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Abstract 
The main aim of pervasive computing is minimizing distraction on users‟ attention and creating 

environment that adapt to the users‟ context and needs; thus the day to day development of 

mobile technologies makes this aim viable. There are a number of researches in pervasive 

computing that aim at improving our daily life. These researches cover a vast area of different 

topics. One topic of research is mobile based recommendation. Mobile based recommendations 

are done in different fields like tourism, medicine and the like. Even if recommendation service 

is not a new concept the way it is applied and the context it uses differ from one to the other. 

This project work proposed a client/server architecture for mobile phone based pervasive context 

aware event advisor (PCEA). The client side of the architecture is responsible for acquiring the 

user and the event context. Whereas the server side is responsible for processing the request from 

the mobile phone and come up with a response that match with the client‟s static as well as 

dynamic context. The proposed architecture utilizes the user‟s preference and dynamic 

contextual information as well as the dynamic context of the event information. In the context of 

this project we design our system architecture as three-tiered client-server architecture by 

combining data-centric and event based architecture style. We use a common context repository 

to store the user‟s preference, the dynamic contextual information and the event information 

context as well as a publish/subscribe way to broadcast the event notification message to the 

subscribed mobile devices. The system architecture has five core components that work together. 

The acquisition component gathers or collects static and dynamic information of the users as 

well as the event providers. The context manager component manages the static context i.e. the 

user profile and the dynamic context information i.e. the schedule of the user, the location of the 

user and the published and extracted event information. The user context and event information 

repository component store and manage the context data. The user context analyzer and matcher 

analyze both the user context and the event information and filter out matched result by 

considering the context parameter. The Notification manager component is responsible for 

delivering or pushing event information notification from the server to the users‟ mobile device. 

As a means of evaluating the proposed architecture we developed a prototype that implements 

the core components of the proposed architecture for java enabled phones using J2me and we 

performed a usability test to evaluate the prototype. The already established methodologies for 

usability testing for desktop environments are not always applicable to mobile application due to 

the mobility of the user and the restriction of the mobile devices such as the small size, battery 

and low resolution of the display. We conducted laboratory experiment and field study to 
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determine the UI of the prototype and the user satisfaction while accomplishing some tasks in the 

prototype. From the test we performed on the prototype, using the usability scale score, it 

achieved average value of 78. 

 

Key Words: Pervasive Computing, Event, Context Awareness, Mobile Phone Based Pervasive 

Context-aware Event Advisor, J2ME 
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CHAPTER 1: INTRODUCTION 
1.1 Background 
The trend of computing evolves from the stage of „one computer to many people‟ into „many 

computers to one person‟, that is when the concept of pervasive computing becomes viable. 

Even if pervasive computing represents a major evolutionary step in a line of work dating 

back to the mid-1970[4], the concept of pervasive computing was first raised by Mark Weiser 

as a vision in his seminal paper in 1991. Mark Weiser, described his vision of ubiquitous 

computing, now also called pervasive computing as „„the most profound technologies are 

those that disappear. They weave themselves into the fabric of everyday life until they are 

indistinguishable from it‟‟ [14].The essence of that vision was the creation of environments 

saturated with computing and communication capability, yet gracefully integrated with 

human users. When articulated, this was a vision too far ahead of its time, the hardware 

technology needed to achieve it simply did not exist but after a decade of hardware progress, 

the evolution in the hardware technology resulted in viable commercial products: hand held 

and wearable computers; wireless LANs; and devices to sense and control appliances, that led 

to the realization of Mark Weiser‟s vision. 

Pervasive computing is characterized by context awareness, invisibility, Ad-hoc network and 

smart spaces and devices. These characteristics distinguish it from the two earlier distinct 

computing systems that are distributed computing and mobile computing.The first 

characteristics of pervasive computing, context-awareness, is the ability of a given system to 

understand the context of an entity where the entity can be a person or any other thing, and a 

mobile computing paradigm in which applications can discover and take advantage of 

contextual information (such as user location, time of day, nearby people and devices, and 

user activity) is called context-aware computing [5].   

But first, what is context? Context is defined differently in different area of disciplines. The 

Oxford dictionary generally defines context as the circumstances that form the setting for an 

event, statement, or idea and in terms of which it can be fully understood, but not satisfied by 

the general definition, many researchers have attempted to define context by enumerating 

examples of contexts, Schilt tries to define the word context by dividing it into three 

categories, i.e. computing context, user context and physical context [12]. Guanling Chen and 

David Kotz [13] also try to define context as the set of environmental states and settings that 

either determines an application‟s behavior or in which an application event occurs and is 

interesting to the user. One of the most accurate definitions considered by us is given by 
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Deyand Abowd [10]. These authors refer to context as “any information that can be used to 

characterize the situation of entities (i.e. whether a person, place or object) that are 

considered relevant to the interaction between a user and an application, including the user 

and the application themselves”. 

A user‟s context can be quite rich, consisting of attributes such as physical location, 

physiological state, emotional state, personal history, daily behavioral patterns, and so on. 

The other characteristic of pervasive computing is invisibility that is more related to the 

definition of minimum user distraction. A pervasive computing system that strives to be 

minimally intrusive has to be context-aware. In other words, it must be cognizant of its user‟s 

state and surroundings, and must modify its behavior based on this information [4].  The third 

characteristic is an Ad-hoc network which is a self-configuring (wireless) network of mobile 

nodes without the presence of static infrastructure and the fourth characteristic is smart space 

and devices i.e. a space that is created by embedding computing devices and sensors into a 

building infrastructure in order to detect contextual information. 

By incorporating the four characteristics mentioned above, pervasive computing strives to 

fulfill its main aim i.e. minimizing distraction on users‟ attention and creating environment 

that adapts to the users context and needs since nowadaysmost precious resource in a 

computer system is human attention rather than its processor, memory, disk or network.  

Applications allowing users to collaborate in real time using wirelessly connected mobile 

devices building ad-hoc networks have attracted the attention of many authors [2]. Recent 

researches show that mobile technologies have become part of the everyday life of most 

people around the world. According to the International Telecommunication Union (ITU), 

the number of cell phone subscribers has reached five billion during 2010, while mobile 

broadband subscriptions have exceeded one billion globally [1].  Mobile phones technology 

is becoming advanced; recently developed mobile phones provide users with a number of 

features such as Wi-Fi connectivity, Bluetooth and GPS localization, camera and video 

capture devices and, most interestingly, the capacity for users to program the mobile devices 

with additional applications. Having all these features made the purpose of the mobile device 

grow beyond accepting and making calls or exchanging messages, and also unlike the old 

users, the current mobile device users want to be able to access and manipulate information 

and service specific to their location, time and environment [7]. 

Due to the above reasons it is believed that developing service provider application by using 

mobile devices that most of the time in separable from the user, is one way for realization of 
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pervasive computing. As a computing platform, mobile phones are both pervasive and 

personal. They are almost always on and tend to have an intimate relationship with their 

owners, who store private information on them and often personalize their appearance or ring 

tones, for instance. On one hand, mobile phones follow the user and have clues about the 

current situation. On the other hand, their various usage contexts will likely benefit from 

context awareness [3].This personal nature suggests that mobile phones are well suited for 

context- aware computing.  

Event is defined in Meriam-Webster dictionary as something that happens or occurs, a 

noteworthy happening or a social occasion. In Oxford dictionary, it is also defined as a thing 

that happens or takes place, especially one of importance, a planned public or social occasion 

or each of several particular contests making up a sports competition. In our context events 

are not only constrained to public or social occasions or big events like sport competition 

rather it includes information that the user is interested in, specifically the entertainment areas 

and the point of interests. Here, we try to take advantage on the fact that information is 

flooding our world. However the world is full of information, the main question here is “is all 

the information we get is what exactly we require? Did we never miss what‟s important for 

us?” by taking the above question in to consideration, we proposed a mobile phone based 

pervasive context event advisor holding the main aim of filling this information gap and 

satisfy the user by providing the needed information anywhere any time by using mobile 

phones and wireless technology according to the user pre-subscribed information or interest 

and user agenda, time and current location. The application collaborates the information in 

hand with the information it perceived from the mobile and the web to notify the user about 

different events according to his/her interest. 

1.2 Motivation 
Technologies are now all about creating a suitable and comfortable living environment. Their 

main goal is helping and improving the life style of a human being. One way of fulfilling this 

is by providing needed services near and available to people. Providing event information for 

the user does not seem very important as a real issue like hospital case or tourism or the like 

but it is very essential in satisfying the people who work in the tourism or hospital area, since 

if people are satisfied on things they get, everything they do after that is pleasing and 

pleasant. This made an event a prerequisite for determining the next action of the user. In 

other word, when people are acting and living in the way they like, their life will be 

interesting and this will have a great impact on their emotional state which in turn has a huge 
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impact on their social, economic and other sectors of theirs life in general. The other drive to 

our motivation is in our country Ethiopia currently there is no well-organized information 

provider particularly in the entertainment area and even if few providers exist, the 

information they provide is not current and updated frequently besides the media they use to 

broadcast the information is not accessed by the mass. Above all these users need to invest 

substantial amount of time in searching for this kind of information and rarely if they are 

lucky they get what they are looking for else most of the time end up empty handed. The 

following scenario will illustrate this concept  

Scenario  

Mr. y is a big fan of art, who likes to visit galleries and like to participate on whatever 

events that is held about art, when he is not busy. But due to the fact that this kind of 

information is not released in a website or other social networks he can‟t get the 

information in time. Because of this he always misses the event and is always 

disappointed about it.  

The context and event information in this scenario are  

Context - schedule, time, user preference or interest, location 

Event- opening of Art Gallery, nearby restaurant  

In this scenario we observe that there is no well-organized information provider in current 

status of our country and if there is, the information will not be updated frequently every time 

when an event held, this also include the user investing substantial time for searching this 

kind of information. The other main issue is that the recommendation should not only be 

about recommending Mr. y about art gallery rather it is more of advising the user by 

recommending the opening of the art gallery according to his preference or pre-subscribed 

interest and its schedule i.e. if he is free or not in that specific day and time i.e. minimum user 

distraction.  And the other issue is by considering Mr. y participating in the event, if the event 

is finished at 6:30 AM, the system should consider the time is lunch time and having the user 

interest of food from the pre-subscribed information and advice the user about suitable 

restaurants according to the current location of the user as well the menu of the restaurant.  

So we engaged full heartedly in this research to create an emotionally satisfied society as well 

as to move the current contextual information acquisition or timely distribution process in our 

country one step ahead in a way that minimizes the wastage of users‟ valuable resource that is 

there attention as well as their time. 
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1.3 Statement of the Problem 
Nowadays, we people are leading a complicated, busy and restless life. Our perception of life 

is becoming all about work and other related stuff. We forgot that our emotional state matters 

for our productivity. Attending and participating in different interesting events have a lot of 

significances for an individual in particular, as well for the society in general. The main issue 

is how to provide event information for a user without stealing the user‟s attention and the 

other issue is how a user gets this kind of information without investing his/her substantial 

time in searching. In order to solve this problem, a technological concept like providing event 

information for the user by using mobile phones is a best solution. Recommendation domain 

is applied in different fields like tourism, medicine, entertainment and the so like. In each 

fields many researchers try to come up with different recommender systems by considering 

different contextual parameters and the computing platform. In the entertainment areas there 

are plenty recommender systems that cover the area of movies, music‟s and the so like. As 

we mentioned above different use of contextual parameters and the source of the information 

we use specifically by considering the case of Ethiopia differentiate our system from the rest. 

This study tries to answer the following questions: 

 How can the different existing frameworks be made suitable for the case of event 

advisory system? 

 How the different context information like schedule, location, user context/ interest 

and time can be integrated and come up with better contextual information for event 

advisory system? 

 How architecture of a system that support a context acquisition, management and 

processing towards event advising can be designed? 

 How to avail a context aware event notification without distracting the user while 

capturing their interest and their day to day activity by being aware of the user 

personal information and location? 

 How resource sharing process between users can be applied for event advisory 

application? 

1.4 Objective 

General objective  

The general objective of this research work is to design and develop a mobile phone based 

pervasive context-aware event advisory system. 
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Specific objectives  

The specific objectives of this study include:- 

 Study and set context parameters required for event advising. 

 Design a method for acquiring and adapting the user context  in automatic way 

 Design an architecture of a system that supports a context acquisition, management 

and processing towards event advising.  

 Develop prototype of a context aware event advisory mobile application system both 

client and server side. 

 Perform a usability test on the developed prototype  

1.5 Scope and limitation 
Implementing a context-aware system requires many issues to be addressed. It has its own 

challenges. A key challenge in pervasive computing environment is obtaining the information 

needed to function in a context manner [5]. Besides this, the zero availability of pervasive 

infrastructure and smart spaces in our country has a limitation in realizing the event advisor 

system in a broader way. The limited network connection availability in mobile phones also 

affects the output. Having this limitations in mind the scope of these research work are: 

 Develop a context aware event advisory mobile application for java enabled mobile 

phones.   

 The event information that will be included is limited by the companies that are 

willing to share their information or database.  

 It does not support automated migration. 

1.6 Methodology 
In researching for modeling mobile based context aware event advisory, methodologies we 

will use are 

 Literature Review and Related Works: 

In the course of this study, a number of published research papers; complete research 

project works; books and web sites in the area of pervasive computing in general and 

in the area of context-aware mobile application and event advisory systems in 

particular will be examined. 

 Questionnaire: we used questioner to test the usability of the system. We adapt an 

SUS (System Usability Score) testing questionnaire (Annex C) to analyze the user 

satisfaction. The participants answer the test post questioner after finishing their tasks.  
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 Tools and technologies: Exploring the required tools and technology to avail the 

mobile phone based pervasive context-aware event advisor, the tools and technology 

we have used in the course of this research will be presented in Chapter 6 of this 

documentation. 

 UML (Unified Modeling Language): we use a UML methodology to specify and 

analyze the requirement of the proposed system and to show the system design. 

 Prototyping: To validate the proposed architecture suggested in this work, we used a 

prototype as a means of proving the concepts. 

 Validation: we perform a usability test to identify the application we prototype is 

user friendly or not and to address the several questions that is needed for designing 

the application. 

1.7Significance of the study 
As event advisory is a context aware system, it will be a realisation of the pervasive 

computing environment that provides services to a user with minimum user distraction. Event 

advisory will have great contribution for the user by saving substantial amount of time and 

mostly it will save their precious resource that is their attention.   

This research work will provide a number of applications for the community and individuals. 

Some of the applications are:- 

 Provide event information in an organized manner at one place 

 Eliminate wastage of user time in search of event information 

 Help to get contextually aware service 

 Facilitate sharing of information between peer users 

 Help to create emotionally satisfied society 

 Create  easy living situation  

 Create a means of  providing selective, only required information   

 Help to create an opportunity for people to meet or socialize  

1.8 Document organization 

The remaining part of this documentation is organized as follows. The next Chapter deals 

with literature review. The literature review part will try to give a summarized report on the 

state of art in relation to pervasive computing and context awareness in general. Chapter 3 is 

about related work that is highly relevant and more related to our study. Chapter 4 will 

discuss the system requirement; Chapter 5will discus the system design and the architecture 
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in order to build the mobile phone based pervasive context aware event advisor system. 

Chapter 6 explains the implementation issues of the system. The last Chapter will conclude 

the paper by indicating future works. 
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CHAPTER 2: LITREATURE REVIEW 
2.1 Pervasive Computing 
Computer technologies pass in different evolution in the computing paradigm. The evolution 

starts from the basic centralized system, to today‟s pervasive computing system. The two 

distinct earlier steps in the computing evolution, which contribute a lot for the pervasive 

computing, are distributed systems and mobile computing. Satyanarayanan [4] specified that, 

the field of distributed systems arose at the intersection of personal computers and local area 

networks. In distributed computing, the results achieved are remote communication, fault 

tolerance, high availability, remote information access and security in a distributed system 

but the appearance of full-function laptop computers and wireless LANs in the early 1990s 

led researchers to confront the problems that arise in building a distributed system with 

mobile clients. Although many basic principles of distributed system design continued to 

apply, four key constraints of mobility forced the development of specialized techniques. 

These constraints are: unpredictable variation in network quality, lowered trust and 

robustness of mobile elements, limitations on local resources imposed by weight and size 

constraints, and concern for battery power consumption [24]. Mobile computing tries to 

elevate the above problems and it achieves results on the following broad areas, mobile 

networking, mobile information access, bandwidth-adaptive file access, support for adaptive 

applications, system-level energy saving techniques, and location sensitivity. 

Even if there was a great achievement in these both paradigms, there was more, the concept 

of anywhere anytime, that‟s when the paradigm of pervasive computing come to the picture. 

The paradigm of pervasive computing aims to integrate the computing technologies in a 

graceful and transparent manner, and makes computing solutions available anywhere and at 

any time. Different aspects of pervasive computing, like smart homes, smart offices, social 

networks, micromarketing applications, PDAs, etc. are becoming a part of everyday life [56]. 

The research agenda of pervasive computing subsumes that of distributed and mobile 

computing, but goes much further. Specifically, pervasive computing incorporates four 

additional research thrusts into its agenda. These are: 

 Effective Use of Smart Spaces: that is, by embedding computing infrastructure in 

building infrastructure to bring together two worlds that have been disjoint until now 

[23].  

 Invisibility: The ideal expressed by Weiser is complete disappearance of pervasive 

computing technology from a user‟s consciousness. In practice, a reasonable 
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approximation to this ideal is minimal user distraction. If a pervasive computing 

environment continuously meets user expectations and rarely presents him/her with 

surprises, it allows him/her to interact almost at a subconscious level [22]. 

 Localized Scalability: The density of interactions has to fall off as one moves away, 

otherwise both the user and his computing system will be overwhelmed by distant 

interactions that are of little relevance. 

 Masking Uneven Conditioning - reducing the amount of variation seen by a user.  

As pervasive computing is usually characterized by invisible components that can be 

embedded around different environments, it is sometimes referred to as “Anywhere Anytime 

Computing” or “Ubiquitous Computing”. The ubiquitous computing is characterized by the 

omnipresent and mobile availability of services themselves regardless of the target platform. 

Services will be tailored to the physical capacity of a specific device, whether a mobile 

telephone, PDA or other value-added communication devices. Ubiquitous computing 

paradigm implemented in various areas, smart homes (see Figure 2.1, pictures from smart 

apartment from Technical University of Berlin), smart offices and other ambient intelligence 

solutions, wearable computing devices, personal digital assistants, social networks, mobile 

devices as gateways to the Internet [56].   

 

 

Figure 2.1 Smart home environments Kitchen, Fridge, control panel. Picture taken at the 
smart apartment at DAI-Labor, Technical University of Berlin [adapted from 56] 

Although often used as synonyms, the term “pervasive computing” is often preferred when 

discussing the integration of computing devices and weaving them into the everyday life and 
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business environment, while the term “ubiquitous computing” is usually preferred when 

addressing the interfaces and graceful interaction with the user [56].  

The paradigm of pervasive computing pursues two main goals: 

1. Graceful integration of computing technologies into everyday life and  

2. High availability – the computing services should be available everywhere and at any time. 

In pervasive computing, context-awareness, ad-hoc networks and smart sensor networks 

perform together to serve people on their surrounding environment. The design of pervasive 

computing system should try to attain the goal of simplicity, versatility and pleasurable while 

retaining cost-effectiveness, usage-safety and transparency. In order to achieve these 

pervasive goals, the appliances and the networks comprising of these appliance nodes must 

be able to automatically discover other devices, services and parameters. In addition, they 

should be able to carry out unattended negotiation amongst themselves if needed. 

 

2.2 Context and Context-Awareness 
One field in the wide range of pervasive computing is the so-called context-aware (or 

sentient) systems. The word „context‟ is a challenging task to define and many researchers 

tried to find their own definition for what context actually include. Among the many 

definitions one of the best typical definitions is given by Dey and Abowd [10]. They refer 

context as “any information that can be used to characterize the situation of entities (i.e. 

whether a person, place or object) that are considered relevant to the interaction between a 

user and an application, including the user and the application themselves, and by extension, 

the environment the user and applications are embedded in. Context is the set of the 

associated situation and actions characterizing the physical surrounding of a device and 

captured by a sensor of a device or the infrastructure. In human-computer interaction context 

is also a powerful, and longstanding, concept. It can be used to interpret explicit acts, making 

communication much more efficient [26]. By carefully embedding computing into the 

context of our lived activities, it can serve us with minimal effort on our part. Communication 

can be not only effortless, but also naturally fit in with our ongoing activities. Pushing this 

further, the actions we take are not even felt to be communication acts at all; rather, we just 

engaged in normal activities; and the computation becomes invisible [27].  

 A system is context-aware if it uses context to provide relevant information and/or services 

to the user, where relevancy depends on the user‟s task [10]. More and Dourish [26] also 

mentioned the one goal of context-aware computing is to acquire and utilize information 
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about the context of a device to provide services that are appropriate to the particular people, 

place, time, events, etc. Context-aware systems are able to adapt their operations to the 

current context without explicit user intervention and thus aim at increasing usability and 

effectiveness by taking environmental context into account.  

When dealing with context, three entities can be distinguished: places (rooms, buildings etc.), 

people (individuals, groups) and things (physical objects, computer components etc.). Each of 

these entities may be described by various attributes summarized to three main categories: 

identity (each entity has a unique identifier), location (an entity‟s position, co-location, 

proximity etc.), status (or activity, meaning the intrinsic properties of an entity, e.g. 

temperature and lightning for a room, processes running currently on a device etc.) [30]. One 

popular way to classify context instances is the distinction of different context dimensions. 

These dimensions are called „external‟ and „internal‟, refers to „physical‟ and „logical‟ 

context respectively. The „external‟ or physical dimension means context that can be 

measured by hardware sensors/dynamic sensors, i.e. location, light, sound, movement touch, 

temperature, air pressure etc. Whereas the „internal‟ or logical dimension is mostly specified 

by the user or captured by monitoring the user‟s interaction, i.e. the user‟s goals, tasks, work 

context, business processes, the user‟s emotional state etc. [30]. By sensing context 

information, context enabled applications can present context information for users, or 

modify their behavior according to changes in the environment.  

 

2.3 Mobile phone based context- aware application  
In the history of computation, the development of hardware devices and wireless technology 

is a major foundation for realizing pervasive computing vision. Computation is now 

packaged in a variety of devices. Smaller and lighter laptop/notebooks, as powerful as 

conventional personal computers, free us from the confines of the single desk. Specialized 

devices such as handheld personal organizers are portable enough to be with us all the time. 

Wireless technology allows devices to be fully interconnected with the electronic world. Cell 

phones are really networked computers. Over the past decade, there has been a widespread 

adoption of mobile phones and personal digital assistants (PDAs) all over the world. 

Economies of scale both for the devices and the supporting infrastructure have enabled 

billions of mobile devices to become affordable and accessible to large groups of users [36].  

Since its introduction in the mid-1980s, the sophistication of mobile devices in terms of the 

numbers and types of services they can provide has increased many times over. The 
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improvements to mobile devices and back-end infrastructure has allowed for additional 

information to be used as input to mobile devices and services. In particular, context, or 

information about the user, the user‟s environment and the device‟s context of use, can be 

leveraged to expand the level of input to mobile devices and support more efficient 

interaction with a mobile device. 

The use of context in mobile devices is receiving considerable attention in various fields of 

research including mobile computing, wearable computing, augmented reality, ubiquitous 

computing and human-computer interaction. A general motivation is that context-awareness 

can serve to compensate for the abstraction that is required in the first place to make systems 

accessible in changing environments and situations. Context is particularly relevant in mobile 

computing. When users are mobile, their context of use changes much more rapidly than 

when they are stationary and tied to a desktop computing platform. For example, as people 

move, their location changes, the devices and people they interact with changes more 

frequently, and their goals and needs change. The actual utility of context-awareness in 

mobile systems has been demonstrated in a wide range of application examples, in obvious 

domains such as fieldwork [37, 39] and tourism [40, 41, 38], as well as in emerging areas like 

affective computing based on bio-sensing [42, 43]. Also, it has been shown, that context is 

useful at different levels within a mobile device. At systems level, it can be exploited for 

example for context-sensitive resource and power management. At application level, context-

awareness enables both adaptive applications and explicitly context based services. And at 

the user interface level, the use of context facilitates a shift from explicit to implicit human-

computer interaction, toward less visible if not invisible user interfaces [44, 45].  

Generally mobile context-aware applications are those that run on wireless devices e.g., 

mobile phones, PDAs, and have an awareness of the physical and social situation in which 

they are deployed.  

 

2.4 Context-Awareness, its challenge and suggested ground rules 
Context-awareness is fine in theory. One of the huge problems in building a new context 

aware application is start building from the scratch, no reusable support for building. Dey and 

Häkkilä in their paper specifically mentioned particular problems that the developers faced. 

Those are [29]: 

 Context often comes from non-traditional devices that developers have little 

experience with, unlike the mouse and keyboard. 
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 Raw sensor data is often not directly useful to an application, so the data must be 

abstracted to turn it into useful context. 

 Context comes from multiple distributed and heterogeneous sources, and this context 

often needs to be combined (or fused) to be useful. This process often results in 

uncertainty that needs to be handled by the application. 

 Context is, by its very nature, dynamic, and changes to it must be detected in real time 

and applications must adjust to these constant changes in order to provide a positive 

user experience to users. 

 Usability risks for mobile context aware application.   

 

Dey and Häkkilä also mentioned the uncertainties in context recognition, information 

overflow, lack of user control, application complexity, privacy violation, subjective 

understanding of context attributes, lack of commonly agreed ontologies, imbalance between 

automated and user initiated actions and poor interoperability as source of the usability risk. 

By pointing out the above problems they point out 8 design guidelines in order to avoid these 

negative design consequences and minimize usability risk for mobile context aware 

application and provide values that context aware application offer to end users. Those 

ground lines are: 

GL1: Select appropriate level of automation – in practice, features such as automation level 

or level of proactivity may be designed differently if the confidence level of context 

recognition can be estimated correctly. The greater the uncertainty is in context recognition, 

the more important it is not to automate the action.   

                               𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑖𝑡𝑦 ~
1

𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛  𝑙𝑒𝑣𝑒𝑙
  …………………………. (1) 

The automation level has large impact on the number of expected interruption the system 

creates for the user.  

                               𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑜𝑛 𝑙𝑒𝑣𝑒𝑙 ~ 𝑢𝑠𝑒𝑟 𝑐𝑜𝑛𝑡𝑟𝑜𝑙  ……………………… (2)   

GL2: Ensure user control – the user must be able to take control of the device and context- 

aware application at any time, especially when the device is performing erroneous action and 

the user wants to take a corresponding action and when the user just wishes to feel in control.  

User control can be implemented for e.g. with confirmation dialogues, however, this must be 

balanced with the need to minimize unnecessary interruption.  

GL3: Avoid unnecessary interruption – if the system thinks that the interruption will provide 

high value or benefit to the user, allowing the interruption is often seen as positive for e.g. 



  
 

15  

 

reminders, alarm clocks. But these interruptions depend on the user context and user 

threshold for putting up with intrusion.  

GL4: Avoid information overflow – in order to address the usability risk of information 

overflow where several different tasks or events compete for this channel, a priority ordering 

needs to be defined.  

Systems should not present too much information at once, and should implement filtering 

techniques for to avoid messages that may appear to be spam to users. Also, information 

should be arranged in a meaningful manner to maintain and maximize the understandability 

of the system.     

GL5: Appropriate visibility level of system status – The visibility level of what the system is 

doing has to be sufficient for the user to be aware of the application‟s actions.  

When uncertainty in context awareness is involved, there must be greater visibility of system 

state in order to allow the user to recognize the risk level and possible malfunction.  

System status need not be overwhelming and interrupting to the user but can be provided in 

an ambient or peripheral fashion, information is dynamically made more visible as the 

importance value grows and may eventually lead to an interruption event to the user if its 

value is high enough.  

GL6: personalization for individual needs– Context-awareness should allow a device or 

application to respond better to the individual user‟s personal needs e.g. filtering of 

interruptions according to the user‟s personal preference. It may also be used to improve the 

subjective understanding of context attribute.  

Allowing the user to name or change context attributes, such as location name or temperature 

limits, contribute to user satisfaction and ease of use. 

GL7: Secure users privacy – Privacy is a central theme with personal devices, especially with 

devices focused on supporting personal communication, and impacts, for example trust, 

frequency of use, and application acceptability. Special care should be taken with 

applications that employ context sharing. 

If necessary users should have the ability to easily specify that they wish to remain 

anonymous with no context shared with no other entities.  

GL8: Take into account the impact of social context- The social impact of a context-aware 

application taking an action must be part of the consideration in deciding whether to take the 

action or not. In some social contexts, certain device or user behavior may be considered 
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awkward or even unacceptable. In such situations, there must be an appropriate balance of 

user-initiated and system-initiated actions.   

Having the above problem and ground lines in mind many researchers try to come up with 

some reusable architectures, middleware‟s and frameworks for designing and developing 

context aware application.  

 

2.5 Architecture, Middleware and Frameworks  

2.5.1 Architecture  

Pervasive computing aims to provide proactively adapted services to both user and 

applications according to the global context. As mentioned above, the main characteristic of 

devices in such system is their context awareness. Since its apparition, pervasive computing 

has required tools (architectures, frameworks and middleware), methods and concepts to 

support the development of a context-aware system and ease their design and implementation 

[57].  

Different approaches have been taken to provide a common architecture for context-aware 

application and the structuring of functionality of context –reasoning mechanism.  

Winograd [30], based on considerations of special requirements and conditions like the 

location of sensors (local or remote), the amount of possible users (one user or many), the 

available resources of the used devices (high-end-PCs or small mobile devices) or the facility 

of a further extension of the system, three different approaches of context aware system 

architectures can be distinguished. Those are  

 Direct sensor access: used in devices with sensors locally built in. The client software 

gathers the desired information directly from these sensors, i.e. there is no additional 

layer for gaining and processing sensor data. Drivers for the sensors are hardwired 

into the application, so this tight coupled method is usable only in rare cases as it 

complicates extensibility. Also it is not suited for distributed systems due to its direct 

access nature without any component capable of managing multiple concurrent sensor 

accesses. 

 Middleware based: introduces a layered architecture to context-aware systems with 

the intention of hiding low-level sensing details. Compared to direct sensor access this 

technique eases extensibility since the client code has not be modified anymore and it 

simplifies the reusability of hardware dependent sensing code due to the strict 

encapsulation. 
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 Context server: this distributed approach extends the middleware based architecture 

by introducing an access managing remote component. Gathering sensor data is 

moved to this so called context server to facilitate concurrent multiple access. Beside 

the reuse of sensors the usage of a context server has the advantage of relieving 

clients of resource intensive operations. As probably the majority of end devices used 

in context-aware systems are mobile gadgets with limitations in computation power, 

disk space etc. this is an important aspect.   

Winograd [30] in his paper also describes three different context management models for 

coordinating multiple processes and components. 

 Widgets: Derived from the homonymous GUI elements a widget is a software 

component that provides a public interface for a hardware sensor [29]. Widget hide 

low level details of sensing and ease application development due to their reusability. 

Because of the encapsulation in widgets it is possible to exchange widgets which 

provide the same kind of context data (e.g. exchange a radio frequency widget by a 

camera widget to collect location data). Widgets are usually controlled by some kind 

of a widget manager. The tight coupled widget approach increases efficiency but is 

not robust to component failures. 

 Networked services: This more flexible approach resembles the context server 

architecture. Instead of a global widget, manager discovery techniques are used to 

find networked services. This service based approach is not as efficient as widget 

architecture due to complex network based components but provides robustness. 

 Blackboard model: In contrast to the process-centric view of the widget and the 

service-oriented model, the blackboard model represents a data-centric view. In this 

asymmetric approach processes post messages to a shared media, the so called 

blackboard, and subscribe to it to be notified when some specified event occurs. 

Advantages of this model are the simplicity of adding new context sources and the 

easy configuration. Unfavorable is the need of a centralized server to host the 

blackboard and the lacks. 

But according to Moran and Dourish, current research focuses on either different version of a 

black board –based approach, or on a widget –based approaches. Usually these approaches 

are implemented in the form of middleware, or in the form of application framework [26].  



  
 

18  

 

2.5.2 Middleware  

The composition of context-aware systems is characterized by a high degree of heterogeneity. 

However, all approaches agree in decoupling context capturing and context processing from 

application composition by encapsulating the context management logic into middleware‟s 

[46].  

Middleware is software that supports mediation or communication between other components 

across heterogeneous platform and varying resources. Middleware addresses two broad 

characteristics of pervasive computing: the trade-off between awareness and transparency and 

cooperation between development support and runtime services. However, it must address 

specific characteristics as well.  Generally, the difference between just good and widely 

successful middleware is how easily it lets the application software developers exploit its 

various capabilities. In light of these broad characteristics, middleware for pervasive 

computing should also demonstrate specific characteristics to facilitate pervasive computing 

applications [34]. These are uniform development support, application-specific context 

acquisition, analysis, and detection, context-triggered action and transparent support for ad 

hoc communication. 

Some example of middleware approaches include:  

A. Gaia 

Gaia is a middleware infrastructure that extends typical operating system concepts to include 

context-awareness. It aims at supporting the development and execution of portable 

applications for active spaces. Gaia exports services to query and utilize existing resources, to 

access and use current context, and provides a framework to develop user-centric, resource-

aware, multi-device, context sensitive and mobile applications [30].  

Gaia is a distributed context middleware that coordinates software entities and network 

devices in a physical space. By defining active space, Gaia supplies services to manage 

context of entities inside the space. However, most context entities involved in active spaces 

are static. Though services related to a moving person have been developed, no clear and 

detailed description of data management for mobile entities has been given [6]. 

B. SOCAM (Service-Oriented Context-Aware Middleware)   

SOCAM uses a central server called context interpreter, which gains context data through 

distributed context providers and offers it in mostly processed form to the clients. The 

context-aware mobile services are located on top of the architecture: they make use of the 

different levels of context and adapt their behavior according to the current context [30].  
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The SOCAM architecture aims to provide an efficient infrastructure support for building 

context aware services in pervasive computing environments. It is a distributed middleware 

that converts various physical spaces from which contexts are acquired into a semantic space 

where contexts can be shared and accessed by context aware services [35]. It consists of the 

following components, which act as independent service components, see Figure 2.2:  

 Context providers: They abstract useful contexts from heterogeneous sources, 

External or Internal; and convert them to OWL representations so that contexts can be 

shared and reused by other service components. 

 Context interpreter: It provides logic reasoning services to process context 

information.  

 

 
 

Figure 0-1.2: Overview of the SOCAM architecture [adapted from 35] 

 

 Context database: It stores context ontology and past contexts for a sub-domain. 

There is one logic context database in each domain, i.e. home domain. 

 Context aware services: They make use of different level of contexts and adapt the 

way they behave according to the current context. 

 Service-locating service: It provides a mechanism where context providers and the 

context interpreter can advertise their presence; it also enables users or applications to 

locate these services. 

 



  
 

20  

 

C. Reconfigurable Context- Sensitive Middleware for Pervasive Computing (RCSM) 

RCSM is a middleware designed to facilitate applications that require context awareness or 

spontaneous and ad hoc communication. It considers all three types of application i.e. context 

sensitivity, ad hoc communication and context – sensitive ad hoc communication to be 

equally important for pervasive computing environments. 

RCSM provides an object-based framework for supporting context-sensitive applications. 

Taking an object-based approach in RCSM presents additional leverage beyond the benefits 

that simple object orientation provides. RCSM models context-sensitive application software 

as context-sensitive objects, which consist of two parts: a context- sensitive interface and a 

context independent implementation. The interface encapsulates the description of the 

application‟s context awareness, whereas the implementation remains contexts free [34]. 

D. Coalition  

Coalition is a platform for context aware mobile application development that is capable of 

locating and extracting relevant context data from large number heterogeneous data sources 

distributed over many different operating environments through its context data management 

layer [6].  

The middleware architecture consists of four logical layers [32]. These are  

 Physical space layer:  represents the various context data source. Physical space is an 

operating environment that provides context data from its attached entities such as 

sensors, actuators and computing devices. 

 Context data management layer: to efficiently manage physical space and support 

context data look up.  

 Service management layer: discovery of system services or third party services. 

 Application layer:  interact with the middleware services to retrieve contextual 

information, use third party services or orchestrate services to fulfil tasks requiring the 

collaboration of multiple services.   

 

2.5.3 Frameworks  

To really simplify the developing of context-aware applications, an abstract framework is 

needed. Such a generic infrastructure not only provides client access to retrieve context data, 

it also permits the simple registration of new distributed heterogeneous data sources [12]. 

Some applications frameworks that have been proposed are:  
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A. Context toolkit  

The context toolkit was proposed as a tool to help the developers of context-aware systems. It 

has a layered architecture that permits the separation of context acquisition, representation 

and adaptation process [57]. Dey and Häkkilä [29] in their work context toolkit they used a 

number of abstractions to ease the building of applications. The Context Toolkit aims at 

facilitating the development and deployment of context aware applications. The context 

information reflects an application's operating environment that can be sensed by the 

application. The Context Toolkit consists of context widgets and a distributed infrastructure 

that hosts the widgets [31]. Context Toolkit framework separates acquisition and presentation 

of context information from the application that requires it, by using the widgets [58]. 

Context widget is one of the abstractions that is similar to GUI widget but it abstracts the 

source of an input and only deals with the information the source produces [29].  In other 

word context widgets are software components that provide applications with access to 

context information while hiding the details of context sensing [31].  Figure 2.3 shows the 

context toolkit architecture   

 

Figure 2.3 Context Toolkit Architecture (CMU) [adapted from 32] 

 

The services of the Context Toolkit are: 

 Encapsulation of sensors 

 Access to context data through a network API 

 Abstraction of context data through interpreters 
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 Sharing of context data through a distributed infrastructure 

 Storage of context data, including history 

 Basic access control for privacy protection  

B. Context Management Framework (CMF) 

The CMF (context management framework) allows semantic reasoning on context in real 

time and even in the presence of noise, incertitude and rapid variation of context. It delivers 

contextual information to applications by using a communication model based on events. The 

framework proposes client/server architecture composed of the following basic components 

[57]: 

 Context manager: responsible for the storage of contextual information on server and 

the delivery of context to clients using different kinds of mechanisms 

(request/response, subscription/notification, etc.) 

 Resource server: responsible for the acquisition of contextual information from 

physical sensors and their interpretation according to a specific format before sending 

them to the context manager 

 Context recognition service: responsible for the conversion of the data stream to a 

presentation defined in the context ontology 

 Change detection service: responsible for the detection of service change and 

therefore the context change 

 Security: responsible for the verification and control of contextual information 

Figure 2.4 depicts the Context Management Framework.  

 

 

 

 

 

 

 

 

 

 
 

Figure 2.4: Architecture of the Context Managing Framework [adapted from 57] 
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In mobilife project Flor´een et al. [58] they also design an architecture, which they call the 

Context Management Framework (CMF) as shown in Figure 2.5.   

 

 
Figure 2.5: Key function of the CMF [adapted from 58] 

C. Hydrogen  

Hydrogen [69] is both architecture and a framework for context-aware systems. It is a three 

layered architecture that responds to particular requirements of mobile devices. The 

architecture (Figure 2.6) has the following layers: adaptation, management and application. 

The context server (management layer) contains all the sensed information perceived by the 

sensors of the adaptor layer and provides context to the application layer of the attached 

device or other devices using a peer-to- peer communication model. The Hydrogen approach 

considers context as any pertinent information on an application environment and describes it 

using an object oriented model.  

The architecture can be implemented easily, is simple and takes into account the limited 

resources of mobile devices (battery, memory, processing, etc.) and uses a peer-to-peer 

communication model (distributed). The adaptor layer does both the sensing and the 
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interpretation task of context which does not offer a good abstraction of context and limits the 

reusability of such component. Also, it makes it very dependent to sensors. The architecture 

does not contain a reasoning module on context to ease the adaptation task. 

 

 
Figure 2.6: The Hydrogen architecture [adapted from 69] 

 

2.6 Context Modeling and Reasoning  
As we describe in Section 2.4, developments of context-aware applications is inherently 

complex. These applications adapt to changing context information: physical context, 

computational context, and user context/tasks. Context information is gathered from a variety 

of sources that differ in the quality of information they produce and that are often failure 

prone. The pervasive computing community increasingly understands that developing 

context-aware applications should be supported by adequate context information modeling 

and reasoning techniques. These techniques reduce the complexity of context-aware 

applications and improve their maintainability and evolvability [54]. 

 

2.6.1 Context Modeling  

Pervasive environments are characterized by different kinds of elements, e.g. dynamicity, 

devices, sensors and so on. Two important tools to deal with these smart environments are 

context modeling and context awareness. Context awareness is important for pervasive 

computing environments to adapt computational entities to changing situations such as the 
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user‟s needs and technical capabilities whereas context modeling is an important instrument 

to deal with contexts and how they are collected, organized and represented.  

Schmohl and Baumgarten [46] point out that context model is a model that represents 

formally contexts in a way computers can interpret it and context modeling is the process of 

abstracting and representing contextual information for further processing.  

Schmohl and Baumgarten [46] and Strang and LinnhoffPopien [50], point out the most 

relevant context modeling approaches or sets of context models that are classified by the 

scheme of data structures which are used to exchange contextual information in the 

respective system. These are: 

 Key-value models: These are the most simple data structures associating context 

attributes with specific values of contextual information. 

 Markup scheme models: These models consist of hierarchical data structures based on 

markup tags including attributes and comments.  

  Graphical models: A quite intuitive approach to model context is to represent 

contextual entities and their relationships graphically. The most prominent examples 

are Unified Modeling Language (UML), which is suitable due to its generic structure 

paired with a strong graphical component; and Object-Role Modeling (ORM), which 

can be nicely utilized to represent context graphically by identifying facts and 

enriching those with types and roles. 

 Object-oriented-models: consist of encapsulating contextual information into objects. 

The information can only be accessed through well defined interfaces and is therefore 

hidden from other objects. Due to the nature of object-oriented modeling this 

approach emphasizes reusability and controlled access to contextual information. 

 Logic-based model: represents a highly formal modeling approach. It is based on 

logics, which define conditions on which concluding expressions or facts may be 

derived from sets of other expressions or facts. Those conditions are described by 

rules in a formal system, so that the facts, expression and rules put all together define 

the context. 

 Ontology-based models: use ontologies, which are used to represent concepts and 

relations between concepts. They represent a uniform way for specifying the model‟s 

core concepts as well as sub concepts and facts, thus enabling contextual knowledge 

sharing and reuse.  



  
 

26  

 

2.6.2 Context Reasoning  

Some context information of interest to particular context-aware application cannot be 

measured or obtained directly, but can only be derived. This inference of new higher-level 

context information, as well as predicting future values of context attributes to support 

proactive applications, is the domain of context reasoning [54,55]. 

Context reasoning means to automatically deduce further, previously implicit facts from 

explicitly given context information [51].   

M.Perttunen et al. [52] categorize and summarize context representation and reasoning 

(KR&R) as logic-programming, case-based reasoning and ontology based reasoning. They 

also mention Bayesian networks, fuzzy and probabilistic logic to deal with representing and 

reasoning under uncertainty.   

 

2.7 Location based service (LBS) 
A location-based service (LBS) is a mobile application that is dependent on the location of a 

mobile device, like mobile phone. A Location Based Service (LBS) is an information and 

entertainment service, accessible with mobile devices through the mobile network and 

utilizing the ability to make use of geographical position of the mobile device [33].  LBS help 

us locate position of any object on our planet. Common uses of LBS are navigation, mapping, 

troop deployment in military, vehicle tracking etc. The most popular positioning methods 

used by LBS systems are: 

Satellite Based Positioning 

GPS Constellation consists of 24 satellites that orbit the earth every 12 hours. To use this 

GPS system all we need is GPS receiver. This receiver is tracked by 3 or more satellites and 

the calculations are done to get a correct position of the GPS receiver.  

Cellular Network Based Positioning 

In this method, the service provider network towers calculate the position of the mobile 

phone by calculating the position based on the signal strength from various towers. However 

GPS approach gives more accurate results. 

Short Range Positioning 

In this method, the Bluetooth talks with a local server to get position. 

The above approaches are taken care by the Location API implementation and finally we get 

latitude, longitude, altitude and precision of service. LBS development to track a mobile user 
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can be done in two ways - Application on mobile approach & Service Provider Web service 

approach 

Application on mobile approach 

A J2ME or any other platform application sits on the mobile phone and calls API's to find the 

position. This approach has the following features: 

 A GUI based application on your mobile phone.  

 No need of any tie-up with the service provider. However, service providers may 

charge you for access to this service.  

 Target devices can only be J2ME phones or any others phones that support Symbian, 

Pocket PC etc. 

Service Provider Web service Approach 

Here, your server application directly queries the service provider web service which gives 

the mobile user position. This approach has following features: 

 Major advantage of this approach is that any mobile phone can be tracked immaterial 

of platform, OS etc. 

 This approach is not suitable for mobile maps 

 Tie-up is needed with the service provider and the service providers will charge you 

for this service. 

In order to make LBS services possible, some infrastructure elements are necessary, 

including mobile devices, applications, communication network, positioning component, and 

service servers [45].  

Figure 2.7 shows the interactions among these components, and the process of a LBS service. 

First, user sends a service request using the application running on mobile device (Step 1). 

The service request, with user's current location information obtained from the positioning 

component (in this example, GPS data), is sent to service server via the mobile 

communication network (Step 2). The service server requests geographic database and other 

related database to get required information (Steps 3, 4). At last, the requested information is 

sent back to user's mobile phone via mobile communication network (Steps 5, 6).  
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Figure 2.7: LBS components and Service Process [adapted from71] 

 

2.8 Information Extraction from the Web   

2.8.1 The World Wide Web 

The World Wide Web (W3) was developed to be a pool of human knowledge, which would 

allow collaborators in remote site to share their ideas and all aspects of a common project 

[48].It view is of documents referring to each other by links. This simple view is known as 

the hypertext paradigm [47]. W3 has come to stand for a number of things, which should be 

distinguished. These include [48]: 

 The idea of a boundless information world in which all items have a reference by 

which they can be retrieved.  

 The address system (URI/Universal Resource Identifier) which the project 

implemented to make this world possible, despite many protocols. URI the string used 

as addresses of objects (e.g. menus, documents, images) on the web.  

 A network protocol (HTTP)-Hypertext transfer protocol (HTTP) is the software 

conventions used by client and server programs for WWW to request and transfer 

hypermedia documents. 
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 A markup language (HTML) which every W3 client is required to understand, and 

used for the transmission of basic things such as text, menu and simple on line help 

information across the net. Hypertext mark-up language (HTML) is the system of 

codes used by authors to build the hypertext-pages/files in WWW, for instance to 

create a title or an anchor. 

 The body of data available on the Internet. 

The web operates without regard to where information is, how it is stored, or what system is 

used to manage it [47]. As shown in Figure 2.8, the architecture of W3 is one of browsers 

(clients) which knows how to present data but not what its origin is, and servers which know 

how to extract data but are ignorant of how they will be presented. 

 
Figure 2.8: Architecture of W3 [adapted from 47] 

 

With its rise in the late nineties, the web was intended as a medium to distribute content 

among an audience. Alike newspapers and magazines, the communication was merely one 

way. The content published on the web was presented in an often attractive format and lay-

out, using a natural language [49].  

Nowadays, the web is a place where people can easily contribute, share and reuse thoughts, 

stories or other expressions of creativity. The popularity of social web sites enriches the 

information available on the web. This mechanism turned the web into a place where people 

can form nuanced opinions about virtually any imaginable subject [49]. The information on 

the web is currently not only presented in a human-friendly fashion, but also in formats that 
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allow interpretation of information by machines. The so-called Social Web, or Web2.0, 

enables people to easily create and publish content. Moreover, content can be easily reused 

and combined. A movement next to the social web is the semantic web. The semantic web 

community has created a dedicated formal language to express concepts, predicates and 

relations between concepts. Using this mathematical language for general information, 

knowledge can be expressed on every imaginable topic. The semantic web can be seen as a 

distributed knowledge base. Instead of browsing through web pages, the semantic web 

enables direct access to information [49].  

The web is a way of accessing information over the medium of Internet. The Internet is a 

huge collection of data that is mostly semi-structured or unstructured. It is very important for 

websites to be light and responsive. They are designed in such a way that data retrieval is 

very quick and efficient. Hence, the websites do not use the structured data model that is 

normally associated with databases but instead use XML or JSON to enable huge amounts of 

data to be stored and retrieved efficiently. The technologies used in the Internet are designed 

in such a way that each website can store and present the data differently. With the Internet 

expanding across the world and the data on the Internet is accessible by everyone, makes the 

Internet the most efficient and effective platform. Due to the flexibility and scope of the 

Internet, a lot of development is taking place to invent new technologies to constantly 

improve the visibility of its content. Many efficient methods have been employed for the 

storage and retrieval of data. The same content and its interface can be developed in multiple 

ways using various technologies due to the lack of a fixed structure or hierarchy of data 

across the Internet. Due to the constant changes involved, designing and developing a 

standard algorithm or technique to extract data from all the web pages has become very 

difficult.  

 

2.8.2 Web Mining 

Web mining is the process of identifying data patterns on the Internet by using various data 

mining methods. Internet content is generated from different data sources. The mining of 

content on the Internet can be divided into three sections. 

Web Usage Mining 

Many companies and educational institutions are investing time and effort on research to find 

new methodologies to improve the process of mining data from the web. Web usage mining 

is especially useful for e-commerce websites, where the company is concerned about the 
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user‟s interest and would like to present the data in their website according to the user‟s 

interest. The data from server logs and mouse events of the user are captured and the data is 

used to identify the user‟s requirement. Some users might look for textual data and some 

might look for media. This information is later used to analyze and predict the user‟s interest. 

Then the user is provided with information they are looking for, thereby making the website 

more user-friendly. Typically, a web application would store the IP address of the user, the 

sections of the web page accessed by the user, the searches made by the user, and the user‟s 

mouse events. 

Web Structure Mining 

Web structure mining is a method to understand the relationship between various hyperlinks 

available in a website. This would help the website designers to understand the hierarchy of 

the website and to connect relevant information through links. These links will help the user 

to access the content of the website. 

Web Content Mining 

Web content mining is an efficient method to extract useful data from the web page contents. 

Since the data is semi-structured, the extraction of this data is challenging and also the lack of 

a data model makes it very difficult to develop a standard technique to identify the 

information from the websites.  

Web content can be divided into two points of view, the IR view and the database view. The 

IR view or information retrieval view, deals with extracting information from semi-structured 

data source. The database view tries to determine if the data is stored in the database. In this 

project, we focus on web content mining and use various techniques to extract the data from 

the websites. 
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CHAPTER 3: RELATED WORK 
Research topics related to our system include recommender system, location-based service, 

context-aware mobile recommendation and social recommendation for context aware 

services. 

3.1 Recommender Systems 
Adomavicius and Tuzhilin [11] point out that recommender systems emerged as an 

independent research area in the mid-1990s, when researchers and practitioners started 

focusing on recommendation problems that explicitly rely on the notion of ratings as a way to 

capture user preferences for different items. Since the publication of the first papers on 

collaborative filtering [Hill et al. 1995; Resnick et al. 1994; Shardanand and Maes 1995], 

recommender systems have become a burgeoning research field [1]. 

In Adomavicius and Tuzhilin [11], present a comprehensive overview about the traditional or 

the 2D recommender system i.e. a paradigm that deal with applications having only two types 

of entities, users and item. The approaches to these recommender systems focus on 

recommending the most relevant items to individual users and do not take into consideration 

any contextual information, such as time, place and the company of other people. The rating 

function R is given by:    

R: User×Item→Rating ………………………….. (1) 

Rating is a rating domain representing the ordered set of all possible rating values. In 

recommender systems the goal is to estimate the unknown rating function R total. Once the 

function R is estimated for the whole User × Item space, a recommender system can 

recommend the highest-rated item (or k highest-rated items) for each user. Figure 3.1 shows 

 
Figure 3.1: General component of the traditional recommendation process (adapted from 

[1]) 

However, in many applications, such as recommending a vacation package, personalized 

content on a web site, or a movie, it may not be sufficient to consider only users and items – 

it is also important to incorporate the contextual information into the recommendation 

process in order to recommend items to users in certain circumstances. By considering this, 

Adomavicius et al. propose and give a brief description about the context aware 

recommender system (CARS) especially that is based on contextual user preference 
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elicitation and estimation approach. Here they advance some possible extensions that could 

improve the user experience. Among others, these extensions include an enhanced 

understanding of users and items, and the inclusion of information about user context into the 

recommendation process: 

R: User×Item×context →Rating……………………………. (2) 

They typically employ all collected data to determine appropriate recommendations and they 

also mention how the contextual information or information about the current (or desired) 

context „c’ can be applied at various stages of the recommendation process. They point out 

the different approaches to using contextual information in the recommendation process, i.e. 

(1) Recommendation via context driven querying and search. Systems using this 

approach typically use contextual information (obtained either directly from the user, 

e.g., by specifying current mood or interest, or from the environment, e.g., obtaining 

local time, weather, or current location) to query or search a certain repository of 

resources (e.g., restaurants) and present the best matching resources (e.g., nearby 

restaurants that are currently open) to the user.  

One of the early examples of this approach is the Cyberguide project, which 

developed several tour guide prototypes for different hand-held platforms. Some 

Other examples of context-aware tourist guide Systems are GUIDE, INTRIGUE, 

COMPAS and MyMap systems. 

(2)  Recommendation via contextual preference elicitation and estimation. It attempt to 

model and learn user preferences, e.g., by observing the interactions of this and other 

users with the systems or by obtaining preference feedback from the user on various 

previously recommended items. To model users‟ context-sensitive preferences and 

generate recommendations, these techniques typically either adopt existing 

collaborative filtering, content-based, or hybrid recommendation methods to context-

aware recommendation settings or apply various intelligent data analysis techniques 

from data mining or machine learning (such as Bayesian classifiers or support vector 

machines). 

They also mention that there are applications like UbiquiTO system which implements a 

mobile tourist guide, provides intelligent adaptation not only based on the specific context 

information, but also uses various rule-based and fuzzy set techniques to adapt the application 

content based on the user preferences and interests, that combine both general approaches 

(i.e., context-driven querying and search as well as contextual preference elicitation and 
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estimation) into a single system. Similarly, the News@hand system also uses semantic 

technologies to provide personalized news recommendations that are retrieved using user‟s 

concept-based queries or calculated according to a specific user‟s (or a user group‟s) profile. 

Even if the traditional or the 2D recommender system is not sufficient for the purpose of 

personalized context aware recommendation, making the recommendation multi dimensional 

has its own problem. The system proposed by Adomavicius et al. [64] relies on a reduction-

based approach, which reduces the problem of multidimensional contextual recommendation 

to the standard 2D User×Item recommendation space. The approach takes into account only 

the ratings related to the context of the user-specified criteria in which a recommendation is 

suggested. However, the exact context sometimes can be too narrow either specific context 

may not be significant or may not have enough data for accurate ratings prediction which is 

known as the “sparsity” problem in recommender system.  

The reduction-based approach, on the one hand, focuses recommendations on a particular 

segment and builds a local prediction model for this segment, but, on the other hand, 

computes these recommendations based on a smaller number of points limited to the 

considered segment. This tradeoff between having more relevant data for calculating an 

unknown rating based only on the ratings with the same or similar context and having fewer 

data points used in this calculation belonging to a particular segment (i.e., the sparsity effect) 

explains why the reduction-based recommendation method can outperform traditional 2D 

recommendation techniques on some segments and underperform on others. Which of these 

two trends dominates on a particular segment may depend on the application domain and on 

the specifics of the available data. 

Based on this observation, Adomavicius et al. propose to combine a number of contextual 

pre-filters with the traditional 2D technique (i.e., as a default filter, where no filtering is 

done). Adomavicius and Tuzhilin [4] also point out the contextual post filtering approach that 

ignores context information in the input data when generating recommendation and 

contextual modeling approach that uses information directly in the recommendation function 

as an explicit predictor of a user‟s rating for an item. Both approaches use Heuristic and 

model based techniques for recommendation. The authors describe a movie recommendation 

application that includes multidimensional contextual information, such as when, with whom, 

and where the movie was seen. The general recommendation system differs with our system 

in the recommendation approach it follows and the considered contextual information and 

above all our application is specially designed for mobile users. 
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3.2 Location-Based Services 
Among the most popular application there are location-based service (LBSs), in which 

knowledge of the end user‟s location is used to deliver relevant, timely and engaging content 

and information [62]. 

At the present time, information about the user‟s location is the most analyzed contextual 

element and it turns to be the only one used in popular location-based services (LBSs) such as 

Google maps, Yahoo! Maps and Bing maps. Location-based services are value added ones in 

which position information is used to present diverse and interesting services to user 

including emergency services, vehicle navigation systems, tourist broadcasting services, 

searching in country-wide or urban sites data banks using map. Location based services 

(LBSs) can be provided by using GPS, BSC & BTS, RFID and Google Map [59].  

Guide is one of location based service applications which provides tourists with up-to-date 

and context aware information about a city via PDA. Based on the closest access point, the 

client determines the approximate location of the user and provides tourists with information 

about sights, a map and the possibility of creating a tour. But to provide this information, the 

application use, not only location rather personal context (e.g. preferences, current location 

and a history of already visited attraction) and environmental context (e.g. links between 

nearby attractions, opening and closing time, relevance to user interest) [66]. 

Park et al. [65] propose a map-based recommendation system is able to take user preferences 

into account through a model based on Bayesian networks. The system collects user request 

and information about the context of use (e.g., location, time, and weather) from the mobile 

device. Then, it leverages the user profile to display the most relevant POIs on the map. But 

this system does not extract information from web sources.  

As recommender system is an evolutionary concept, H. Costa et al. [61] also by considering 

an exponential growth of the information available in the last decades, point out that 

Recommender Systems (RS) are a promising technique to be used in location-based systems. 

By having this idea in mind they develop a system that used an agent based approach for 

making context and intention-aware recommendations of points of interest (POI). Mainly, 

they analyze the advantage of using a multi agent system (MAS) capable of filtering 

irrelevant information while taking into account the user‟s context. Here, two parted agents 

architecture was used, with an agent responsible for gathering POIs from a location-based 

mobile application i.e. the Gowalla‟s Application, and a set of Personal Assistant Agents 

(PAA) that will collect information about the context and intentions of its respective user. 
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The PAA have a probabilistic classifier that was trained with the Naïve Bayes Updatable 

algorithm, for making recommendation. The system architecture has a master agent that is 

responsible for both agents. It is capable of aggregating the POIs returned from the web 

agents into a well defined knowledge representation. Figure 3.2 depicts the system 

architecture.  

 
Figure 3.2: System’s Architecture [Adapted from 61] 

 

The system uses standard POI attributes and also it integrates dynamic context data like 

user‟s context and goals in order to process the request. They produce a scenario by 

combining the user context i.e. defined by, proximity related to specific POI, current time of 

day, current day of the week and user‟s goal and POIs context i.e. defined by id, category, 

price, timetable and day off. POI that Gowalla application provides are food, shopping and 

night life. Since the main idea behind is, a different recommendation for different users even 

if their context is the same, the system is able to understand the difference between each user 

unique preference, intention and behavior. In order to evaluate this, they choose only one 

profile that can be seen as a stereotype of a user who prefers POIs that are near, cheaper and 

not closed. They use metrics like correlation coefficient, to correlate two different types of 

data, precision to evaluate the quality of recommendation and recall to evaluate the quantity 

of POIs extracted. When an agent recommends POIs to its user, the agent expects the user to 

rate each recommendation, and saves this information into its memory, which allows it to 

learn from the experience. 
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3.3 Context-Aware Mobile Recommendation 
In 1994, Schilit et al. [60] pioneered the term context-aware pervasive systems. Their work 

detailed a model of computing in which several diverse mobile and stationary systems 

interact with the user in order to determine, according to the user‟s location, POIs and people 

that are near, as well as changes in those objects over time. 

Bohmer et al. [67] pointed out a reason that the current recommender systems for mobile 

application under achieve since they neglect the very mobility of users. Recommender system 

should adapt to user‟s context to improve the ease of use. Contextual information required or 

that is useful for providing better recommendation can be different depending on the 

application domain and the available data. 

Appazaar [67] is one of context aware recommender system that is implemented as a 

prototype for Google android platform by taking advantage of what the platform provide, like 

applications to capture context information (e.g. the user‟s calendar, contacts, messaging and 

the call logs). The authors propose an approach for determining the context of use for mobile 

applications by observing the user‟s application usage. The application communicates with 

the server via HTTP request mainly to upload the recorded data and receive recommendation. 

The server makes all incoming data persistent. The user that has never been in a specific 

context before receives recommendations on what other users have used in a similar context 

before and the server maintains Meta information on the application (e.g. type, icon, title, and 

so on) and on the device (e.g. version of the operating system).  

In Y. Lin [68] does not exist present a smart phone application “motivate” that provides users 

with personalized and contextualized advice on possible physical activities to do. They 

present the design, implementation and evaluation of a context- aware recommendation 

system that promotes the adaptation of a healthy and active life style. The application is 

developed using the Android software development kit. It consists (1) Motivate web 

application, which is developed for users to edit user personal information and for system 

admin and (2) Mobile application, that sends the phone location detected by GPS or GSM 

localization to motivate service which generates advices. Motivate services include advising, 

location, agenda, weather, profile time and event and if there is a message found, a 

notification is sent to the user. 

Al Tair et al. [63] propose a system which uses contextual information in order to provide 

recommendations that are more suitable to the particular individual user. The authors propose 

alternative designs architecture for a traveler recommender system that will use a proactive 
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multi-agent to achieve its objective. This system integrates the multi-dimensional approach 

where contextual information is used, with multi-agent system and applies it for tourism. It 

provides services to the tourist based on their profiles and the contextual information. The 

system uses profile, username and password, trip details and selection of recommendation as 

input, and displays or recommends hotels, schedule, map reminder, and notification. In the 

system, there are three types of specialized agents that are hotels, events/places to visit and 

restaurants. This information is collected from different websites that provide the 

information. They implement multi-dimensional approach, conditional probability to make 

the feedback optional (to minimize user interaction), multi-attribute theory by using 

reduction-based approach and knowledge based recommendation. The system normally will 

bring recommendations mostly according to the weight of the ratings, yet when a user rejects 

a recommendation in favor of another choice, the system will reduce the recommended 

record and double the ratings of the newly selected choice. 

 

3.4 Social Recommendation for Context-Aware services 
Context encompasses more than just the user‟s location because further elements in the 

current situation relevant to an application are also mobile and changing [60]. Biancalana et 

al. [1] point out that rating or posting comments associated with items of interest and friends 

with people are important sources of data that can be analyzed and exploited to improve 

recommendation techniques and develop new recommendation strategies. 

Mobile phones have restricted text input capabilities and small size displays so they 

recommended that we need a system like polar, that addresses all issues by proposing the 

modeling of user preferences in order to adapt recommendation to meet his specific need, the 

definition of richer representation of the context with a view to giving the user only results 

actually consistent with his current needs and the enhancement of potentialities to exploit the 

vast amount of information from social networking, user reviews and local search web sites. 

The application has different web data sources such as Google Maps, Yelp, Zagat, forums, 

blogs and face book pages and groups and context augmented real time (e.g. weather or 

traffic report services). In this system, personalized recommendation is performed in two 

steps: (1) the POIs that match the current context are retrieved by the local database and (2) 

POIs ranked according to the user preferences highlighting the most relevant ones on the UI. 
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The social recommender system includes a context-aware recommendation engine based on 

artificial neural networks and has explicit representation of the user preferences. They use an 

associated profile with each user in order to represent his interests (adapted tag based profile).  

Social networks are also used with location to provide recommendation [59]. Due to many 

current generation of place based service that do not provide users with personalized 

suggestions, rather that offer suggestions close to interests based on users distance from the 

place where they are, they propose a social recommender system that contains capability of 

identifying users interest and preference and based on them and user‟s current place that offer 

suggestion. 

The personalization process is fulfilled using the information obtained from the learner. It 

helps to suggest a collection of comprehensive activities taking into consideration factors 

such as location, user preference and interest and so on. Most personalized systems use the 

nearest neighborhood algorithm to find the inter relation between user and user. The 

recommender system uses the inter relation in order to measure the rate of similarities 

between the two users to identify the users who are expected to be categorized together. The 

main idea of the social recommender system is similar users receive similar service i.e. if two 

users have similar interests they are placed in one group. 

Social recommender systems are a combination of social data on web like; user‟s social 

networks and spatial information. Because user‟s information includes personal information 

and interests in social network sites, considering user‟s current location and the information 

existing in social network database, it is possible to provide user with a suitable suggestion. 

Through this method users‟ interaction decreases and they can acquire their favorite 

information and services. They sugested a model as showen in Figure 3.3 

 

 
Figure 3.3: The process of suggesting new place to visit [Adapted from 59] 

They also show how the recommender system recommends the traffic spam as shown in 

Figure 3.4. 
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Figure 3.4: Spam traffic [adapted from 59] 

3.5 Summary  
With the flourishing of pervasive computing there are a lot of researches done and continued 

to be done in order to make viable its concept and vision. One of those areas that the 

researches employed is recommendation service or application. There are different 

recommender systems or applications developed for e.g. tourist guide, book, music, movie 

etc. For each recommender system, the contextual information that is used is different 

according to the usability of information and the services.  

Adomavicius and Tuzhilin [11] mentioned two approaches i.e. 1) recommendation via 

context driven querying and search and (2) recommendation via contextual preference 

elicitation and estimation. In its most common formulation, the recommendation problem is 

reduced to the problem of estimating ratings for the items that have not been seen by a user. 

This estimation is usually based on three methods i.e. content based (e.g. if user „A‟ and user 

„B‟ have similar music preferences, then songs liked by „A‟ but not yet considered by ‟B‟ 

will be recommended to „B‟), collaborative filtering (e.g. if user „A‟ likes song „S‟, then 

songs having content i.e. musical feature similar to ‟S‟ will be recommended to „A‟) and 

hybrid (the combination of content based and collaborative filtering) methods. The general 

recommender system significantly differs from our system by the recommendation approach 

it follows and the fact that it is not designed for mobile applications.  

Costa et al. [61] location is used as main contextual information. Our system will not use a 

location based mobile application like Gowalla rather it ties to get the location information 

from the user or the mobile phone and surf the needed information from the web according to 

the user‟s personal preference. The contextual information needed for the recommendation 

process in these two cases is also different. Our system also do not expect the user to rate 

each recommendation, for the purpose of minimizing the interaction of the user with the 

system. 
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Under Context aware mobile recommendation also there are different applications [67, 68, 

and 69] that consider the mobility of the user. There are also systems like [59] and [1] that 

use social networks for gathering the contextual information of user preference. In this 

Chapter, we reviewed recommender systems that utilize different advanced methods and 

techniques to recommend services to users. In our system, we will try to make an 

entertainment advisory system by studying the case of the services in our country. Our 

system will create development architecture by combining the contexts relevant to the 

application like location, schedule, interest or user preference and time for providing event 

advisory service and it tries to incorporate external contents via web service as well as peer 

users in order to make the service more efficient. Context information‟s used by those 

applications can also be used here, according to their relevance for the advisory system.   
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CHAPTER 4:  SYSTEM REQUIREMENT 
4.1 Existing System  

Entertainment is a form of activity that holds the attention and interest of an audience, or 

gives pleasure and delight and can be considered as one of the common needs for most of 

human beings. It can be an idea or a task, but is more likely to be one of the activities or 

events that have developed over thousands of years specifically for the purpose of keeping an 

audience's attention. Although people's attention is held by different things, because 

individuals have different preferences in entertainment, most forms are recognizable and 

familiar. History taught us storytelling, music, drama, dance, and different kinds of 

performance exist in all cultures, and over time they developed into sophisticated forms and 

became available to all citizens. This process has been accelerated in modern times by an 

entertainment industry which records and sells entertainment products. Organizations that 

mediate the deliverance of the entertainment products and host different events play a major 

role in delivering the entertainment products to whole citizens.   

The experience of being entertained has come to be strongly associated with amusement, so 

that one common understanding of the idea is fun and laughter, although many 

entertainments have a serious purpose. This may be the case in the various forms of 

ceremony, celebration or religious festival. Hence, there is the possibility that what appears as 

entertainment may also be a means of achieving insight or intellectual growth. 

As we mentioned above, the development of entertainment is accelerated by the different 

entertainment industries. Nowadays in Ethiopia, particularly in the capital city Addis Ababa, 

there are multiple public and private sectors that provide these services. When we see 

entertainment areas or when we consider by what activities the people entertain we can 

generally categorize the entertainment areas as movies, theatre, music, art, sports, festival, 

restaurants and malls.  

The movie industries in Ethiopia are now flourishing more than ever. Locally produced 

movies as well as foreign movies are watched widely and cinema halls are becoming one of 

the most favorite places for people to entertain. Among the 9 cinemas available in Addis 

Ababa, Edna mall cinema and Alem cinema are known for having website to maintain the 

schedule of the cinema and some movie related information even though the Alem cinema 

website movie schedule page is not updated periodically. The rest cinemas use paper based 

information to tell what is on their screen. Therefore, anyone who wants to watch a movie in 

these cinemas needs either directly go where the cinema is located to see their schedule or 
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have access to different newspapers and pamphlet on which they use to distribute their 

schedule and movie related information. On the other hand, some commercial web sites try to 

maintain partial information about some of the movies and schedules of some cinemas. But, 

they are not still in a position to relay on for proper information because of the fact that, the 

information they maintain is dependent on the objective of their organization, as a result it is 

incomplete and also not interactive too. Musical event information is also advertised using 

radio, television and posters that hang on some tall buildings of the city.  Art event 

information is even did not get much coverage like movie or music. Mainly, information can 

be obtained if you have direct contact with the artist, the art event host or if you know a 

person that works in that area. Sports, festivals, restaurants and mall information are mainly 

disseminated or advertised using radio or television media.   

Looking at the media the current entertainment provider‟s use, we come up with two basic 

questions that are (1) how many of people get the event information advertised and 

transmitted in the right time? And (2) how much amount of time did the users invest in 

searching of the event information and how those searched information turned out to be as 

the user required? By having these questions in mind and with having high opportunity 

access to technologies, like phones and computers, which provide access to the Internet, a 

proper, easily accessible, a user and event context aware delivering event information 

becoming the very need in the world of entertainment.                

 

4.2 System Requirement  

In order to alleviate the pre described problems, in Section 4.1, available in the existing 

system and to achieve high degree of access and delivery of information related to the 

entertainment industry, the proposed system focuses on developing a mobile phone based 

application that will provide personalized event information suggestion to the user by 

considering the contextual information of its client. In this section we describe the general 

and specific requirements of the proposed system i.e. a feature that the system must have or a 

constraint that must be satisfied to be accepted by the client.  

 

4.2.1 General Requirement  

The mobile phone based pervasive context-aware event advisory system needs two basic 

parties to be alive i.e. the user and the event information provider. The system requests the 

user to register their preference information in order to make a personalized suggestion and it 
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extracts known stored URLs or the event information providers to come up with the event 

information that matches with the user preference and other user contexts. Besides, the user 

and the event information provider, the system also need the basic telecommunication 

network infrastructure or the wireless network provided by the Ethio Telecom in order to 

deliver the acquired and processed event information to the user. 

 

4.2.2 Specific Requirement   

This section will list down the functional requirement, the system features and the non-

functional requirements of the mobile phone based pervasive context-aware event advisor 

system.  

 

4.2.2.1 Functional Requirement  

Functional requirements describe functions the software to execute. The mobile phone based 

pervasive context-aware event advisor system shall: 

 Register the user. 

 Register the event information providers. 

 Allow the user to manage preference.  

 Allow the system administrator to manage the users. 

 Manage the extracting of event information from the web.  

 Manage user published event information. 

  Manage extracted event information.  

 Manage user location.  

 Manage user schedule.  

 Manage the event notify.  

 Manage the event and user context matching.  

 

4.2.2.2 Non-functional requirement  

The non-functional requirement describes constrains for implementing these research project. 

Some of them are the user interface, hardware consideration, software consideration, 

performance requirement, security requirement and some other related factors.   
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User interface  

The user of mobile phone based pervasive context aware event advisor will have an interface 

to interact with the system. Generally, the user interface shall: 

 Have consistent and uniform gray backgrounds. 

 Be easy to use and have consistent graphical representation. 

Hardware consideration 

The proposed system has the client side or the mobile application and the service center has a 

dedicated server for the system and the database. The mobile side of the application runs on 

any mobile phone that supports j2me platform and the service center of the application run on 

any server that supports windows operating system.    

Software Consideration 

Through the progress of the research project work, the following software components will 

be used:   

 Sun Java(TM) Wireless toolkit 2.5.2 _01 for CLDC 

 MYSQL Server 5.0  

 MYSQL Workbench 5.2 

 Microsoft Visio 

 Office application  

Performance consideration 

 The system shall have acceptable performance with regard to response time. At the 

same time, the system must provide accurate, consistent and reliable data to the 

system users.  

 User interface screens shall respond with speed so as to ensure fast data entry to the 

system.  

Availability 

 The system shall be available 100% for the user and is used 24 hours a day and 365 

days a year unless it encountered problem and the system is down.  

Security requirement  

 The system must verify each user in order to secure unauthorized access of update of 

preference information and to identify which user is the log in user 



  
 

46  

 

 The system must allow users to access it at any time from any location. 

 Error handling  

Possible runtime exceptions shall be addressed thoroughly using exception handling routines. 

The error handling shall produce appropriate, meaningful and unambiguous error messages.  

 

4.3 System Model  

The system model section documents the different models and diagrams that are used to 

model the proposed system, which are use case model, class diagrams and sequence 

diagrams. 

4.3.1    Use case Model  

Actor description  

We have three actors that the system interacts with.  

 User: any person that has access to the mobile side of the application and is in need of 

having a suggestion of event related information. 

 Event Information Provider: any person or an organization that host and organize 

an event. 

 System Administrator: a person that manages and controls the system, the users and 

the event information providers. 

 Ethio Tele: is an external system that used as a service provider for the system by 

providing the current location information of a user when the system accesses its cell 

tower information.  
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Figure 4.1 System Use Case Diagram 
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Use case Description  

Table 4.1: Use case Authentication 

Use Case ID:  UC-1 

Use Case Name: Authentication 

Actors: User, System Administrator, Provider, Ethio Tele  

Description: The system needs to check if the user, the system administrator, 

the event provider and the Ethio Tele is genuine or truly what 

they said to be.    

Pre conditions: Users must have an account. 

Post Condition:  The users will be authenticated.    

Normal flow: 1. User clicks log in button.  

1. 2. System displays the log in page. 

2. 3. Users select their role. 

3. 4. Users fills user name and password and press log in button. 

4. 5. System process and confirms.[Alt 5] 

5. 6. System displays option page. 

Alternative flow: Alt 5: User name or password mismatch 

 5.1 System send try again message. 

 5.2 User fills again and submits. 

 

Table 4.2: Use case Manage Preferences 

Use Case ID:  UC-2 

Use Case Name: Manage Preferences extends (Update Preference and Context 

Matching) 

Actors: User 

Description: The users manage their event information preference as well the 

application access of dynamic information from or by using the 

mobile device.   

Pre conditions: user must sign up to the application  

Post Condition:  The user preference will be stored in the database.   

Normal flow: 1. 1. user signup to the system 

2. 2. System sends confirmation on the response form.  
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3. 3. User select next button.  

4. 4. Application displays the setting preference form.  

5. 5. User chooses their preference.  

6. 6. User click next button.  

7. 7. User selects their preference for other event type categories. 

8. 8. User finishes and submits. 

9. 9. System displays a confirmation message.  

Alternative flow: None 

 

Table 4.3 Use case Manage Users 

Use Case ID:  UC-3 

Use Case Name: Manage Users includes (User Registration, Provider 

Registration and Update Role) 

Actors: User, Provider and System Administrator  

Description: The users of the system specifically user and provider must be 

managed by the system. The two users must be registered to 

access and use the system and the system administrator must 

manage the two users‟ role that includes auditing spam users 

and block them or kick them out from the system. 

Pre conditions: Users must have the application on their mobile device.  

Post Condition:  The users will be registered to get the application services and 

the system administrator control the two users.    

Normal flow: 1. 1. Users select Sign up from the menu.  

1. 2. System displays the sign up form.  

2. 3. Users select their role. 

3. 4. System displays sign up page according to their role. 

4. 5. Users fill the required information and click sign up button.  

5. 6. System process and confirms. [Alt 6] 

2. 7. System displays the next page according to their role.   

Alternative flow: Alt 6: Users inserted already existing user name or password.  

 6.1 System lets user to try again 

6.2 Users fill again. 

 



  
 

50  

 

Table 4.4 Use case Manage Event 

Use Case ID:  UC-4 

Use Case Name: Manage Event  includes (Event Extraction and Publish Event) 

and Extend (Context Matching)  

Actors: User, Provider  

Description: The user and the provider manage the event information that is 

used as current event information to be suggested to the user by 

publishing event information and by posting event information 

on their website respectively.   

Pre conditions: Users must been logged in to the application. 

Post Condition:  The users can provide event information and the information in 

the system will be updated.     

Normal flow: 1. User 

2. 1. User log in to the application.   

3. 2. System displays the option form.   

4. 3. User select publish button.  

5. 4. System displays the information publishing page.  

6. 5. User selects and fills the required fields.  

7. 6. User selects the publish command.  

3. 7. System save the given event information. (What about the 

Provider flow) 

4. Provider 

5. 1. Provider post event information in their website.  

6. 2.  System extracts the information. [Alt 2] 

7. 3. Extracted event information will be saved in the data base.  

Alternative flow: Alt 2: If event extraction fail  

2.1 The system triggers event extraction manager with in the 

specified time.  

2.2 System extracts the information.   

2.3 System save the information in the data base.  
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Table 4.5 Use case Manage Location 

Use Case ID:  UC-5 

Use Case Name: Manage Location  

Actors: Ethio Tele  

Description: The Ethio Tele using its cell towers manage the information of a 

user current location.  

Pre conditions: User must be authenticated. 

Post Condition:  Be the location provider and provides the user location by 

identifying the nearest cell tower to the user.  

Normal flow: 1. 1. System authenticate location provider. [Alt 1] 

2. 2. System accesses the service provider system.  

3. 3. System gets the cell id information of the nearest cell tower to 

the mobile device. 

Alternative flow: Alt 1: If the system cannot retrieve the location provider.  

 1.1 The system tries to retrieve the location provider after 2 

minute.  

 

Table 4.6 Use case Notification 

Use Case ID:  UC-6 

Use Case Name: Notification   

Actors: User 

Description: The user can get and view his/her personalized event 

notification. 

Pre conditions: User must have the application that bundled the main event 

advisor and the notification midlet on their mobile device and 

must log in to the application.  

Post Condition:  View and read event information notifications.  

Normal flow: 1. System sends notification messages. 

1. 2. The application displays a pop up message on the mobile 

device screen. 

2. 3. User clicks view and read the message. [Alt 3] 

Alternative flow: Alt 3: If the user cancel viewing the message, he/she can read 
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later 

3. 3.1 User log in to the application.  

4. 3.2 Application displays the option page. 

5. 3.3 User select notification button. 

6. 3.4 Application displays recently pushed notification messages.  

3.5 User read or views the notification messages.   

 

4.3.2 Class Diagram  
Class diagram represents the static view of an application. It describes the attributes and 

operations of a class and also the constraints imposed on the system. Class diagrams help us 

to visualize the relationships between classes, interfaces, and collaborations.  

+Register user()

+Block User()

+set Preference()

+Publish Event()

+recieve notification()

-User Id  : int

-first name  : string

-last name  : string

-sex : char

-date of birth : Date

-e-mail

-User name

-User password

User +Save Event ()

+Read Event ()

+Update Event()

-Event Id  : int

-Event Type  : string

-Event Title  : string

-Event Host : string

-Start time  : Date

-End time  : Date

-Date : Date

-Event discription : string

-Event location : string

-Event duration  : float

-Event Price : double

Event

+save categories()

+read categories ()

-Event Type Id  : int

-Event Type name  : string

-Event Categories  : string

Event Categories

1..*

1..*

Has

*1

Has

likes

+ info extraction()

+save information()

-EventExtractionid : int

-EventType id : int

Extractor

+provide event ()

-Event Provider id  : int

-Event provider name : string

-website adress

Provider

Extracts1..*

Has

Has

+read location()

+save location()

-location-id : int

-longitude : double

-latitude : double

-area : string

Location

+read schedule()

+save schedul()

-schedule id : int

-date : Date

-time  : Date

Schedule

*

* Provides

*

*

*

*

 

Figure 4.2 Class Diagram 
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4.3.3 Sequence Diagram  
Sample sequence diagram with its description for the proposed system is presented in Figure 

4.3. Sequence diagram for some of the identified objects are presented in (Annex A).  

 

Figure 4.3: Sequence diagram for matching movie event preference 
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CHAPTER 5: SYSTEM DESIGN 

5.1 Design Goal  
The design goals specify the qualities of the system that should be achieved and addressed 

during the design of the system. The design goals for the system are grouped into four 

categories. These are:  

 Performance 

 Dependability 

 Maintenance 

 End user 

5.1.1 Performance 

In order for the mobile phone based pervasive context-aware event advisor system to give 

services for multiple concurrent users per each minute the system should meet the following 

performance criteria‟s. 

 Response time: - Depending on the network connection that the user machine has the 

system is going to interact and respond to user‟s request that requires the processing 

of the data base in a maximum of 2-3 seconds. 

 Memory:-The J2me mobile application requires 32 KB workspace, 128KB for MIDP 

implementation and 8KB for MIDlets to run.  

5.1.2 Dependability 

The system should achieve the following dependability characteristics in order to resist crash 

and be available and reliable. 

 Robustness: - even if the system is a mobile application and require user to fill 

specific information, we try to minimize the entering of error data by making the 

system a menu and selecting driven.   

 Availability: - as long as there is an the mobile network or wireless connection on the 

user mobile phone  the system will be available 7 days a week and 24 hours a day. 

 Security: - the system provides a software security by having a user name and 

password so that only authenticated users can use the service. Hard ware security is 

not considered here. 
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 Reliability: the information provided by the system can be considered reliable since it 

process known stored URLs or official sites for the event information. The pit fall 

here can be the trust level of the event information provided by the users. To make the 

system more reliable the information that is sensitive to location change must have a 

delay of average 3-5 minutes to be notified to the user. This is necessary to prevent 

delivery of already passed event information.  

5.1.3 Maintenance 

In time of failure or need modification the system need to be maintained. To be maintainable 

the system should meet the following maintenance criteria  

 Extensibility: - if it is needed to add new functionality to the system, this must be 

achieved by only adding a command in the menu and by making a separate form and 

integrate this form with the existing system. But in order for the user to access the 

added functionality they must upgrade their application to the new version.  

 Modifiability: - if in the system, some functionality requires to be modified, this 

modification must be done specifically to that function without affecting the overall 

system organization.   

 Portability: - the system is developed to be viewed and retrieved from mobile phones 

that support J2me platform that means the system is portable in any mobile phone that 

run J2me.  

5.1.4 End user 

From the user point of view the system should provide the following usability software 

feature. It should be 

 Easy to use  

 Easy to learn the application 

 Convenient to the end user by considering the user context  

5.2 Architecture of the system  

In the context of this research project we design our system architecture as three-tiered client-

server architecture by combing data-centric and event based architecture style. We use a 

common context repository to store the user and the event information context as well as a 

publish/subscribe way to multicast the event notification message to the subscribed mobile 

devices. The system architecture is shown in Figure 5.1.  
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Figure 5.1 Architecture of the Proposed System 
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5.2 Detail view of the proposed Architecture  

In the proposed architecture we have five basic core components. These are Context 

Acquisition, network manager, context manager, user and event context repository, context 

analyzes and matcher and notification manager.  

 

5.2.1 Context Acquisition  

In this component, we have two modules that are mobile device and event information 

provider. From the mobile device and event information provider modules we acquire the 

user and the event contextual data respectively.  

 Mobile Device - In the client side the mobile phone of the user is used as a means of 

acquiring the static and dynamic user contextual information.  

o Static user context  

Static contexts are those aspects of a system that are invariant or less dynamic. 

In our context, user profile and user preference are example of less frequently 

updated static contextual information that can be acquired from the user mobile 

phone. In the proposed architecture, in order to make advising more of 

personalized; each user must register and must be subscribed to the service and 

each authenticated user must provide their personal event preferences.   

o Dynamic user context  

Dynamic context is contextual information that frequently changes over time. 

In dynamic context there is high volatility and variability.  In the proposed 

architecture, the user schedule and user location are considered as dynamic user 

contextual information.  

 Event Information Provider- will be the main information provider of the 

upcoming events as well as the events that are found around the user. It provides 

the dynamic event context.  

o Dynamic Event Context  

In this module, we acquire event information from the web. Here, we use 

different known URLs that hold event information that are related specific to 

the user preference. The event advisor server will query the event provider in 

search of new events with a constraint of time in a daily basis.  
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5.2.2 Context Manager Components  

In this component we have four modules that deal with and manage the static and dynamic 

data of the user as well as dynamic data of the events. Those are  

 User Profile Manager  

This module will manage the static information of the users‟ that is the user account 

information as well the user preference selection. Each user should have a unique user 

name and password combination as well as must specify his/her personal preference in 

terms of the services he/she wants to get from the system.  This module will deal with 

accepting information from the interface and pass the information to the server side so 

that it can be stored in a database for a latter use.  It is also responsible in managing the 

published event information from the users. In event advising system, there are two 

kinds of event provider. The first and the main event information provider is the web 

or the event provider that help us extract the event information from other third party 

servers that hold the required information. But since the system has to be user 

contextual and dynamic in serving the users, it needs other resource providers besides 

the websites.  Since most websites might not include every useful event and can be 

down at times and less updated too, we found that using other resources are essential 

for making the system resourcefully rich. So, using the publishing form users will be 

able to pass information to the server which analyzed and pushed to other users that 

prefer the published event information with the consideration of other contextual 

parameters. This helps users of the system to get more out of the system and not only 

depend on system based (extracted) information only.   

 Schedule Manager 

This component manages the schedules of the user that are acquired through the use of 

the user mobile device. The dates that are retrieved from the mobile phone calendar 

will be sent to the server side in order to be saved; by doing so a user gets notification 

of events that are in the time range specified suitable. The scheduling system is 

categorized in to busy and free based on day time categories. Such classification 

enables the user to have a high flexibility and be more contextual in getting 

notification of events that are only in the free and specified range. 

 Location Manager 

The user‟s current location is the most dynamic data in the system. Every time the user 

location changes the system is aware. This means when a user gets a preferred service, 
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the current location will also be considered. This information is mostly usable for 

suggesting the user, about preferred factual information for example restaurants and or 

malls that are found near by the user. The location manager is responsible for acquiring 

the geographic coordinates or the current location of the mobile device.   

 Event Information Manager- related web resources or known URL‟s are 

periodically analyzed to be used as a resource input for the system. The web sites 

which provide event data are specified or registered in advance by the system and 

the web extraction manager deals with connecting, extracting, converting the data 

and finally providing these resources to the system to be used as primary resources 

for users. 

 

5.2.3 User Context and Event information Repository  

Context repository component stores the information acquired and managed. The user 

account, preference, schedule and location information collected from the user mobile phone 

will be stored in a web server database so that the system can use this information at time of 

suggesting. The user‟s current location is fetched within constant time interval and will be 

saved in a server database for immediate use. Moreover, users currently in the same location 

area will be able to get the same services of the system by considering their specified 

preferences. Beside the user context data, extracted event information will be stored in the 

database for the purpose of suggesting or advising the user about events.  

 

5.2.4 User Context Analyzer and Matcher  

All of a user‟s specific preferences, schedule and location information are aggregated 

together to give a contextual definition of a specific user‟s need or expectation from the 

system. In this component, the user contextual information will be matched and filtered out 

with the event information acquired.  

 

5.2.5 Notification Manager  

This component deals with delivering the event information to the user. It manages and 

controls the notification process. To start notification service it requires the user to be 

authenticated and to have new event information in hand that meet the user contextual 

parameters. 
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5.2 System Decomposition  
System decomposition is decomposing the system into manageable parts or subsystems based 

on use case and analysis model. Subsystems are collection of classes, associations, 

operations, events and constraints that are closely interrelated with each other. We select the 

subsystems based on functional requirements, cohesion and coupling. Figure 5.2 presented 

the system decomposition of mobile phone based pervasive context-aware event advisor 

system.  

Schedule 

Management 

Subsystem

Users 

management 

Subsystem

Location 

Management 

subsystem

User 

Preference 

Management 

subsystem

Event 

management 

subsystem

PCEA

User and event 

ontext matcher 

subsystem

Notification

 

Figure 5.2 Subsystem decomposition of the proposed System 
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5.4 Hardware/ software mapping  
The system will have three processes, deployed in separate machine, that run in parallel, 

namely, the mobile application process, web server process and the database process. The 

database process, which runs on MYSQL Server database engine, is responsible for 

maintaining data manipulation operations and storing the user as well as the event contextual 

information. Whereas, the web server process is responsible to process and manage the 

context data that are retrieved from the mobile device and the event information data that are 

extracted from the third party event adviser web server. It is also responsible to process, 

analyze and find match between those data and deliver the notification to the mobile device. 

In case of the client side, the mobile application of the system resides there. It request service 

from the web server and accept the processed responses. 

Client Mobile

J2ME

Nokia SDK Java 2.0

PCEA App

Web Server

Context Manager

Context Analyzer and Matcher

Notification ManagerDatabase Server

MYSQL

 

Figure 5.3: Hardware/Software mapping of the proposed architecture 

 

5.5 Database Design   
A program will create a large amount of data throughout its execution. Each item of data will 

have a different life time. Objects have a lifetime. They are explicitly created and can exist 

for a period of time that, traditionally, has been the duration of the process in which they 
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were created. A file or a database can provide support for objects having a longer lifeline 

longer than the duration of the process for which they were created. From a language 

perspective, this characteristic is called object persistence. An object can persist beyond 

application session boundaries, during which the object is stored in a file or a database, in 

some file or database form. The object can be retrieved in another application session and 

will have the same state and relationship to other objects as at the time it was saved. The 

lifetime of an object can be explicitly tenanted. After an object is deleted, its state is 

inaccessible and its persistent storage is reclaimed. Its identity, however, is never reused, not 

even after the object is deleted.  

To map objects to relational databases the place to start is with the data attributes of a 

class.  An attribute will map to zero or more columns in a relational database. Remember, not 

all attributes are persistent; some are used for temporary calculations. At some point the 

attribute will be mapped to zero or more columns. Figure 5.4 depicts the mapping of PCEA 

class object in to database tables.  

`

User

user-id (PK)

user-name

user-password 

name

fathers name

sex

email

dob

Schedule

schdule id (PK)

user-schedule

user-id (FK)

Location 

location id (PK)

lattidue

longitude

Area

user-id (FK)

Event

event-id (PK)

event-type

event-location

event-date

event-starttime

event-endtime

event-host

event-price

event-discription

Event categories 

Event-type id 

event id (Fk)

event catagory id (PK)

Extractor

event extraction id (PK)

event id (FK)

provider

provider id (PK)

provider name 

website address

1..*

1..*

User-event-ref

user-id (Fk)

event-id(Fk)

event-provider ref

event-id (FK)

provider-id (FK)

event-location ref

event id (FK)

location id (Fk)

Event sub category ref

sub category id (Pk)

sub categoryname

Event type id (Fk)

tbl event catagory-sub catagory

event catagory id (FK)

sub catagory id (FK)

*

*

* *

1

*

*

*

 

 Figure 5.4: class- database tables mapping 
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CHAPTER 6: IMPLEMENTATION AND VALIDATION 

6.1 Tools and Technologies Used for Prototype 
The following list of software tools and technologies were used for the full development and 

implementation of PCEA: 

 Microsoft Windows 7 operating system is used for PCEA server 

 NetBeans IDE (Integrated Development Environment) is used for writing and running 

the client as well the server code. 

 Java 2 Micro Edition (J2ME): version 2.5.2 Sun Java Wireless Toolkit for CLDC 

(Connected Limited Device Configuration) of the MIDP (Mobile Information Device 

Profile) for mobile device simulator development. 

 MySQL Server 5.0 -for developing the database.  

 MySQL Workbench 5.2 -for creating the schemas and we mainly use it for writing 

database queries.   

 MySQL _connector_java 5.1.23  

 HTTP (Hyper Text Transfer Protocol) version HTTP/1.1 - used for communication 

between the mobile phone and Event Advisor Web Server. 

 Jsoup version 1.7.3- for extracting the web content  

 Nokia_SDK_2_0: For accessing the Nokia LocationUtil package  

 Vertigo Server used for developing our web server.  

 Microsoft Visio 7: For designing the UML(Unified Modeling Language) diagrams of 

the system  

For implementing the proposed architecture we select Java ME (J2ME) platform since the 

platform represents the only true open solution for building mobile applications for the industry.  

Since j2me platform support different devices we try to narrow down the selection of device we 

use for deployment by taking a random sample test on 20 mobile phone users. The result we get 

is as shown in table 6.1. 
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Table 6.1Sample random test for identifying which mobile devices are used by most users 

Device Name  Number of user  Number of user in Percent  

Samsung 5 25% 

Nokia 9 45% 

Motorola 0 0% 

Blackberry  1 5% 

Other  5 25% 

As shown in the above table we get 45% user of Nokia mobile phone, 25% Samsung, 25% other 

mobile devices that are Huawei, Tana and Android phones, 5% Blackberry and 0% Motorola. 

From the result we deduce that the amount of Nokia mobile phone users are abundance in 

number so we choose a Nokia mobile phone specifically Nokia Asha 201 and Nokia C-01as a 

deployment device. The application will be benefited with additional API packages that Nokia 

provided.  

6.2 The Prototype  
In developing the prototype of the system we map our application in to client/server architecture.  

In our application the MIDlet invoke the methods that are found in the server by using the Http 

request response protocol.  

6.2.1 The J2me/mobile side of the application  

In developing the prototype of the proposed system, we have to make a simple user interface that 

help the user to register and select their own personal preferences to get service. This is achieved 

by using java ME SDK and creating a MIDlet application, which uses the Mobile Information 

Device Profile (MIDP) of the Connected Limited Device Configuration (CLDC) for the Java ME 

environment.     

The PCEA application have different interfaces that help the user to register and select their 

preference and also a setting that allow a user to enable or disable the access of their personal 

data or information like location and schedule by the application. The users can edit their 

preference or their setting by login in to the application. Generally, on the mobile side of the user 

there are, four functionalities performed those are account creation, event preference selection, 
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setting preference selection and publish event information. Below we present each functionalities 

user interface from the user perspective. 

 

A. Account registration  

The application welcome page has welcome note and short knowhow information about what the 

system do for the user. This form has three menus sign up, sign in and exit as shown in Figure 

6.1.  

Sign up 

User of the system should sign up using the sign up form that is show in Figure 6.2 in their first 

use of the application in order to have an account of their own as well to feed their preference to 

the application. While signing up, if the new entered user name does not exist in the data base the 

web server will send a confirmation message and let the user to access the application.     

               
        Figure 6.1:  Welcome page and its menu                 Figure 6.2 Sign up Interface 
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Signing In  

Users can sign in to the application using an account that they create when they first install and 

use the application. While signing in, the web server will send a response message to the user, if 

the user exists it will send a welcome message and it will lead the user to the option page but if 

the user entered a wrong user name or password it will send a try again message. 

 
Figure 6.3 Sign in interface 

Exit:  this command help to close and exit the application.  

 

B.  Event  Preferences selection 

User event preferences are event type categories that the user would prefer to be informed about. 

These preferences are entertainments like movie, music, Art, festivals and sport, list of cuisine 

type of food and drinks and shops/mall. Figure 6.4 shows the event type movie preference page. 

Here the user select genre of movies they want to be informed about.  
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Figure 6.4: Event movie preference selecting page 

Other preference categories are shown in Figure 6.5 
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Figure 6.5: Interface of the user preferences 
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Food:  Here, users select cuisine type like Ethiopian, Mediterranean, Armenian, Mexican, 

Continental, European, Chinese, French and Italian food they like as shown in Figure 6.6.  The 

application will suggest restaurants that serve cuisine or foods that match with the cuisine 

preference of the user if location of the user is around location of the restaurant as well by 

considering the time i.e. breakfast time, lunch time as well dinner time.  

 

Figure 6.6: Food cuisine type preference selecting form 

 

Shop/Malls: here a service of point of interest performed. If user check or select shop or malls, 

the application will suggest malls that are found near or around the location of the user. The 

interface for selecting shop or malls is as shown in Figure 6.7. 
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Figure 6.7: Shop/Mall selection form 

 

C. Setting preference selection 

After signing up or sign in the user can set whether the application can read their dynamic data 

from the mobile phone or not using the setting command as shown in Figure 6.8. 
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Figure 6.8: Dynamic data reading setting page 

 

D. Publish 

Additional to users selecting their own preference to get service from the event provider they can 

also share event information on hand for other users using the publishing page. 

When a user wants to publish information that he/she knows and thought that is useful they can 

select the publish command and fill in the required event information and then publish it to the 

server as shown in Figure 6.9. Here we assume each user as a trusted user. 
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Figure 6.9: Info publication page 

 

In order for the application to be alive the above interfaces i.e. the account registration, the event 

preference selection, setting preference selection and publish must have some functionality that 

is performed behind them.  Below we present the functionalities 

 Account registration  

After getting the user basic information that are required to authenticate the user  the data 

will be send to the server in order to be saved and the server come up with the response it get 

from the database and send it to the mobile phone.  

 Event preference Selection 

Here the selected checkboxes value will be send to the server in order for them to be saved 

for latter retrieval. 

 Setting preference Selection 

Here two basic functions performed. 
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1. Schedule reading 

In order for the application to get the schedule of the user and provide a more context aware 

application, the user should let the application to access the mobile phone local calendar.  

J2me has PIM API that is an optional package defined in the Java Specification Request 

(JSR) 75.The PIM API allows applications to manage PIM data that is stored on the handset. 

The PIM database hold Contact list, event list and to do list data. In our case by using the 

PIM API we access the mobile phone event list database and retrieve the stored event date 

values as shown in Figure 6.10. From this data we get the user busy date.  

 

Figure 6.10: list of busy or scheduled date and time of the user extracted from the user mobile 
phone calendar 

2. location reading  

Many mobile phones today support the Location API for J2ME under JSR-179. In order to 

build location based application a Java MIDP2.0 enabled and JSR 179 compliant mobile 

phone required. In theory, the JSR is able to obtain location data from a number of different 

technologies, such as cell triangulation, WI-FI triangulation or GPS signals. JSR-179 is 
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available for CDC and CLDC 1.1 since floating Point required. The main classes of the 

Location API are: 

o LocationProvider 

o Location and LocationListener 

o Coordinates and PromixityListener 

o LandMark and LandMarkStore 

Like as shown in Figure 6.11 you can simulate a location provider and your current 

position using the external event generator by running an xml script.  

       
Figure 6.11: External Location Event Generator 

In our application we need location information of the user in order to advise events that 

are found near or around the location of the user. Our location based service answer 

basically two questions i.e. where our client is? And what‟s around him/her? Here we try 

to get the location of the user using cell ID. A CellID is a number which is associated 

with a specific cell (the radio tower to which your handset is connected). In most cases, 

this is the closest tower to your location. So by knowing the location of this tower, then 

you can know approximately where the handset is. Even if location CellID accuracy is 
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lower than GPS accuracy because of a tower can cover a huge area, from a few hundred 

meters, in high density areas, to several kilometers in lower density areas we select it as 

our main location coordinate provider since we try to cover mobile phones that don‟t 

either have a built in GPS or a Bluetooth GPS. In order to access the location of the user 

we use preferred method of online cell ID and we import the Nokia mobile phone 

package com.nokia.mid.location.LocationUtill.  

We can get online cell id data from OpenCellID.org. OpenCellID is the world‟s largest 

open-source project that collects GPS positions of cell towers for improved localization 

without GPS. It provides free worldwide database of Cell IDs, MCC (Mobile Country 

Code), MNC (Mobile Network Code), latitude, longitude and LAC (Location Area 

Identity).  The unique location area identities of the cell towers can be collected by 

devices that utilize the wireless network provided by those cell towers. Every mobile 

phone or devices update everything in every minute incase if there is a change. In our 

case the mobile phone negotiate with the service provider using the GSM (Global System 

for Mobile communication) network or the telecommunication network. The service 

provider then traces the antenna coverage or the BTS (Base Transceiver Station) location. 

To identify each BTS or sector of a BTS within the LAC if not within a GSM network, it 

uses a GSM cell ID, the unique number of the BTS. After getting the Antenna coverage it 

map the information with the database of the OpencellID and return the coordinate or 

longitude and latitude value of the current location.  

 Publish event information 

Event Information provided by the user will be send to the server to be saved in the database 

for a latter use.    

6.2.2 J2me Communicating with the Web Server  

The mobile side of the application needs to communicate with the server in order to provide any 

advising services. J2me application will send a request to connect with the web server. If the 

j2me application communicating with the web server is successful we will get the HTTP/1.1 200 

OK message.  
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6.2.3 Server Side of the application   

In the server side of the application we do all the processing and providing of the services. 

A. Web Server   

In the web Server side all the methods that process the service are defined here.  When 

committing some command on the j2me mobile side application, the commands call a tread and 

in the tread there is a code that will call the http post request and response method that pass the 

URL as a parameter. In the server side we use apache web server by initiating it using vertigo 

server.  

B. Information extraction from web/ content mining from the web  

What we do first is extracts the data from different websites that provide event information using 

web mining techniques, for the prototype we use movie sites of Edna mall Mati multiplex 

(http://www.ednamall.info/) and the Internet movie database/IMDB (http://www.imdb.com/)  for 

extracting movie events and for the suggestion of point of interests (POI) specifically for 

restaurants we use (http://www.ethiopianrestaurant.com/) and for malls/shops we try to use the 

ET yellow page but since it is not well organized we store list of malls and supermarkets as a 

sample manually.   

Since we are concerned only about the content on the websites, we use web content mining to 

extract the data. Web content mining is very similar to text mining and data mining the 

difference is that in web content mining the data is either semi-structured or unstructured 

whereas in data mining the data is more structured. Some of the methodologies used in data 

mining are used in the web content mining since both deals with information extraction. 

Using web scraping/screen scraping we can convert the semi-structured data from a website to a 

more structured format that can be stored in a relational database. Since each website stores and 

presents the data differently, the data we require might not always be present in the same 

location, and the same method cannot be used to extract the data across various websites. Every 

web page should be analyzed to exactly determine the location of data. Some websites display 

information that is not required. It is critical to extract only the information that is required and 

scrap the rest of the data before storing the data in the database. Otherwise, it would involve a lot 

of overhead to process the data every time it is fetched from the database. Some of the 

techniques used to implement web scraping involve the use of a DOM/HTML parser.  

http://www.ednamall.info/
http://www.imdb.com/
http://www.ethiopianrestaurant.com/
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There are different java libraries like html parser, Jtidy, Jaunt API, Jsoup, html unit and some 

others to do html parsing. For this project we used Jsoup. Jsoup is a java library that provides 

various methods to extract and manipulate the data from an HTML document. Jsoup reads the 

HTML document and parses it similarly to the DOM (Document Object Model) parser to 

identify various nodes. These nodes are represented in a tree structure, and this tree can be 

traversed and the required data can be extracted using various methods provided by Jsoup. Data 

can be extracted from that page and stored in the database in a structured format for future use. 

We choose Jsoup because it is well suited for web scraping and it works nicely on modern web 

applications that use Jquery and other Ajax features and use div tags extensively. It is also very 

forgiving if the target web applications have missing java scripts. Jsoup is a very efficient API 

and to use all its methods, we can import its jar file into our Java program. Figure 6.12 shows 

extracted movie data of cinema halls, show time and title from ”Edna mall Mati multiplex” show 

time html page.  

 

Figure 6.12 Jsoup outputs of extracted movie data from Mati multiplex 
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We also extract the IMDB database for having information of a movie director, actor, description 

and mainly genre. This information are required for suggesting the user since most found web 

sites of movie cinema halls did not provide the information and since user select their preference 

of movie by genre.  

 

 

Figure 6.13: Extracted information from the IMDB website page 

 

C. Matching  

All the event information extracted from the user and the event provider and the preference 

information of the user must be matched to advise the user about events.  
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D. Notification Manager  

When every time event information that match with the specified context parameter is found the 

matching manager will invoke the notification manager to start. Notification manager accept the 

event information and push the message to the client.  

In J2me push technology included in the MIDP 2.0 (push registry API in MIDP 2.0). By this 

technology we can to activate a midlet remotely, beside the AMS (Application Manager System) 

that is responsible for installing, managing, starting and stopping an application. There are 3 

ways to start a midlet  

 User request 

 Incoming network connection and  

 Schedule alarm 

In this application we use the Incoming network connection. In order for a midlet to be notified 

of an incoming network connection, it must register these requests with the AMS and then the 

AMS monitor the port activity. The midlet will listen to the message through specified 

connection type and port number.  Figure 6.14 shows a coming event notification. 

                     
Figure 6.14: Notification 
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6.3 Prototype Usability Test  
Usability testing tests the software features that are how easy it is to use the software, how easy it 

is to learn the software and how convenient is the software to end user. The unique features of 

mobile devices and wireless networks pose a number of significant challenges for examining 

usability of mobile applications, including mobile context, multimodality, connectivity, small 

screen size, different display resolutions, limited processing capability and power, and restrictive 

data entry methods. Because of the above challenges traditional guidelines and methods used in 

usability testing of desktop applications may not be directly applicable to a mobile environment. 

Therefore, it is essential to develop and adopt appropriate research methodologies and tools to 

evaluate the usability of mobile applications [28].   

6.3.1 Design and usability qualities taken into consideration 

Since we are mainly concerned about the application, general objective that is developing a 

mobile phone based pervasive context-aware event advisor, that performs the core functionality 

of the application, we did not emphasize much on the user interface (UI) of the application that 

may impose a major impact on the user experience beside the challenges posed by the feature of 

the mobile devices and the wireless network. Some design and usability qualities taken into 

consideration are:  

 Menus and buttons are clearly and consistently labeled to help the user navigation, 

learnability and memorability. 

 To minimize cognitive load back track and easy access to earlier pages is supported. 

 We try to typically fit content page information on one screen to avoid scrolling even 

though this is not succeeded on some event categories, publishing and sign up page that 

require detail information.   

6.3.2 Usability evaluation and testing of the mobile application prototype 

Usability testing (or GUI navigation), focuses on the external interface and the relationships 

among the screens of the application. In usability testing basically the testers test the ease with 

which the user interfaces can be used. We perform a usability test on the application prototype to 

identify whether the application built is user-friendly or not and to address the several question 

that is needed for designing the application. We plan our test using a 1 page usability test plan 
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dashboard as shown in (Annex B). We follow the proposed framework for the design and 

implementation of usability testing of mobile applications by [28] as shown in Figure 6.15.  

 

Figure 6.15:A framework for the Design and Implementation of Usability Testing of Mobile 
Applications (modified to test PCEA ) 

 

The usability tests have been performed both in laboratory experimental environment and with 

field studies. In the experimental environment, human participants are required to accomplish 

specific tasks using a mobile application in a controlled laboratory setting, while a field study 

allows users to use mobile applications in the real environment. 
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To perform the usability test we select five participants (n=5) ranged from 24 to 45 (mean 

age=34.6 years), three of whom were women and two men. According to Nielsen [25] five 

participants will discover 80% of the problems in a system. He argued the best results come 

from; testing no more than 5 users and elaborating usability tests are just a waste of resources. 

Nielsen and Landauer [9] showed that the number of usability problems found in a usability test 

with n users using N (1-(1- L ) n ) equation where N is the total number of usability problems in 

the design and L is the proportion of usability problems discovered while testing a single user. 

Every time the number of users increased there is something new you find out and also there are 

some overlaps in what you learn. The overlaps increase when the number of the users increased 

and after the fifth user, you are wasting your time by observing the same findings repeatedly but 

not learning much new. In any case, a small amount of users, that is, generally fewer than 10 

subjects, is sufficient for any formative evaluation of usability [20].  

First, we conducted a laboratory experiment to evaluate the user interface. In the experiment, an 

emulator on laptop computers was used. The tasks given to participants were to 1) Sign up into 

the application, 2) select their setting and event preference 3) sign in into the application and 

update their preferences, 4) publish event information to the system and 5) check if there is any 

event information pushed for them according to their preference. Participation in the study lasted 

approximately one hour and was conducted in our department computer laboratory. It consisted 

of the series of tasks that we mention above. All participants were tested individually. After 

being welcomed by the experimenter, participants were told that they were to take part in a 

usability test and were to work with a prototype of a mobile phone based pervasive context-

aware event advisory application in short PCEA or event advisor. The user interviewed and 

answers a questionnaire (Annex C) after finishing the tasks. We also collected comments on the 

prototypes and preference data and evaluations in the form of the PCEA usability test 

questionnaire completed by the users after the test.  Any user action that did not lead to the 

successful completion of a task we defined as error. Errors were classified into two main 

categories, navigation errors and comprehension errors. Navigation errors occurred when 

participants didn‟t move as expected. Comprehension errors occurred when participants didn‟t 

understand the design of the interface. Table 6.2 shows the types of errors.  
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Table 6.2 Types of errors 

Types of Errors  No. of errors occurred 

Navigation 3 

Comprehension 2 

Total 5 

 

To test the UI of the application we use a black box testing or input/output driven testing 

techniques. The output result point out, 98% of the task performed in the testing session meet the 

expected result.  

The captured data are generally informative and useful for analyzing user performance and 

finding faulty designs of applications that frustrate users. However, using emulators omits some 

important aspects of actual mobile devices and mobile context. For example, it alleviates the 

problems of long transmission latency caused by limited bandwidth in real wireless networks, 

inefficient input mechanisms, and the changing wireless environment, potentially leading to 

untruthful user perception and satisfaction. Generally the laboratory experimental usability test 

performed in a controlled and specific environment that ignores mobile context (e.g. location) 

and unreliable connection of wireless networks. So, we perform a field study to evaluate the 

usability of the application in the real environment. For the field study we use the same 

participants that participate in the laboratory experiment test. The participants were asked to use 

the mobile application on an actual mobile device that support j2me platform specifically Nokia 

mobile device and to perform the five tasks mentioned above and to change their location for the 

experiment purpose.  

During the usability tests to measure the quality of the application we consider qualitative 

usability attributes out of the nine generic usability attribute i.e. learnability, efficiency, 

memorability, errors, user satisfaction, effectiveness, simplicity, comprehensibility, learning 

performance and the additional commonly used attributes such as user perceived usefulness and 

system adaptability.  

Participants were asked to complete an SUS (System Usability Scale) questionnaire, so as to 

explore their experiences when interacting with the prototypes. A crucial feature of the SUS lies 

in the fact that asks the user to evaluate the system as a whole, rather than specific aspects. All 

10 questionnaire statements having been processed, the overall SUS score for each participant 
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presented in Table 6.7. To calculate the SUS score, first we summed the score contributions of 

the items 1, 3, 5, 7 and 9. The score contributions of these items are their scale position (the user 

response) minus one. We then summed the score contributions of the other items: five minus 

their scale position. Finally, we multiplied the sum of the scores by 2.5, to obtain the overall 

score with a range between 0 to 100.  

 

Table 6.3 Overall SUS Score 

Participants  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 SUS 

score 

P1 3 4 3 4 3 3 3 3 3 4 82.5 

P2 2 3 2 3 2 3 3 3 2 3 65 

P3 4 4 3 3 3 4 3 4 3 3 85 

P4 3 3 3 4 2 3 3 3 3 4 77.5 

P5 4 4 2 3 2 4 3 3 3 4 80 

Mean  78 

 

The survey results showed the overall satisfaction. Sauro [21] reports that a mean value over 74 

is level B, value above 80.3 is level A. An average value of below 51 is level F (fail). The PCEA 

prototype with an average value of 78 belongs to level B. 

During the test the qualitative usability attribute have been evaluated through interviewing the 

participants:  

 User satisfaction: the attitude of users towards using the application  

 Simplicity: the degree of comfort with which users find a way to accomplish tasks  

 Comprehensibility: how easily users can understand content presented on the mobile 

device  

 Perceived usefulness: to what extend the application has met its implementation 

objectives  

 System adaptability: how the system adapts to the user requirements. 
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Out of the five participants the two users mentioned they did not receive any notification. In 

other hand the three participants get notifications and one of the participants mentioned he 

received the restaurant and mall notification after he already changes his current location. 

The feedback from the participants on the event advisor application prototype was in overall 

positive, although some participants also gave critical comments. Participants tended to believe 

the overcrowded pages will be considered as burden if the user is filling them while walking or 

doing some other activities and they also point out this may not cause much problem since most 

information providing to the system is done in the first use of the application. They also mention 

if there was a method the user query about entertainment and point of interests whenever they 

want to beside the application search for them they believe doing this make them feel they got 

much control on the application.  
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CHAPTER 7: CONCLUSION AND FUTURE WORKS 

7.1 Conclusion  
In this work, we specify the system requirement and analysis, the system design and a prototype 

of a context aware event advisor application that will advise or suggest the user what he/she 

prefers with minimum destruction. The proposed architecture introduces a context aware event 

advisor that utilizes the static and dynamic context of the user and the event information.  The 

application takes advantage of the web as well as the users themselves to provide the event 

information required for the advising purpose.   

The application retrieves and acquires the user schedule and the user location from the user 

mobile phone and because of J2me mobile phone manufacturers impose some accessing 

restriction on the phone personal information management database it impose difficulties in 

retrieving the content of the calendar value when it comes to real phone application testing. The 

prototype has a context analyzing and matching component to analyze the user contextual data as 

well as the event information data to filters out the suitable event information to provide 

personalized suggestions.  

We perform a usability test both in laboratory experimental environments and with field studies 

to identify whether the application built is user friendly or not and to address the several 

questions that is needed for designing the application. We conduct an SUS (System Usability 

Scale) questionnaire, so as to explore the users experience when interacting with the prototype or 

the user satisfaction in general and we get a level B, above 74 usability scale score.  

7.2 Future Work  
By acquiring the schedule of the user we only analyze the date value inserted. Doing this only 

allows us to identify if the user is busy or free on that specific date but this will not show what 

exactly the user is doing or having, and we believe that knowing this kind of specific information 

help to be exact what the user is doing or his/her location and will maximize the context 

awareness of the application.  As a future work we suggest if a developer uses natural language 

processing in order to get the scheduled content.  

Also accessing the calendar/schedule of the user can also be used as another advantage of getting 

event information. This is by extracting schedule of the user from the calendar and filters out 
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event specific information and uses it for suggesting other users about that event. The other thing 

we allow users to publish event information that he/she knows so that it reaches other users 

interested in that specific event information i.e. the user that would like to be suggested about it. 

But in this research work, we assume and consider each user of the application as a trusted user 

that will not broadcast false information and this can‟t be always the case so we suggest as a 

future work to make more out of the application by including some mechanism like [59] use to 

eliminate traffic to eliminate spam event information from reaching the other users. Here, 

security and privacy issue are not dealt and we advise in the future they must be dealt with 

specific detail.     
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APENDECIES 

Annex A: Sequence Diagram  

 

 

 Figure A-1: Sequence diagram of users’ registration  

 

 Figure A-2: Sequence diagram of information extraction  
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Figure A-3: Sequence diagram for user Setting preference  
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Annex B: Usability Test Plan Dash Board 
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Annex C: Usability Test Questionnaire   

I would like to thank you for generously volunteering your time to participate in this usability 

testing. Your input will be invaluable in the development of the Application PCEA (Mobile 

phone based Pervasive Context-aware Event Advisor).  We hope that you found it to be an 

interesting and enjoyable experience! 

 
System Usability Scale 

  
                          Strongly                                            Strongly 
               Disagree               Agree  
 

1. I think that I would like to                             
             use this system frequently              
                             1              2           3         4         5        
 
2.  I found the system unnecessarily    

Complex 
                      1              2           3         4         5   
      
3. I thought the system was easy                      

to use 
                         1              2           3         4         5   
 
4. I think that I would need the                

support of a technical person to 
be able to use this system                                          1              2           3         4         5   

 
5. I found the various functions in    

this system were well integrated 
                                                                                                  1              2           3         4         5   
 
6. I thought there was too much  

inconsistency in this system                    
                                                                                                 1              2           3         4         5   
 
7. I would imagine that most people   

would learn to use this system 
                                                                                      1              2           3         4         5   

 
 
8. I found the system very           

cumbersome to use 
                                                                                                 1              2           3         4         5   
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9. I felt very confident using the     
System 

                                                                                                 1              2           3         4         5   
 
10. I needed to learn a lot of   

things before I could get going  
with this system                                                             1              2           3         4         5    

  

   

Name: 

  

E-mail: 

  

Date: 

  

Comment  
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Annex D: Sample Code 
A. Sample code for getting location of a user using CellID. 
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B. Sample HTTP request and response code for j2me/PHP server communication. 
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C. Sending user movie preference sample PHP code. 
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D. Sample PHP code for matching movie event. 
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Annex E: User Manual  
With the PCEA event advisor mobile app you can get services of suggestion about entertainment 

areas you prefer according to your contexts. In the application you can get information about 

movies, music‟s, art, sport, festivals and also you can get restaurant, coffee, juice and bar houses 

that are located near you and serve your food and drink choices.  

The app is supported by mobile phone that support j2me platform. It is compatible for Nokia S40 

phones specifically Nokia Asha 201.  

 How to get the PCEA event advisor mobile application on your mobile phone  

To use the PCEA mobile app first you need to download the application to your mobile 

phone from www.eventadvisor.hints.me. To download the application on your mobile device 

appropriately, follow the instruction on the webpage. 

 How to use the PCEA event advisor mobile application on your mobile phone after 

installing it 

When you run the app you will see the application welcome page that have a general 

description about the application and a menu.  

 

From the menu select „sign up’ if you don‟t have a user account for the application or select 

„sign in’ if you already have an account. A user account for the mobile app is required in order 

http://www.eventadvisor.hints.me/
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for the system recognize you and provide you the service and for you to provide your preference 

selection.  

o To sign up to the PCEA event advisor mobile app all you have to do is fill the required 

information. 

o To sign in to the PCEA event advisor mobile app you need to provide user name and 

password.  

 How to select your setting preference  

The application let you to specify your preference for allowing the application to access your 

location and schedule information. After signing up there is a response page that let you 

know if there is an error in signing up or your attempt is successful.  

o If it is not successful there will be back button on the left corner that let you return back 

and fill the required information and submit again. 

 
o If it is successful there will be a next button in the right corner. Clicking the button will 

lead you to the setting preference selecting page. Here you can to select whether to allow 

or disallow dynamic data reading by selecting the radio buttons.  
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Note: It is preferable if you allow location and schedule accessing for a better suggestion and a 

better experience with the application.  

 How to select your event preference  

After registered to the application you need to provide your preference selection around the 

event categories the application provides. Here you follow simple step since the application 

make you choose by clicking check boxes.  

o The Commit button after the location setting page will led you to the first preference 

selecting page or event categories. 

 



  
 

107  

 

o Check the checkboxes and click the next button until you finish the event categories and 

then click submit that‟s found in the „shop‟ page to finish inserting your event preference 

and submit the information.   

 

The „Back‟ button in each event categories page will let you go back to the previous page. 

 How to update your event preference  

If you want to edit your event preference after submitting, you can sign in to the system and 

perform the action.  

o After signing in you can see the option page 

o From the option page select update preference by clicking update button that‟s found on 

the page right corner   
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o The application page will ask you to check whether you want to update your preference 

or not if you select yes it will lead you to the first event category preference page and if 

no will return you back to the option page. 

 
 How to update your setting preference  

o Signing in to the application  

o On the „Option‟ page select „setting‟ button 

o Update your preference  

 How to publish event information to the system 

You can use this button if you know any event information that you want to share with other 

users.  
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o Signing in to the application  

o On the „Option‟ page select „publish‟ button 

o Fill the required information 

o Click „publish‟ button  

o Click „cancel‟ button if you want to cancel publishing the event information  

 
 How to get help about the application 

o Select „Help‟ button on the option page  

 How to read an event notification that recently pushed   

o Select „Notification‟ button on the option page  
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