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Abstract

Nowadays, accessing of web information and services at anytime from anywhere is becoming
realistic using WAP enabled mobile devices. Mobile device users become rapidly growing from
time to time. In this thesis, an online Amharic word processor for mobile phone is designed and
developed by considering the physical screen size, scripting language, text entry method of
mobile phones and nature of Amharic script. In order to design and implement the OLAWRP, it is
necessary to obtain the visiting mobile phone capability attributes information first. The
attributes that are used in this study are mobile phone physical screen height and status about
whether the mobile phone supports client-side scripting language or not. These capability
attributes are obtained from the WURFL DDR in the cloud which is used to detect and return the
mobile phone capabilities to our site. The returned values are stored and used as an input in the
design of the word processor interface, to select the type of the virtual keyboard and style sheet
used, and to decide the scripting language used. The OLAWP site is designed and implemented
to enable users to prepare simple Amharic documents wherever they go as far as the WAP
enabled mobile phones exist at their hand and the Internet infrastructure exist. In the design of
OLAWP, the major activities are device detection and redirection to the compatible page, user
and file manager, designing of the word processor interface by loading appropriate virtual
keyboard. In this work, the mobile phones are categorized into three groups: small, medium and
large, and the Amharic virtual keyboard is grouped into small and large based on the mobile
phone screen height. Small mobile phones used small type of Amharic virtual keyboard and
other groups used the large Amharic virtual keyboard. Finally, the OLAWP prototype evaluation
is conducted through questionnaire by participating 15 different users in various types (in screen
size, text entry method, browser and brand) of mobile phones. The evaluation result showed that
better satisfaction and performance on some mobile phones which are touch based, and UC and
Android browsers mobile phones compare to keypad based and Opera mini browser mobile
phones.

Keywords: Amharic keyboard, Amharic word processor, mobile cloud service, mobile Amharic

word processor, mobile virtual keyboard, online word processor, Wireless Application Protocol.



CHAPTER ONE
INTRODUCTION

1.1 Overview

Nowadays, Information Technology (IT) is growing rapidly and the users become interested to
know and use it in order to make easy their day to day activities, and cope up with the time. In
this fast growing of IT, the Internet and wireless technologies are playing a great role even
though most of the technologies developed for the Internet have been designed for desktop and

larger computers that support medium to high bandwidth connectivity on reliable data networks

[1].

It is well known that wireless devices give opportunities to remain connected as we move from
place to place. A huge amount of information is available on the Internet that mobile phone users
will also need access to it. These desires of users are met by mobile devices and Internet
infrastructure. Obtaining of information and services through Internet from anywhere at any time
is an interest of everybody. Because getting accurate information and services are important
elements for day to day activities for better decision making [2].

Recently, the mobile devices become widely available and rapidly growing in connecting people
and transferring information as well. However, these devices have more constrained computing
environment as compared to desktop computers. As we know wireless devices give opportunities

to remain connected as we move from place to place.

Accessing web content and getting online services from anywhere at any time using wireless
devices is possible due to the advent of WAP (Wireless Application Protocol) technology. It is
thus; possible to efficiently communicate data over wireless WANs. WAP is a global standard

that brings Internet content and services to wireless devices [3].

Mobile phones are the most widely used wireless devices and their growth is also very fast
compared to personal computers. For instance, in Ethiopia, mobile users are highly increasing
from time to time since the introduction of mobile technology. The Ethio-telecom reported that

the number of mobile subscribers has exceeded 15 million [4]. According to Wireless



Intelligence, more than a billion of mobile phone connections were only added within 18 months
and mobile phones become the most popular consumer devices in the world which is three times
of the number of personal computers [5]. Also recent study shows that mobile devices will

become the primary tool for Internet connectivity by 2020 [6].

The other concept that comes together with the development of Internet and network is cloud
computing. Cloud computing is a model which is convenient, on-demand network access to a
shared pool of configurable computing resources like storage, application, services, servers and

networks which are provided through the Internet [7].

Cloud computing is the fundamental evolution of computing in which processing and data
storage resources move away from user’s desktop computers into large data centers to offer
cloud services. Cloud services are applications, products and services that take advantage of
cloud computing by hosting the processing and data storage resources in the cloud and making
them available on demand. Now, high access bandwidth in both wired and wireless domains is
available [8].

In our day to day activities, we commonly use software as a product, unlike software as a
service. In cloud computing, only a thin client interface such as a web browser is needed on the
client-side, all the remaining services (resources) exist on the service provider side. This is very

helpful for devices that have low storage space and low processing capacity like mobile phones.

The combination of cloud based application and smart phones have provided extraordinary
access of information for users from wherever they are. The coming of cloud based service is
transforms the users’ expectation to access information and increases the desire of obtaining of
information and services at their fingertips. Now, most social network service providers have
given this type of service which is accessible anywhere from various computing terminals. Cloud
users can buy the service that they need rather than installing the whole IT infrastructure and
application on their terminal. Instead of paying for the whole product, cloud customers pay only
for what they use [9].

For the real implementation of cloud computing in the mobile device environment, mobile
Internet technologies (i.e. WAP) play a great role. Since the mobile storage capacity is limited,

so extending the storage facility through mobile online service and by which it will save mobile
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devices battery consumption, in case of high computation, and save storage space of the device
as long as the service and the data is provided and stored on remote server.

Cloud or online based services will overcome the problem of platform compatibility of software,
like Amharic SMS software. The Amharic SMS messaging software is only available for
particular mobile models specifically for Java program supporting mobile devices like Nokia and
Android. So far, there is no mobile based Amharic word processor which enables users to
prepare simple Amharic text even if most people have mobile phones on their hand.

Thus, the purpose of this concrete work is to design and implement Amharic word processor for
mobile phones by taking into consideration the display size, script languages support, text entry
techniques of mobile phones and the nature of Amharic script.

1.2 Statement of the Problem

There are large numbers of mobile users in Ethiopia and almost all of them use English language
based mobile phones even if recently some mobile company has developed some Amharic script
based mobile phones (for example, Nokia developed Nokia 1200, 1208, 2630 and 2760) [10].
There are also some Amharic SMS software that are developed for some limited type of mobile
models (like Android, Nokia), but such applications are not applicable in other mobile phone
platforms i.e. the application lacks compatibility among the phones.

A number of researches were conducted on wireless based systems due to the wide availability
of wireless devices [11, 12, 13]. In [12] and [13], the researchers designed a virtual Amharic
keyboard for PDAs that accept inputs with stylus. These devices are not used widely as the
standard 12-key mobile phones. The 12-key mobile phones use their keypads, and virtual
keyboard (which was developed together with the application) using the arrow keys for text
entry. The Amharic text entry for wireless devices study in [11] was designed and developed for
standard 12-key mobile phones but only incorporates 210 Amharic characters even if Unicode
6.1 incorporates around 358 Ethiopic characters and it is only applicable for Java program
supported mobile phones. About 148 characters are reduced due to the mobile phones memory

capacity limitation.



In Ethiopia, more than 15 million people use mobile phones [4] and they are either forced to go
to computer centers or use their own computers when they need to prepare a short letter even if

they have the mobile phones.

Also, most mobile Internet users didn’t have an opportunity to write and post Amharic script text
on different web forums, social networks, mails, blogs and other sites from their mobile phones.
Currently, if a user wants to write Amharic text on the web from his/her mobile phone, s/he is
forced to close the browser and go to the phone based Amharic SMS software (if it has) to write
a text. After writing the text, copy it, open the site using the WAP browser and finally paste into
the target site area.

Due to the above listed problems the researchers are motivated to design and develop an
Ambharic word processor for mobile phones that works on most mobile phone platforms.

1.3 Objectives
1.3.1 General Objective

The general objective of this research is to design and implement an Online Amharic Word
Processor for Mobile Phones.

1.3.2 Specific Objectives

In order to achieve the above mentioned general objective, the following specific objectives are

accomplished in this research work.

e Customize and develop online Amharic virtual keyboard.
e Develop an online Amharic word processor prototype.

e Test the prototype with various mobile phone platforms and screen sizes.
1.4 Scope and Limitation

The mobile phone based online Amharic word processor focuses on limited word processing
functionalities like creating, formatting and saving text documents, and other functionalities like
exchanging text documents/messages through email and SMS.



1.5 Methods of the Study
1.5.1 Literature Review

Before start the OLAWP, deep study is made in the literatures that are written related to the
mobile phones, WAP technology, and text entry methods to have a clear picture about the work.
Research works on these topic areas are reviewed to understand the nature of mobile phones,
mobile web, nature of Amharic language and text entry techniques to consider while the
OLAWP designed. Some cloud based word processing services of mobile devices are also

reviewed under the related work section of this work.
1.5.2 Selection of Development Language and Tool

In this study, XHTML-MP web development language is applied, which is specifically designed
to develop WAP applications for wireless devices by considering the capabilities of the mobile
phones. XHTML-MP is a static web development language which is used to present the contents
that are carried out by the dynamic web scripting languages. The dynamic part of the system is
employed using client-side script (if the mobile phones support client-side scripting language,
JavaScript) and PHP, server-side scripting languages. The XHTML-MP web mark-up language
is used to implement the front side of the system and the back end (or the database) is
implemented using MySQL database. Macromedia Dreamweaver is used as a development
editor tool for the development of OLAWP prototype.

1.5.3 Testing of OLAWP

The OLAWP prototype is frequently tested using Nokia and Android emulators while the
prototype is being developed. After the prototype is completed, it was tested on various mobile
phone platforms, display sizes and display types (i.e. touch and non-touch screens) on the actual
devices. To test the OLAWP prototype on the actual device, the OLAWP prototype was hosted
on http://www.3owl.com, which is a free web hosting site. The OLAWP database also imported
to this site.



Finally, the usability of the OLAWP has been conducted by considering different users and
mobile phones. The responses about the usability were collected through questionnaires and
analyzed.

1.6 Document Organization

This thesis report consists of Eight Chapters including the current Chapter. Chapter Two presents
literature review for the understanding of basic concepts related to the nature of mobile devices,
accessing of mobile web using WAP technology and its architecture, and text entry technique of
mobile devices are reviewed. In Chapter Three, some cloud based word processing applications
which are developed for Latin scripts are reviewed. The next Two Chapters, Chapter Four and
Five, focus on the analysis and design of OLAWP by identifying the functional and non-
functional requirements, and by taking into consideration deign goals and constraints of mobile
phones respectively. Chapter Six presents system development tools like development editor,
Apache web server, WURFL package, development markup and scripting languages, and
emulators used in the development of the prototype. OLAWP prototype is also presented by
considering sample screen shoots of the prototype. In Chapter Seven, the OLAWP prototype
evaluation that conducted on the actual devices and the usability of the prototype evaluated based
on the data collected from the users via questionnaire. Finally, Chapter Eight gives conclusion of
this thesis work and points out future works related to this work.



CHAPTER TWO
LITERATURE REVIEW

2.1 Overview

Accessing web site through mobile devices becomes very common due to the advent of WAP
technology. The capabilities of mobile devices have grown phenomenally from time to time.
Currently, the number of mobile phones is more than thrice that of computers in the world and
the mobile web is used as a means to bridge the digital divide, to bring the power of computer
and Internet to the rest of the world [14]. Today, ubiquitous email and web access is a reality that
is experienced by millions of users worldwide through their PDAs, smart phones and other

mobile devices [15].

Under this chapter various literature studies related to mobile phone devices, WAP technology

and text entry methods discussed to understand our work.

2.2 Literature Review

2.2.1 Mobile Devices

Mobile devices are commonly used for voice communication, but now the usage of mobile
devices for data communications purpose is growing rapidly. Such data usage includes SMS,
mobile web, video, location-sensitive applications, m-commerce, m-education, m-governance,
m-health, m-bank and etc. These applications indicate that the mobile devices are being

transformed from communication devices to content and transaction devices.

The mobile subscribers become increasing highly in our country, Ethiopia; also in the world. At
the end of 2011, the numbers of mobile phone subscribers around the world were reached 6
billion. Among these, there are many mobile-only web users (around 1.1 billion) which do not
(or very rarely) use a desktop, laptop or tablet to access the web [16]. The growth of mobile web
penetration is strongest in Asia and Africa, where as the PC penetration is low [16]. In Ethiopia,

the number has reached more than 15 million subscribers [4].

Wireless devices are produced in various designs for different purposes. Among them, mobile

phones are the largest segment of wireless devices and have a specially designed processor and

7



operating systems like Symbian, Windows Phone, Android, Bada, iOS and so on. In the last few
years, a variety of mobile phone is available in the market from simple feature phones to smart
phones with sophisticated applications. Such devices are small in size and enabled users to carry
with them everywhere they go. There are a number of different screen sizes of mobile devices;
typically, they have screen sizes of 120x120 pixels up to 320x240 pixels. This means you can
show about 6 lines of 25 characters displayed in a screen. They may have a QWERTY keyboard
or stylus, or have just the numeric keypad for input. The standard input mechanism for mobile
phones is a 12-keypad with additional function keys. Some phones have a joystick that can be
used for navigation [14].

2.2.2 WAP Technology and Architecture

The WAP technology is the combination of the wireless technology and the Internet. The aim of
WAP technology is providing a new service for the customers everywhere they go via their
mobile devices. Such technology developments initiate some of the largest wireless vendors
(such as Ericsson, Motorola, Nokia, and Openwave) to unite and create the WAP Forum, the
standardizing organization of the WAP in June, 1997 [2]. Now, WAP Forum has consolidated
into the Open Mobile Alliance (OMA). Open Mobile Alliance is a standard body which develops
open standards for the mobile phone industry to facilitate global user adoption of mobile data
services by specifying market driven mobile service enablers that ensure service interoperability
across devices, geographies, service providers, operators, and networks while allowing

businesses to compete through innovation and differentiation [17].

WAP is an open and global standard in order to bringing Internet content and services to wireless
devices [3]. It provides an XML based language - WML and XHTML-MP which are used to
develop WAP pages. WAP is designed to solve some of the problems caused when small, low
powered devices on different platforms try to use low bandwidth wireless network technology to

access services or data-intensive content via the Internet.

Most WAP enabled mobile phones can now access the Internet via their nearest Internet service
providers (e.g. in Ethiopia, Ethio-Telecom). Mobile accessible websites make the users to
browse the Internet anytime, anywhere and free them from the boundaries of the desktop and
allow accomplishing tasks from anywhere.



The web has evolved greatly over the years. From the early days of simple HTML markup
linking a few pages to the web 2.0 collaborative environment. The development of web 2.0 is
increasing in availability of tools and services that are accessed directly through the browser
rather than on the user desktop. Similarly, mobile web browsing technology is evolving from
WAP 1.x to WAP 2.0, by introducing different enhancements for mobile content development.
Especially, WAP 2.0 provides support for protocols such as IP, TCP and HTTP, which are
designed for PC. This permits wireless devices to utilize existing Internet technologies. WAP
2.0 also provides different application environment, which enables delivery of information and

interactive services to wireless devices [2].

Trying to browse the web on a phone, handheld computer, or personal digital assistant, you
spend most of the sessions scrolling through the screen to find the content that you want. The
current approaches to solve this problem either introduce new formats and mechanisms to make
new web pages adaptive to different display sizes or attempt to automatically transform existing
web pages into formats that can be browsed on mobile devices. There are many suggestions
about mobile web application developments today. The two most common techniques to present
web content in a wide variety of mobile phones are adaptation and Lowest Common
Denominator (LCD) [18].

Adaptation (also known as multi-serving) is a means of delivering content as per the visiting
device capabilities. Different techniques are used for adaptation; including detection, redirection,
setting correct MIME types, changing links, and removing or scaling graphics. Detection is
getting of information about the accessing device based on the user agent string while trying to
access the website. Redirection is a technique of designing different version on web pages for
each or group of mobile devices that fit with them. When the user requests a service, the system
gets the user’s device information and redirects to the page that is designed for that specific type
(or group) of mobile device(s). Scaling is also another technique which applies different ratio on
graphics and other contents of the web page based on the visiting device capability. The MIME
type is the application type that the web server defines to be recognized by the web browsers of
the client. Therefore, setting correct MIME type means choosing the MIME type dynamically for
that specifically visiting device [14].



The LCD method establishes a minimum set of features expected from the device and develops
content adhering to those limited features [14].

Now, the most common method of developing mobile web is using XHTML-MP (Extensible
Hyper Text Markup Language Mobile Profile). XHTML-MP is the standard language for mobile
web (or WAP application) development. It is built on top of XHTML Basic. W3C developed
XHTML Basic originally for mobile devices but Open Mobile Alliance (OMA) added support
for WAP CSS (WCSS) and other usability enhancements over XHTML Basic and defined it as
XHTML-MP. Hence, XHTML-MP has been adopted as a standard by device manufacturers and
supported by most mobile phones [14].

The WAP architecture has a gateway between the server and the client (WAP browser). The
WAP is embedded in each WAP enabled wireless device in both sides; the mobile phone and
WAP gateway. The server-side implements the other end of the protocol which is capable of
communicating with any WAP client. The server-side is known as a WAP gateway and routes
requests from the client to web server. The WAP gateway can be located either in the Internet
service provider premises as shown in Figure 2.1 or in the WAP application provider premises
with the web server as shown in Figure 2.2 [2].

Internet WAP Application

Provider Provider

T

WAP T §‘
Gateway Server

Figure 2.1: WAP gateway in the Internet provider premises
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Figure 2.2: WAP gateway in the WAP application provider premises

As shown in Figure 2.3 [19], the WAP gateway acts as a proxy server for a mobile client and
translates WAP requests to WWW requests, so the WAP client is able to submit requests to the
web server. The encoders translate the content coming from the server into compact formats to
reduce the size of data over the wireless network and understandable by the WAP client [19].
The decoders also translate the content coming from the client micro-browser into the format of
the web server understands. The wireless application environment provides WAP micro-browser
for interaction between WAP and wireless devices. This browser relies on WAP markup
languages such as WML and XHTML-MP.

/ Wireless Network Internet \

Wireless client ((( )))\‘ Web Server
Jranll "

£

Micro-
browser

Encoders
and
decoders.

Content

Figure 2.3: WAP basic architecture
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This WAP infrastructure ensures that mobile users can access a wide variety of contents and
applications, and allows application developers to build web services and applications that can

run on a large base of mobile terminals [19].
2.2.3 Mobile Phones Text Entry

Commonly, mobile phones used either their keypad or virtual keyboards for text entry purpose.
Keypad based text entry device, like the standard 12-key mobile phones, each key represents
three to four characters in Latin scripts. In Amharic script, each key represents three to four basic
characters even if each base character has a minimum of seven additional different non-basic
characters. For instance, Amharic base character “v” (pronounced as “ha”) has seven non-basic
character forms (v, Z, 7, %, v, 0, V).

In Unicode standard 6.1 [20], Ethiopic script incorporates 358 number of characters with the
range of 1200-137F. Appendix A shows the Unicode standard 6.1 of Ethiopic characters.
Incorporating and mapping all these characters on the 12-standard keypad mobile phone is
difficult. The study in [11] designed and developed keypad representation for Amharic script.
But, the study didn’t incorporate all Amharic characters. Instead, it eliminated superfluous
(redundant) characters, replaceable characters, Ethiopic numerals, and labelized characters due to
the memory capacity limitation of the mobile phones [11].

Text entry can be performed either using physical keyboard or virtual keyboard. These two types
of text entry techniques are discussed in the following sub sections.

A. Physical Keyboard

The physical keyboard size can be reduced in two ways. One way is to shrink the size of each
key. Typing on these keyboards is slow and difficult due to their reduced size. The other way is
to share each physical button with multiple letters as the standard 12-key mobile phones. There
are a number of text entry techniques developed by different researchers in order to simplify text
entry. Some of these are less-tap [21], multi-tap [11], two-key (for Latin scripts) [11] and three-
key (for Amharic scripts) [11] input methods.
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Less-Tap: The less-tap text entry study [21], for English language script, was designed based on
the frequency of the characters. In this method, the most frequent characters can only be typed
using one key press. In English keypad, only 3 or 4 keys are found in one button. As shown in
Figure 2.4, the characters are arranged based on the frequency of the characters on each key. For
instance, key number ‘3’ displays “edf” character arrangement instead of the common “def”
arrangement. In this case, character “e” is more frequent character than characters “d” and “f”,
and character “d” is more frequent than character “f”.

2ach Jedf
d1ihg 51k 6onm
7srpq tuv Owyxz.

ZT'I; =

Figure 2.4: Less-tap 12-key keypad

Multi-tap: This requires the user to press buttons repeatedly to get the required character. This is
commonly found in most 12-key mobile phones and the arrangement follows the natural English
alphabetical letter as shown in Figure 2.5. In Amharic script, a multi-press requires the user to
press two or more keys to compose a single Amharic character [11]. Researchers implemented
this method in two approaches. In the first approach, when one of the base characters (e.g. “v”) is
pressed from the keypad a menu displays the seven non-basic characters (e.g. v, v, Z, 7, %, v, 1)
that enable the user to select one of the non-basic characters. Keypad arrow keys can be used to
navigate and select a key among the seven forms of the basic characters. In the second approach
of multi-press input method, the keypad alone is used without selecting the appropriate order
from the top right most corner of the screen. For instance, to write the name “h0& (kebede)”, the
user presses the key labeled ‘5° twice and the key labeled ‘3’ twice to write letter “h (ke)”.
Similarly, the user again taps the key labeled ‘2’ twice and the key labeled ‘3’ twice to enter
letter “a (be)”. Finally, the user again taps the key labeled “3” once and the key labeled “3”
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twice to write the character “£ (de)”. This results in a total of 11 key taps to compose the name
“nn.” (Kebede) [11].

9

9vi

9900
9990

Qo)

Figure 2.5: Standard 12-key keypad

Two-key Input Method: this method is used for Latin scripts and requires two successive key
presses to specify a character. The first key press, like the multi-press method, selects the group
of characters (e.g. key for “‘WXYZ’). The second press is used for disambiguation. One of the
number keys 1, 2, 3, or 4, is pressed to identify the position of the character within the group. For
example to enter the character ‘Z’, the user presses ‘9’ and ‘4’ (‘Z’ is fourth character in

‘WXYZ’). Each character A-Z is entered with exactly two key presses [11].

Three-Key Input Method [11]: this method is used in Amharic scripts similar to the two-key
input method of Latin scripts. The first key press is used to select the group of characters (e.g.
“asa”). For instance, pressing the key labeled ‘3" selects the character group “a, &, @”. Then
pressing the key ‘3’ corresponds to selecting the third character from the selected group. In this
case, “@” (pronounced as ‘she’) is the third letter in the group. Then, the user presses one of the
keys labeled “1’, ‘2°, *3’, “4’, *5’, ‘6’ or ‘7’, to select the order of the character selected in the
previous key press. Figure 2.6 shows that the alphabetical arrangement of keypad mapping for
Ethiopic scripts by considering a total of 210 characters [11].
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Figure 2.6: Ethiopic keypad based on alphabetical arrangement
B. Virtual Keyboard

A virtual keyboard is a software component that allows a user to enter characters into an input
box area. A virtual keyboard can usually be operated with multiple input devices, which may
include a touch screen, an actual keyboard and a computer mouse or mobile phone arrow keys
[22]. However, physical keyboard, unlike virtual keyboard, requires connectivity mechanism
with the PDA using either wireless or a cable. This indicates that virtual keyboard is the best
alternative for text entry on PDA environment [13]. Though virtual keyboards are available for
many languages, there has been little effort to design and develop virtual keyboard for Amharic
script [12, 13]. In a virtual keyboard, the character keys are displayed on the screen of the mobile
devices and tapped with a stylus or a finger or through a pointing device. The most common
Latin script based virtual keyboard is the QWERTY layout which is used in PC and smart
phones [24]. For Amharic scripts, there is a “vadh” virtual keyboard layout designed for Android
phones [12] (Figure 2.7) and AVKB (Amharic Virtual KeyBoard) [13] (Figure 2.8). The AVKB
virtual keyboard (also called “¢e»y” virtual keyboard) is designed by considering the character
frequency occurrence of the Amharic scripts [25], which is analogue to QWERTY English
keyboard layout.
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Figure 2.7: The “vaA#” virtual keyboard Figure 2.8: The Amharic Virtual KeyBoard (AVKB)
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CHAPTER THREE
RELATED WORK

In this chapter, some previous works which are related to our work will be presented. The related
works focused on cloud based mobile phone Amharic word processor and existing virtual based

Ambharic text entry methods.

The Internet and wireless technologies are growing fast and they provide information and service
almost everywhere you go. The common desktop application that we know like word processor
and spreadsheet documents have become available at your computing device (like mobile phone)

from the cloud to access, edit and share them the way to go.

Nowadays, cloud-based service becomes common and widely available for users. Google,
Microsoft, Amazon and other companies provide many cloud services. For instance, Google
Docs and Zoho writer provide document editing service for specific types of smart mobile

devices.

Google Docs is one of the known cloud based services for Internet users to prepare documents
without any application software. Google Docs mobile is developed for some specific mobile
phones in order to edit and share a document. Depending on the mobile devices and the
operating system used, you may access the Google Docs through your mobile browser to view,
edit and share documents. Android 2.2+ and iPhone which used i0S 3.0+ versions phones can
edit a document through the Google Docs cloud service. Other mobile phones which support
HTML like BlackBerry, Window Phones and Nokia S60 can only view Google documents. The
Google Docs support different foreign languages like Arabic, Bulgarian, Chinese, English,
French and so on, based on the languages setting of Google Docs that you set on the PC [26].

Zoho writer is a free to use online word processing application with offline and synchronizing
functionalities. It is one of the cloud applications among other Zoho mobile application. Zoho
writer for mobile is developed and used for Internet explorer browser based mobile phones
which run on the window mobile OS [27]. It supports iPhone, Android and BlackBerry,
Windows Phone and Symbian 60 (S60) platforms [28].
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The other common application for document editor in mobile phones is Document To Go [29]. It
is a suite of applications (Word To Go, Sheet To Go and Slideshow To Go) with one application
for each support MS Office format: Word To Go support MS-Word, Sheet To Go support MS-
Excel and Slideshow To Go support MS-PowerPoint. In this application the document creation
and editing process are performed on the phone and can be stored on the phone memory or send
the file as email attachment. The document to be edited may be sent as an email attachment and
the Document To Go accessed the email message that contains attachments in order to edit.
Finally, the document can be sent either from within a Document To Go application as a new
message or attached to an existing message [29].

The above mobile based document editors developed for specific type of mobile phone models
(commonly, smart phones). Smart phones used virtual keyboard as a text entry method and the
documents editors designed and developed for such type of devices. So far there is no mobile
based Amharic text editor reported, even if some works are done on text entry method for
Android smart phones [12, 13]. The researchers designed and developed a virtual based text
entry method only which can be applicable for Android smart phones. The “vA4” and “gavy”
virtual keyboard for Amharic scripts were designed and developed to help localized mobile
phone applications developments. On Android mobile phones, they can be used to prepare an
Ambharic text by switching the input method from mobile phone keypad to Amharic keyboard as
shown in Figure 3.1. Figure 3.2 shows the “vAh” Amharic virtual keyboard on the actual mobile
phone which is used as a text entry method, but only compatible with Android OS based mobile
phones.
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Figure 3.1: Keyboard selection Figure 3.2: “vAA” Amharic virtual keyboard

for text entry

The above described mobile phone based word document editors are designed and developed for
specific type of mobile models (that is smart phones) and browser type even if they provide
many functionalities. Also, they commonly support Latin based scripting language only.
Moreover, they commonly used the built-in virtual keyboard of the mobile phone as a text entry
even if many mobile phones used their keypad as a text entry. Finally, a phone based “vah” and
“eaoy” Amharic virtual keyboards were designed and developed for Amharic text entry purpose

which only run on Android based smart phones.

But, in our work, the researchers tried to design and develop an online word processor for mobile
phones which can be accessible from any WAP enable mobile phones either touch based or
keypad text entry mobile phones. The OLAWP is designed and developed to support Amharic
language as a primary goal even it also supports English language. It designed and developed a
virtual keyboard, which is integrated with the OLAWP, based on the screen size of the mobile

phones.

In this work, the virtual keyboards is designed by modifying the previous adopted virtual
keyboards by adding some keys, like space and enter keys, and rearranging the keyboard layout
to be applicable for both touch and keypad based mobile phones. The virtual keyboard
modification discussed in Section 5.3.4 in detail.
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CHAPTER FOUR

SYSTEM ANALYSIS

In this chapter, the proposed system will be described, the functional and non-functional
requirement of the OLAWP system will be identified and its functionalities will be described by
use case diagram, and the static and dynamic part of the system will be analyzed using class

diagram and sequence diagrams respectively.

4.1 Proposed System

4.1.1 Overview of the System

OLAWP system is aimed to enable users to write simple text using their own mobile phone in
Amharic script based on the online service. OLAWRP is a web based online service which
expected to be accessible for most types of mobile phones in different format based on the size
of the screen and type of the script language that the device supports. The system will be

designed to be functional for most WAP enabled mobile phones.

The user can enter Amharic characters using the keypad arrows keys and enter (ok) key for non-
touch display mobile phones, pointing button, or stylus (finger) for touch display mobile phones
through pressing the displayed button on the screen. After preparing the document the user can
save it in the cloud, also can send to his/her own email or other friends either as email or SMS.
Figure 4.1 shows the general work flow of the proposed OLAWP system.
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Figure 4.1: Work flow of OLAWP system

As can be shown in Figure 4.1, the OLAWP system detects the accessing device information
using the device detection and redirection component which information helps to load limited
number of files on the screen, to specify the size of the text box area, to decide the type of virtual
keyboard used and to select appropriate style sheet. Then, user authentication and retrieval of
documents process using user and file manager component. If files exist on the logged in user,
the files displayed as a list on the screen. Later on, the users can do what they want either open
existing one for viewing, or editing or creating new documents. When a document opened, the
Amharic virtual keyboard is loaded (displayed on the screen) in order to enable the user to write
Amharic characters. The text box area enables the user to apply different formatting styles like
font style, color and size, and text alignment. Finally, the user either can save for future use or
can send as a message or email. Actually the text entry part of the work flow diagram adopted
from previous work [13].
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4.1.2 Functional Requirements
The OLAWP system provides the following functionalities:

e The system should allow the user to type the Amharic characters using online Amharic
virtual keyboard on the OLAWRP site.

e The system should also allow the user to enter English text when s/he needs.

e The system should allow the user to store documents on the cloud (remote server).

e The system should allow the user to format documents, like font style, text alignment,
font size and color, and delete and insert characters from/to the text.

e The system should allow the user to send the message either as email or as SMS message.

Table 4.1 shows the OLAWP system use case by categorizing into two:
Table 4.1: List of OLAWP use cases

Class of use cases Use cases

Use cases related to user Registration
Login
Create File

Format Document

View File
Delete File

Save Document

Send Document

Insert Character

Delete Character
Load Virtual keyboard

Switch Keyboard Layout

Use case related to Device detector | Device Detection
system (WURFL Cloud)
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4.1.3 Non-Functional Requirements
The non-functional requirements that are expected from the system are:

e The system must be compatible on various mobile phones.

e Provide different arrangement of keyboard layout for novice and experienced users.
e The OLAWP site should be available throughout the year.

e The system must be easy to learn and use.

e The authorization mechanism of the system will block the unwanted attempts to access

users’ document or the server.

4.1.4 Constraints

e OLAWRP requires an Internet connection to give service.

e The server application shall be available 365 days and 24 hours.

4.1.5 Assumptions and Dependencies

e OLAWRP is dependent on the availability of Internet connection.

e OLAWP needs a web server to host.

e The user must have WAP enabled mobile phone to get the service.
e The user must have the ability to use mobile Internet.

e The accuracy of the information is the responsibility of the users.

4.2 System Models

In this section, the OLAWP system is described using use case diagram in order to show its
functionality provided by the system as shown in Figure 4.2. Use case focuses on the external
behavior of the system. Moreover, the dynamic and static behaviors of the OLAWP system is

described using sequence diagrams and class diagram respectively.
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4.2.1 Use Case Diagram

OLAWP System
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Figure 4.2: Use case diagram of the OLAWP System
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4.2.2 Use Case Description
The following subsequent tables describe each use case in the OLAWP system.

Table 4.2: Use case description for Registration

Use Case 1:Registration

Primary actor: User (New)

Pre Condition: None

Main scenario:
1. User browses OLAWP system site.
User clicks the Register button
System loads the registration form
User fills the registration form and submit the form
System validates filled data
System registers the user’s data on the database
7. System sends confirmation message for the user
Alternate Scenario:
5. When user does not complete all the necessary fields or invalid data entered
a. System redisplays the form with an error message
b. User refills the invalid input fields and submit the form

SGIFAEN

Post condition: User becomes member and can use the system

Table 4.3: Use case description for Login

Use Case 2: Login

Primary actor: User

Pre Condition: Registered user

Main scenario:
1. User browses OLAWP system site.
2. Once the page loaded, user should enter user code and password, and
submit
3. System validates and forward to user’s personal page
Alternate Scenario:
3. When user enters invalid user code or password
a. System displays error message and invite the user to try again
b. user presses retry again link
c. System redisplays the login form
d. User fills the input fields and submit

Post condition: User’s page opened
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Table 4.4: Use case description for Create File

Use Case 3: Create Document (File)

Primary actor: User

Pre Condition: logged in

Main scenario:
1. Click on “New” button
2. Text area box will be ready for writing
3. User can write a text using virtual keyboard
4. User can save or/and send the document

Post condition: File (document) will be created

Table 4.5: Use case description for Format Document

Use Case 4: Format Document

Primary actor: User

Pre Condition: logged in

Main scenario:

1. List of documents displayed

2. Click on the document that you want to format (or a new document)
System opens the document (or a new document)
Format the document as you want (font color, size and alignment)
Save/update the document

o e w

Post condition: The file(document) will be updated

Table 4.6: Use case description for View Document

Use Case 5: View Document(File)

Primary actor: User

Pre Condition: logged in

Main scenario:
1. System checks the screen size of the device
2. Display/Load limited number of existing files based on the screen size
3. If the number of files are large, a group of files only displayed and
can use the “Next” button to view other files
4. Click on the file(document) that you want to open

Post condition: The document will be viewed on a word processor
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Table 4.7: Use case description for Delete Document

Use Case 6: Delete Document

Primary actor: User

Pre Condition: logged in

Main scenario:
1. List of documents displayed
2. Select the document(s) that you want to delete
3. Click on delete button
4. Confirmation message displayed (Yes or No)
5. Click on Yes
Alternate Scenario:
5. When user clicked No
a. The system cancel document deletion

Post Condition: List of existing document will be updated

Table 4.8: Use case description for Save Document

Use Case 7: Save Document

Primary actor: User

Pre Condition: logged in

Main scenario:
1. Open new text box area
Write a text that you want
Click on “Save” to save the document on server
File name box displayed
Type file(document) name
Click on “Save” button
7. Confirmation message displayed
Alternate Scenario:
6. If file name existed before
a. “file already exist”” message displayed
b. System requests the user override or not (Yes or No)
c. If * Yes” the existing file replaced
Alternate Scenario:
6.c) if user click “No”
1) the system redisplay file name box

SGIFEAEN

Post condition: Document stored at the server for future use
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Table 4.9: Use case description for Send Message

Use Case 8: Send Document

Primary actor: User

Pre Condition: logged in

Main scenario:

1.

ANl

6.

List of documents displayed

Open(create new) document that you want to send
Click on “Send” button

Enter recipient address

Click ““Send” button

Confirmation message displayed

Alternative scenario:

5.

Incorrect recipient address
a. Display error message
b. User again should enter the address

Post condition: Document should be delivered to recipient(s)

Table 4.10: Use case description for Insert Character

Use Case 9: Insert Character

Primary actor: User

Pre Condition: Text area box and keyboard layout should be loaded

Main scenario:

1.

2
3.
4

User clicks on the base character

System displays all the non-basic families of the pressed character key
User presses the required character key to be inserted

System appends the mapped character to text area box

Post Condition: The inserted character will be displayed in the text area box.
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Table 4.11: Use case description for Delete Character

Use Case 10: Delete Character

Primary actor: User

Pre Condition: At least one character in the text box area exist

Main scenario:

1. User presses the backspace button (<-) from base character layout panel.
2. System removes the last character from the content of the text box area

Post Condition: Text box area will update and show its content with removed
character

Table 4.12: Use case description for Load Virtual Keyboard

Use Case 11: Load Virtual Keyboard

Primary actor: User

Pre Condition: Open text area box either for existing or new document

Main scenario:
1. If the screen size of the device is medium or large
2. System will load the “vA4” Amharic virtual keyboard layout by default
Alternate Scenario:
1. If the device screen size is small
a. System will load first part of small Amharic virtual keyboard layout by
default
b. When user click next(>) button the second half of the keyboard layout will
be loaded

Post condition: The Amharic virtual keyboard will be displayed on the Screen
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Table 4.13: Use case description for Switch Keyboard Layout

Use Case 12: Switch Keyboard Layout

Primary actor: User

Pre Condition: Open text area box either for existing or new document

Main scenario:

1. If the mobile phone is medium or large screen size

2. If the system is currently displaying the “ud4 Amharic layout then pressing
the button *“¢’, it will change the layout to “f#77” layout.

3. If the system is currently displaying the “f#27” layout then pressing the
button “#7’, it will change the layout to Amharic layout.

4. When the user wants to type English text press “E’” button to switch to
English layout

5. System loads upper case based English virtual keyboard

6. To enter lower case English letter, press “e”” button

7. System loads lower case based English virtual keyboard

Post condition: The layout is changed either from “vd4’ to *““P#27’ or *“from ““ ey’
to “vA4”, or English upper or small keyboard layout.

Table 4.14: Use case description for Device Detection

Use Case 13: Device Detection

Primary actor: WURFL Cloud

Pre Condition: logged in

Main scenario:

1. When user browse OLAWP site, the user agent information sent to

WURFL cloud

2. WURFL cloud retrieves mobile phone capability information (screen
height and weather the device support JavaScript or not)
The WURFL cloud returns detection values
OLAWP stores screen height and JavaScript status values in session
If the mobile phone support JavaScript
System forwards to appropriate page which designed using JavaScript
The text box area designed based on the screen height and
appropriate virtual keyboard will be chosen

No s

Alternate Scenario:
5. If the device is not support JavaScript
a. System forwards to another page which designed using PHP

Post condition: Compatible or appropriate word processor page loaded
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4.2.3 Sequence Diagram

It is a type of interaction diagram, which is used to illustrate the dynamic behavior of the system
using a sequence of diagrams which emphasizes the time ordering of the messages. A sequence
diagram shows a set of objects and the messages sent and received by these objects in a given
use case. The above identified use cases are described subsequently using sequence diagrams in
Appendix B from Figure 4.3 to Figure 4.15.
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4.2.4 Class Diagram

Class diagram is used to identify domain objects or conceptual classes, relationship between
conceptual classes, attributes and operations. It is used to model static design view of the system

using a collection of vertices and arcs. Figure 4.16 depicts the class diagram for the set of classes

that are identified

User

in our system.

Document

#yfileName : String
#ymodifiedDate : Date

%deleteFile()

ateFile()

TextFormatter

#yuserCode : String. <<uses>>
#ypassword : String. " -
%Register()
*Login() ~_ ) *upd
<<includes>>
%Validate() —-S<uses>> WordProcessor includes
T~
*Logout() | fileName : String
~ lgreceiverAddress : String..
%createDocument()
%saveDocument()
%sendDocument()
*1_ %pageCustomize()
g <<includes>>
<<includes>> -
KeyboardPanel +1

#yswitchButton : String
~screenHeight : Integer

%{oadVirtualKeyboard()

%switchLayout()
%getScreenHeight()

%selectVirtualkeyboard()..

<<US%S>>

DeviceDetector

~screenHeight : Integer
~scriptSupport : Boolean

%getScreenHeight()
%isSupportS()
#%storeDevicelnfo()
#pageRedirector()

<<inc|‘4des>>

+1

TextBoxArea

#ytext : String
~screenHeight : Integer

%getScreenHeight()
%setTextBoxSize()

<<maps>>

ActionListener

#ybtnName : String
#ybinValue : String

%getValue()
%getText()
%insertCharacter()
%deleteCharacter().

SeelFanISRy

set
zsetBGCoIor()
%setAllignment()

+1

fystyle : String
#yalignment : String
#yfontSize : Integer
#yfontColor : String
#ybgColor : String
#ybtinName : String

%{oadFormattingToolbarl().

<<select>>

Figure 4.3: Class diagram
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CHAPTER FIVE

SYSTEM DESIGN

Under this chapter the architecture of the OLAWP system is discussed by setting the design

goals, considering mobile phone constraints and nature of Amharic script with the selected

approach to solve these constraints, and it discussed in detail by decomposing the OLAWP

system into manageable components.

5.1 Design Goals

The OLAWP web based system is designed to allow anybody to prepare simple Amharic text

using their mobile phones. The design goals represent the desired qualities that the OLAWP

should considered when making design decisions. In the design of OLAWP the following quality

attributes area considered.

Compatibility: the OLAWP system is an online based to make the service compatible
for most WAP enabled mobile phones. As far as the mobile phones used a web browser,
it is accessible from any mobile phones by considering the size of the screen to be
compatible or fit with the visiting mobile phones.

Security: is an authorization mechanism of the system which will block the unwanted
attempts to the server and also let the system decided on which privilege may the user has
on the document. Security is an importance issue for cloud based application as far the
service accessible by any user without place and time boundary. Therefore, OLAWP only
accessible to authorized users. Moreover, the data stored in the server should be kept
securely.

Efficiency: users are not interested to wait till the OLAWP page loads from the server.
So, it is necessary to avoid graphics while designing user interfaces and minimizing the
size of the files in order to minimize the response time. Furthermore, to avoid the
interaction delay between the client terminal and the server for very common frequent
actions (like formatting and typing), a client-side script language should be necessarily
applied for devices which support client-side scripting language.
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Availability: the availability of the OLAWP system is up to the Internet connection of
the client. Since, it is a cloud based service; the OLAWP web site shall be attainable all
the times. The OLAWP server should be available all over the year.

Usability: The OLAWP should be developed to be easy for users understanding. In order
to be usable for most users; it is necessarily design the interface on their own language,
Amharic. Furthermore, for Internet based service, the user should obtain a service with a
minimum number of interactions because the interaction between the client and the server

takes some time to process for each user action.

Moreover, mobile phones constraints, such as display size, script language and text entry method

should be necessarily considered in the design. Also, the nature of the Amharic script should be

taken into consideration when an Amharic based mobile service designed. In this work, the

following mobile phones and nature of Amharic script challenges should be taken into

consideration to achieve the design of OLAWP.

Display Size: Different mobile phones come in various display size which makes the
development of mobile phone based web application more challenging. For instance, the
Amharic virtual keyboard is not displayed the same way for device that has large display
and small display size. For large display size mobile phones, all the basic characters can
be displayed at once, where as in small display size mobile phones, some of the basic
characters are displayed at a time.

Nature of Amharic Script: According to Unicode standard version 6.1 [20], Ethiopic
script consists of 358 characters including all basic and non-basic characters, Amharic
digits, punctuation marks and labelized characters [like #, A, 79, Z, 4, 0, », &,9, £, ...].
Due to the abundance of the characters, mapping all these characters on the mobile phone
keypad buttons and/or on the virtual keyboard at a time is difficult and requires more
memory space.

Text Entry Technique: according to screen type, the text entry may be carried out either
keypad or stylus (or finger) based. Text entry technique is difficult for non-Latin script
(like Amharic) web based systems because when the users click on the input box area, the
built-in phone’s text composer is automatically opened or loaded. This composer is

directly integrated to the built-in languages of the mobile phones.
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e Scripting Language: Mobile devices are used their WAP browser to access information
and services. Based on the client-side scripting language of the mobile phones browser
that support, the mobile phones categorized into two; devices which do support client-
side scripting language and which do not.

In order to overcome the above listed constraints, different techniques are used in the design of
OLAWRP architecture. In this work adaptation method is chosen, which includes different
techniques such as detection, redirection and scaling as discussed before in Section 2.2.2.
Detection is applied to obtain the visiting mobile phone capability information from the WURFL
cloud DDR. Based on this result, the redirection and scaling technique applied on the OLAWP
system to overcome the display size and script language variations, and applied the style sheet
which is appropriate to the visiting device. Two different types of OLAWP pages are designed to
treat mobile phones which support client-side scripting language and which do not support it

(which will be discussed more in Section 5.3).

Virtual keyboard is chosen as a text entry method which is designed and developed by integrates
with the OLAWP page in order to handle all the Amharic scripts in different phases. Rather than
loading all the Amharic character mapping operations into the mobile phones, it only loads part

of characters as needed from the remote server.

Moreover, a cloud based service selected on the infrastructure of WAP to minimize the
compatibility problem among mobile phones even though there is a variation on the browsers.
The XHTML-MP markup language is used to implement the WAP based prototype, because it is
the current standard markup language for wireless devices and most devices support it.
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5.2 Architecture of the System

The OLAWP system is an online web based system where the data exist at the server-side and
the client access it through the mobile browser. For such system a layer design pattern is well
suited to implement. The OLAWP web based service comprised of three layers as shown in
Figure 5.1 and discussed them as follows:

Presentation Layer: it is a top layer which provides a browser based user interface which
supports for the interaction between the user and the system. The user can obtain OLAWP
service from the web through the mobile browser (also called micro-browser), which is
accessible for all registered users. The page will be loaded based on the scripting language that
the mobile phone supported, and the screen size in order to fit the screen and to make easily
accessible by the users.

<<Layer>>

Presentation Layer

<<Layer>>

Business Logic Layer

<<Layer>>

Data Access Layer

Figure 5.1: Presentation, business logic, and data access layers

Business Logic Layer: is responsible to pass the data from data access layer to presentation
layer and implements the functionality of the OLAWP. It is responsible for setting of text box
area size and selecting of virtual keyboard according to the visiting mobile phones, and
performing key mapping into the text box area and text formatting operations.
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Data Access Layer: This is the bottom layer that provides persistent storage and access of data.
In this work, the OLAWP database tables and documents stored in this layer.

By taking into consideration the design goals and constraints discussed in Section 5.1, the overall
architecture of OLAWRP is developed as shown in Figure 5.2. As shown in Figure 5.2, the online
Amharic word processor for mobile phones architecture contains four major components: Word
Processor, Keyboard Layout Manager, Device Detector & Redirector and User and File Manager
Components, and two supportive components: Page Customizer and User’s Page. Each
component discussed briefly in Section 5.3 by decomposing the OLAWP system. The database
used to store the files permanently and accessible from your mobile phones wherever you are.
OLAWRP is a cloud-based service which is accessible through WAP gateway.

Keyboard
Layout Manager

‘ Device Detector
WAP Gateway i%‘w”’ and Redirector

P &
()
’ N
User & File £
)
Manager o Word
s Processor
(o))
©
o

User Mobile

F

User’s Page

Figure 5.2: Overall architecture of OLAWP system
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5.3 System Decomposition

Decomposing system into manageable components or subsystems which are loosely coupled to
each other and strongly cohesive internally helps to reduce the complexity of the system. In this
work, the OLAWP system is decomposed into four components. The component diagram is used

to show the organization and dependencies among a set of components as shown in Figure 5.3.

|

<<Subsystem>> <<Subsystem>>
Device Detector and Redirector Word Processor

DeviceDetctor W

TextBoxArea

ActionListener TextEormatter

<<Subsystem>> <<Subfystem>>
User and File Manager Keyboard Manager
KeyboardPanel
User Document

Figure 5.3: Component diagram of OLAWP
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5.3.1 Device Detector and Redirector

The device detector and redirector component has two responsibilities as the name indicates;
detecting mobile phone capability information and redirecting to the appropriate page. Device
detector is responsible for detecting of mobile phone capability using the user agent string while
the user is trying to access the system site. User agent string is a unique value for each device
and sent by the browser. Based on the user agent string, the device detector and redirector
component matches the string value with the mobile WURFL DDR from the WURFL cloud to
retrieve the necessary capability information about the visiting mobile phones. Such capability
information is used as an input for other OLAWP architecture components. Even though many
different capability attributes of mobile phones can be obtained from the WURFL cloud (like
device model, text entry method, browser type, etc) using the device detector component, only
the physical screen height and supporting scripting language attributes are considered in the
design of OLAWP.

These two capability attributes play a great role for designing appropriate text box area, selection
of virtual keyboard type for each specific or group of mobile devices, to apply client scripting

language and proper style sheet.

The redirector used the returned result (which is a boolean type) of the scripting language
attribute. If the mobile phone supports a client-side scripting language (return value is true or 1),
the redirector will redirect to the OLAWP page that is designed with the help of client-side
scripting language (i.e. JavaScript). Otherwise, it redirects to the other page as shown in Figure
5.4.

According to the detector information, the redirector will check whether the device supports
JavaScript or not, which is described diagrammatically in Figure 5.4. As shown in Figure 5.4, if
the device supports JavaScript, the redirector will redirect to the OLAWP page version (Pagel)
that supports JavaScript language. Otherwise, it will redirect to the other page version (Page2)
that is designed only using server-side scripting language, PHP script, for dynamic part of the
system. Page customization is performed on both user’s file page and the word processor pages
(Pagel and Page2).
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Figure 5.4: Device detector and redirector work flow

Figure 5.4 shows how the device detector and redirector component works on the actual device

when a user tries to access the OLAWRP site.
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According to the physical screen height, the mobile phones are categorized into small (less than
40mm), medium (less than 50mm) and large (greater than or equal to 50mm) mobile phones as
described in Table 5.1. For each category, different style sheets are applied on the page that is
loaded in order to use proper font size and fit the content with the visiting device.

Table 5.1: Types of device, virtual keyboard and style sheet used based on screen height

Device Screen height (in Virtual keyboard
No. . Style sheet used
category millimeter) used
1 Small <40 Small size Style sheet 3
2 Medium <50 & >=40 Large size Style sheet 2
3 Large >=50 Large size Style sheet 1

As described in Table 5.1, the physical screen height attribute is used to categorize the mobile
phones, virtual keyboards and style sheet used. Both medium and large mobile phone categories
make use of large size virtual keyboard for text entry purpose, but different style sheets (style
sheet 2 and 1 respectively) are applied, and small mobile phone category uses small size virtual
keyboard and style sheet 3. The page customization carried out these three style sheets category
to customize the font size of the OLAWP contents in order to fit the contents with the screen.

If the mobile phone capability information doesn’t exist in the WURFL DDR, the device
detector will return a default screen height which is 27mm and returns false (-1) for scripting
language status. Therefore, it is considered as a small mobile phone and loads a page which is
developed using PHP script only (i.e. Page2).
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5.3.2. User and File Manager

It is a component which is responsible for authentication of users and controlling of files that are
related to the authorized user. But, the user should be registered in the system first. Once
registered, the user can create and send a simple text file to his/her email address or others. This
component is responsible for the controlling of text files that are linked to each user. When the
user is logged in, the system loads all the files that are related to that specific user which include
user saved files (draft), sent files and income files (or messages). Here, the user can open a word
processor to create a document, delete existing files and view existing ones. The user’s page only
displays a few numbers of stored files, which depends on the physical display height of the
mobile phones. The number of files displayed at a time on the three different categories of
mobile phones is listed in Table 5.2. The result of this component is displayed on the user’s page.

Table 5.2: Number of files displayed on each mobile phone categories

Mobile Category (physical Number of Files
screen height in mm) displayed at a time
Large (>=50) 7
Medium (>=40 & <50) 5
Small (<40) 3

The number of files is specified in order to avoid scrolling of pages. But, the user can view more
files using the next navigation button. The files are sorted and displayed based on the time of

creation or modified date.
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5.3.3 Word Processor

As shown in Figure 5.2 and 5.3, word processor is the main component of the OLAWP system
which supports Amharic language users to prepare simple Amharic text letter with some text
formatting facilities (such as font style, font size, font color and alignment) using their own
mobile phones.

The word processor component is divided into three panels: virtual keyboard layout panel
(bottom panel), the text box area (middle panel) and the menu and formatting toolbars (top
panel) as shown in Figure 5.5. The virtual keyboard is used as a means of text entry in all types
of mobile phones (either touch screen or non-touch screen) by pressing or selecting the keys.
The middle panel refers to the text box area which is an area where the characters are inserted
and displayed when the user presses button from the virtual keyboard. The top panel contains the
menu and formatting tool bars which are used to open a new or existing document, to format a

text, to save for future use and exchange with others.

Text formatting tool bar is responsible to take action on the text when the user presses the
formatting buttons. The keyboard mode selection keys are also included in the top panel which
are used to switch from “vah” (v) to “eavy” (?) for large size Amharic virtual keyboards, from

capital letters (“E”) to small letter (“e”) for English and vice versa.

GEB f O = = toolbars

4.4 0 = } Menu bar and formatting
= @

\

> Text box area

_
av Gpe FY Yooy geo ooy ~
A o ow o Lof B N0
A A h T ) .
x : = B > Virtual keyboard layout
H W f ¥ o1 on &k R
A 0 T Foroed e e

Figure 5.5: The proposed word processor interface
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In order to design the word processor an adaptation method (redirection and scaling techniques)
are chosen and applied. Because, they are appropriate methods to provide services based on the
devices capabilities. The redirection and scaling types of adaptation techniques are used based on

the script language and the physical screen size of the mobile phones respectively.

The word processor page is designed in two different versions according to the client-side
scripting language capability of the mobile phones. The first page version (Page 1) is designed
using JavaScript for mobile phones which support client-side scripting language as shown in
Figure 5.4. The JavaScript helps to make the interaction faster, and is used to implement the key
mapping operation to the text box area and to format a text. On the contrary, devices which do
not support client side script language use server-side scripting language (PHP selected in this
work) which performs every action on the server-side. Both versions of word processor are
loaded from a remote server and the difference is where the text entry and formatting operations
are performed (i.e. either at the server side or client side according to the device capability). So, a
redirector will redirect to either of the two word processor page versions based on the accessing
device capability which is obtained from the device detector and redirector component.

In addition to redirection approach, a scaling technique is also applied on the word processor
interface to design the text box area that fits the screen of the mobile phone. The scaling
technique used the physical height of the visiting device which is stored in the device detector
and redirector component. Different display size mobile phones would have different size of text
box area to fit the screen. So, designing of flexible text box area according to the mobile phone is
necessary in order to be accessible on most mobile phones. The text box area is set to hundred
percent (100%) of the mobile phone screen width and half (1/2) of the screen height of the
mobile phone. The remaining half (1/2) is used for the virtual keyboard panel and the top panel
(i.e. menu and formatting toolbars).

Moreover, the page customization is applied on the word processor page using different style
sheets based on the mobile phone category as described before in Table 5.1.
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5.3.4 Keyboard Layout Manager

The keyboard layout manager component provides an Amharic virtual keyboard text entry
method to prepare simple Amharic document. Also, it is responsible for mapping the user action

into the appropriate Amharic character font and sending the character to the text box area.

As a text entry method, virtual keyboard is chosen in this study. Even though virtual keyboard is
used in the system, displaying all the Amharic characters on a mobile device instantly is very
difficult. So, it is necessary to group, divide and load the virtual keyboard in different phases

from the cloud when needed.

Two different sizes of Amharic virtual keyboards are designed for text entry: large size and small
size virtual keyboards based on the height of display size as described in Table 5.3. The large
size type of virtual keyboard character arrangement or layout is adopted from the previous works
[12, 13] with small modifications. Large virtual keyboard has been designed in two different
layouts: the modified “vah” [12] and “eaoy” [13] keyboard layouts as indicated in Table 5.3.

Table 5.3 shows the virtual keyboard types used in the three different mobile categories.

Table 5.3: Virtual keyboard types

Virtual Keyboard Physical Screen Mobile Category Virtual Keyboard
Type Height in mm Layout
Small <40 Small “VAh”
Large >=40 Medium and Large | “vAch” or “gavy”

The OLAWP modified both the previous “¢ao7” and “vah” virtual keyboards layout in order to
be compatible and used for all types of mobile phones. The “¢avy” virtual keyboard [13] divided
the virtual keyboard layout into three panels. The middle panel contains the basic character and
punctuation selection keys within four rows. When a key is pressed from the first two rows, the
non-basic characters are displayed orderly on the top panel based on the characters frequency.
When a key is pressed from the last two rows, the non-basic, punctuation and numeric characters
are displayed on the bottom panel of the virtual keyboard layout. But, in OLAWP the “gaoy”

virtual keyboard layout is represented in two panels and the top panels (shown in Figure 5.6)
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only used to display the non-basic, Arabic and Amharic numerals and punctuation mark
characters, and the non-basic characters are ordered in the ordinary Amharic character

sequences.

Non-Basic Character selection set component

Basic Character selection set component

Figure 5.6: Amharic virtual keyboard layout

Also, the fourth row of the “¢e»y” virtual keyboard characters, which contains the second most 10
frequent basic characters (n, &, 4, F, ¢, m, 4,0, H,and /) in Amharic scripts, is moved into
the second row in the modified “¢aoy” virtual keyboard. Actually, the “¢ao7” was designed for
PDA devices, but the OLAWP is designed for all types of mobile phones which have touch and
non-touch based screens. Non-touched based screen (keypad based) mobile phones used their
arrow keys to select the character, so that the frequent characters should be moved to the top to
minimize the key movement. In addition, labelized characters like (%, 4., 9. and so on), space and
enter keys are added in the modified “¢?a»y” virtual keyboard via (¥) selection key, space (_) and

enter (~' ) keys respectively as shown in Table 5.4.

Table 5.4: Modified large size “P#27 Amharic keyboard layout

? av 1 + A n l o a 1
h 4 A F ¢ m é. v H ch
w 5] 3 0 A i [} R T g
il A " a 5 P * y & !
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Table 5.5: Modified large size “vA4" Amharic keyboard layout

) A ch av w l i P n
+ F g b T A h il 0

w n ? L I3 1 m 6B, A
2 o é. T 5 $ * - e |v

On the other hand, the “va4” Amharic virtual keyboard was designed by categorizing the basic
characters, and numeric and punctuation selection keys with five rows [12]. But, the modified
virtual keyboard has been designed in four rows and include labelized characters using
representative labelized selection key (%) and enter key (' ) as described in Table 5.5.

As shown in Figure 5.6, the keyboard layout has basic character selection set component (bottom
panel) and non-basic character selection set component panel (top panel). The bottom panel
displays the basic 34 Amharic characters (“v” to *“r”), Amharic and Arabic digits, Amharic
punctuation mark and labelized characters selection keys, and space, enter and backspace keys.
These basic characters keys are displayed in the first phase when the word processor page is
loaded. All the basic characters are arranged in four rows and ten columns as shown in Table 5.4
and 5.5 for both “¢av7” and “vaAh” virtual keyboard layouts. On the other hand, the small virtual
keyboard groups the basic characters into two categories and loads the virtual keyboard one after
the other. All Ethiopic scripts which are defined by Unicode standard 6.1[20] are incorporated
except character “£” (Ethiopic syllable dda), which is not used in Amharic language rather it is

used to represent the Oromiffa character “dh”.

The top panel displays the seven (or eight) non-basic characters when the user presses basic
characters in the bottom panel. This panel also displays Amharic and Arabic digits, punctuation
marks and labelized characters when the user clicks on the numeric keys (s or 123), symbol (*)
and labelized key (¥) button respectively. In Unicode standard 6.1, all the basic characters have
eight forms except the “0” and *“fi” characters, which have seven forms including the basic
character itself. The keyboard layout is changed based on the display size information that is
obtained from the device detector and redirector component. When the user presses one of the
basic characters, the keyboard layout will be adjusted so that all the families of the pressed
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character will be shown in the top panel. Then, the user can press the key representing the
required character in the top panel; then this character will be displayed within the text box area
as the user inputs.

Small physical screen size (i.e. their screen height less than 40mm) mobile phones used small
size “va” virtual keyboard that is displayed in two phases; each phase has three rows with

seven columns as shown in Table 5.6.

Table 5.6: Small size Amharic virtual keyboard layout

(a) First Part (b) Second part
v A | aw | w | (0 mo|a ? L 3 1 m
o ¢ |0 I A I | 1 M | & A 0 é. T *
T |A [ | |@ jo |H 5|7 | |< |-

The user also can select keyboard layout mode, for medium and large mobile phone types, either
“eavyy”(®) for experienced users, or “vAh” (U), commonly for novice user.

For English text entry, the QWERTY keyboard [24] layout is adopted for this system. Only the
Symbol (*), Number (123), Backspace (<-) and Enter (+! ) keys are added to the existing
QWERTY Kkeyboard layout [24] as shown in Figure 5.7. In addition, the user can switch from

capital letter mode to small letter mode and vice versa using the switch button “E” or “e”. The
switch mode buttons exist together with the formatting toolbar at the top panel of the word

processor.

123  SPACE

Figure 5.7: Modified QWERTY virtual keyboard
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CHAPTER SIX
IMPLEMENTATION

In this chapter, the development tools used in the implementation of OLAWP prototype is
presented and the prototype itself is discussed by taking its sample snapshots from the real

mobile phones.
6.1 The System Development Tools
6.1.1 Development Editor

The implementation of the OLAWP site used a web development editor to write the code in
XHTML-MP, PHP, JavaScript and CSS. Particularly, Macromedia Dreamweaver 8 web editor
used in the development process of OLAWP prototype. Macromedia Dreamweaver 8 is a web
development tool that can efficiently design, develop and maintain standards-based websites and
applications [30].

6.1.2 Markup and Scripting Languages

The main types of content that mobile browsers support are XHTML-MP. XHTML-MP is a
standard used for all browser-based services using mobile phones introduced with WAP 2.0 [14].
The XHTML-MP is a mobile adaptation of XHTML by excluding those features not appropriate
for devices with small screens. Early mobile phones, low-powered types like Nokia 1100, 1200,
and so on did not support such markup language rather they only support WML to develop WAP
applications.

So, XHTML-MP markup language is chosen to present the OLAWP contents, but the dynamic
part of the implementation has been done using client-side (JavaScript) and server-side (PHP)
scripting languages. The XHTML-MP also supports CSS which describes how documents are
presented on screen. The CSS enables application developers to create mobile specific versions
of the same content easily, simply by creating different style sheets. There are three different
types of style sheets that are prepared for small, medium and large categories of mobile phones
as mentioned in Table 5.1.
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6.1.3 Apache Web Server

Apache is a free software which is aimed at serving a great deal of widely popular modern web
platforms. While the OLAWP prototype developing a VertrigoServ is used to execute the PHP
script. VertrigoServ has been developed as a highly professional, easy to install package
consisting of Apache web server, PHP programming language, MySQL and PhpMyAdmin (tool
written in PHP intended to handle the administration of MySQL) for Window platforms [31]. It

helps to test web pages locally on both computer and emulator browsers.

After the OLAWP prototype development is completed, it is deployed on a free web host
provider site (http://www.3owl.com), which used an Apache server and tested it on the actual

mobile phones.

6.1.4 WURFL Package

WURFL (Wireless Universal Resource File) is a device description depository (DDR) package,
which is huge open-source XML based database information regarding mobile phones and their
capabilities to support web design. It contains descriptions of thousands of mobile devices that
can be used in any application. This description refers to the capabilities information of the
mobile devices. Such information is very helpful while designing the web applications for

mobile devices.

When a web browser visits OLAWP site, it sends a user agent value (which is a unique value for
each device), along with the request of OLAWP page. The user agent contains information about
the type of device and browser that is being used. The device detector and redirector component
can easily obtain the capability of the visiting device from the WURFL Cloud by integrating the
WUREFL Cloud Client API which is provided freely into the OLAWP. The user agent value send
to the WURFL Cloud and it returned the required capability information and store on the
OLAWRP site to redirect to the appropriate OLAWP page that is compatible with the visiting
device and helps to specify the OLAWP page according to the mobile phone screen height.

The WURFL Cloud Client is an interface to the WURFL Device Description Repository (DDR)
which contains detailed definitions for thousands of mobile devices. Using the WURFL Cloud
Client is simple and straightforward. All that is needed is a few lines of code to query the DDR
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which will return the latest device definition. By using the device definition you can then
generate the appropriate markup to create an optimized mobile experience for your visitors [23].
In this thesis work the free WURFL cloud subscription used, which provides 2 mobile phone
capabilities detection, such as screen height and the client-side scripting language (JavaScript)
supporting capability attributes.

6.1.5 Emulators

Mobile emulator is a desktop application that emulates mobile device hardware and operating
systems. It allows us to test and debug our applications and see how they are working. It is the
most useful tool to test WAP applications while developing. In the development process of the
prototype, the PC browsers, Android and Nokia emulator browsers are used to test the OLAWP
prototype.

6.2 Prototype

A prototype implementation has been developed to demonstrate the architecture which was
proposed in the previous chapter. The OLAWP prototype has been deployed on the web server
and the service is accessed through the WAP gateways which exist at the Internet provider side.
In order to test on the actual mobile phones, OLAWP prototype should be hosted first on the web
server. The OLAWP prototype is hosted as a sub-domain name of www.olawp.3owl.com under

the free web host service provider site www.3owl.com.

6.2.1 Interfaces

The OLAWP prototype interfaces are developed in both Amharic and English languages. The
user can select either of the two depending on his/her own preferences and experience. However,
in the following subsequent discussion the Amharic based interface snapshots are taken into

consideration.

In order to use the OLAWP service (i.e. word processor), a user should first be registered on the
OLAWRP site (www.olawp.3owl.com) to be a member and can use the service provided. When the
user browses the OLAWP site, the login page with Amharic interface is displayed as shown in

Figure 6.1. All the snapshots that are shown are taken from the actual Samsung GT-S5570 model
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mobile phone which uses an Android OS. The user can press the “En” button to switch to
English language based interface and can switch back to Amharic using “49?” button.

New user can register by pressing the button “g®H19 (Register)” that shown on the login page,
which loads first.

S+l @ & 1Z13PM
Login page

kolawp. 3owl.com/

hma T hE abuyim
FLAG P

> gliA o- Tl

|IOMLINE 256x320 (320.0 Kb) 122 ms (2.6 Mb/s ff

Figure 6.1: Login page

The registration form is simple and it requires only user code and password as shown in Figure
6.2. Mobile phones text entry is not fast like PCs. Due to this, only little user information is
required for registration process which avoids scrolling of pages or long interaction for
registration.
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Figure 6.2: Registration form

Once a user is registered on the system, the user can use his/her user code and password to log in
to OLAWP site, and can access existing files and create simple Amharic text files. When a user
logged in, the User and File manager component of OLAWP load the user’s personal files on
user’s page, which displays three, five or seven list of Inbox files for small, medium and large
screen mobile phones respectively as mentioned in Table 5.2. This page categorizes files into

Inbox, Sent and Draft files as shown in Figure 6.3.
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Figure 6.3: User’s page
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Users can open existing files which are stored, received and sent files to edit or view from the
user’s file page or can create a new document file by pressing on “New (4%.0)” link. When the
action is taken to open an existing or a new document, the redirector component redirects to

either of the two OLAWP version pages.

Later on, the existing document or new word processor will be opened. Figure 6.4 shows a new

word processor which is ready for writing.

| GT-s5570

= b

121 ms (2.6 Mbis)

Figure 6.4: Word processor

In order to prepare Amharic document, the user should use the Amharic virtual keyboard either
“UAdh” or “eavy” keyboard layout by switching from one to another for large or medium mobile
phone categories. Press “¢ ” to switch from “vAh’ to “eaoy” keyboard layout and press “v ” to
return to the “vAd” keyboard layout. Numeric and labeled characters can be accessed by
pressing the “g ” and “#” keys from the virtual keyboard. It is also possible to incorporate
English text on the document by pressing “E” from the top panel which switches the virtual
keyboard to QWERTY English virtual keyboard layout.

When one of the basic Amharic character key is pressed from the virtual keyboard, the non-basic
characters will be displayed at the top of the virtual keyboard as shown in Figure 6.5.
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Figure 6.5: Appearance of word processor after basic “#7” key is pressed

The formatting tools enable the user to format the text font style, size and color, text background

color and text alignment. To view the font size, font color and background color, the user should

press “Font (¢ca)” button which is shown in Figure 6.6.
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Figure 6.6: Appearance of word processor after ““#cg” button is pressed

After the document is prepared, the user can save the document for future use, send to other

phone via SMS or send to email and access from a computer to print the document.
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For SMS application, ViaNett HTTP API is used to send SMS message in order to show the
functionality. The HTTP API is a simple and powerful API to send SMS messages. ViaNett
allowed five free SMS messages to test the web applications with one registered email account
[32].

If the written text is sent as SMS, the formatting applied on the text will be discarded and only
the text is sent as a message if the message length is less than 160/70 characters for Latin/non-
Latin scripts, otherwise the message is stored on the server (or cloud) and send the link where the
message found. Using the link, the user can view or get the message sent to him/her.
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CHAPTER SEVEN
EVALUATION OF OLAWP

7.1 Overview

The OLAWP prototype is developed to enable users to prepare simple Amharic text using their
phones. In order to evaluate the prototype, different volunteers participated using their own
mobile phones. The prototype usability evaluation was performed based on the ISO 9241-11

usability testing attributes, such as efficiency, effectiveness and user satisfaction.

Actually, the prototype test was conducted on both mobile phone emulator and real mobile
phone while developing the prototype. After the development was completed, the prototype was
deployed on the free web hosting site (http://www.olawp.3owl.com) to conduct the testing on the

actual mobile phones by the participating users.

The aim of the testing is to evaluate the compatibility of the OLAWP prototype in various
mobile phones, satisfaction of the user and performance (efficiency and effectiveness) of the
prototype while using the OLAWP prototype.

7.2 Usability Testing

Usability testing is an essential testing method in the development of application before releasing
to the market. I1SO defines usability of a product as - the extent to which the product can be used
by specified users to achieve specified goals with effectiveness (refers to completeness and
accuracy with which users achieve certain goals), efficiency (refers to how fast users can
accomplish a task while using an application), and satisfaction in a specified context of use.
Effectiveness, efficiency and user satisfaction are the three major usability attributes which are
identified by 1SO 9241-11 standard [33].

Usability testing is accomplished by identifying representative users, representative mobile
phones, and representative tasks which are related to the OLAWP prototype. Totally 15
volunteer respondents are chosen to conduct prototype testing survey in various types of mobile
phones with different screen size, browser types and different text entry. The questionnaire is
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prepared by considering the above indicated three usability attributes. The questionnaire contains
18 questions in two parts as indicated in Appendix C.

7.3 Test Result and Discussion

In the testing process, 15 representative users are chosen based on the mobile phone type that
they used. Among 15 respondents, 9 of them were male and 6 of them were female. According to
the mobile phones category used, 2 of the respondents used small mobile phone types, 6 of them
used medium sized mobile phones and the remaining used large mobile phone category types.
All respondents had experience in Internet browsing, and seven of them had experience in

Ambharic SMS software.

Table 7.1 shows detail information about the mobile phones used in the testing process.

Table 7.1: Description of mobile phone used in the testing process

No Device model OS used Browser used Mobile category  Screen type
1 Samsung GT-S5360 Android Android Large Touch

2  Apple iPhone 10S Opera mini Large Touch

3  Apple iPhone 10S Opera mini Large Touch

4  Samsung GT-S6102 Android Opera mini Large Touch

5 Samsung GT-S5570 Android Android Large Touch

6  Samsung GT-S5570 Android UC Browser  Large Touch

7 Nokia C2 Symbian Opera mini Large Touch

8  Samsung GT-S3350 Bada UC Browser  Medium Non-touch
9  Nokia 6303 Symbian Opera mini Medium Non-touch
10 Nokia E5 Symbian Opera mini Medium Non-touch
11 Nokia 2700 Symbian ~ Opera mini Medium Non-touch
12 Nokia N72 Symbian Opera mini Medium Non- touch
13 Nokia 2700 Symbian ~ Opera mini Medium Non-touch
14 Nokia 3110 Symbian Opera mini Small Non-touch
15 Nokia200 Symbian ~ Opera mini Small Non-Touch
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As shown in Table 7.1, three different mobile phone types (Samsung, Apple and Nokia) and
three different mobile browsers (Android, Opera mini and UC) are used in the testing process.
As a text entry method, seven mobile phones were touch based and the remaining were keypad
based mobile phones.

The prototype test was conducted on different mobile phones and browsers even though most of
them are tested on Opera mini mobile browser as shown on Table 7.1. On UC and Android
browsers the typing speed and text formatting is faster than the Opera mini browser. This is
because of the Opera mini only supports and executes very limited number of JavaScript
elements. The Opera mini browser works in a different manner compare to other browsers.
Rather than accessing the web resource directly, Opera mini browser will access through its
servers. Basically, when you request a web page from Opera mini, a request will be sent to the
Opera mini servers. They retrieve the page, convert it into OBML (Opera Binary Markup
Language) which is a very compact binary markup format that reduces the page size by up to
90%, and then send it to user’s phone [34].

With other browsers (UC and Android), the client-side script is executed on the client-side and
the interaction is very fast especially for the touch-screen based mobile phones. The key press
movement on touch screen is very fast compared to keypad based text entry mechanisms. In case
of keypad text entry method, key navigation is required which is achieved using the arrow keys
to select the required key, and needs to press the arrow keys many times till you get the required
key. The testing result also showed that most touch based mobile phone users who used UC and

Android browsers can type Amharic text better than keypad based mobile phone users.

Table 7.2 summarizes the respondents’ result of the OLAWP questionnaire of each question in

number.
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Table 7.2: OLAWP questionnaire respondents result summary in number

Question Strongly Agree Neutral Disagree Strongly
No. Agree Disagree
1 9 4 2 0 0
2 2 6 4 3 0
3 2 9 4 0 0
4 2 5 6 2 0
5 3 7 5 0 0
6 2 4 6 3 0
7 2 2 2 1 0
8 1 3 8 3 0
9 2 10 2 1 0
10 12 3 0 0 0
11 12 3 0 0 0
12 3 12 0 0 0
13 5 10 0 0 0
14 All mobile phones (15 of them) can run OLAWP prototype.

For discussion purpose, we categorized the user responses into three categories: strongly agree
and agree in one group as a good result, neutral, and disagree and strongly disagree in one group
as a poor result. According to the respondent, the OLAWP prototype could run in all types of
mobile phones which are listed in Table 7.1. As the result shows, the OLAWP prototype 100%
fits visitor mobile phone screen and looks good. But, the interaction speed showed different
results depend on the text entry method and the browser type used as discussed above. As shown
in Table 7.2, row 6 and 8 are results of question 6 and 8 of the questionnaire which are related to
the interaction with the virtual keyboard and the general interaction with the OLAWP prototype.
The result showed that 33.33% of respondents can interact easily with the system; most of the
respondents (46.67%) response is neutral and the remaining didn’t feel comfort. Most of the
unsatisfied users were used non-touched based mobile phones, Opera mini browsers and server-

side scripting languages in which the interaction was poor.

All the respondents had a good response for question 11, 12 and 13 which are related to text
clarity, steps to accomplish a given task and menu items consistency respectively and the results

shown in row 11, 12 and 13 in Table 7.2 and 7.3. Easiness of the prototype also evaluated based

60



on the respondents’ personal opinion, among them 73.33% of them can used easily and the

remaining 26.67% of respondents’ response was neutral.

As shown in Table 7.3, 53.33% of the respondents were satisfied while preparing Amharic text
using OLAWP; 26.67 % of respondents’ response were neutral and the remaining are disagreed
on it. Most of satisfied users were use large mobile phone category, touch based screen and UC
and Android browsers. Table 7.3 describes in percent which was described in Table 7.2 in

number.

Table 7.3: OLAWP questionnaire respondents’ result summary in percent (%)

Question No. Strongly Agree Neutral Disagree
Agree

1 60 26.67 13.33 0

2 13.33 40 26.67 20
3 13.33 60 26.67 0

4 13.33 33.33 40 13.33
5 20 46.67 33.33 0

6 13.33 26.67 40 20
7 28.57 28.57 28.57 14.29
8 6.67 20 53.33 20
9 13.33 66.67 13.33 6.67
10 26.67 73.33 0 0
11 80 20 0 0
12 20 73.33 6.67 0
13 33.33 66.67 0 0
14 100% yes

Generally, the prototype evaluation showed that better satisfaction and work in a good manner
on touch based Android and UC browsers mobile phones, and client-side script language
supporting devices. Also, it was compatible (fit the screen) and run in all tested mobile phones.
Basically, this is a beginning work to enable users to prepare simple Amharic text from any type
of their mobile phones. So that, the researchers believed that the result is good as a beginning

work.
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CHAPTER EIGHT

CONCLUSION AND FUTURE WORK

8.1 Conclusion

Nowadays, accessing of web information and services at anytime from anywhere is becoming
realistic using WAP enabled mobile devices. Mobile device users become rapidly growing from

time to time.

This thesis work is aimed to design and implement an online Amharic word processor for mobile
phones which enabled most Amharic language users to prepare simple Amharic text document
using their own mobile phones wherever they go. In order to design the architecture of the
OLAWRP, the functional and non-functional requirements are identified and analyzed using the
use case diagram, sequence diagram and class diagram, which show the static and dynamic
behaviors of the system developed, OLAWP.

There are a number of various mobile phones which have various screen size, use different script
and web markup languages, and various text entry methods. These are some of the challenges
that should be considered in the design of the mobile based WAP application. In this work, the
researchers chose the adaptation technique in order to provide the online Amharic text document
preparation for most WAP enabled phones that are compatible with most mobile phones by
considering the device capability information. In this study, the mobile phone capability
attributes, such as screen size and script language support are taken into consideration on the
design and development of OLAWP, and a virtual keyboard method is selected as a means of

text entry which is developed by integrating with the OLAWP.

The OLAWP system contains four major components: device detector and redirector, user and
file manager, word processor and virtual keyboard manager. When the user first trying to access
the OLAWP site the device detector send the user agent string of the visiting device to the
WURFL cloud and which is responsible for device capability detection and returns the requested
capability information about the accessing device to the device detector. Based on the returned

values, the user and file manager will load limited number of user’s inbox documents on user’s
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page. In addition, the mobile phone capability values are used to design the text box area, to
select the virtual keyboard type and the style sheet used, to specify the word processor size.

The OLAWRP text box area size sets half of the screen height and total width of the screen, and
the remaining portion is used for the menu & formatting toolbars and virtual keyboard. The
virtual keyboard loaded can be either small (for screen height less than 40 mm) or large (for
screen height greater than or equal to 40mm). The large and medium mobile phone used either
“vad” or “eavy” large Amharic virtual keyboard layout where as small mobile phones used the
“Dakh” Amharic virtual keyboard layout which is loaded in two phases. For English text entry,

the QWERTY virtual keyboard also adopted and implemented in this work.

For implementation purpose, the current WAP standard markup language, XHTML-MP, is used
to present the contents on the client terminal, mobile phone. The dynamic part of this work
implemented using PHP and JavaScript scripting languages.

The OLAWP prototype is evaluated through a questionnaire about the OLAWP prototype which
is prepared by considering the 1ISO 9241-11 usability test standard attributes. In the prototype
evaluation, 15 different users participated using various mobile phones which was vary in their
input method, screen size, brand and browser used. The respondents used their real mobile
phones to evaluate the OLAWP prototype which is hosted on a free web host service provider

Server.

According to the respondents’ response, the result showed that better satisfaction and
performance on some mobile phones which are touch based, UC and Android browsers, and
client side scripting language supporting mobile phones compared to non-touched, Opera mini
browser based, and only server-side scripting language supporting mobile phones.

8.2 Future Work

In this study only physical display size, script language and text entry techniques of mobile
phones, and the nature of Amharic language are considered. But, there are other many issues that
should be necessarily considered when an online mobile phone web services are developed, such
as browser type, screen resolution, screen type and so on. The evaluation of prototype testing
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result showed that the browser type used has a great impact on the interaction with the OLAWP
and response time for a given action. Thus, as a future work browser type can be considered to
enhance the user satisfaction. Moreover, as shown in the evaluation result, the text entry in touch
based and client-side script language supporting browser mobile phones are faster than the
keypad based and server-side script language browser mobile phones. Hence, designing and
implementing for touch screen mobile phones and client-side scripting language supporting

browsers are more appropriate.
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Appendix A - Unicode standard Version 6.1 Amharic (or Ethiopic) scripts [20]
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Appendix B - OLAWP Sequence Diagrams

‘User :RegistrationForm ‘Validation :StoreUser
| | | |
| | | |

| |
Input user information : :
| |
Submit | |
' :
i |
| |
! ! > Validate |
| |
| |
' : Save
|
|
: Display Confirmation |
- __
. i i i
| | | |
| | | |
| | | |
| | | |
Figure 4.4: Sequence diagram for Registration use case
User :LoginForm :Validation :UserPage

Fill user code & password

Submit

e~

Display user's page

> Authenticate

Load

1

S

Figure 4.5: Sequence diagram for Login use case
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:User :DeviceDetector :UserPage

Login()

> Detection

Load files

|
|
|
|
|
|
|
|
|
|
|
|
|
——

Display fist of files

:TextBoxArea

Figure 4.6: Sequence diagram for View Document use case

Figure 4.7: Sequence diagram for Create Document use case
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:User :DeviceDetector :UserPage :ActionListene :TextBoxArea
| | | | |
| | | | |
- Login() - ! : :
| | |
Load files I : :
| |
I I
T L Click "New" button :
| |
| ’_‘ Load new ™
| |
| |
] |
Display new text box area :
K- -t - G e e
| | |
: Press key } ' L]
: } FL‘ Insert character :
| | L
! |
: Display inserted character
e________________L____________________‘ _______________________________




:User :DeviceDetector :UserPage :ActionListener :FileStore
| | | | |
| | | | |

e 1 1 | 1
Login() : } :
Load files ' | |
] | |
| |
Display user files } :
= e I |
| | | |
o Select files s :
" |
| |
! Click "Delete" button : i
: : > |
\'Display Confirmation request : :
| | |
S To———m———————————— o m e — o I
| | |
| Click "Yes" | !
o i i Delete file
| |
| |
| | T
| | \
| : update
Display successfully delete confirmation e }, _______________
””””””””” TS 1 |
| | | |
| | | | |
| | | | |
Figure 4.8: Sequence diagram for Delete Document use case
User :FormattingButton :FormatController :TextBoxArea

! Select

Apply selected format

e

Formatted text

Figure 4.9: Sequence diagram for Format Document use case
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User :Actionlistener :SaveBox -File Store
: | | :
—— ! ! |
Click "Save" button | :
|
L Load ] :
|
|
| |
|
Display :
K ——m e b mm e ] |
T ! !
| Enter file name |
— 1 |
f I
Click "Save" ! L !
I
! i
Store
|
= |
| I Hide
I
] D
| Display confirmation i
S R =
T | | :
! i | |
: 1 1 :
|
|
Figure 4.10: Sequence diagram for Save Document use case
:User :ActionL istener :SendBox ‘File Store
i a | |
Click "Send"” button ! I I
. I I
/| | Load :
|
Display :
< TR |
| ' |
e Enter reciever address !
|
|
Click "Send" i | |
| |
l ISend
|
T
L Update
| Display confirmation |
e —— e A

Figure 4.11: Sequence diagram for Send Document/message use case
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:User :ActionListener :KeyboardLayout

| |

|
I ! I
| |
— Press "¢aoy" (¢) | |
|

|

Load "¢ooy" layout

Display "?alv‘z" layout
S e T L oo mmmmmmm oo

Figure 4.12: Sequence diagram for Switch Keyboard Layout use case

By default, the system loads the “vA” keyboard layout. If the user wants to use the “¢ary”

keyboard layout, the user should press the “¢eoy” (?) switch button.

:User :ActionListener :TextBoxArea

| | |
| | |
| | |
| | |
— Click backspace (<-) : :

Delete character

Update

Display updated text
S Fommmm o

Figure 4.13: Sequence diagram for Delete Character use case
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:User :BasicCharacterButton

:ActionListener

:Non-BasicCharacterButton

:TextBoxArea

|
|
|
Press :
|

Load

Select

Display

-1

-

T
|
|
|
|
|
I
S e Ao
|
|

Insert (appe'nd) character

Figure 4.14: Sequence diagram for Insert Character use case

Login()

:UserPage

Figure 4.15: Sequence diagram for Load Virtual Keyboard use case

:ActionListener

Open (create new) document

Display virtual keyborad
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:DeviceDetector

‘WURFL DDR

Request to browse

:OLAWPsite

Match and retrieve capabilities

Get user agent string

Figure 4.16: Sequence diagram for Device Detection use case

Returns capabilities info

> Store T
|

|

|

|

|
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Appendix C — Questionnaire

OLAWP usability testing questionnaire which helps to know user satisfaction about the

service provided.

I. Background Information about the device and the user

1. Your mobile model name

2. Your Mobile phone browser name

3. Do you have Internet browsing experience? A) Yes

4, Are you familiar with Amharic SMS software? A) Yes
Prototype

B) No
B) No

The following items relate the different features of OLAWP. Please indicate your agreement by

making “v™” in the boxes.

: = - 8| = 8
No. | Questions 2 gl g % 5 2 5
5 2228|548
1 | Do you think the terminology used in the prototype is
consistent?
2 | Are you satisfied when you prepare Amharic text?
3 | Do you think the OLAWP prototype can be used easily?
4 Do you think the system is good enough to prepare
Ambharic document?
5 | Are you able to format text easily?
6 Do you think the typing speed using virtual keyboard is
satisfactory?
7 | Do you think the typing speed is fast using the virtual
keyboard when you compare to the keypad based
Ambharic text entry method?
8 Do you think response time for most operations is fast

enough?
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Does the system give enough description when error

happens?
10 | Does the OLAWP prototype interface fits your mobile phone
screen?
11 | Do you think the text which appears on the screen is
clearly readable throughout the system?
12 | Do you think the interaction to accomplish tasks is
simple and complete with a few commands?
13 | Do you think the menu items (or navigation buttons and
links) consistently be located and work without failure?
14 | Is your phone capable to run the OLAWP prototype? Yes B) No

Please write any other comment about the OLAWP system:

78




Declaration

This thesis work is my original work and has not been presented for a degree in any other
university, and that all sources of material used for the thesis have been duly acknowledged.

Name: Abubeker Yimam

Signature:

Date:

Advisor Confirmation:

Name: Dida Midekso (PhD)

Signature:

Date:

April, 2013

Addis Ababa, Ethiopia

79



