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ABSTRACT

Resource consumption of mobile applications (e.g. battery and data traffic) are still the
primary concerns of mobile manufactures. It has been noted earlier that the
consumption of a particular mobile application depends heavily on its software
architecture. Therefore, mobile developers can make proper design decisions based on
the comparative study performed on different software architectures. The idea of this
research started through trying to find the evidence from literature on the consumption
patterns of mobile applications. Consequently, we formulated the first objective which
was to investigate the evidence related to the effectiveness of CP in android platform
mobile applications. The results of this objective clarified the research importance
which motivates us to move forward to the next objective which was to evaluate which
approach, either SC architecture or MC architecture, is less energy-consuming in
android mobile applications (DRCICS). This work presents three main approaches that
are used in this research: Critical data analysis was performed using Systematic
Literature Review (SLR); through the revision of the literature related to our research,
quantitative data collection using mobile phone application was utilized for this
purpose, and quantitative evaluating was done using SPSS: this approach was used in
order to evaluate which approach, either SC architecture or MC architecture, is less
energy-consuming in android mobile applications. The result of evaluation shows that
MC architecture is less energy-consuming in android mobile applications in term of
retrieval of data from the applied database, especially when the focus was on DRCICS.
Such a fact discovered in the design phase is quite crucial for developers to be able to
reduce resource consumption and hence increase the likelihood of success of their apps.
These results provide useful guidelines for the developers in terms of energy
consumption for the development of mobile applications needed to connect to remote or

relational databases.



ABSTRAK

Penggunaan sumber oleh aplikasi bergerak (seperti bateri dan data trafik) masih menjadi
kebimbangan utama pengeluar alat bergerak. Telah diperhatikan sebelum ini bahawa
penggunaan oleh sesuatu aplikasi bergerak sangat bergantung kepada seni bina
perisiannya. Oleh itu, pemaju alat bergerak boleh membuat keputusan reka bentuk yang
betul berdasarkan kajian perbandingan yang dilakukan ke atas seni bina perisian yang
berbeza. Idea penyelidikan ini bermula melalui percubaan untuk mencari bukti daripada
kepustakaan mengenai corak penggunaan aplikasi  bergerak. Hasil dari itu,
kami rumuskan objektif pertama iaitu untuk menyiasat bukti yang berkaitan dengan
keberkesanan CP di dalam aplikasi bergerak platform android. Keputusan objektif
ini menjelaskan kepentingan penyelidikan yang mendorong kami untuk bergerak ke
hadapan kepada matlamat seterusnya iaitu untuk menilai pendekatan yang mana, sama
ada seni bina SC atau seni bina MC, yang kurang mengguna tenaga di dalam aplikasi
bergerak android (DRCICS). Kajian ini membentangkan tiga pendekatan utama yang
digunakan di dalam penyelidikan ini: analisis data kritikal dilakukan dengan
menggunakan Ulasan Kepustakaan Sistematik (SLR); melalui semakan kepustakaan
yang berkaitan dengan kajian kami, pengumpulan data kuantitatif dengan menggunakan
aplikasi telefon bimbit telah digunakan untuk tujuan ini, dan penilaian kuantitatif telah
dilakukan dengan menggunakan SPSS: pendekatan ini digunakan untuk menilai
pendekatan yang mana, sama ada seni bina SC atau seni bina MC, kurang mengguna
tenaga dalam aplikasi bergerak android. Hasil penilaian menunjukkan bahawa seni bina
MC kurang mengguna tenaga dalam aplikasi bergerak android dari segi mendapatkan
semula data dari pangkalan data yang digunakan, terutama apabila tumpuan adalah pada
DRCICS. Fakta sebegini yang ditemui di fasa reka bentuk adalah terpenting untuk
pemaju dari segi penggunaan sumber dan dengan itu meningkatkan kemungkinan
kejayaan aplikasi mereka. Keputusan-keputusan ini menyediakan garis panduan yang
berguna untuk pemaju dari segi penggunaan tenaga untuk pembangunan aplikasi
bergerak yang diperlukan untuk menyambung kepada pangkalan data jarak jauh

atau relasional.
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CHAPTER 1

INTRODUCTION

1.1 Background

The popularities of smartphones and mobile apps have been increasing since the
beginning of this century. According to B. Sanou (2015), the number of mobile-cellular
subscriptions increases from 738 million to about 7 billion currently [1]. Mobile apps
and cloud services are consumed massively nowadays [2]. As reported by The Zettabyte
Era (2016),the traffic of global mobile data is expected to exceed that of wired devices
in 2016 [3]. For example, the data provided in the second quarter report of Facebook
shows that about 88% of the active users log on to Facebook from a mobile device [4].
The widespread of mobile application is mainly due to the sustainability of those
functionalities in terms of the devices’ resources. On the other hand, the popularity of a
mobile application relies heavily on its resource consumption such as battery use [5,6]
and network technology [7]. Mobile applications that require huge resources are not
recommended[8,9]; therefore, the development of a mobile application should include
analysis of energy consumption patterns. Energy consumption patterns are determined

primarily by software architecture[10].

The most established architecture for mobile apps is the Server-centric (SC) approach
[11], whereby mobile devices are acting as simple clients and tasks such as information
storage, processing, and communication tasks are delegated in the cloud. This approach
is popular because it is able to delegate the processing workloads to the servers. Also,
task such as aggregation of data coming from individual users is possible, thus

facilitating the implementation and maintenance processes in different platforms.



Nowadays, emerging mobile-centric architectures inspired by distributed processing are
available [12,13]. The choice of architectural approach (Server-center (SC) architecture
or Mobile-centric (MC) architecture) would determine the energy consumption of a

mobile application especially in Data Retrieval System (DRS).

To support extensive applications in mobile phones that require retrieval of data from
the phone or from remote data sources, there are many relational database systems like
IBM's DB2 Everywhere 1.0, Oracle Lite, and Sybase's SQL etc. that work on hand held
devices and can provide local data storage for relational data acquired from enterprise
relational databases [14]. Most of the existing systems that offer applications work
based on the previous applied database that contains the personal information's, this
information can be provided to the user for more progress. Unfortunately, the users are
usually away from energy sources. So, sustainable and effective phone energy is quite
essential to the functionality of the applications to keep it in running. It is quite
apparent that resources consumption particularly battery[5,6] and network technology
[7] such as Wi-Fi are the determining factors in the success of any mobile
application[8]. The energy consumption in network technology is intimately related to
the characteristics of the workload and not just the total transfer size, e.g., a few
hundred bytes transferred intermittently on 3G or Wi-Fi can consume more energy than
transferring a megabyte in one shot. In a nutshell, any application that drains battery’s
energy soon will be cast off by users [9], and will eventually lead to a decrease in

companies’ revenue.

This work presents the energy consumption analysis of DRS. An effective application

designed to be used in Android smartphones to execute primitives operations especially:



retrieving data from applied database, storing and measuring the energy consumption.
This application builds by two different architectures (Server and Mobile-centric) in

order to identify the least energy-consuming architecture for this kind of applications.

1.2 Problem Statement

The resource consumption of mobile devices and their applications is a topic that has
garnered significant attention recently [11]. Resources managing an important role in
estimating energy consumption and are also regarded as one of the critical factors in
determining application successful. Most researches have focused on optimizing the
consumption of applications after they have been developed. There has been no work
assisting developers in choosing the most suitable software architecture for their
applications in terms of resource consumption except ( Berrocal. 2016), and their work
still limited to a number of case studies, architectures, and real applications [15]. So, the
core of this process is the software architecture and its behavior. Hence, applications
developers should have the skills and knowledge of how to make the life of the battery
more sustainable in order to support extensive applications in mobile phones that
require retrieval of data from mobile relational databases or remote data sources. To do
so, they have to be aware of the early analysis of consumption patterns (especially
software architecture) in order to avoid this crucial issue: energy-inefficient applications

in Data Retrieval System (DRS).



1.3 Research Objectives

1. To investigate the evidence related to the effectiveness of consumption

pattern (CP) in android platform mobile application.

2. To implement an effective mobile application with two different

architectures, server and mobile-centric architecture, by executing primitive
operations for Data Retrieval System (DRS) in order to evaluating which
approach; Server-centric architecture or Mobile-centric architecture, is less

energy-consuming in android mobile applications.

1.4 Research Approaches

Table 1.1: shows the link between the research problems, research objectives, and

research approaches. There are three main approaches that are used in this research as

the following:

Critical data analysis using Systematic Literature Review (SLR): through
the revision of the literature related to our research, the main idea is the
Mobile Application Energy Consumption Pattern in Android Platform.
Also, the most suitable methods and specifications of energy consumption
based on the mobile application architecture could be analyzed in order to
make the phone battery life more sustainable.

Quantitative data collection using mobile phone application: via this
approach, we will collect the primary data and analyze the energy
consumption of mobile application architecture. The aim of this approach is
to analyze the consumption of server centric architecture and mobile-centric
architecture. The quantitative data will be collected from two mobile

application designed for this purpose.



e  Quantitative evaluating using SPSS: this approach will be used in order to
evaluating which approach; server centric architecture or mobile-centric

architecture, is less energy-consuming in android mobile applications.

Table 1.1: Linking between research directions

Research Problem Research Objectives Obijectives Activities Approach
There has been no work |To evaluate which  |Phase 1: 3
assisting developers in  |approach; server To investigate the evidence é.
choosing the most centric architecture |related to the effectiveness of 3 g
suitable software or mobile-centric consumption pattern (CP) in android é E
architecture for their architecture, is less  |platform mobile application. §
applications in terms of |energy-consuming in =
resource consumption.  |android mobile Phase 2:

applications. To implement an effective mobile

application with two different
architectures, i.e. server and mobile-

centric architecture executing primitive

eleq ay1 199]10D
pue uolreuswajdw|

operations for Data Retrieval System
(DRS).
Phase 3:

To evaluate which approach; server

centric architecture or mobile-centric
architecture, is less energy-consuming

in android mobile applications.

uonenjeAs aaneuend

1.5 Scope of the Research

The current focuses on analyses of two architectures (Server and Mobile-centric
architecture) and which of the two approaches (Server or Mobile-centric) architecture is
less demanding for energy consumption in mobile devices. Specially, we focus on Data

Retrieval of Criminal Information Checker System (DRCICS) as a case for this study.



1.6 Expected Results

At the end of the study we aim to achieve the following:

1. Reveal the effort of software developer, utilizing systematic literature review, in

delivering energy conservation in android platform mobile application in term
of software architecture.

Evaluate which approach; server centric architecture or mobile-centric
architecture, is less energy-consuming in android mobile applications as such a
fact of the design phase is quite crucial for developers to be able to reduce
resource consumption and hence increase the likelihood of success of their apps.
The results of this research provide useful guidelines for the developers in terms
of energy consumption for the development of mobile applications needing to

connect to remote databases or data sources.

1.7 Thesis Structure

There are five chapters in this thesis inclusive of chapter:

This section (chapter 1) gives a brief overview of what is contained in the other
five chapters (chapter two to chapter six) below.

In chapter 2, A Systematic Literature Review is done in other to acquire more
knowledge on the various technologies which has been used to show the
evidence relative to the effectiveness of consumption pattern (CP) in android
platform mobile application.

In chapter 3, the methodology is done, detail up two different architecture
Server-centric architecture and Mobile-centric architecture for android mobile
applications DRCICS. The experimental setup, method, process, way and how

the apps was designed to estimate the energy consumption.



e In chapter 4, the primary data and measurements of two architectures, i.e.
server-centric and mobile-centric, collected and compared by using descriptive
analysis.

e Chapter 5 gives a conclusion and summery of the chapters (chapter 1-4)
discussed in this thesis, results of the research, and it also describes the future

works.



References

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

B. Sanou, “Facts & Figures,” 2015.

T. Cisco, “Cisco Visual Networking Index : Global Mobile Data Traffic Forecast
Update , 2015 —2020,” pp. 2015-2020, 2016.

W. Paper, “The Zettabyte Era: Trends and Analysis,” no. July, pp. 2015-2020,
2016.

M. Park and P. Facebook, “Facebook Reports Second Quarter 2015 Results,” vol.
30, no. 9, 2015.

H. Qian and D. Andresen, “Extending Mobile Device ’ s Battery Life by Offload-
ing Computation to Cloud,” pp. 150-151, 2015.

A. Merlo, M. Migliardi, and L. Caviglione, “A survey on energy-aware security
mechanisms,” Pervasive Mob. Comput., vol. 24, pp. 77-90, 2015.

N. Balasubramanian, “Energy Consumption in Mobile Phones : A Measurement
Study and Implications for Network Applications,” pp. 280—293, 2009.

A. V. G. Technologies, “Android App Performance Report by AVG
Technologies Table of Contents,” 2014.

C. Wilke, S. Richly, G. Sebastian, C. Piechnick, and U. ABmann, “Energy
Consumption and Efficiency in Mobile Applications : A User Feedback Study,”
2013.

D. E. Perry, T. B. Laboratories, M. Hill, and A. L. Wolf, “Foundationsfort
heStudyof Software Architecture,”vol. 17, no. 4, 1992.

W. Xu, Wu, Daneshmand, Liu, “A data privacy protective mechanism for
WBAN,” Wirel. Commun. Mob. Comput., no. February 2015, pp. 421-430, 2015.
F. S. Tsai, W. Han, J. Xu, and H. C. Chua, “Design and development of a mobile
peer-to-peer social networking application,” Expert Syst. Appl., vol. 36, no. 8, pp.
11077-11087, 2009.

J. Guillen, J. Miranda, J. Berrocal, J. Garcia-Alonso, J. M. Murillo, and C. Canal,
“People as a service: A mobile-centric model for providing collective
sociological profiles,” IEEE Softw., vol. 31, no. 2, pp. 48-53, 2014.

M. A. Rahaman and M. Bauer, “A comparison of software architectures for data-
oriented mobile applications,” Proc. 2013 6th Jt. IFIP Wirel. Mob. Netw. Conf.
WMNC 2013, 2013.

J. Berrocal et al., “Early analysis of resource consumption patterns in mobile

77



[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

applications,” Pervasive Mob. Comput., vol. 35, pp. 32-50, 2016.

K. S. Khan, R. Kunz, J. Kleijnen, and G. Antes, “Five steps to conducting a
systematic review.,” J. R. Soc. Med., vol. 96, no. 3, pp. 118-121, 2003.

B. Kitchenham and S. Charters, “Guidelines for performing Systematic Literature
reviews in Software Engineering Version 2.3,” Engineering, vol. 45, no. 4ve, p.
1051, 2007.

E. Mendes, “A systematic review of Web engineering research,” ... Softw. Eng.
2005. 2005 Int. ..., vol. 0, no. c, pp. 481-490, 2005.

R. D. F. S. M. Russo and R. Camanho, “Criteria in AHP: A systematic review of
literature,” Procedia Comput. Sci., vol. 55, no. Itqgm, pp. 1123-1132, 2015.

C. Okoli and K. Schabram, “A Guide to Conducting a Systematic Literature
Review of Information Systems Research,” Work. Pap. Inf. Syst., vol. 10, no. 26,
pp. 1-51, 2010.

P. D. Leedy and J. E. Ormrod, Practical Research: Planning and Design. 2010.
L. Spencer, J. Ritchie, J. Lewis, and L. Dillon, “Quality in Qualitative
Evaluation: A framework for assessing research evidence A Quality
Framework,” Soc. Res. (New. York)., vol. 108, no. 21/08/05, p. 170, 2003.

B. A. KITCHENHAM, E. MENDES, and G. H. TRAVASSOS, “Cross Versus
within Company Cost Estimation Studies: a systematic review,” |IEEE Trans.
Softw. Eng., vol. 33, no. 5, pp. 316-329, 2007.

J. Berrocal et al., “Early analysis of resource consumption patterns in mobile
applications,” 2016.

K. Lee, A. Member, J. Lee, S. Member, and Y. Yi, “Mobile Data Of fl oading :
How Much Can WiFi Deliver ?,” vol. 21, no. 2, pp. 536-550, 2013.

N. Vallina-rodriguez and J. Crowcroft, “Modern Mobile Handsets,” pp. 1-20,
2012.

N. Vallina-rodriguez, P. Hui, J. Crowcroft, and A. Rice, “Exhausting Battery
Statistics,” no. February, pp. 9-14, 2010.

A. Pathak and Y. C. Hu, “Fine Grained Energy Accounting on Smartphones with
Eprof,” pp. 29-42, 2012.

A. P. Bianzino, M. Asplund, E. J. Vergara, and S. Nadjm-Tehrani, “Cooperative
proxies: Optimally trading energy and quality of service in mobile devices,”
Comput. Networks, vol. 75, no. PartA, pp. 297-312, 2014.

Y. Xiao et al., “Modeling energy consumption of data transmission over Wi-Fi,”

78



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

IEEE Trans. Mob. Comput., vol. 13, no. 8, pp. 1760-1773, 2014.

A. A. Moamen, “ShareSens: An Approach to Optimizing Energy Consumption
of Continuous Mobile Sensing Workloads,” 2015.

L. Zhang, R. P. Dick, Z. M. Mao, Z. Wang, and A. Arbor, “Accurate Online
Power Estimation and Automatic Battery Behavior Based Power Model
Generation for Smartphones,” pp. 105-114.

W. Jung, C. Kang, C. Yoon, D. Kim, and H. Cha, “DevScope : A Nonintrusive
and Online Power Analysis Tool for Smartphone Hardware Components,” pp.
353-362, 2012.

R. Trestian, O. Ormond, and G. M. Muntean, “Performance evaluation of
MADM-based methods for network selection in a multimedia wireless
environment,” Wirel. Networks, vol. 21, no. 5, pp. 1745-1763, 2015.

M. Weil}, T. Staake, F. Mattern, and E. Fleisch, “Creating user awareness:
Changing energy usage with the help of a smartphone application,” J. Pers.
Ubiquitous Comput., vol. 16, no. 6, pp. 655-664, 2012.

C. Yoon, D. Kim, W. Jung, C. Kang, and H. Cha, “AppScope: Application
Energy Metering Framework for Android Smartphones using Kernel Activity
Monitoring.”

Y. D. Lin, E. T. H. Chu, Y. C. Lai, and T. J. Huang, “Time-and-energy-aware
computation offloading in handheld devices to coprocessors and clouds,” IEEE
Syst. J., vol. 9, no. 2, pp. 393-405, 2015.

Y. Kwon et al., “Mantis: Efficient Predictions of Execution Time, Energy Usage,
Memory Usage and Network Usage on Smart Mobile Devices,” IEEE Trans.
Mob. Comput., vol. 14, no. 10, pp. 2059-2072, 2015.

S. Dagtas, Y. Natchetoi, H. Wu, and L. Hamdi, “An Integrated Lightweight
Software Architecture for Mobile Business Applications,” pp. 41-50, 2008.

P. Alatalo, J. Jarvenoja, J. Karvonen, A. Keronen, and P. Kuvaja, “Mobile
Application Architectures,” Prod. Focus. Softw. Process Improv., pp. 572-586,
2002.

B. P. S. Rocha, C. G. Rezende, and A. A. F. Loureiro, “Middleware for multi-
client and multi-server mobile applications,” 2007 2nd Int. Symp. Wirel.
Pervasive Comput., pp. 437-441, 2007.

M. A. Rahaman and M. Bauer, “A comparison of software architectures for data-

oriented mobile applications,” Wirel. Mob. Netw. Conf. (WMNC), 2013 6th Jt.

79



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

IFIP, pp. 1-8, 2013.

A. Komninos, A. Plessas, V. Stefanis, and J. Garofalakis, “Context
Dimensionality Reduction for Mobile,” no. January 2011, pp. 493498, 2015.

J. Breslin, “Social Data on the Web ( SDoW 2008 ),” 7th Int. Semant. Web Conf.,
no. SDoW, pp. 1-118, 2008.

R. Jamieson et al., “Addressing identity crime in crime management information
systems: Definitions, classification, and empirics,” Comput. Law Secur. Rev., vol.
28, no. 4, pp. 381-395, 2012.

B. E. Turvey and M. A. Esparza, Behavioral Evidence Analysis International
Forensic Practice and Protocols. .

“Authorities launch SGSecure app in fight against terrorism - Channel
NewsAsia.” [Online]. Available:
http://www.channelnewsasia.com/news/singapore/authorities-launch-sgsecure-
app-in-fight-against-terrorism/3150500.html. [Accessed: 20-Mar-2017].
“Request a Criminal History  Record.” [Online]. Available:
http://www.psp.pa.gov/pages/request-a-criminal-history-record.aspx. [Accessed:
20-Mar-2017].

R. Hans, D. Burgstahler, A. Mueller, M. Zahn, and D. Stingl, “Knowledge for a
Longer Life: Development Impetus for Energy-efficient Smartphone
Applications,” no. June, 2015.

M. B. Terefe, H. Lee, N. Heo, G. C. Fox, and S. Oh, “Energy-efficient multisite
offloading policy using Markov decision process for mobile cloud computing,”
Pervasive Mob. Comput., vol. 27, pp. 75-89, 2016.

T. Shi, M. Yang, X. Li, Q. Lei, and Y. Jiang, “An energy-efficient scheduling
scheme for time-constrained tasks in local mobile clouds,” Pervasive Mob.
Comput., vol. 27, pp. 90-105, 2016.

D. C. Lobato, L. H. V Nakamura, M. A. Teixeira, and R. I. Meneguette, “A
Framework to Manage Routes and Network Interfaces for Android Devices,” vol.
14, no. 8, pp. 3762-3770, 2016.

F. A. Ali, P. Simoens, T. Verbelen, P. Demeester, and B. Dhoedt, “Mobile device
power models for energy efficient dynamic offloading at runtime,” J. Syst.
Softw., vol. 113, pp. 173-187, 2016.

A. Ravi and S. K. Peddoju, “Handoff Strategy for Improving Energy Efficiency

and Cloud Service Availability for Mobile Devices,” Wirel. Pers. Commun., vol.

80



[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

81, no. 1, pp. 101-132, 2015.

S. H. Lim, S. W. Lee, M. Sohn, and B. H. Lee, “Energy-aware optimal cache
consistency level for mobile devices,” Inf. Sci. (Ny)., vol. 230, pp. 94-105, 2013.

T. Liu, F. Chen, Y. Ma, and Y. Xie, “An energy-efficient task scheduling for
mobile devices based on cloud assistant,” Futur. Gener. Comput. Syst., vol. 61,
no. August, pp. 1-12, 2016.

K. H. Jung, J. P. Jeong, and Y. J. Suh, “Sleeping mobile AP: a novel energy
efficient Wifi tethering scheme,” Wirel. Networks, vol. 21, no. 3, pp. 963-980,
2015.

K. Zhong et al., “Energy-Efficient In-Memory Paging for Smartphones,” vol. 35,
no. 10, pp. 1577-1590, 2016.

J. Wang, J. Tang, G. Xue, and D. Yang, “Towards Energy-efficient Task
Scheduling on Smartphones in Mobile Crowd Sensing Systems,” Comput.
Networks, 2016.

F. Xia, F. Ding, J. Li, X. Kong, L. T. Yang, and J. Ma, “Phone2Cloud: Exploiting
computation offloading for energy saving on smartphones in mobile cloud
computing,” Inf. Syst. Front., vol. 16, no. 1, pp. 95-111, 2014.

M. Tawalbeh, A. Eardley, and L. Tawalbeh, “Studying the Energy Consumption
in Mobile Devices,” Procedia Comput. Sci., vol. 94, no. MobiSPC, pp. 183-189,
2016.

C. K. Keong, K. T. Wei, A. Azim, A. Ghani, and K. Y. Sharif, “Toward using
Software Metrics as Indicator to Measure Power Consumption of Mobile
Application : A Case Study,” pp. 172-177, 2015.

P. Sathyamoorthy and E. Ngai, “Energy Efficiency as a Orchestration Service for
the Internet of Things,” 11th Swedish Natl. Comput. Netw. Work., pp. 41-44,
2015.

A. Rice and S. Hay, “Measuring mobile phone energy consumption for 802 . 11
wireless networking,” Pervasive Mob. Comput., 2010.

S. P. Karmore, A. R. Mahajan, and S. Kitey, “Battery monitoring and analysis for
android based system,” 2013 15th Int. Conf. Adv. Comput. Technol. ICACT 2013,
2013.

M. Ju, H. Kim, and S. Kim, “MofySim: A mobile full-system simulation
framework for energy consumption and performance analysis,” ISPASS 2016 -

Int. Symp. Perform. Anal. Syst. Softw., pp. 245-254, 2016.

81



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

V. Herwig, R. Fischer, and P. Braun, “Assessment of REST and WebSocket in
regards to their energy consumption for mobile applications,” Proc. 2015 IEEE
8th Int. Conf. Intell. Data Acquis. Adv. Comput. Syst. Technol. Appl. IDAACS
2015, vol. 1, no. September, pp. 342-347, 2015.

J. F. M. Bernai, L. Ardito, M. Morisio, and P. Falcarin, “Towards an efficient
context-aware system: Problems and suggestions to reduce energy consumption
in mobile devices,” ICMB GMR 2010 - 2010 9th Int. Conf. Mob. Business/2010
9th Glob. Mobil. Roundtable, pp. 510-514, 2010.

K. W. Lim, Y. Seo, Y. B. Ko, J. Kim, and J. Lee, “Dynamic power management
in Wi-Fi Direct for future wireless serial bus,” Wirel. Networks, vol. 20, no. 7,
pp. 1777-1793, 2014.

B. Fatima and M. A. Shah, “Self organization based energy management
techniques in mobile complex networks: a review,” Complex Adapt. Syst. Model.,
vol. 3, no. 1, p. 2, 2015.

S. D’Ambrosio et al., “Energy consumption and privacy in mobile Web
browsing: Individual issues and connected solutions,” Sustain. Comput.
Informatics Syst., vol. 11, pp. 63-79, 2016.

S. Rollins, J. D. Porten, K. Brisbin, and C. Chang-Yit, “A battery-aware
algorithm for supporting collaborative applications,” Mob. Networks Appl., vol.
17, no. 3, pp. 353-364, 2012.

“Retrofit.” [Online]. Available: http://square.github.io/retrofit/. [Accessed: 03-
Apr-2017].

“Android Async HTTP Clients: Volley vs Retrofit - Instructure Tech Blog.”
[Online].  Available:  http://instructure.github.io/blog/2013/12/09/volley-vs-
retrofit/. [Accessed: 03-Apr-2017].

“SQLite Home Page.” [Online]. Available: https://www.sqlite.org/. [Accessed:
20-Mar-2017].

R. Mittal, A. Kansal, and R. Chandra, “Empowering developers to estimate app
energy consumption,” Proc. 18th Annu. Int. Conf. Mob. Comput. Netw. -
Mobicom ’12, p. 317, 2012.

“PowerManager.WakeLock | Android Developers.” [Online]. Available:
https://developer.android.com/reference/android/os/PowerManager.WakeLock.ht
ml. [Accessed: 03-Apr-2017].

E. Waters, “The ° Goodness ° of Attachment Assessment: There Is A ¢ Gold

82



[79]

[80]
[81]

[82]

[83]

[84]

Standard > But It Isn 4€™™ t As Simple As That.”

J. Cohen, P. Cohen, S. G. West, and L. S. Aiken, “Applied Multiple Regression /
Correlation Analysis for the Behavioral Sciences Third Edition,” 2003.

B. G. Tabachnick and L. S. Fidell, “Using Multivariate Statistics,” 2008.

J. F. Pallant, “SPSS Survival Manual: A Step by Step Guide to Data Analysis
Using SPSS,” vol. 18, no. 1, pp. 58-62, 2001.

D. George and D. Ph, “SPSS for Windows Step by Step A Simple Guide and
Reference Answers to Selected Exercises.”

S. Seo, “A Review and Comparison of Methods for Detecting Outliers in
Univariate Data Sets,” 2006.

S. Kameli, “The Impact of Vocabulary Knowledge Level on EFL Reading

Comprehension,” vol. 2, no. 1, 2013.

83





