IEEE org | IEEE Xplore Digital Library | IEEE-SA | IEEE Spectrum | Mare Sites Cart (0) | Create Account| Personal Sign In

IEEE Xplore& > Institutional Sign In @lEEE

Digital Library

Browse My Settings v Get Help v Subscribe

~ | Enter keywords or phrases (Note: Searches metadata only by default. A search for 'smart grid' = 'smart AND grid') E

B Search within Publication Advanced Search | Other Search Options

Browse Conferences » 2013 8th International Confere ... @

2013 8th International Conference on Information .
Technology in Asia (CITA)

1-4 July 2013
Filter Results Displaying Results 26 - 37 of 37 Show: [25 *
. = Need
Select All on
Search within results: Page fam P Fu "-Text
H searcn | access to IEEE Xplore

Multi-objective optimization model in mobile data ﬂ (apyEmrpeniztiogy
AUTHOR communication scheduling REQUEST A FREE TRIAL »
Search for Author Setia Budi ; Vishv Malhotra

Publication Year: 2013, Page(s):1-5

Jane Labadin (5) © | #»Abstract | TPDF (1157 KB) | [HTML

Jacey-Lynn Minoi (3)
Michael Wagner (3)

Rosziati lbrahim (2)

Shahrinaz Ismail (2)

Halikul Bin Lenando (2) Laili Farhana Md Ibhanm ; Norhayati Borhan ; Maizatul H.M. Yatim
Publication Year: 2013, Page(s):1-5

Cited by: Papers (1)

A field study of understanding child's knowledge, skills and ﬂ
interaction towards capacitive touch technology (iPad)

IMuhammad Javed (2)

Maohd Sharifuddin Ahmad (2)
Hushairi Zen (2) © | #)»Abstract | FPDF (1229 KB) |[HTML
Roland Goecke (2)

Kartinah Zen (2)

Arshad Javed (1) Automatic generation of fill-in clues and answers from raw ﬂ Trend Paper
Siti Farah Mehammad Suhaim SIS for Crosswors
(1) Bali Ranaivo-Malancon ; Terrin Lim ; Jacey-Lynn Minoi ; Amelia Learn how
Fiona Palack (1) Jati Robert Jupit Al, ML, and
Sharita Alghowinem (1) Publication Year: 2013, Page(s):1-5 cybersecurity
Nur Emyra Musa (1) Cited by: Papers (1) experts see
_ . - 0 1

sasalFEmEIes Gl (1) © | &) »Abstract | FAPDF (1114 KB) | [RHTML industry's
IMohd. Morasri Ismail (1) ]mpact on
IMohd Shahdi Abhmad (1) the fUtLII'E.
Nurulhuda Eirdaus Mahd Azmi Segmentation of brain MR images with directional weighted ﬂ
(1) optimized fuzzy C-means clustering
s b Arshad Javed ; Wang Yin Chai ; Narayanan Kaluthramaiyer Complimentary
o mmics: (13 Publication Year: 2013, Page(s):1- 7 Download
Morhayati Borhan (1) )
Jodo Fradinho Oliveira (1) © | & »rAbstract | TPDF (1667 KB) | [GHTIML
Biju lssac (1)

Classifying content adaptation systems based on energy- ﬂ

AFFILIATION aware requirements .
Mohd. Norasri Ismail ; Rosziati Ibrahim ; Mohd. Farhan Md. Proceedings

Search for Afiliation Fudzee Available

I B T T PO




[ Faculty of Engineering,

University Malaysia Sarawak
Kuching, Malaysia (2)

[l Faculty of Computer Sciences

and Information Technologies,
University Malaysia Sarawak
Kuching, Malaysia (2)

[J University of Canberra, Australia

(2)

] School of Computing and

Information Systems, University
of Tasmania, Hobart, Australia
(1)

] Department of Electrical and

Computer Engineering, Faculty
of Engineering, International
Islamic University Malaysia,
Malaysia (1)

[ Faculty of Computer Science

and Information Technaology,
Universiti Malaysia Sarawak,
94300 Kata Samarahan,
Sarawak, Malaysia (1)

] School of Computing, Teesside

University, Middlesbrough, UK
(1)

[[J Intel Collaborative Research

Insfitute, University College
London, London, UK (1)

[ University of Canberra,

Canberra, Australia (1)

[ Faculty of Computer Science &

Information Technology,
Universiti Malaysia Sarawak,
94300 Kota Samarahan,
Sarawak, Malaysia (1)

(] Department of Computational

Science and Mathematics,
Faculty of Computer Science
and Information Technology,
Universiti Malaysia Sarawak,
94300 Kota Samarahan,
Sarawak, Malaysia (1)

[T Telekom Innovation Laboratories,

TU Berlin, Germany (1)

] Department of Computer

Science, Faculty of Computer
and Mathematical Sciences,
Universiti Teknologi MARA, Shah
Alam, Malaysia (1)

(O Faculty of Computer Science

and Information Technology,
Universiti Tun Hussein Cnn
Malaysia, Johar, Malaysia (1)

] Department of Information

Systemns, Faculty of Information
and Communication Technology,
International Islamic University
IMalaysia, Malaysia (1)

] Universiti Malaysia Sarawak

(UNIMAS), 94300 Kota
Samarahan, Sarawak, Malaysia

(1)

] Software and Multimedia Centre,

Faculty of Computer Science
and Information Technalogy,
Universiti Tun Hussein Cnn
IMalaysia, 26400 Parit Raja, Batu
Fahat, Johor, Malaysia (1)

] Department Peiroleum

Engineering, King Fahd
University of Petroleum and
Minerals, Dhahran, Saudi Arabia
(1)

([ Faculty of Computer Science

and Information, Al Jouf
University, Saudi Arabia (1)

L] College of Information

Technology, Universiti Tenaga
Nasional, (UNITEN) Kajang,
Selangor, Malaysia (1)

[CJ Computing Department, UPSI,

Tanjong Malim, Malaysia (1)

] School of Computer Science,

Faculty of Information Science &

FUDNICAUUN Yedr. LU ls, Frdygeis). 1 - o

© | #»Abstract | FYPDF (805 KB) | [RHTML

Reverse Engineering: From Xml to Uml for generation of
software requirement specification

Hannani Aman ; Rosziati Ibrahim
Publication Year: 2013, Page(s):1-6
Cited by: Papers (1)

© | &) »Abstract | FPDF (1236 KB) | [RHTML

Learning user preferences in a system combining pervasive
behaviour and social networking

E. Papadopoulou ; N. K. Taylor ; M. H. Williams ; S. Gallacher
Publication Year: 2013, Page(s):1-7

© | #)»Abstract | FPDF (351 KB) | [HTML

A cost-effective web-based teleconsultation system

Sharmin Nahar Sharwardy ; Zahidur Rahman ; Sharmin Parveen ;
Hasan Sarwar ; Asm Mobarak Hossain

Publication Year: 2013, Page(s).1-4
Cited by: Papers (1)

© | &)+ Abstract | FPDF (1023 KB) | [RHTML

Rhetorical video argument analysis
Irwan Shahbudin ; Azizah Jaafar
Publication Year: 2013, Page(s):1-4

© | &)»Abstract | FJPDF (1180 KB) | [GHTML

E-Cyborg: The cybercrime evidence finder

Ewviyanti Saar ; Aman Jantan
Publication Year: 2013, Page(s):1-6
Cited by: Papers (%)

© | &> Abstract | PDF (1437 KB) | [GHTML

From programming sequential machines to parallel smart
mobile devices: Bringing back the imperative paradigm to
today's perspective

Daeng Ahmad Zuhn Zuhud

Publication Year: 2013, Page(s):1-7

Cited by: Papers (1)

© | &)»Abstract | PDF (1280 KB) | [GHTML

The GUSC model in smart notification system: The
quantitative analysis and conceptual model

Shahrinaz lsmail ; Siti Farah Mohammad Suhaimi ; Mohd
Shanfuddin Ahmad

Publication Year: 2013, Page(s):1- 8

Cited by: Papers (7)

© | &)»Abstract | PDF (1323 KB) | [HTML

The proceedings of this
conference will be
available for purchase
through Curran
Associates.

Information
Technology in Asia
(CITA), 2013 8th
International
Conference on

CD-ROM Purchase at
Partner

Print Purchase at Partner

Quick Links

» Search for Upcoming

Conferences

» IEEE Publication

Recommender

» IEEE Awuthor Center



Technology, Universiti
Kebangsaan Malaysia, 43600
Bangi, Selangor, Malaysia (1)

] Faculty of Computer Science &
Information, Technology
University of Malaya, 50603
Kuala Lumpur, Malaysia (1)

|| Department of Computational
Science and Mathematics,
Faculty of Computer Science
and Information Technology,
Universiti Malaysia Sarawak,
Kota S3amarahan, Sarawak (1)

[ Department of Computer
Science, University of York, UK
(1)

CONFERENCE LOCATION

[J Kota Samarahan (37)

Previous Titles

= 2013 8th
International
Conference on
Information
Technology in Asia
(CITA)

= 2011 Tth
International
Conference on
Information
Technology in Asia

2
IEEE Account Purchase Details Profile Information Need Help?
Change Usemame/Password Payment Options Communications Preferences US & Canada: +1 800 678 4333
Update Address Order History Profession and Education Worldwide: +1 732 981 0060
View Purchased Documents Technical Interests Contact & Support

About IEEE Xplore | Contact Us | Help | Accessibility | Terms of Use | Nondiscrimination Policy | Sitemap | Privacy & Opting Out of Cookies

A not-for-profit organization, IEEE is the world’s largest technical professional organization dedicated to advancing technology for the benefit of humanity. @ I E EE
@ Copyright 2012 IEEE - All rights reserved. Use of this web site signifies your agreement to the terms and conditions.




2013 8th International Conference on Information Technology in Asia (CITA)

Multi-objective Optimization Model in Mobile Data
Communication Scheduling

Setia Budi

Faculty of Information Technology
Maranatha Christian University
Bandung, Indonesia
setia.budi@itmaranatha.org

Abstract—The paper describes a multi-objective model to
optimally schedule a service on a mobile device that requires data
communication with the external data repositories.

Keywords—scheduling; multi-objective optimization; mobile
device; real-time data access.

L. INTRODUCTION

Mobile device usage is growing as is their ability to provide
sophisticated services. The primary reason for the growing
popularity of the mobile devices is their ability to support
relationships among the peers through the connectivity and
communication anywhere and anytime mantra [1, 2, 3].
However, the mobile devices have noticeable resource
constraints and users are often concerned about the
communication costs, battery life and device busy periods.

One common approch to handle the problems with multiple
goals is to assign weigths to each of the objectives the users
value. A consolidated single score can be computed by taking
the weigthed sums of the individual scores. However, such an
approach would be unsuitable for detrmining the optimal
schedule for data communication from mobile devices. The
mobile users do not have the same preferences; and more
importantly, their prefernce mix would vary widely based on
the service initiating the data-communication. For example, a
user’s interest in a mobile service dependent on the alternates
available to the user. Further, the available services may vary
over time and geographical location of the user of the mobile
service. This makes the use of weigthed sum approach for
estimating potential benefits to a user impractical.

The paper describes a model that aids in finding the Pareto
optimal schedules for the data communication dependent
services available through the mobile devices.

To motivate, we present the following made-up problem: A
mobile device user accidently meets the President holidaying
on a remote island and is invited for a breakfast with the first
family. The user has a number of pictures that she is eager to
share them with her social groups. What is the best schedule to
upload these pictures?

The paper is organized as follows. The section II describes
the decision variables and other parameters that determine the
behavior of the communication episode. The objective
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functions of interest to the mobile users are listed and modeled
in section III. Section IV describes the use of the model to
determine the Pareto efficient values for the decision variables.
The last section provides other potential applications and
extensions for the model.

II.  MULTI-OBJECTIVE MODEL FOR MOBILE DATA
COMMUNICATION

Several studies have been conducted to identify and
understand the satisfaction factors of the mobile device users
[2, 3, 4]. However, these studies do not explain how the mobile
device users can optimize the access to a service by scheduling
it for better outcomes. The problem of optimizing the access to
a service through a mobile device can be set as a multi-
objective optimization problem since there are more than one
satisfaction factors required to be optimized and these
satisfaction factors are conflicting with each other.

A mobile user has two primary decision variables
controlling the access to mobile services: the postpone interval
(delay) and the communication mode to use for the data
communication (mode). The postpone interval, delay,
represents the length of the period by which the data
communication is delayed after the need for a data
communication outside the mobile device is first noted; in this
paper, the time at which the data communication need is first
noted is marked as time 0. The communication mode, mode, as
the second decision variable represents the use of a wired, Wi-
Fi or a cellular data network to contact the data repository.
These communication modes may have further specializations
determined by their speed, noise or price characteristics. In this
paper, we will use the following identifiers and functions in the
equations:

size(data) Size of the data to be
communicated by the mobile
service.

batteryCharge(t) MilliAmpere hours (mAh) of the
electric charge stored in the mobile
device battery at time t.

dischargeRate(mode) Battery discharge rate mAh/s in

communication mode mode.
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speed(mode) Communication speed for
communication mode mode.

qdr Quiescent discharge rate for the
device battery to keep the device
active

nextChargeTime(t) Time for the next battery charge

opportunity at or after time t

available(mode, t) Boolean function; true if the mobile
user can use communication mode,
mode, at time t. A mobile user may
avoid a live communication mode if
it is considered unsecure. Thus, the

function captures security needs.

III. OBJECTIVE FUNCTIONS

When accessing a service requiring data communication
from a mobile device, the device owner seeks to choose values
for the decision variables delay and mode to use the best data
communication outcomes for the service. The proposed model
defines five objectives to find the Pareto-optimal solutions:
data access cost, service efficacy, battery charge depletion,
depleted battery charge encumbrance, and device unavailable
duration.

A. Minimizing Data Access Cost

A high cost for the mobile Internet access discourages the
users from accessing the Internet from their mobile device [4,
5]. The cost of the mobile Internet access is determined by the
amount of data communicated and is dependent on the
available communication modes and the time of the access.
Since the cost of communication varies across many different
network providers, a lower data communication cost can be
achieved by delaying the communication for a particular
interval of time in order to get a cheaper available connection.

Cost

0 t1 t2 Time

Fig. 1. Data access cost.

A simple model for the communication cost that
approximate common arrangements available to mobile users
can be based on a fixed per service cost with variable
component determined by the amount of data. The specific
service accessible to the user may depend on time and location.
As shown in Figure 1, a mobile user may control cost by
accessing service at an opportune time.

In mathematical notation the cost objective goal can be
represented as:

Minimize cost(delay, mode) =
fixedCosts(delay, mode) + varCosts(delay, (1)
mode) *size(data)

B. Maximizing Service Efficacy

Mobile users and applications place a significant premium
on the immediacy of the data interaction and servicing. In this
respect, the data communication requirements have the
characteristics similar to the real-time applications. The full
benefits of the service are derived if the data can be transferred
before a user or service specific deadline; titled festive
deadline. However, if the service is delayed past a later
deadline, titled obsolesce deadline, the mobile user derives
little benefit from the service. Basic real-time schedulers
approximate the benefits from a service completed between
these two deadlines using a linearly decaying service efficacy
function [6, 7]. Figure 2 provides a easy to understand picture
to explain our model.

Efficacy

100%

0%
0 Festive

Obsolesce Time

Fig. 2. Service efficacy.

Thus, the service efficacy objective is expressed as:
Maximize efficacy( delay, mode), where

efficacy(delay, mode) = 1
when delay < festive

efficacy(delay, mode) = (obsolesce - 2)
delay)/(obsolesce - festive)
when festive < delay < obsolesce

efficacy (delay, mode) = 0
when delay > obsolesce

IV. OBIECTIVE FUNCTIONS RELATED TO THE BATTERY
STATUS

Battery status is a fundamental constraint of the mobile
devices resulting from the requirements for the mobile devices
to be small and light. The battery power is required not only to
run the mobile device to perform user started operations but
also to keep the device functioning and continuing its quiescent
services. Therefore, an adequate amount of remaining battery
life is essential for the satisfied device owners.
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The battery charges drain at a slow constant rate (gdr) to
keep the device active and functioning. However, each data
communication episode uses significantly larger amount of
battery power to radiate signals and to perform the related
computational activities. This demand is determined by a
number of factors including the communication mode, duration
and the noise characteristics of the communication channel.
However, drained battery charge is not a permanent liability.
The battery levels are restored by recharge of the device
batteries. Considering the importance of the remaining battery
charge for the mobile device, a number of objectives exist in
the model.

C. Minimize Battery Charge Depletion

The remaining electric charge in the battery after a data
communication episode is a function of three arguments: the
state of the battery before the communication episode, the
communication mode used for the data communication, and
the duration of communication. The communication duration is
primarily determined by the amount of data transfer and the
transmission speed for the communication mode. However,
transmission speed is also affected by the environmental
conditions such as the channel noise and congestion. Smaller
battery discharge in completing the data communication needs
of a service leaves more charge for other services; thus (See
Figure 3):

Minimize batteryDischarge (delay, mode) = 3)
dischargeRate(mode) *size(data)/speed(mode)

Depleted charges

Charge

Time

Fig. 3. Depleted charges.

Closely related to this objective are the constraints that
determine the feasibility of the communication episode. Firstly,
the communication mode should be available over the period
delay to delay + size(data)/speed(mode) for the data to be
communicated. Secondly, the battery should have enough

charge to complete the data communication. These

requirements are expressed in the constraints below:
available(mode, t) delay < t < delay +
size(data)/speed(mode) @

batteryCharge(delay) =
dischargeRate(mode) *size(data)/speed(mode)

D. Minimize Depleted Battery Charge Encumbrance

If a resource is used for a purpose, it is not available for the
alternate purposes. Economists describe the idea as an

opportunity cost. A similar dilemma is also faced by the user of
a mobile device. Battery life is an important resource and a
mobile device becomes inoperative once the battery has run
down below a low charge threshold. The savvy mobile users
take significant care to preserve the battery life. It is not
uncommon to notice the mobile users minimizing the device
usage to preserve the battery charges to the time when the
device battery can be recharged.

—
—

|
Encumbrancé —

Charge

I
|
I
\ I
I

Communication time Recharge time

Fig. 4. Charge encumbrance.

This objective is modeled by the area under the battery
charge line plotted against the time.. Each data communication
episode reduces the area; and, this reduction in the area defines
the depleted battery charge encumbrance for the mobile user.
The idea of encumberance is depicted in Figure 4 and affects
the users quite distictly from the depleted charges as shown in
Figure 3.

The encumbrance reduces the future opportunities to use
the mobile device due to the reduced remaining battery
charges. As the common mobile devices use rechargeable
batteries, the encumbrance is cleared at the next battery
recharge.

Minimize encumbrance(delay, mode) =
(nextRechargeTime(delay) — delay)* &)
dischargeRate(mode) *size(data)/speed(mode)

E. Minimizing Device Unavailable Duration

A mobile device is not fully available to its user when it is
busy in a data communication based service. This limitation is
a consequence of the constraints on the computational
resources as well as the limited communication bandwidths
available to the mobile devices. A long access time is annoying
and lowers user satisfaction [4, 8]. A longer access period also
drains more battery charges [9].

The device busy interval is the time interval required to
successfully transmit the data using the available
communication modes — this also is a period of significantly
restricted availability of the mobile device. Thus, the objective:

Minimize deviceUnavailable(delay, mode) =

size(data)/speed(mode) ©)

The constraints listed earlier with the objective function
battery charge depletion apply to this objective too. However,
there is another cause leading to a potential device unavailable
situation. The events leading to this situation are described as
follows: if the battery charge is depleted by a data
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communication episode, the remaining charges on the battery
may not sustain the device in the active mode till the next
recharge time. In this case a period may occur, before the next
recharge, where the device is unavailable because the device
battery charges have drained to their low threshold level. The
situation may be cared for in the model by augmenting the
constraints on the feasible solutions.

Device available

Devict ilabl

Devic noTvai able

Time

Device busy communicating

Device flat battery

Recharge

Fig. 5. Device availability.

Therefore, each feasible decision must ensure:

BatteryCharge(delay) =
dischargeRate(mode) *size(data)/speed(mode) 7
+ (nextRechargeTime(delay) - delay)*qdr

If the inequality is not satisfied, the device battery will
discharge to a level below the minimum threshold and cause
the device to become unavailable. Thus, the function to be
minimized when the condition is not met is:

Minimize deviceUnavailable(delay, mode) =
size(data)/speed(mode) +

(nextRechargeTime(delay) - ®)
(BatteryCharge(delay) -

ischargeRate(mode) *size(data)/speed(mode))/qdr)

V. How 10 USE MODEL TO SCHEDULE COMMUNICATION

In this section we describe how the objective functions can
be used to determine a communication schedule to suit the
service requirements. Using realistic operational parameters for
costs and speeds available to the Australian users of mobile
devices in 2012, we set a simulation study. A data
communication requirement was determined and fed into the
simulation software. The Pareto optimal (Refernce) solutions
were identified. Pareto optimal solutions are the tuples that are
not dominated by the other feasible solutions. A solution p is
said to dominate the other solution q, is p performs on at least
one criterion better than q and performs at least as well as q on
all other criteria.

To further help explanation, a simulation scenario is
constructed in order to compare the optimum solutions
produced by our model with the possible unaided solutions
which are a user might chose for this case. An unaided or blind
solution in this case is a solution where the device owner
performs the data communication activity immediately. Most
mobile device data communication today operates in this
mode. We compare these blind and optimum solutions based
on the five objective functions that we have explained earlier.

The following figures show the solutions comparison for this
case.

In order to construct the simulation model, jMetal
framework is used as the building blocks. jMetal stands for
Meta-heuristic Algorithms in Java, it is a framework for
constructing and solving a multi-objective optimization
problem using evolutionary algorithms. The framework is
based on Java programming language and has been used in a
wide range of applications since it was built as an easy to use,
flexible, and extendable software package. The ease of use,
flexibility, and extendibility can be achieved by jMetal since it
takes full advantage of the capabilities that Java offers and is
structured in a way that a problem can be developed as an
independent class from the algorithm that solves it. A wide
range of core classes which can be used as the building blocks
of multi-objective meta-heuristics are provided by this
framework in order to take advantage of code-reusing. In
addition, the evolutionary multi-objective algorithms in this
framework are tested for their performance with standard
multi-objective optimization problems [10].

VI. DISCUSSIONS AND CONCLUSIONS

The paper has presented a multi-objective model for
scheduling the data communication based services on the
mobile devices. As these objectives are incomparable with
each other and represent different needs they cannot be
assigned meaningful weights to generate a single outcome.
Even if such weights were feasible, each mobiles user will
attach different weight of importance to these objectives.
Indeed, one would expect the same user to assign different
weights to these objectives at the different times. Pareto
optimal solutions provide the best option for determining
efficient schedules.

Using realistic parameter values and cyclic lifecycle of the
mobile users we have run several test scenarios. The
experiments support the common wisdom of preferring a wired
data communication mode over a Wi-Fi mode and preferring
the Wi-Fi communication over the cellular communication.
This rule receives support as these preferred modes also
frequently overlap with the battery recharge opportunities.

The Pareto efficient schedules, however, tend to occur over
the disjoint time periods. The efficient periods are separated by
the periods of time where the decisions deliver less satisfying
(dominated) outcomes.

The increasing adaption of the cloud computation and
resources would make the services on the mobile devices even
more dependent on the externally located data. The models for
scheduling the data communication would be helpful in
optimizing the use of mobile device resources and capabilities.

VIL

For the future works of this research, there are several
possibilities that can and need to be explored.

FUTURE WORKS

The simulation model in this research can be augmented in
order to handle multiple transfers and multiple data access. The
enhanced model may be used to schedule the data transfer in an
optimized way. Alternatively one may propose an algorithm to
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Fig. 6. Evaluation result.

priorities the transfers and choose a subset of them for actual
transfer consistent with the expected cost and benefit
outcomes.

A machine learning capability can be integrated into this
model to predict the mobile user’s daily activity in order to

generate a more accurate resource availability schedule/table.
A simulator tool may also be of value to monitor the device
and its usage to provide accurate and precise estimates of
various parameters used in the model.

Sensor devices are often deployed in remote locations
without 24x7 accesses to resources. Their data transfer
operations may be subject to natural and unpredictable
activities. For example long periods of cloudy weather may
reduce the charge in the battery. Data communication may be
subject to the availability of a base station. The model can be
extended to optimize data collection activity for remote
Sensors.

Cloud computing resources also have access patterns that
are subject to interruption quality variations similar to the
issues modeled in this research. The model can be extended to
optimize and streamline access to cloud resources for cost,
reliability, security and availability benefits.
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