gmY\":\"35.512514\"},{\"BranchID\":\" 13\" \"Branc
h_Mnemonic\":\"COLA\"\"Name\":\"COLA\" \"Mobile\":\"+961 70

563999\" \"Phone\":\"+961 1

705520\" \"gmX\":\"33.876315\" \"gmY\":\"35.495602\"},{\"BranchID\":\"14\" \"Branc
h_Mnemonic\":\"JUNH\" \"Name\":\"JOUNIEH\" \"Mobile\":\"+961 70

564999\" \"Phone\":\"+961 9

638222\" \"gmX\":\"33.983617\" \"gmY\":\"35.632171\"},{\"BranchID\":\"15\" \"Branc
h_Mnemonic\":\"SAIF\" \"Name\":\"SAIFI\" \"Mobile\":\"+961 3

100289\" \"Phone\":\"+961 1

99944 7\" \"gmX\":\"33.894394\" \"gmY\":\"35.506548\"}]}";*/

NSString *branchesJson=@"";

NSError *error;
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NSArray *paths = NSSearchPathForDirectoriesinDomains(NSDocumentDirectory,
NSUserDomainMask, YES); //1
NSString *documentsDirectory = [paths objectAtindex:0]; //2
NSString *path = [documentsDirectory
stringByAppendingPathComponent: @"Branches.plist™];
NSMutableArray *Data=[[NSMutableArray alloc] initWithContentsOfFile:path];
NSURL *url = [[NSURL alloc] initWithString:[NSString
stringWithFormat: @"http://apidb.dev-mc.org/ThesisGreen.php?Flag=%Iu",(unsigned
long)[Data count]]];

if([appDisplayName isEqual ToString: @ ThesisRed"])
{
url = [[NSURL alloc] initWithString:[NSString
stringWithFormat: @"http://apidb.dev-mc.org/ThesisGreen.php?Flag=0"]];

}

NSStringEncoding encoding;
/INSString *my_string = [[NSString alloc] initWithContentsOfURL:url
Il encoding:NSUTF8StringEncoding
Il error:&error];
NSString *my_string = [[NSString alloc] initWithContentsOfURL.:url
usedEncoding:&encoding
error:&error];
branchesJson =my_string;

arrayOfBranches=[[NSMutableArray alloc] init];
NSData *webData = [branchesJson dataUsingEncoding:NSUTF8StringEncoding];

NSLog(@"%lu bytes",webData.length);

NSDictionary *jsonDict = [NSJISONSerialization JSONObjectWithData:webData
options:0 error:&error];

[arrayOfBranches setArray:[jsonDict objectForKey:@"Branches™]];
if([arrayOfBranches count]>0)
{ [Data setArray:arrayOfBranches];
[Data writeToFile:path atomically:YES];}
else

{
[arrayOfBranches setArray:Data];

¥
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GMSCameraPosition *camera = [GMSCameraPosition
cameraWithLatitude:33.897748
longitude:35.48417
zoom:8J;
mapView_ = [GMSMapView mapWithFrame:self.map_view.bounds

camera:camera];
mapView_.myLocationEnabled = YES;

NSLog(@"User's location: %@", mapView_.myLocation);
//self.view = mapView_;

Il Creates a marker in the center of the map.

for(int i=0;i<arrayOfBranches.count;i++)
{
/I Creates a marker in the center of the map.
GMSMarker *marker = [[GMSMarker alloc] init];
marker.position = CLLocationCoordinate2DMake([[[arrayOfBranches
objectAtindex:i] objectForKey:@"gmX"] doubleValue],[[[arrayOfBranches
objectAtindex:i] objectForKey:@"gmY"] doubleValue]);
marker.title = [NSString stringWithFormat: @"%d",i];
marker.map = mapView_;

}

mapView_.delegate=self;

[self.map_view addSubview:mapView_];

}

- (void)didReceiveMemoryWarning
{

[super didReceiveMemoryWarning];
// Dispose of any resources that can be recreated.

¥
- (UIView *)mapView:(GMSMapView *)mapView markerinfowindow:(GMSMarker

*)marker {

UlView *view=[[UIView alloc] initWithFrame:CGRectMake(0, 0, 210, 70)];
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[view setBackgroundColor:[UIColor whiteColor]];

view.layer.cornerRadius=5;

view.layer.borderColor=[UIColor lightGrayColor].CGColor;

view.layer.borderWidth=1,;

UlLabel *label=[[UlLabel alloc] initWithFrame:CGRectMake(5, 0, 200, 70)];

label.text=[NSString stringWithFormat:@"%@ \nPhone: %@\nMobile:
%@",[arrayOfBranches[[marker title integerVValue]]
objectForKey:@"Name"],[arrayOfBranches[[marker.title integerVValue]]
objectForKey:@"Phone"],[arrayOfBranches[[marker.title integerValue]]
objectForKey:@"Mobile"];

label.numberOfLines=0;

label.lineBreakMode=YES;

[view addSubview:label];

return view;

H
@end

DetailsViewController.m

#import "DetailsViewController.h"

@interface DetailsViewController ()

{

}
@end

NSMutableArray *ArrayOfData;

@implementation DetailsViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil

{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];

if (self) {
/I Custom initialization
}

return self;
}
- (void)viewDidLoad
{
[super viewDidLoad];
/I Do any additional setup after loading the view from its nib.

ArrayOfData=[[NSMutableArray alloc] init];
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NSMutableDictionary *Data=[[NSMutableDictionary alloc]
initWithContentsOfFile:[[NSBundle mainBundle] pathForResource:@"Data"
of Type:@"plist"]];

if([self.title isEqual ToString: @"ACCOUNT"])
[ArrayOfData setArray:[Data objectForKey:@"Account™]];
if([self.title isEqual ToString:@"CREDIT"])
[ArrayOfData setArray:[Data objectForKey: @"Credit"]];

NSLog(@"%@",ArrayOfData);
}

- (void)didReceiveMemoryWarning
{

[super didReceiveMemoryWarning];
/I Dispose of any resources that can be recreated.

¥
-(NSinteger) tableView:(UlTableView *)tableView

numberOfRowsInSection:(NSlInteger)section

{

return 1;

¥
-(NSlInteger) numberOfSectionsinTableView:(UlTableView *)tableView

{

return ArrayOfData.count;

¥
-(CGFloat) tableView:(UlTableView *)tableView
heightForRowAtIndexPath:(NSIndexPath *)indexPath

{

return 82;

-(UITableViewCell *) tableView:(UlTableView *)tableView
cellForRowAtIndexPath:(NSIndexPath *)indexPath

{
static NSString *identifier=@"cell";

UlTableViewCell *cell=[tableView dequeueReusableCellWithldentifier:identifier];
if(cell==nil)

cell = [[UITableViewCell alloc] initWithStyle:UITableViewCellStyleDefault
reuseldentifier:identifier];

}

[cell setBackgroundColor:[UIColor whiteColor]];

UlLabel *Label=[[UlLabel alloc] initWithFrame:CGRectMake(10, 5, 300, 32)];
Label.text=[ArrayOfData[indexPath.section] objectForKey:@"Desc"];
Label.textColor=[UIColor orangeColor];
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[cell.contentView addSubview:Label];

if([self.title isEqualToString:@"ACCOUNT"])

{
UlLabel *Label=[[UILabel alloc] initWithFrame:CGRectMake(10, 25, 300, 32)];
Label.text=[ArrayOfData[indexPath.section] objectForKey:@"AccountNumber"];
Label.textColor=[UIColor orangeColor];
[cell.contentView addSubview:Label];

¥
if([self.title isEqualToString: @"CREDIT"])

{
UlLabel *Label=[[UILabel alloc] initWithFrame:CGRectMake(10, 25, 300, 32)];
Label.text=[NSString stringWithFormat: @"**** *x#** **x*
%@",[[ArrayOfData[indexPath.section] objectForKey:@"CardNumber"]
substringFromIndex:12]];
Label.textColor=[UIColor orangeColor];
[cell.contentView addSubview:Label];

}

UlLabel *Labell=[[UlLabel alloc] initWithFrame:CGRectMake(10, 45, 300, 32)];
Labell.text=[NSString stringWithFormat: @"Balance:"];
Labell.textColor=[UIColor redColor];

[cell.contentView addSubview:Labell];

UlLabel *Label2=[[UILabel alloc] initWithFrame:CGRectMake(80, 45, 200, 32)];

Label2.text=[NSString stringWithFormat: @"%@
%@",[ArrayOfData[indexPath.section]
objectForKey:@"Balance"],[ArrayOfData[indexPath.section]
objectForKey:@"Currency"]];

Label2.textColor=[UIColor orangeColor];

[cell.contentView addSubview:Label2];

return cell;
}
@end

LetUsMeetViewController.m

#import "LetUsMeetViewController.h"
#import "WebviewViewController.h"
@interface LetUsMeetViewController ()

{

}
@end

NSMutableArray *Menultems;
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@implementation LetUsMeetViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil
{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];
if (self) {
/I Custom initialization

}

return self;

}
-(void) viewWillAppear:(BOOL)animated

self.title=@"LET US MEET";

}

- (void)viewDidLoad

{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.
Menultems=[[NSMutableArray alloc] init];
[Menultems insertObject: @"OUR HISTORY™ atIndex:0];
[Menultems insertObject: @"OUR MISSION" atindex:1];
[Menultems insertObject: @"OUR VALUES" atindex:2];

[self.menuTableview setTableHeaderView:_logoBanner];
[self.menuTableview setBackgroundColor:[UIColor clearColor]];
[self.view setBackgroundColor:[UIColor clearColor]];

/I Create the colors

UlColor *darkOp =

[UIColor whiteColor];

UlColor *lightOp =

[UIColor colorWithRed:0.9f green:0.9f blue:0.9f alpha:1.0];;

Il Create the gradient
CAGradientLayer *gradient = [CAGradientLayer layer];

I Set colors

gradient.colors = [NSArray arrayWithObjects:
(id)darkOp.CGColor,
(id)lightOp.CGColor,
(id)darkOp.CGColor,
nil];

I/ Set bounds
gradient.frame = self.menuTableview.bounds;
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// Add the gradient to the view
[self.menuTableview.layer insertSublayer:gradient atindex:0];

self.navigationController.navigationBar.titleTextAttributes
= @{UITextAttributeTextColor : [UIColor orangeColor]};

}

- (void)didReceiveMemoryWarning
{

[super didReceiveMemoryWarning];
// Dispose of any resources that can be recreated.

¥
-(NSinteger) tableView:(UlTableView *)tableView

numberOfRowsInSection:(NSlInteger)section

{

¥
-(NSlInteger) numberOfSectionsinTableView:(UlTableView *)tableView

return Menultems.count;

return 1;

¥
-(CGFloat) tableView:(UlTableView *)tableView

heightForRowAtIndexPath:(NSIndexPath *)indexPath
{

¥
-(UITableViewCell *) tableView:(UITableView *)tableView

cellForRowAtIndexPath:(NSIndexPath *)indexPath

{
static NSString *identifier=@"cell";

UlTableViewCell *cell=[tableView dequeueReusableCellWithidentifier:identifier];
if(cell==nil)

{
cell = [[UITableViewCell alloc] initWithStyle:UITableViewCellStyleDefault
reuseldentifier:identifier];

}

[cell setBackgroundColor:[UIColor clearColor]];

return 40;

UlLabel *Label=[[UlLabel alloc] initWithFrame:CGRectMake(10, 5, 300, 32)];
Label.text=Menultems[indexPath.row];

Label.textColor=[UIColor orangeColor];

[cell.contentView addSubview:Label];
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return cell;
¥
-(void) tableView:(UITableView *)tableView didSelectRowAtIndexPath:(NSIndexPath
*)indexPath

{
if(indexPath.row==0)

{
WebviewViewController *web=[[WebviewViewController alloc]
initWithNibName: @"WebviewViewController" bundle:nil];
web.title=@"OUR HISTORY™";
[self.navigationController pushViewController:web animated: YES];

¥
if(indexPath.row==1)

{
WebviewViewController *web=[[WebviewViewController alloc]
initWithNibName: @"WebviewViewController" bundle:nil];
web.title=@"OUR MISSION";
[self.navigationController pushViewController:web animated: YES];

¥
if(indexPath.row==2)

{
WebviewViewController *web=[[WebviewViewController alloc]
initWithNibName: @"WebviewViewController" bundle:nil];
web.title=@"OUR VALUES";
[self.navigationController pushViewController:web animated: YES];

self title=@"Back™;

}
@end

LoginScreenViewController.m

#import "LoginScreenViewController.h"
#import "MobileBankingViewController.h"
@interface LoginScreenViewController ()
@end

@implementation LoginScreenViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil
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{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];

if (self) {
/I Custom initialization
}

return self;

}

- (void)viewDidLoad
{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.

-(void) viewWillAppear:(BOOL)animated

{
self.title=@"MOBILE BANKING";

}

- (void)didReceiveMemoryWarning
{
[super didReceiveMemoryWarning];
/I Dispose of any resources that can be recreated.

¥
- (IBAction)LoginAction:(id)sender {

MobileBankingViewController *proceed=[[MobileBankingViewController alloc]
initWithNibName: @"MobileBankingViewController" bundle:nil];

self.title=@"Back™;

proceed.title=@"MOBILE BANKING";

[self.navigationController pushViewController:proceed animated: YES];

}
@end

mainScreenViewController.m

#import "mainScreenViewController.h"
#import "branchesViewController.h"
#import "LetUsMeetViewController.h"
#import "ProductsViewController.h"
#import "LoginScreenViewController.h"
@interface mainScreenViewController ()
{

NSMutableArray *arrayOfSlides;

int scrollDirection;

NSMutableArray *Menultems;

}
@end
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@implementation mainScreenViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil
{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];
if (self) {
/I Custom initialization

}

return self;

¥

-(void) viewDidAppear:(BOOL)animated

{
scrollDirection=0;
//[self.navigationController.navigationBar setTintColor:[UIColor orangeColor]];
Ullmage *logo=[UlImage imageNamed:@"Logo.png"];

/llogo = [self changeWhiteColorTransparent:logo];

UllmageView *imgView=[[UlImageView alloc] initWithImage:[self
imageWithImage:logo scaledToSize:CGSizeMake(125, 30)]];

imgView.frame=CGRectMake(0, 0, 125, 30);

//self.navigationController.navigationBar.title TextAttributes
Il = @{UITextAttributeTextColor : [UIColor orangeColor]};

[self.navigationController.navigationBar.topltem setTitleView:imgView];

- (void)viewDidLoad
{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.
NSDictionary *infoDictionary = [[NSBundle mainBundle] infoDictionary];
NSString *appDisplayName = [infoDictionary
objectForKey:@"CFBundleDisplayName™"];

if([appDisplayName isEqualToString: @ ThesisGreen™])
{

self.navigationController.navigationBar.title TextAttributes
= @{UITextAttributeTextColor : [UIColor greenColor]};
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else

{ o o .
self.navigationController.navigationBar.titleTextAttributes
= @{UlITextAttributeTextColor : [UIColor redColor]};

}
self.imageCache = [[NSCache alloc] init];

arrayOfSlides=[[NSMutableArray alloc] init];

[arrayOfSlides insertObject: @"banner0.png™ atindex:0];
[arrayOfSlides insertObject: @"bannerl.png” atindex:1];
[arrayOfSlides insertObject: @"banner2.png™ atindex:2];
[arrayOfSlides insertObject: @"banner3.png™ atindex:3];

/lconfigure carousel
_carousel.type = iCarouselTypeL.inear;

[ carousel reloadData];

scrollDirection=0;
NSTimer* myTimer = [NSTimer scheduledTimerWithTimelnterval: 3.0 target: self
selector: @selector(autoScrollFunction:) userInfo: nil
repeats: YES];
[myTimer fire];

Menultems=[[NSMutableArray alloc] init];

[Menultems insertObject: @"LET US MEET" atindex:0];

[Menultems insertObject: @"PRODUCTS" atIndex:1];

//[[Menultems insertObject: @"SERVICES" atIndex:2];

[Menultems insertObject: @"YOUTHinc." atindex:2];

//[[Menultems insertObject: @"SOCIAL RESPONSIBILITIES" atindex:4];
//[[Menultems insertObject: @"CAREERS" atindex:5];

[Menultems insertObject: @"'BRANCH LOCATOR" atIndex:3];
[Menultems insertObject: @"ATM LOCATOR" atindex:4];

[Menultems insertObject: @"MOBILE BANKING" atIndex:5];

[self.menuTableview setTableHeaderView:_headerview];
[self.menuTableview setBackgroundColor:[UIColor clearColor]];
[self.view setBackgroundColor:[UIColor clearColor]];

I/ Create the colors
UlColor *darkOp =
[UIColor whiteColor];
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UlColor *lightOp =
[UIColor colorWithRed:0.9f green:0.9f blue:0.9f alpha:1.0];;

/I Create the gradient
CAGradientLayer *gradient = [CAGradientLayer layer];

/I Set colors

gradient.colors = [NSArray arrayWithObjects:
(id)darkOp.CGColor,
(id)lightOp.CGColor,
(id)darkOp.CGColor,
nil];

// Set bounds
gradient.frame = self.menuTableview.bounds;

// Add the gradient to the view
[self.menuTableview.layer insertSublayer:gradient atindex:0];

//[self.navigationController.navigationBar setTintColor:[UIColor orangeColor]];
Ullmage *logo=[UlImage imageNamed:@"Logo.png"];

/llogo = [self changeWhiteColorTransparent:logo];

UllmageView *imgView=[[UlImageView alloc] initWithimage:[self
imageWithImage:logo scaledToSize:CGSizeMake(125, 30)]];

imgView.frame=CGRectMake(0, 0, 125, 30);

[self.navigationController.navigationBar.topltem setTitleView:imgView];
//[self.navigationController.navigationBar setTranslucent:NO];
}
- (Ullmage*)imageWithImage:(Ullmage*)image
scaledToSize:(CGSize)newsSize;
{

UlGraphicsBeginimageContext( newSize );

[image drawInRect:CGRectMake(0,0,newSize.width,newSize.height)];
Ullmage* newlmage = UlGraphicsGetimageFromCurrentimageContext();
UlGraphicsEndimageContext();

return newlmage;

}

-(void) autoScrollFunction:(NSTimer*) t

{
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if(_carousel.currentltemIndex==arrayOfSlides.count-1)

if(scrollDirection==0)
scrollDirection=1;
else scrollDirection=0;

else if(_carousel.currentltemIndex==0)

if(scrollDirection==1)
scrollDirection=0;
else scrollDirection=0;

}

if(scrollDirection==0)
[ carousel scrollToltemAtindex:_carousel.currentltemindex+1 animated: YES];
else [_carousel scrollToltemAtindex:_carousel.currentltemindex-1 animated: YES];

}

- (void)didReceiveMemoryWarning

{
[super didReceiveMemoryWarning];
/I Dispose of any resources that can be recreated.

}

#pragma mark iCarousel methods
- (NSInteger)numberOfltemsinCarousel:(iCarousel *)carousel

[/Ireturn the total number of items in the carousel
return [arrayOfSlides count];

}

- (UIView *)carousel:(iCarousel *)carousel viewForltemAtindex:(NSiInteger)index
reusingView:(UlView *)view

{

//don't do anything specific to the index within
/lthis "if (view == nil) {...}  statement because the view will be
/lrecycled and used with other index values later
view = [[UlImageView alloc] initWithFrame:CGRectMake(0, 0, 320.0f, 200.0f)];
UllmageView *imageview=[[UlImageView alloc] initWithFrame:CGRectMake(0,
0, 320, 200)];
NSDictionary *infoDictionary = [[NSBundle mainBundle] infoDictionary];
NSString *appDisplayName = [infoDictionary
objectForKey:@"CFBundleDisplayName™"];

if(JappDisplayName isEqualToString: @' ThesisGreen"])
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{UIlImage *cachedlmage = [self.imageCache objectForKey:arrayOfSlides[index]];

if (cachedImage)
{

imageview.image= cachedlmage;

}

else

{

dispatch_async(dispatch_get_global_queue(DISPATCH_QUEUE_PRIORITY_DEFAU
LT, 0),{

imageview.image=[UlImage imageWithData:[NSData
dataWithContentsOfURL:[NSURL URLWithString:[NSString
stringWithFormat: @"http://apidb.dev-mc.org/%@",arrayOfSlides[index]]]]];

if (imageview.image)

{

[self.imageCache setObject:imageview.image forKey:arrayOfSlides[index]];

}
H;

¥
¥

else {
imageview.image=[UlImage imageWithData:[NSData
dataWithContentsOfURL:[NSURL URLWithString:[NSString
stringWithFormat: @"http://apidb.dev-mc.org/%@",arrayOfSlides[index]]]1];

}
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[view addSubview:imageview];
view.contentMode = UIViewContentModeCenter;

return view;

}

- (CGFloat)carousel:(iCarousel *)carousel valueForOption:(iCarouselOption)option
withDefault:(CGFloat)value

{
if (option == iCarouselOptionSpacing)
{

}

return value;

¥
-(NSlinteger) tableView:(UlTableView *)tableView

numberOfRowsInSection:(NSlInteger)section

{

return Menultems.count;

¥
-(NSinteger) numberOfSectionsinTableView:(UlTableView *)tableView

{

return 1;

return value * 1.1f;

-(CGFloat) tableView:(UlTableView *)tableView
heightForRowAtIndexPath:(NSIndexPath *)indexPath

{

¥
-(UITableViewCell *) tableView:(UlTableView *)tableView

cellForRowAtIndexPath:(NSIndexPath *)indexPath

{
static NSString *identifier=@"cell";
UlTableViewCell *cell=[tableView dequeueReusableCellWithldentifier:identifier];
/lif(cell== nil)

return 40;

cell = [[UITableViewCell alloc] initWithStyle:UITableViewCellStyleDefault
reuseldentifier:identifier];

¥

106



[cell setBackgroundColor:[UIColor clearColor]];

UlLabel *Label=[[UILabel alloc] initWithFrame:CGRectMake(45, 5, 250, 32)];

Label.text=Menultems[indexPath.row];

NSDictionary *infoDictionary = [[NSBundle mainBundle] infoDictionary];

NSString *appDisplayName = [infoDictionary
objectForKey:@"CFBundleDisplayName™"];

if([appDisplayName isEqual ToString: @ ThesisGreen"])
Label.textColor=[UIColor greenColor];

else Label.textColor=[UIColor redColor];

[cell.contentView addSubview:Label];

if(indexPath.row==0)
{
UllmageView *image=[[UllmageView alloc] initWithFrame:CGRectMake(10, 7,
26, 26)];
image.image=[UlImage imageNamed:@"Letusmeet"];

[cell.contentView addSubview:image];
?;‘(indexPath.row::l)
¢ UllmageView *image=[[UlImageView alloc] initWithFrame:CGRectMake(10, 7,
* 2?r31:|s;1ge.image:[U|Image imageNamed: @"Product"];

[cell.contentView addSubview:image];
}*if(indexPath.rOW::Z)
¢ UllmageView *image=[[UllmageView alloc] initWithFrame:CGRectMake(10, 7,
* 2?rzilz;lge.imagez[UIImage imageNamed: @"Service"];
[cell.contentView addSubview:image];
?;‘(i/ndexPath.rOW::Z)
¢ UllmageView *image=[[UlImageView alloc] initWithFrame:CGRectMake(10, 7,
# 2i6r)n]:;tge.image:[uIImage imageNamed: @Y outhinc"];

[cell.contentView addSubview:image];
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[*if(indexPath.row==4)
{
UllmageView *image=[[UlImageView alloc] initWithFrame:CGRectMake(10, 7,
26, 26)];
image.image=[UlImage imageNamed:@"Social"];
/limage.image=[self changeColorForimage:image.image toColor:[UIColor
redColor]];
[cell.contentView addSubview:image];
¥
if(indexPath.row==5)
{
UllmageView *image=[[UlImageView alloc] initWithFrame:CGRectMake(10, 7,
26, 26)];
image.image=[UlImage imageNamed:@"Careers"];
image.image=[self changeColorForImage:image.image toColor:[UIColor
redColor]];
[cell.contentView addSubview:image];
hgll
if(indexPath.row==3)
{
UllmageView *image=[[UllmageView alloc] initWithFrame:CGRectMake(10, 7,
26, 26)];
image.image=[UlImage imageNamed:@"Location"];

[cell.contentView addSubview:image];

}
if(indexPath.row==4)
{
UllmageView *image=[[UllmageView alloc] initWithFrame:CGRectMake(10, 7,
26, 26)];
image.image=[UlImage imageNamed: @"Atm"];

[cell.contentView addSubview:image];

¥
if(indexPath.row==5)

{
UllmageView *image=[[UlImageView alloc] initWithFrame:CGRectMake(10, 7,

26, 26)];
image.image=[UlImage imageNamed:@"mBanking"];

[cell.contentView addSubview:image];

}

return cell;

}
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-(void) tableView:(UlTableView *)tableView didSelectRowAtIndexPath:(NSIndexPath
*)indexPath
{
if(indexPath.row==0)
{
LetUsMeetViewController *letusmeet=[[LetUsMeetViewController alloc]
initWithNibName: @"LetUsMeetViewController" bundle:nil];
letusmeet.title=@"LET US MEET";
[self.navigationController pushViewController:letusmeet animated: YES];
}
if(indexPath.row==1)
{
ProductsViewController *products=[[ProductsViewController alloc]
initWithNibName: @"ProductsViewController" bundle:nil];
products.title=@"PRODUCTS";
[self.navigationController pushViewController:products animated: YES];

}

if(indexPath.row==3 || indexPath.row==4)
{
branchesViewController *branches=[[branchesViewController alloc]
initWithNibName: @"branchesViewController" bundle:nil];

if(indexPath.row==6)
branches.title=@"BRANCH LOCATOR";
else branches.title=@"ATM LOCATOR";
[self.navigationController pushViewController:branches animated: YES];

¥
if(indexPath.row==5)

{
LoginScreenViewController *login=[[LoginScreenViewController alloc]
initWithNibName: @"LoginScreenViewController" bundle:nil];
login.title=@"Mobile Banking";
[self.navigationController pushViewController:login animated: YES];
}
}
- (Ullmage *) changeColorForimage:(Ullmage *)image toColor:(UlColor*)color {
UlGraphicsBeginimageContext(image.size);

CGRect contextRect;

contextRect.origin.x = 0.0f;

contextRect.origin.y = 0.0f;

contextRect.size = [image size];

// Retrieve source image and begin image context

CGSize itemlmageSize = [image size];

CGPoint itemImagePosition;

itemImagePosition.x = ceilf((contextRect.size.width - itemImageSize.width) / 2);
itemImagePosition.y = ceilf((contextRect.size.height - itemimageSize.height) );
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UlGraphicsBeginlmageContext(contextRect.size);

CGContextRef ¢ = UlGraphicsGetCurrentContext();

/I Setup shadow

/I Setup transparency layer and clip to mask

CGContextBeginTransparencyLayer(c, NULL);

CGContextScaleCTM(c, 1.0, -1.0);

CGContextClipToMask(c, CGRectMake(itemImagePosition.x, -itemImagePosition.y,
itemImageSize.width, -itemImageSize.height), [image CGImage]);

// Fill and end the transparency layer

const float* colors = CGColorGetComponents( color.CGColor );
CGContextSetRGBFillColor(c, colors[0], colors[1], colors[2], .75);

contextRect.size.height = -contextRect.size.height;
contextRect.size.height -= 15;
CGContextFillRect(c, contextRect);
CGContextEndTransparencyLayer(c);

Ullmage *img = UlGraphicsGetlmageFromCurrentimageContext();
UlGraphicsEndImageContext();
return img;

}
@end

MobileBankingViewController.m

#import "MobileBankingViewController.h"
#import "DetailsViewController.h"
@interface MobileBankingViewController ()

{

}
@end

NSMutableArray *Menultems;

@implementation MobileBankingViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil

{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];

if (self) {

/I Custom initialization
}
return self;
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}

-(void) viewWillAppear:(BOOL)animated

{
self.title=@"MOBILE BANKING";

¥

- (void)viewDidLoad

{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.
Menultems=[[NSMutableArray alloc] init];
[Menultems insertObject: @"ACCOUNT" atIndex:0];
[Menultems insertObject: @"CREDIT" atindex:1];
[Menultems insertObject: @ " TRANSFERS" atIndex:2];

[self.menuTableview setTableHeaderView:_logoBanner];
[self.menuTableview setBackgroundColor:[UIColor clearColor]];
[self.view setBackgroundColor:[UIColor clearColor]];

/I Create the colors

UlColor *darkOp =

[UIColor whiteColor];

UlColor *lightOp =

[UIColor colorWithRed:0.9f green:0.9f blue:0.9f alpha:1.0];;

Il Create the gradient
CAGradientLayer *gradient = [CAGradientLayer layer];

I Set colors

gradient.colors = [NSArray arrayWithObjects:
(id)darkOp.CGColor,
(id)lightOp.CGColor,
(id)darkOp.CGColor,
nil];

/I Set bounds
gradient.frame = self. menuTableview.bounds;

/l Add the gradient to the view
[self.menuTableview.layer insertSublayer:gradient atindex:0];

//self.navigationController.navigationBar.titleTextAttributes
II= @{UITextAttributeTextColor : [UIColor orangeColor]};

}

- (void)didReceiveMemoryWarning
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{

[super didReceiveMemoryWarning];
I/ Dispose of any resources that can be recreated.
¥
-(NSlinteger) tableView:(UlTableView *)tableView
numberOfRowsInSection:(NSlInteger)section
{
return Menultems.count;
}
-(NSlInteger) numberOfSectionsinTableView:(UlTableView *)tableView

{

return 1;

-(CGFloat) tableView:(UlTableView *)tableView
heightForRowAtIndexPath:(NSIndexPath *)indexPath
{

return 40;

¥
-(UITableViewCell *) tableView:(UlTableView *)tableView
cellForRowAtIndexPath:(NSIndexPath *)indexPath
{
static NSString *identifier=@"cell";
UlTableViewCell *cell=[tableView dequeueReusableCellWithldentifier:identifier];
if(cell==nil)

cell = [[UITableViewCell alloc] initWithStyle:UITableViewCellStyleDefault
reuseldentifier:identifier];

}

[cell setBackgroundColor:[UIColor clearColor]];

UlLabel *Label=[[UlLabel alloc] initWithFrame:CGRectMake(10, 5, 300, 32)];
Label.text=Menultems[indexPath.row];

Label.textColor=[UIColor orangeColor];

[cell.contentView addSubview:Label];

NSMutableDictionary *Data=[[NSMutableDictionary alloc]
initWithContentsOfFile:[[NSBundle mainBundle] pathForResource:@"Data"
of Type:@"plist™]];

UlLabel *Labell=[[UILabel alloc] initWithFrame:CGRectMake(270, 5, 40, 32)];
if(indexPath.row==0)
Labell.text=[NSString stringWithFormat: @"%d",((NSArray *)[Data
objectForKey:@"Account"]).count];
if(indexPath.row==1)
Labell.text=[NSString stringWithFormat: @"%d",((NSArray *)[Data
objectForKey:@"Credit"]).count];
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if(indexPath.row==2)
Labell.text=[NSString stringWithFormat:@"%d",((NSArray *)[Data
objectForKey:@"Transactions"]).count];
Labell.textColor=[UIColor orangeColor];
Labell.textAlignment=NSTextAlignmentRight;
if(![Labell.text isEqualToString:@"0"])
[cell.contentView addSubview:Labell];

return cell;
}
-(void) tableView:(UITableView *)tableView didSelectRowAtIndexPath:(NSIndexPath
*)indexPath

{

if(indexPath.row==0 || indexPath.row==1)

{

DetailsViewController *proceed=[[DetailsViewController alloc]
initWithNibName: @"DetailsViewController" bundle:nil];

self.title=@"Back™;

if(indexPath.row==0)

proceed.title=@"ACCOUNT";

else proceed.title=@"CREDIT";

[self.navigationController pushViewController:proceed animated: YES];

}

}
@end

ProductsViewController.m

#import "ProductsViewController.h"
#import "WebviewViewController.h"
@interface ProductsViewController ()

{

}
@end

NSMutableArray *Menultems;

@implementation ProductsViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil
{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];
if (self) {
/I Custom initialization
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}

return self;

}
-(void) viewWillAppear:(BOOL)animated

self.title=@"PRODUCTS";

- (void)viewDidLoad

{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.
Menultems=[[NSMutableArray alloc] init];
[Menultems insertObject: @"ACCOUNTS" atIndex:0];
[Menultems insertObject: @"LOANS" atindex:1];

[self.menuTableview setTableHeaderView:_logoBanner];
[self.menuTableview setBackgroundColor:[UIColor clearColor]];
[self.view setBackgroundColor:[UIColor clearColor]];

/I Create the colors

UlColor *darkOp =

[UIColor whiteColor];

UlColor *lightOp =

[UIColor colorWithRed:0.9f green:0.9f blue:0.9f alpha:1.0];;

/I Create the gradient
CAGradientLayer *gradient = [CAGradientLayer layer];

I Set colors

gradient.colors = [NSArray arrayWithObjects:
(id)darkOp.CGColor,
(id)lightOp.CGColor,
(id)darkOp.CGColor,
nil];

/I Set bounds
gradient.frame = self. menuTableview.bounds;

/l Add the gradient to the view
[self.menuTableview.layer insertSublayer:gradient atindex:0];

/I self.navigationController.navigationBar.titleTextAttributes
Il = @{UITextAttributeTextColor : [UIColor orangeColor]};

}
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- (void)didReceiveMemoryWarning

{

[super didReceiveMemoryWarning];
/I Dispose of any resources that can be recreated.

¥
-(NSinteger) tableView:(UlTableView *)tableView

numberOfRowsInSection:(NSlInteger)section

{

¥
-(NSlInteger) numberOfSectionsinTableView:(UlTableView *)tableView

{

}
-(CGFloat) tableView:(UlTableView *)tableView

heightForRowAtIndexPath:(NSIndexPath *)indexPath
{

return Menultems.count;

return 1;

return 40;

¥
-(UITableViewCell *) tableView:(UlTableView *)tableView
cellForRowAtIndexPath:(NSIndexPath *)indexPath

{
static NSString *identifier=@"cell";
UlTableViewCell *cell=[tableView dequeueReusableCellWithldentifier:identifier];
if(cell==nil)
{

cell = [[UITableViewCell alloc] initWithStyle:UITableViewCellStyleDefault
reuseldentifier:identifier];

}

[cell setBackgroundColor:[UIColor clearColor]];

UlLabel *Label=[[UlLabel alloc] initWithFrame:CGRectMake(10, 5, 300, 32)];
Label.text=Menultems[indexPath.row];

Label.textColor=[UIColor orangeColor];

[cell.contentView addSubview:Label];

return cell;

-(void) tableView:(UlTableView *)tableView didSelectRowAtIndexPath:(NSIndexPath
*)indexPath

{
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if(indexPath.row==0)

{
WebviewViewController *web=[[WebviewViewController alloc]
initWithNibName: @"WebviewViewController" bundle:nil];
web.title=@"ACCOUNTS";
[self.navigationController pushViewController:web animated: YES];

¥
if(indexPath.row==1)

{
WebviewViewController *web=[[WebviewViewController alloc]
initWithNibName: @"WebviewViewController" bundle:nil];
web.title=@"LOANS";
[self.navigationController pushViewController:web animated: YES];

}

self.title=@"Back™;
}

@end

TransHistoryViewController.m

#import "TransHistoryViewController.h"
@interface TransHistoryViewController ()
@end

@implementation TransHistoryViewController

- (id)initWithNibName:(NSString *)nibNameOrNil bundle:(NSBundle
*)nibBundleOrNil

{
self = [super initWithNibName:nibNameOrNil bundle:nibBundleOrNil];

if (self) {
/I Custom initialization
}

return self;
}

- (void)viewDidLoad

{
[super viewDidLoad];
// Do any additional setup after loading the view from its nib.
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}

- (void)didReceiveMemoryWarning
{

[super didReceiveMemoryWarning];
/I Dispose of any resources that can be recreated.

}
@end
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