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Abstract 

 

Context-aware systems use context information to decide what adaptation actions to 

perform in response to changes in their environment. Depending on applications, 

context information includes physical context (e.g. temperature and location), user 

context (e.g. user preferences and user activity), and ICT context (e.g. device 

capabilities and battery power). Sensors are the main mean of capturing context. 

Unfortunately, sensed context data are commonly prone to imperfection due to the 

technical limitations of sensors, their availability, dysfunction, and the highly 

dynamic nature of environment. Consequently, sensed context data might be 

imprecise, erroneous, conflicting, or simply missing. To limit the impact of context 

imperfection on the behavior of a context-aware system, a notion of Quality of 

Context (QoC) is used to measure quality of any information that is used as context 

information. Adaptation is performed only if the context data used in the decision-

making has an appropriate quality level.  

This thesis conducts a novel framework for QoC in context-aware systems, which is 

called MCFQoC (Multilayered-Context Framework for Quality of Context). The main 

innovative features of our framework, MCFQoC, include: (1) a new definition that 

generalizes the notion of QoC to encompass sensed context as well as user profiled 

context; (2) a novel multilayer context model, that distinguishes between three context 

abstractions: context situation, context object, and context element in descending 

order. A context element represents a single value and many context elements can be 

compound into a context object. Many context objects in turn form a context 

situation; (3) a novel model of QoC parameters which extends the existing parameters 

with new quality parameter and explicitly distributes the quality parameters across the 

three layers of context abstraction; (4) a novel algorithm, RCCAR (Resolving Context 

Conflicts Using Association Rules), which has been developed to resolve conflicts in 

context data using the Association Rules (AR) technique; (5) a novel mechanism to 

define QoC policy by assigning weights to QoC parameters using a multi-criteria 

decision-making technique called Analytical Hierarchy Process (AHP); (6) and 

finally, a novel quality control algorithm called IPQP (Integrating Prediction with 

Quality of context Parameters for Context Quality Control) for handling context 
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conflicts, context missing values, and context erroneous values. IPQP is extension of 

RCCAR. 

Our framework, MCFQoC, has been implemented in MatLab and evaluated using a 

case study of a flood forecast system. Results show that the framework is expressive 

and modular, thanks to the multilayer context model and also to the notion QoC 

policy which enables us to assign weights for QoC’s parameters depending on quality 

requirements of each specific application. This flexibility makes it easy to apply our 

approach to a wider type of context-aware applications. As a part of MCFQoC 

framework, IPQP algorithm has been successfully tested and evaluated for QoC 

control using a variety of scenarios. The algorithm RCCAR has been tested and 

evaluated either individually and as a part of MCFQoC framework with a significant 

performance concerning resolving context conflicts. In addition, RCCAR has 

achieved a good success comparing to traditional prediction methods such as moving 

average (MA), weighted moving average, exponential smoothing, doubled 

exponential smoothing, and autoregressive moving average (ARMA).   
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1.1 Research Background 

The term ‘Ubiquitous’, which means appearing or existing everywhere, was combined 

with the term "Computing" to form the term "Ubiquitous Computing", which is used 

to describe ICT (Information and Communication Technology) systems that enable 

information and tasks to be available everywhere. Devices should vanish into the 

background to make the user and his tasks the central focus rather than computing 

devices and technical issues [53][54]. This vision has seen a remarkable development 

where the physical world environment is being increasingly digitally instrumented 

and strewn with embedded sensor-based and control devices [53]. 

Context-Aware System (CAS) is a field in the wide range of ubiquitous computing. 

CASs are systems that are aware of their situation (or context) in their physical, 

virtual (ICT) and user environment. CASs 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 [53][54].  

However, CASs performance still face many challenges due to sensor shortages, rapid 

dynamic environment, lack of harmony between different sensors and difficulties 

encountered by situations capturing. Factors that may affect quality of context-aware 

systems have been addressed in the literature using different views. Actually, context-

aware environment is complicated to some extent.  

Many variant components can affect the whole performance of a CAS in addition to 

the interdependency between these components [1]. Quality of Device (QoD), Quality 

of Context (QoC), and Quality of Service (QoS) could be basic three main factors that 

affect QoC, which is addressed by this thesis. Quality of Experience (QoE) is 

addressed also recently as an aggregate of QoS [130][131]. Quality of Measurements 

also a hot topic that is addressed by the most recent researches [134]. 

For a CAS, context inherently is imperfect. The roots of imperfection problem is 

formed by the diversity of context sensors that could lead to lack of harmony between 

different resources along with the technical shortages of sensors [3][4][14]. The 

openness environment that is an aspect of a ubiquitous system adds more challenges 

to context protections against many possible attacks [6].  
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Furthermore, sensors capture the context periodically, so some events could be easily 

missed between intervals assigned to sense the context. Consequently, conflicts, 

erroneous, imprecision and even unknown values [5] could be found within the 

context information values. Context imperfection aspects could also be addressed 

with profiled context that are created by the user; for example, the user could leave 

his/her agenda without updating for long time where it is actually changed [4].  

On the other hand, in the high level context (derived context), the reasoning rules that 

are used to derive context cannot be valid for all situations [10], thus the derived 

context could be invalid. This imperfection could lead to serious problems due to the 

wrong decisions that might be made accordingly [7].  

This thesis aims at introducing a solution that tries to address these imperfection 

aspects of context. The main contribution of this thesis is the development of a 

comprehensive framework for QoC. 

1.2 Motivation and Problem Statement 

For context-aware systems, context inherently is imperfect. Conflicts, erroneous, 

imprecision, and even unknown and missing values could be found within the context 

information values [5]. These context imperfect aspects led us to think about a 

solution that contributes in raising the quality level of context. In addition, when we 

were investigating the QoC in the literature, we have remarked many points that have 

inspired us to think about developing a comprehensive framework for QoC to figure 

out the context imperfection aspects, and offer an effective method for context quality 

control.  

The points that have been remarked in the literature related to QoC can be 

summarized as follows: 

(1) Most work achieved in this area deals with context quality issues separately and 

not as integrated parts. There are many issues related to QoC that have been addressed 

in the literature such as context quality parameters [1][2][3][7][9][12][45][46][129], 

context quality measures [2][7][45], resolving context conflicts [10][11][18][19], 

context validity, and resolving context uncertainty [45][47][48][49]. However, 

realizing quality aspects needs to a comprehensive solution that can integrates all 

these issues together.  
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(2) Many solutions, which are introduced in the literature for context quality, have 

been built depending on a simple view of the context, whereas the context has a 

complex taxonomy and different views. Thinking about QoC should start by thinking 

about the nature of the context itself. For example, context information combines 

different levels of context. In the low level, there are context elements or context 

facts, which are aggregated to compose a higher context information (abstracted 

context), and then abstracted contexts with each other compose the context situation 

in the top level. Despite this point of research is vital, very few studies have 

insufficiently addressed this issue [47][48][49].  

To explain this point, let us introduce the following example: in flooding forecasting 

context-aware system, there are wind speed, temperature, soil saturation, precipitation 

and rainfall duration which are considered context facts. Rainfall status is an 

abstracted context, which is concluded using rainfall duration and precipitation 

context facts. Rainfall status cooperates with the other abstracted contexts such as soil 

status to compose the final situation of the context, which is the “potential flooding”. 

For this situation, quality of context in the lower level should affect quality of context 

in the upper level. To the best of our knowledge, this view has not been clearly 

addressed by the existing solutions of context quality. 

On the other hand, a context fact could be sensed context such as temperature and 

user movement, or profiled context such as user calendar, whereas we have derived 

context in the higher levels. In fact, quality aspects of sensed context should not be 

the same for profiled context.  

Thus, these different views for context should be taken into account when thinking 

about a comprehensive solution to context quality control.  

(3) Most existing solutions of context quality parameters did not differentiate between 

the two basic types of parameters: basic quality parameters, which reflect context 

validity as a basic quality requirement (e.g. reliability, probability_of_correctness, 

freshness, and completeness), and the perfection parameters, which reflect other 

aspects of quality (e.g. privacy, precision, and representation_consistency). We 

believe that the basic quality parameters should take place, as it could be a basis for 

many context shortcomings such as context conflicts and context uncertainty. 
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(4)  Beside quality parameters that indicate quality level of each piece of context, 

other general long-term quality indicators are essentially needed to serve different 

context stakeholders such as context provider, consumer, and CAS developers. To the 

best of our knowledge, most work that has been conducted by researchers has a lack 

regarding to this issue. For example, the quality level of a group of context facts in the 

lower level will introduce an important general indicator to know the quality of the 

sensor network that produced that context. These indicators could indicate the need to 

improve the whole network of sensors in a particular area. For example, a network of 

weather sensors belongs to a particular station that feeds a weather forecast context-

aware system. 

1.3 Research Question 

The main research question of this thesis is the following: 

How can we ensure quality of context in ubiquitous context-aware systems? 

The main aim of this thesis is to address the question mentioned above in an efficient 

manner by producing a comprehensive framework that contributes in assuring QoC in 

CASs. However, in order to answer this question, some sub-questions can be 

formulated: 

 What kind of quality information (QoC definition and parameters) should be 

utilized to ensure the context quality in a CAS? 

 How QoC parameters and total quality of context can be quantified/measured? 

 Can the same context quality aspects be applied to the different types of 

CASs? If not, how the context quality aspects can be determined for different 

CASs in an accurate manner? 

 How can we realize the required context quality aspects in a CAS during 

CAS's processing time while the context itself suffers from different 

shortcomings such as context conflicts, missing values, and erroneous values 

(context quality control processes)? 

 

1.4 Research Methodology 

In light of the research questions, this thesis aims at introducing a new quality context 

framework. The research method of this thesis, which is suitable for this kind of 
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research, is the standard scientific research method. This method is also called 

“Constructive Research” or “Design Research”, which is a branch of applied research. 

The term “Construct” is often used in this context in order to refer to the new 

contribution or knowledge that is being developed. “Construct” can be a new theory, 

algorithm, model, software, or a framework [65].  

Accordingly, the scientific methodology of this thesis has been carried out through 

four phases. 

Phase 1: Literature Review 

The literature review of this thesis has been conducted in this phase by utilizing 

different resources such as books, digital libraries, articles, ..etc. This phase aims at 

obtaining an understanding of the research topic. Different issues related to QoC have 

been covered in the literature review starting from an overview of CASs and context 

in general. These issues include the topics that could be potential constructs in the 

proposed framework such as the concept of QoC, QoC parameters, quantification 

methods for QoC parameters, CMFs (Context Management Frameworks), and the 

methods for resolving context conflicts using QoC parameters. The literature review 

of this thesis has addressed the main issues related to the research topic of this thesis 

with highlighting the shortcomings and limitations of each issue. Thus, this review 

has become the basis of the proposed solution introduced by this thesis. 

Phase 2: Developing the Context Quality Control Processes 

This phase aims at developing a novel solution that controls quality level of context 

during run-time. The control processes aim at handling different context shortcomings 

and realizing the required quality aspects in a CAS. During this phase, investigating 

the different kinds of the previous control processes and their limitations has been 

achieved. Based on this investigation, a novel solution for quality control processes 

should be introduced. 

Phase 3: Developing a Comprehensive Framework for QoC 

This phase is devoted to develop a comprehensive framework for QoC. This phase 

starts with addressing the limitations of the whole work that has been done so far by 

research community regarding to QoC. The limitations should give us an indication to 

the potential points that could be parts of the proposed framework. Actually, the 

http://en.wikipedia.org/wiki/Theory
http://en.wikipedia.org/wiki/Algorithm
http://en.wikipedia.org/wiki/Computer_model
http://en.wikipedia.org/wiki/Software
http://en.wikipedia.org/wiki/Software_framework
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proposed framework contains both conceptual and practical constructs. Conceptual 

constructs encompass a model for QoC parameters and quality measurement methods. 

The practical constructs contain a method that determines the required quality aspects 

for different CASs and the quality control processes introduced in phase 2. 

Phase 4: Implementation and Evaluation 

This is the final phase, in which the implementation environment has been 

determined, developed, or configured based on the nature of framework inner 

processes. Then, an appropriate case study has been applied and results have been 

discussed and critically evaluated. 

1.5 Research Contributions 

This thesis introduces our novel and comprehensive framework for QoC, which is 

called MCFQoC (Multilayered Context Framework for Quality of Context). The idea 

behind the development of MCFQoC framework is to enable CAS developers, context 

producer, and context consumers to define, manage, and ensure the desired quality 

level of context in a CAS that is being developed. The proposed framework, 

MCFQoC is introduced later in Chapter 5.  

The main contributions that have been conducted by this thesis can be summarized as 

follows: 

1. A novel definition for QoC with engagement of new quality aspects has been 

introduced by this thesis. The new aspects engaged with the definition make it 

more general. This is because the different types of context are included by the 

definition. It also directs the development of QoC parameters quantification 

methods to be suitable for different types of context. Our new definition is 

introduced later in Chapter 5. 

2. A novel multilayered model for context has been conducted by this thesis. 

This model is developed using multiple views for context. The idea behind the 

proposed multilayered model is to serve presenting more accurate quality 

parameters and quantification methods for QoC. The multilayered model for 

context is introduced later in Chapter 5.  

3. A novel model for quality parameters has been also introduced by this thesis. 

The proposed model benefited the multilayered model for context by 
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introducing different quality parameters for each context layer. In addition, the 

proposed model contains a new and novel quality parameter called "Context 

Credibility" as an important parameter that reflects the reality of context in 

CASs. Our novel parameters model is introduced later in Chapter 5. 

4. Many novel quantification/measurement methods including 10 new formulas 

used to calculate some quality parameters have been also introduced in this 

thesis. These formulas have been introduced in light of the multilayered model 

developed in this thesis for context. These formulas are introduced later in 

Chapter 5. 

5. A novel approach has been developed in this thesis to determine quality policy 

of a context. The solution of quality policy that has been proposed in this 

thesis makes the framework flexible for different kinds of CASs. This novel 

approach uses AHP (Analytical Hierarchy Process) [38] method to assign the 

weights of different QoC parameters in an accurate manner. This contribution 

is introduced later in Chapter 5. 

6. As a quality control process, a novel approach has been proposed by this thesis 

to resolve context conflicts in CASs. This approach is called RCCAR 

(Resolving Context Conflicts Using Association Rules) that uses the technique 

of Association Rules (AR) [64] to predict the best context value among set of 

conflicted values. Our approach RCCAR has been already published [30] and 

its efficiency has been improved later [37]. RCCAR approach contains a 

mathematical specification for the method and an algorithm used for the 

implementation. RCCAR is presented later in Chapter 3. 

7. A novel approach for context quality control using prediction along with 

quality criteria has been also introduced by this thesis. This approach is called 

IPQP (Integrating Prediction with context Quality Parameters) that has been 

developed to realize quality requirements of the user.  IPQP is an extension to 

our approach RCCAR. It has been developed to handle different context 

shortcomings which are context conflicts, context missing values and context 

erroneous values. IPQP approach is introduced  later in Chapter 4. 
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1.6 Thesis Organization 

This section describes the thesis structure and a summary of content for each chapter. 

The research layout is as follows: 

Chapter 2 is devoted to present an overview of QoC. It describes state-of-the-art 

related to QoC topic and highlights the shortcomings and limitations of each issue that 

has been addressed. The issues covered in this chapter include ubiquitous computing, 

context-aware systems, QoC concept, QoC parameters, QoC measurement methods, 

quality policy, quality management, and quality control processes. 

Chapter 3 presents our novel approach, RCCAR that resolves the conflicts of context 

using prediction. This chapter illustrates the motivation of the approach development, 

formalization of the solution, RCCAR algorithm, an analysis of the complexity of 

RCCAR algorithm, and finally a solution to improve RCCAR efficiency.  

Chapter 4 introduces our novel approach, IPQP that engages quality policy in terms 

of adopted context parameters with the approach RCCAR which is introduced in 

Chapter 3 to choose the best context value and realize quality aspects among many 

conflicted ones. IPQP is considered as quality control process that resolves context 

conflicts by choosing the value of the greatest quality level. This chapter illustrates 

how IPQP works, IPQP  input, steps with intermediate results, and the final output. 

Chapter 5 illustrates the different components involved by the proposed framework. 

The main innovative features of the proposed framework are illustrated in this chapter 

such as a new multilayered context model, a new model for QoC parameters including 

a new parameter called Credibility, a new method to determine context quality policy 

using AHP method, new measurement methods proposed for some quality 

parameters, two quality control processes including IPQP as one of them, and general 

long-term quality indicators for context. This chapter also introduces an illustrative 

example to clarify the different stages that should be followed to use the developed 

framework. 

Chapter 6 conducts the implementation and evaluation of the proposed framework. A 

special prototype has been developed to implement the framework. This chapter 

describes how this prototype is implemented and how to use it in order to implement 

the framework. The architecture of the prototype is also described in this chapter. This 
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chapter also introduces a case study that has been designed and implemented to 

evaluate the proposed framework. The context features, data and metadata are 

illustrated. After that, the chapter clarifies different stages of applying the framework 

to the case study. Finally, results are produced, discussed, and analyzed. 

Chapter 7 presents the conclusions of the work presented by this thesis with the 

indications of crucial results and limitations. In addition, it highlights the potential 

points of the future work based on findings and results of the thesis. 
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2.1 Introduction 

From 80s at the last century up to current, Mark Wiser vision about ubiquitous 

computing has already achieved remarkable success benefiting the technology 

advances especially within networking, sensors and mobile devices areas. This vision 

of ubiquitous computing aims at making our life better, easier and simpler in invisible 

manner. Devices should disappear in the background but working continuously with 

us anywhere, anytime with no annoying.  In fact, ubiquity itself was not the objective, 

supporting this intelligent environment in our daily decisions smoothly is the main 

objective. These computing systems should know where is it lay, know us, realize 

what we want and what should be done. It should be context-aware, adaptive and 

proactive.  

Despite that, this vision was very clear for many years ago, context-aware systems 

performance still suffer from a gap between reality and what should be. Context-

aware systems (CASs) face many challenges due to sensor shortages, rapid dynamic 

environment, lack of harmony between different sensors and difficulties face situation 

capturing. Many researchers investigated factors that can affect quality of context-

aware systems from different views. Context-aware environment is complicated to 

some extent; there are different construct can affect the whole performance in addition 

to interdependency between them. Researches addressed quality issue concentrating 

on variant dimensions ranging from quality of context to quality of service ending 

with quality of device, which is responsible for context creation from the beginning.   

This thesis addresses the quality of context. Quality of context can be considered as 

the basis that quality story can start with. CAS usually expects context data is correct 

and reliable. However, sensor-rich CAS may face inconsistence problems while 

processing low quality context data. Context conflicts may occur while collecting 

sensor data from redundant context sources or while aggregating the collected data to 

compose the context [10]. This chapter reports the state of the art quality of context in 

CASs. It addresses the concepts of "quality of context", quality parameters, quality 

evaluation, quality policy, and quality control in CASs. Finally, it introduces an 

analytical review for these issues to present the potential points that should lead our 

contributions regarding to quality of context.  
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2.2 Ubiquitous Computing 

The terminology ubiquitous computing (UC) is introduced for first time by Mark 

Weiser (1952 -1999). He worked at the Xerox Palo Alto Research Center (PARC). 

PARC was the birthplace for many inventions that characterized the PC era such as 

the mouse, windows based interfaces and laser printers. His famous article "The 

Computer of the 21st Century" that was published in Scientific American in 1991, 

was the first publisher introduced Mark Weiser’s ideas. The most frequently cited 

quotation from this article is the following paragraph: “The most profound 

technologies are those that disappear. They weave themselves into the fabric of 

everyday life until they are indistinguishable from it”.  

The term ‘ubiquitous’, is a Latin word which mean "anytime" and "anywhere" [93]. It  

has been combined with computing to form the term "Ubiquitous Computing" which 

is used to describe ICT (Information and Communication Technology) systems that 

enable information and tasks to be available everywhere, and to support intuitive 

human usage while appearing invisible to the user. Devices should vanish into the 

background to make user and his/her tasks the central focus rather than computing 

devices and technical issues [53][54][80][91][93]. In UC environment, computers 

became embedded in everyday objects to support daily activities and became 

applicable to our work, our homes, or anywhere. It creates a new environment from 

fusion between the physical world and the electronic space [77][93][94][132]. The 

information is transmitted in optimal method as the user context is recognized 

autonomously without user intervention. Furthermore, in UC, information does not 

only serve to user but also many proactive actions are taken based on understanding 

of the current context situation.  

UC suggests tiny, wirelessly intercommunicating microprocessors which are invisibly 

embedded into objects around us. Equipped with different types of sensors, these 

computers can record the environment where the objects are and provide them with 

intelligent processing capabilities and natural interactions [90][94]. Computer power 

and IT can be applied in all areas ranging from military and industrial production up 

to personal everyday life with a new quality [90]. 
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IT innovations have gone through four main generations: mainframe, personal 

computer, distributed computing, and UC [77]. UC has seen a remarkable 

development where the physical world environment is being increasingly digitally 

instrumented and strewn with embedded sensor-based and control devices [53]. It is a 

natural result of recent advances in computers hardware and software technologies 

where many and variant devices with a wide range of computing, communication and 

storage capabilities have been invented [93]. UC is a typical crosscutting technology; 

it utilizes the whole range of modern information and communication technologies 

(ICT) such as microelectronics, the energy supply in user interfaces, information 

security, sensors and localization technology [90].  

UC is the next wave of computing after the Internet wave. It aims at revolutionizing 

the current modes of human computer interaction. Computers have been already used 

in different aspects of human lives, however people have to adapt their behavior 

according to each computer system. In contrast, in UC, computing systems are 

invisible and embedded in each object around us in our daily life [92]. UC introduces 

a new paradigm of interaction. Authors in [78] addressed three types of interaction 

themes: natural interfaces, context-aware application, and automated context 

capturing and automated access. 

UC is reflected in a many different concepts such as "pervasive computing", "ambient 

intelligence", and "the Internet of things". However, the common of all concepts is the 

goal of assisting people to make the life better and easier by using a numerous 

microprocessors and sensors integrated into the environment [90][92]. 

Benefits of  UC are introducing unobtrusive computing assistance to us when we 

navigate through our work and personal daily lives [88]; enabling us to retrieve 

information from anywhere in our real world that could not be available before and 

enabling us to control daily life objects surrounds us that could not be made before. 

The main goal is reducing the complexity in our daily life [93]. 

One field in the wide range of UC is context-aware systems (CASs). CASs 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 [54]. 
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2.2.1 Main Aspects of UC 

According to Mark Weiser, in UC, computers should be so imbedded, so fitting, so 

natural, that we use it without even thinking about it [89]. This leads to figure out the 

main aspects of UC [89][94]. Nanotechnology and wireless technology are compound 

to create a seamless connection and invisible computing assistance, and context-

awareness and natural computing to make the computers helpful and unobtrusive [89]. 

Aspects of UC are not completely distinct; they are strongly interrelated to each other. 

The following section introduces the main aspects of UC in details: 

- Ubiquitous Access/Wireless Connection 

Access for services and information should be anywhere and anytime [90]. The access 

to information will be ubiquitous, over time access devices become available, divers, 

and smaller. Decentralization of systems and their comprehensive networking should 

be a vital aspect for UC [90]. Access channel should increasingly becoming wireless 

and widespread [81][82]. Each device in UC needs to limit the range of its wireless 

communication to enable valuable wireless bandwidth reuse. At 1990s, there were no 

short-range wireless standards, but right now, there are many: Bluetooth, IrDA, 

Zigbee, and WiFi. These technologies enable wide deployment for devices within 

local ad hoc communication as in UC vision [94]. 

- Natural Interaction 

Mark Weiser saw UC should provide a natural interaction. He found the known 

interaction styles at those days did not make invisibility possible, it enforces user to 

learn how the machine interact. These traditional modes of interaction made the 

computation as a separate activity apart of our daily activities [94][77][88]. The idea 

behind natural interaction is to provide computer services without forcing the user to 

think about how to use computer to get those services [89]. 

- Calm technology/Invisibility/Embedded systems 

Calm technology is another term that Mark Weiser used to describe UC. Authors in 

[92] considered invisibility as the most aspect of UC. Opposite to PC applications that 

virtualize our world, UC aims to push the computers back into background to be a 

part of our life and no need to virtualize the reality [94]. Computer hardware and 

software are embedded in other equipment and objects of daily use [99].Any 
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computer can be linked with a network, this link should be achieved smoothly without 

users intervention, and finally, appropriate services are provided on the network at the 

right time through human friendly interface [77][88].  

- Miniaturization/ Nanotechnology 

In UC, ICT components are becoming smaller [82]. If computers are to be 

everywhere, invisible, and obtrusive, they should be as small as possible. 

Miniaturization of computer components to an atomic scale is called nanotechnology. 

Nanotechnology focuses on building transistors using highly miniaturized computers 

using individual atoms or molecules. These types of computers will allow impressive 

levels of computing because of the huge number of transistors that could be located in 

tiny packages [89].  

- Context-awareness/ Autonomous processing 

The advances come from microelectericalmechanical systems which are exploited in 

UC are added to miniature interconnected devices [82]. Computing elements can now 

have sensors to measure the physical world and actuators that initiate physical 

response; these systems are called context-aware systems. In this environment, UC 

can function automatically and autonomously [81][82][90]. Automatic recognition 

and autonomous processing of repetitive tasks can be achieved without user 

intervention [90]. This means that computers should be able to accurately understand 

the user needs and provide him/her with the required services on time.  The notion of 

context-awareness is that the computers will be able to understand the situation that 

they are located in to offer the proper services relevant to the current context. The 

attributes of context vary widely,  beside the user, context may include location, user 

rules, current time, current date, and any other physical objects or peoples. The 

application of context-aware systems can be a coffee maker, a heating system at home 

or different GPS maps in cars or mobiles, or even earthquakes and flooding 

forecasting systems [89]. 

According to authors in [82], energy autarky and the autonomy of components and 

systems, are considered as secondary characteristics of UC. 
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2.2.2 Trends of Research in UC 

Authors in [83] proposed some trends of research in UC beside mobile computing:  

(1) Effective use of smart spaces, research in this area focuses on embedding 

computing infrastructure in building infrastructure, this fusion will help improving 

sensing and controlling by the computing infrastructure of the real world in general.  

(2) Invisibility, the ideal vision by Mark Weiser was totally disappearing of 

technology from the user perception. This trend of research focuses on reducing the 

user distraction.  

(3) Localize scalability, with tremendous number of objects and users within the 

future computing environments which have strong bandwidth, energy and distraction 

implications for a wireless mobile user. The presence of multiple users will further 

complicate this problem.  

(4) Masking uneven conditioning is the fourth recommended trend; this is because 

smart spaces vary strongly in the level of adaptation due different reasons. The 

technical reason is one but other factor such as economics, organizational structure, 

and business models are also influential factors. This could require many years or 

even decades before providing a uniform level of penetration for ubiquitous 

environment in different aspects of our life. This means not presence of many context-

aware systems invisible everywhere but also in the same level of smartness. 

 

2.3 Context-Aware Systems 

In UC, to success in inventing helpful computing environment and natural interaction 

modes, we have to know how humans do that. People are successful understanding 

each other using their rich language, their prior knowledge of how the world works 

and the implicit knowledge of the everyday situations and patterns. Currently, 

computers are not qualified enough to communicate people and understanding the 

context. When humans want to accomplish a task via computers, they should learn the 

method the computers understand to accomplish the task. We can say that they should 

"translate" what they want for each task. This is nothing in comparing with using 

human interaction styles. Improving the computer's ability to understand and 
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acquiring context can help increasing the effectiveness of communication between 

computers and humans and help producing more helpful computational services.  

Many researches addressed context-awareness in two approaches: improving the 

human-computer interaction by enabling computers to interact in a much more natural 

manner, and enabling computers to understand the context situation of the 

environment that they are located in. Applications that capture and use context are 

called context-aware. The increasing availability of sensing technologies makes it 

easier to sense context for different environment situations. Context-aware systems 

(CASs) are becoming more popular and can be found in the areas of wearable 

computing, mobile computing, robotics, adaptive and intelligent user interfaces, 

augmented reality, adaptive computing, intelligent environments, and context-

sensitive interfaces [94]. 

Context awareness allows applications to be aware of the context/environment that 

they are located in, and react according to the best possible user experience [94]. It is 

the ability of computers to be perceptive, interpretive and reactive [91]. Context-

aware systems are able to adapt their operations to the current context without explicit 

user intervention [53][54]. In [94], Dey and Abowd defined context awareness with 

the following statement: "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" [94]. Therefore, context-aware systems can capture context, view the 

captured context to the user or adapt according to the context situation and the 

application purposes. 

According to authors in [94], CASs designing process can be summarized by this 

sequence of activities:  

- Context Specification: determining behaviors that the application requires, in 

which situations each behavior should be executed and how; 

- Context Acquisition: determining the hardware and/or software sensors that 

are required to acquire the context that is identified in the first step; 

- Context Delivery: specifying how context should be delivered from the 

sensors to the applications that will use the context; 

- Context Reception: based on the application purposes, specify what context 

is interested with. This includes converting the context into a form usable by 
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the application, and then analyzing the context to determine whether this 

context, when combined with other available context, describes a relevant user 

situation for the application or not. 

 

2.4 Context in Context-Aware Systems 

There is a range of definitions for context. Authors in [55] define context as ‘any 

information that can be used to characterize the situation of an entity that is 

considered relevant to the interaction between a user and an application’. According 

to authors in [92], context is the information that characterizes the current situation of 

environment for a participant in an interaction [92]. A more concrete definition of 

context is introduced by [56] as "a member from the set of context types, such as 

location, identities of nearby people, objects and changes to those objects". 

Context information may be acquired in a variety of ways, such as applying sensors, 

network information, device status, user profiles and using other source [53]. This 

often depends on applications’ use. Environment monitoring applications use multiple 

types of distributed sensors to determine an environment context such as air pollution 

and temperature [54]. Context is difficult to model because it contains many different 

dimensions such as location, time, located nearby devices, persons who are present, 

physical factors such as sound, motion, temperature … etc. [94]. Of course, this is not 

has to be the case for all applications, it is different from an application to another. 

Several ways have been addressed in literatures to classify context. Authors in [57] 

and [58] classified context into external and internal which mean physical and user 

contexts respectively. Authors in [59] classified context into physical and logical 

contexts where the logical context is similar to the user context. Authors in [60] 

proposed three classes: (1) places such as rooms and buildings, (2) people, either 

individuals or groups, and (3) things such as physical objects and components. 

Authors in [61] classified context into three categories: (1) where you are (location 

context including which physical environment resources are located with the user), (2) 

who you are with (social context), and (3) what (ICT) resources are nearby. Authors 

in [62] and [63] distinguished between static and dynamic context. Static context is 

invariant context such as a person’s date of birth. Dynamic context can be highly 
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variable over space and time, e.g. temperature. Context reasoning is also an active 

topic in context-aware systems [133] but it is out of scope of this thesis. 

 

2.5 Quality of Context (QoC) 

This section introduces a review for different concepts and issued related to quality of 

context. These issues are the concepts of context quality, context imperfection, QoC 

parameters, QoC evaluation, and context management processes. 

 

2.5.1 The Concept of Quality of Context (QoC) 

Referencing to the quality issue in general, specialist can use some verified heuristics 

to ensure conformity of required quality level when dealing with computing systems. 

These heuristics are always represented as data to facilitate computing quality 

realization and management in order to support the performance automatically.  

As a result, quality of context is information about the context information that 

enables us to judge the quality level of context. In light of that, the first definition of 

QoC was introduced by [1] as:  

"Quality of Context (QoC) is any information that describes the quality of information 

that is used as context information".  

In our view, this definition is simple and cannot capture all and critical qualities 

aspects that affect and ensure quality of context. This definition focuses on the 

representation of quality more than the key quality aspects for context within a 

context-aware ubiquitous environment.   

In our opinion, this definition of QoC guides researchers to elaborate the context 

quality as general and with concentrating on inherent objective information about 

context information apart of consumer view and the real context. In light of this 

definition, the researchers investigated context quality to cope with problems 

accompanied with imperfect context such as imprecision and erroneous. This 

approach seems not balanced and it does not satisfy the objectives of the context 

consumer. Thus, later, the definition of QoC is modified by [2] to involve the 

subjective nature to the concept with engaging user satisfaction to the definition: 
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"Quality of context indicates the degree of conformity of the context collected by 

sensors to the prevailing situation in the environment and the requirements of a 

particular context consumer”. 

This definition is better from the view that it highlights the sources and the consumers 

of the context and their needs and roles to ensure and realize quality. This view is 

more close to the references models of quality and its nature. This led us to discuss 

how the definition should be coined, what are the factors we should to concern. It is 

not a philosophy but definition will affect all other quality issues ranging from 

parameters, indicators, measurement methods and even the quality policy.  What we 

can agree here that quality issue and standards have to take a place. Quality of any 

object should be the attribute of that object make it satisfied from the consumer. 

Therefore, any definition should reflect that. On other hand, QoC is a technical 

terminology that could be found at another context. The specific nature of this term as 

it is within context-aware ubiquitous environment should be clear in the definition. 

This is could inspire researchers investigating QoC parameters appropriate for these 

environments. 

 

2.5.2 Context Information Imperfection 

Context in CASs has many sources of ambiguity. Sensors can sense incorrectly, fail, 

or be unsure about the context that they sensed. For higher context, context inference 

engines can inaccurately derive context situations or at least be unsure about their 

inferences. Other types of shortcomings are coming with profiled context which 

created by user, up_to_dateness problem could be addressed [94][3][4][14][10].  

Imperfection aspects could be: unknown (no available sensor information), 

ambiguous (conflicting information from different sources), imprecise (information 

with insufficient granularity), or erroneous (sensed or aggregated context not coherent 

with real situation) [5][11][13].  

Context imperfections may lead to problems in realizing both functional and non-

functional properties in a CAS [21]. It could lead to serious problems due to the 

wrong decisions that might be made accordingly [7]. 
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In our opinion, investigating reasons and aspects of imperfect context will contribute 

significantly when determining QoC parameters and quality level of context in 

general. The nature of the environment and the openness of CASs could be serious 

threats for the context integrity. Reasons related to context in high-level "derived 

context" received low attention by researchers despite it is considered more important 

for introducing the service.  

 

2.5.3 QoC Parameters 

QoC parameters are the attributes used to compute quality level of context. These 

parameters have been proposed to overcome the shortcomings of imperfect context 

such as ambiguity, imprecision, and up_to_dateness. The common parameters 

proposed by the literatures are reliability, up_to_datedness (timeliness), accuracy, 

completeness, security_level; significance, usability, representation_consistency, 

probability_of_correctness, and trustworthiness [1][2][3][4][7][8][12][46].  

There are some parameters proposed in literatures with different titles but they define 

the same concept. It is important to address that to avoid repetition. We addressed 

three cases for that; (1) up_to_datedness and timeliness were used to reflect the 

freshness of the context for given purpose; (2) Precision, accuracy, and resolution are 

three titles define the granularity level of context; (3) Sensitiveness, access_rights, 

security_level are three titles for describing the security level as defined by the user.  

Reliability is the probability of context being true according to sensor limitations 

[12][2]. Timeliness indicates the degree of rationalism to use a context object for a 

specific application at a given time [1][2][3][12]. Accuracy is the level of details in 

which the context information characterizes the real world [1][12][7]. Completeness 

indicates the quantity of information that is provided by a context object [2][3][7]. 

Security_level indicates the extent to which owner of context allows the context 

consumer to access context [2][7]. Significance indicates the worth or the 

preciousness of context information in a specific situation [2][3]. Usability indicates 

suitability of use for an intended purpose [2]. Representation_consistency indicates 

the extent to which context representation format is consistent to consumer 

requirements [7]. Probability_of_correctness denotes the probability or the 

confidence that a piece of context information is correct based on its previous 
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occurrences [1][46]. Trustworthiness also describes how likely it is that the provided 

information is correct; in comparison to the probability_of_correctness, however, 

trustworthiness is used by the context provider to rate the quality of the actor from 

which the context provider originally received the context information [1][3]. For 

derived context, authors in [21] proposed a definition for state reliability of a service 

as the probability that all components and connectors that implement it do not fail all 

the times they are used (i.e. numbers of activations over components and interactions 

over connectors). Table 2.1 shows an example explaining how the different literatures 

address QoC parameters. The level required from these quality parameters varies from 

an application to another based on the nature of context and CASs area. 

Authors in [2] have introduced a special point of view for QoC parameters that 

distinguishes between objective and subjective parameters. The objective parameters 

encompass the quality requirements that are independent of the context consumer. 

They tell whether the collected context information is free of error and suitable to be 

used at an instance of time or not. On the contrary, subjective parameters are related 

to the user requirements and for a specific purpose. Objective parameters proposed in 

[2] include Reliability, Timeliness, and Completeness, while the proposed subjective 

parameters include Significance, Access_Rights, and Representation_Consistency. 

Classification of the parameters into objective and subjective would be useful when 

we want to assess the context validity, as we should depend on the objective 

parameters. 

Table 2.1 An Example of QoC Parameters in Different Literatures 

[1] 

2003 

[12] 

2006 

[2] 

2008 

[3] 

2008 

[7] 

2010 

Reliability 

 Probability of 

information being true 

The extent to which 

context can be 

considered credible 

  

Accuracy 

 Difference between 

the encoded and actual 

value of an attribute. 

   

Timeliness/Up_to_datedness 

Up_to_dateness 

describes the age of 

context information 

 

Acquisition Time and 

Validity Time provide 

the temporal reference 

of the information 

Indicates validity of 

context to use 

considering its 

freshness 

Indicates the degree of 

rationalism to use a 

context object for a 

specific application at 
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associated to the 

context item. 

a given time. 

Source 

 Source of information, 

e.g. GPS 

   

Precision 

Precision describes how 

exactly the provided 

context information 

mirrors the reality. 

Precision is specified 

with bounds. A 

GPS_receiver, for 

example, allows for a 

precision of about 4 

meters. 

The smallest 

measurable element. 

  The level of details in 

which the context 

information 

characterizes the real 

world. 

 

When analyzing the changes in QoC parameters over the time, some remarks can be 

raised. The first version of QoC parameters was coming with affecting of the first 

definition of context, which concentrates on its representation nature, as it is 

information, and also it was affected by the reasons focuses in sensors shortcoming to 

produce accurate data. Therefore, all parameters except up_to_dateness were 

describing the accuracy of data. The later updates of these parameters were better with 

more engaging of consumer requirement dimension and the measurement situation 

dimension to get more accurate view of reality. Moreover, references should inspire 

parameters establishing is very important issue. What factors should lead parameters 

determining efforts. Absolutely, definition of QoC and reasons of imperfect context 

should be part of these factors however, other factors could effectively help.  We can 

employ context categories, context-aware applications classification, and context-

aware systems aspects to deduce parameters that are more appropriate. In addition, 

more attention should be paid for describing different parameters accurately with 

referencing quality known standards. 

 

2.5.4 QoC Evaluation 

Many formulas for measuring QoC parameters have been proposed in the literature; 

mainly based on the quantification of these parameters [2][7][16][30][33][34]. 

Quantification means describing parameters with numeric values (decimal values 

within the range [0,1] are usually adopted). This quantification is necessary for the 
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following reasons: (1) for user, it is easier to deal with decimal values because it is 

more expressive and also it offers a useful scale for accurate measuring; (2) QoC 

measuring can be exploited for automatic context processing.  

Authors in [2] use some information comes from sensor characteristics and 

specification and context consumers for QoC quantification. This information looks 

like the illustrated by Table 2.2. 

Table 2.2. A Summary of Information from Sensor Characteristics, Specification, and 

Context Consumers [2] 

Sensor Characteristics  

Accuracy Extent to which data is correct and free of errors 

Precision Degree of exactness with which context is collected 

Granularity Degree of detail with which context is collected 

Time Period Time interval between two readings of context 

Sensor State Physical state of sensor (static or dynamic) 

Sensor Range / Span Maximum distance for which sensor can collect context 

Measurement Context  

Measurement Time Time of collection of context information 

Sensor Location Location of sensor when context information is collected 

Information Entity 

Location 

Location of the real world entity about which context is 

collected at the time of collection of context 

Available Attributes Number of attributes that have a value for that context 

object  

Specifications and Consumer Requirements 

Validity Time Maximum length of time for which a specific type of 

context information is stable 

Required Attributes   Number of attributes that are required to have a value for 

that type of context information 

Critical Value Level of importance of context information of a specific 

type 

Access Level   Information about the rights of context consumer to access 

certain type of information 
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As explained above in this section, a metric can be objective or subjective. Table 2.3 

summarizes QoC metrics and the calculation method. 

Table 2.3.  A Summary of the QoC Metrics and the Calculation Method [2] 

QoC Metrics 
Objective 

view 

Subjective 

View 
Calculation Method 

Reliability X - Combination of span reliability and 

accuracy 

Timeliness 

 

X 

 

X 

 

Ratio of age and time period or 

validity time of context depending 

upon subjective or objective view 

Completeness 

object 

X 

 

X 

 

Ratio of available number of attributes 

to total or required number of 

attributes of a context  

depending upon subjective or objective 

view 

Significance - X Ratio of critical level of context to 

maximum critical level that type of 

context can have 

Usability 

 

- 

 

X 

 

Comparison of level granularity of 

context with level of granularity 

required by context consumer 

 

Access Right 

 

- 

 

X 

 

Comparison of access level of context 

allowed by context owner to access 

level of context consumer 

 

Representation 

Consistency 

- X Comparison of representation formats 

 

However, researches started introducing different sources and consequently formulas 

for some QoC parameters as these metrics and calculating methods are still not 
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standardized and need a lot of effort by research community to make them 

standardized. Authors in [7] added modifications to some formulas used for QoC 

parameters measuring which introduced by [2]. For instance, according to [2] 

completeness parameter for a context object is calculated as a ratio between sum of 

weights of available attributes of a context object, and sum of weights of all attributes 

of that context object. In contrast, authors in [7] found this way more expensive and 

not realistic, as we need to recalculate it again at each new reading of a sensor. 

Furthermore, this approach does not indicate if the context information is available 

and current. Therefore, authors in [7] proposed a measurement method for 

completeness that describes how the context information is complete, available, and 

current. 

Table 2.4 summarizes the formulas introduced in the literatures to calculate QoC 

parameters (Formula 2.1 to Formula 2.14). All these formulas assumed the piece of 

context as context object and denoted to it as O. 

Table 2.4. A Summary of Formulas that Used in Literatures for Evaluating QoC 

Parameters 

Calculation Method for QoC Parameters Reference 

Reliability 

𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚 (𝑶) =  {
𝟏 − 

𝒅(𝒔−𝜺)

𝒅𝒎𝒂𝒙
 ∗  𝜹   ∶    𝒊𝒇     𝒅(𝒔 − 𝜺) <  𝒅𝒎𝒂𝒙 

    𝟎          ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
                           (2.1)               

 

 

𝒘𝒉𝒆𝒓𝒆 𝒅(𝒔 − 𝜺) is the distance between context object and sensor, 𝒅𝒎𝒂𝒙 is 

the maximum distance and 𝛅  is accuracy of sensor. 

 

[2] 

 

 

 

Timeliness 

𝑻𝒊𝒎𝒆𝒍𝒊𝒏𝒆𝒔𝒔 (𝑶) =  {
𝟏 − 

𝑨𝒈𝒆(𝑶)

𝑽𝒂𝒍𝒊𝒅𝒊𝒕𝒚𝑻𝒊𝒎𝒆(𝑶)
    ∶    𝒊𝒇     𝑨𝒈𝒆(𝑶) <  𝑽𝒂𝒍𝒊𝒅𝒊𝒕𝒚𝑻𝒊𝒎𝒆(𝑶) 

𝟎  ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆
   (2.2) 

 

𝑨𝒈𝒆 (𝑶) =  𝑻𝒄𝒖𝒓𝒓 − 𝑻𝒎𝒆𝒂𝒔(𝑶)                                                                           (2.3)      

 

Where 𝑻𝒄𝒖𝒓𝒓 is current time, and 𝑻𝒎𝒆𝒂𝒔(𝑶) is the time that the context 

. 

[2] 
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object 𝑶 was measured at it, and the context consumer determines 

validity_time. 

Completeness 

𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔(𝑶) =
∑ 𝒘𝒋(𝑶)
𝒎
𝒋=𝟎

∑ 𝒘𝒊(𝑶)
𝒏
𝒊=𝟎

                                                                          (2.4) 

 

Where m is the number of available attributes and n is the total number of 

attributes for context object 𝑶. 

 

𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔(𝑶) =

{
 

 𝑪𝑶(𝑶) ×
𝑵𝒖𝒎𝒃𝒆𝒓𝑶𝒇𝑨𝒏𝒔𝒘𝒆𝒓𝒆𝒅𝑹𝒆𝒒𝒖𝒆𝒔𝒕+𝟏

𝑵𝒖𝒎𝒃𝒆𝒓𝑶𝒇𝑹𝒆𝒒𝒖𝒆𝒔𝒕+𝟏
 ∶  𝒊𝒇 𝑼(𝑶) ≠ 𝟎 𝒂𝒏𝒅 𝑶 ≠ 𝒏𝒖𝒍𝒍

𝑪𝑶(𝑶) ×
𝑵𝒖𝒎𝒃𝒆𝒓𝑶𝒇𝑨𝒏𝒔𝒘𝒆𝒓𝒆𝒅𝑹𝒆𝒒𝒖𝒆𝒔𝒕

𝑵𝒖𝒎𝒃𝒆𝒓𝑶𝒇𝑹𝒆𝒒𝒖𝒆𝒔𝒕+𝟏
   ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

  (2.5) 

 

Where CO(O) is completeness of a context object and  U(O) is timeliness of 

object . The values NumberOfAnsweredRequest and NumberOfRequest can be 

obtained from a log file. 

[2] 

 

 

 

 

 

 

[7] 

Representation_Consistency 

𝑹𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒕𝒊𝒐𝒏𝑪𝒐𝒏𝒔𝒊𝒔𝒕𝒆𝒏𝒄𝒚(𝑶) =  
𝒌

𝑻𝒓𝒂𝒏𝒔𝒇𝒐𝒓𝒎𝒂𝒕𝒊𝒐𝒏𝑬𝒇𝒇𝒐𝒓𝒕
                                  (2.6) 

 

Where 𝒌 is a constant of normalization ranging in [0,1] depending on 

maximum and minimum values of transformation effort.  

[2] 

Resolution 

𝑹𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏(𝑶) =
𝒄𝒖𝒓𝒓𝒆𝒏𝒕_𝒈𝒓𝒂𝒏𝒖𝒍𝒂𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍

𝒕𝒐𝒕𝒂𝒍_𝒏𝒖𝒎𝒃𝒆𝒓_𝒐𝒇−𝒈𝒓𝒂𝒏𝒖𝒍𝒂𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍
                                               (2.7) [7] 

Usability 

𝑼𝒔𝒂𝒃𝒊𝒍𝒊𝒕𝒚(𝑶) =  {
𝟏    ∶      𝒊𝒇     𝑮𝒓𝒂𝒏𝒖𝒍𝒂𝒓𝒊𝒕𝒚𝑳𝒆𝒗𝒆𝒍(𝑶) ≥  𝑮𝒓𝒂𝒏𝒖𝒍𝒂𝒓𝒊𝒕𝒚𝑳𝒆𝒗𝒆𝒍(𝑪𝑹) 

 
 𝟎   ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

         (2.8)

    

Where GranularityLevel(CR) is current granularity level and 

GranularityLevel(O) is granularity level of context object O. 

[2] 

Access_Rights 

𝑨𝒄𝒄𝒆𝒔𝒔𝑹𝒊𝒈𝒉𝒕(𝑶) =  {
𝟏    ∶      𝒊𝒇     𝑨𝒄𝒄𝒆𝒔𝒔𝑳𝒆𝒗𝒆𝒍(𝑶) ≥  𝑨𝒄𝒄𝒆𝒔𝒔𝑳𝒆𝒗𝒆𝒍(𝑪𝑹) 

 
 𝟎   ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

          (2.9) 

 

 

[2] 
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 𝑨𝒄𝒄𝒆𝒔𝒔𝑹𝒊𝒈𝒉𝒕(𝑶) =
𝒄𝒖𝒓𝒓𝒆𝒏𝒕_𝒔𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍

𝒕𝒐𝒕𝒂𝒍_𝒏𝒖𝒎𝒃𝒆𝒓_𝒐𝒇_𝒔𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍
                                              (2.10) 

 

[7] 

Probability_of_Correctness 

𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚_𝑶𝒇_𝑪𝒐𝒓𝒓𝒆𝒄𝒕𝒏𝒆𝒔𝒔(𝑶) =∑ 𝒄𝒐𝒏𝒇𝒊𝒅𝒆𝒏𝒄𝒆(𝑶𝒊 ⇒𝑶)
𝒎

𝒊=𝟏
               (2.11) 

𝒄𝒐𝒏𝒇𝒊𝒅𝒆𝒏𝒄𝒆(𝑶𝒊 ⇒ 𝑶) =   
𝒔𝒊𝒈𝒎𝒂(𝑶𝒊∩𝑶)

𝒔𝒊𝒈𝒎𝒂(𝑶𝒊)
                                       (2.12) 

 

Where: 𝒔𝒊𝒈𝒎𝒂(𝑶𝒊 ∩ 𝑶) is frequency of Oi and O occurring together in the 

previous history and 𝒔𝒊𝒈𝒎𝒂(𝑶𝒊) is frequency of Oi in the previous history. 

Oi could be a single object and a combination of objects as m will include all 

possible combination of objects, which affirm 𝑶 according to the previous 

history. 

 𝑷𝒐𝑪(𝒄𝒆𝒊) =
𝟏

𝒏+𝒎
(∑ 𝒑(𝒄𝒆𝒊/𝒄𝒆𝒋)

𝒏

𝒋=𝟏
+∑ 𝑸𝒐𝑪𝒑(𝒄𝒆𝒊)𝒌

𝒎

𝒌=𝟏
)                                 (2.13) 

 

Where ce is the abbreviation for context element. p(cei|cej) is the conditional 

probability between the context element under investigation cei and the 

context element depends on cej. DCi is the totality of dependent context 

elements cej, which a context element under investigation cei depends on. 

QoCp(cei) is the QoC parameter of the context element under investigation 

cei. n is number context elements cei depends on (n = DCi size) and m is the 

number of QoC parameters. 

 

[30] 

 

 

 

 

 

 

 

 

[32] 

Significance 

𝑺𝒊𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒏𝒄𝒆(𝑶) =  
𝑪𝑽(𝑶)

𝑪𝑽𝒎𝒂𝒙(𝑶)
                                                  (2.14) 

 

Where CV(O) is the critical value of context object 𝑶 and 𝑪𝑽𝒎𝒂𝒙(𝑶) is the 

maximum critical value that can be assigned (by the consumer) to context 

object O. 

[2] 

On the other hand, authors in [47] introduced the idea of context layers and context 

relative weights to compute quality parameters. Moving up the context layers, context 

facts are derived from source data. This idea led to compute some quality parameters 

value according to the position of piece of context in the context pyramid.   
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For example, each fact has a measurable context confidence that is derived from the 

underlying source data uncertainties. Situations are created by combining context 

facts. Situation confidence is calculated from the underlying context facts by 

combining the confidence of context facts with appropriate context weights, resulting 

in a single measure of situation confidence.  

The purpose of context weight is to quantify a context fact’s contribution to the 

occurrence of a situation, with respect to the other context facts of the situation. 

Authors in [48] introduced the Bayes’ Theorem to calculate confidence. Then, they 

improved their work by introducing more fine-grain layers in [49] with three layers: 

sensor, abstracted context, and situation. The situation can be inferred from many 

intermediate situations, which are all together called abstracted context. 

 

2.5.5 Calculating the Overall QoC  

Subsection 2.4.4 illustrates different methods that are proposed to measure a QoC 

parameter for context object individually. However, many methods have been 

addressed in the literatures to calculate the overall quality of context. Authors in [7] 

proposed three basic methods: average value of QoC parameters, maximum, and 

minimum values depending on the nature of QoC parameters.  

Authors in [16] introduced a fine-grain approach that evaluates quality of context. 

They focused on quality management and how to evaluate context. They proposed 

weighting idea for different quality attributes according to application type. The roots 

of weighting solution were introduced in [17] for Byzantine Generals Problem. 

Authors in [16] introduced an idea for weights scale by proposing a wide 

textual/numerical scale (7 levels) that describes the relative importance for QoC 

attribute compared to other quality attributes (Table 2.5).  

Table 2.5. Textual/Numerical Scale for Relative Importance of QoC Attributes [16] 

Relation Value added to relative weight 

equivalent +0 

barely +0.1 

just a little +0.2 



31 
 

somewhat +0.5 

highly +1 

much +5 

tremendously +10 

 

Then, it assigns the same weight for all QoC attributes and then adds the weights 

produced by comparing quality attributes to each other. It uses the final weights when 

computing quality of attributes for each context. To formulate that, let qi,j be the ith 

quality parameter for the jth context information, with 1 ≤ i ≤ n and 1 ≤ j ≤ p. The 

overall QoC of the jth context information is illustrated by Formula 2.15 [16]: 

𝑄𝑜𝐶𝑗 =  
∑ 𝑤𝑖∗𝑞𝑖𝑗𝑛
𝑖=1

∑ 𝑤𝑖𝑛
𝑖=1

                                                                                                  (2.15) 

2.5.6 Quality Policy for Context in CASs 

Policies are used widely in the literature for determining required levels of quality. 

For quality of context, two common types of policies are used: quality policies and 

procedural policies. However, the nature of policy is still the same; authors in [105] 

denoted that policies which guide the behavior of entities within the policy domain. 

Quality policy is a set of quality rules that achieve quality objectives [73][74][75][76]. 

This is true for quality policy in CASs.   

Authors in [109] introduced an approach for designing QoC policy. They built their 

approach based on the assumption that each CAS has its own objectives and a group 

of possible scenarios. Therefore, quality policy should not be confined of quality 

parameters alone; it should consider the application objectives beside quality 

parameters. Accordingly, two classes of quality policy are defined, application driven 

policy, and QoC policy.  

Authors in [109] distinguished between two types of QoC policies, static policy and 

dynamic policy. Static policy should be used when the value of a quality parameter 

can be predefined whereas dynamic policy defines the value of a quality parameter 

during run-time. 

Authors in [11] and [18] introduced a policy based approach for QoC. The idea 

behind this approach is to focus on determining the most important QoC 
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attributes/indicators based on the nature of application and context type/class. It 

selects the context items (sensed raw data) among different sensors according to that 

and then determines the context situation (derived context) according to these 

policies. Authors in [16] recommended some QoC attributes for different types of 

context/applications as illustrated by Table 2.6. 

Table 2.6 Examples of Recommended QoC Attributes for Different Type of 

Context/Application [16] 

Context Category Context 

Level 

Quality  

Parameters 

Social 

Activity 

Emergency 

H freshness   

accuracy 

Space/ 

Temporal 

L, I, H accuracy 

precision 

Identity 

Privacy 

L, I, H Trust_worthiness  

  

2.5.7 QoC Management 

CASs should be able to adapt according to the context information captured from 

distributed redundant context sensors. For correct adaption, these systems should 

ensure quality level of context information that characterizes different situations. This 

subsection is devoted to demonstrate the work that is introduced by research 

community for context management and context quality assurance and control.  

 

2.5.7.1 QoC Assurance and QoC Control  

According to ISO 9000 definitions [36], Quality Assurance (QA) is “a part of quality 

management focused on providing confidence that quality requirements will be 

fulfilled.” Quality control is defined as: “A part of quality management focused on 

fulfilling quality requirements” [36][84]. Elements such as managed processes, 

criteria, and qualifications competence should be identified [85][86].  

Quality control emphasizes on testing to detect defects according to quality objectives 

and reporting to management to make the decision [87]. Thus, quality control is a 

process within quality assurance, whereas quality assurance goes beyond quality 

control with not only detecting but beside that, improve quality by avoiding or at least 
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minimizing issues that lead to defects [87]. These general concepts about quality have 

led our thinking to introduce our framework for context quality assurance. 

The quality management process should be not isolated from the context management 

process. Within each CAS, context management framework is the part responsible for 

context management. The next subsection describes its function and structure. 

 

2.5.7.2  Context Management Frameworks 

The part within CASs, which is responsible of quality assurance and quality control, 

is the Context Management Framework (CMF). According to [18][19], CMF is 

responsible for main functions that affect context quality, i.e., collecting sensor data, 

aggregating that information to compose the context, and extracting high-level 

context information by performing reasoning operations. Authors in [18] named it as 

Context Monitoring and Management Frameworks (CMMF). 

Authors in [19] introduced an approach for context management systems, this 

approach improves context information qualities and reduces overall performance 

cost for context-aware systems. It exploits context information and context metadata 

information for context management. Authors in [19] presented six elements for 

CMF: context aggregator service, context discovery service, context provider service, 

context observer service, context ontology reasoned service, and context query 

service. 

CMF should implement a mechanism to verify and control quality of context 

information in order to improve decision-making support for context-aware system 

that belongs to [13]. Quality control is a part of quality aggregator element [10][18]. 

This component/element helps the management framework system selecting the high-

quality context based on quality attributes and quality evaluation method applied. 

Authors in [18] named this element as QoC evaluator. QoC evaluator (controller) 

evaluates QoC parameters for a context to help CMF resolving conflict and 

redundancy problems. Subsection 2.8.8 describes context conflict resolving as a vital 

quality control process in CASs. 

Authors in [54] introduced a clear example for CMF. They introduced a layered 

conceptual framework. The first layer is called sensors layer; it consists of a collection 
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of different sensors. The word “sensor” refers to every data source that may provide 

context information. According to that, sensors can be classified into three groups:  

(1) Physical sensors, which represent the most frequently used type.  

(2) Virtual sensors: this type acquires context data from software applications or 

services. For example, it is possible to determine an employee’s location by a virtual 

sensor, e.g., by browsing an electronic calendar, a travel-booking system, emails etc. 

(3) Logical sensors: these sensors use couple of information sources. They combine 

physical and virtual sensors with additional information from databases or various 

other sources in order to solve higher tasks.  

For example, a logical sensor can be constructed to detect an employee’s current 

position by analyzing logins at desktop PCs and a database mapping of devices to 

location information. The second layer is called raw data retrieval. It uses appropriate 

drivers for physical sensors and APIs for virtual and logical sensors. The query 

functionality is implemented in software components which make low-level details of 

hardware access transparent by providing more abstract methods such as 

getPosition(). By using interfaces for components, it is possible to replace an RFID 

system by a GPS system without any major modification in the current and upper 

layers. The third layer is pre-processing layer. The pre-processing layer is responsible 

for reasoning and interpreting contextual information. The sensors queries in the 

underlying layer most often return technical data that are not appropriate to use by 

application designers. This layer transforms the results of layer two to a higher 

abstraction level. In addition, in context-aware systems consist of different context 

data sources, the single context atoms are combined to high-level information in this 

layer.  

This process is also called “aggregation” or “composition”. Context conflicts that 

might occur when using different data sources has to be solved in this layer as well. 

Often this conflict is resolved by using additional data such as time stamps and 

resolution information. The fourth layer, Storage and Management, organizes 

gathered data and offers them via a public interface to the client. The Application 

layer is responsible for implementing the actual reaction of different events and 

context instances. 
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2.5.8 Resolving Context Conflicts in CASs 

In CASs, a solution that provides a ubiquitous context assembles the context 

information from a group of related context services, which is called context fusion 

[132]. This fusion is also required because sensing technologies are not 100% reliable 

or deterministic [78]. Even for the same instance of context, multiple sensors are 

commonly used for dealing with context ambiguity [94]. On the other hand, it is very 

often to find more than one user share the same ubiquitous context-aware application 

and the same resources, conflicts may occur during adaptation actions due to 

individuality.  

An approach to deal with conflicts is to allow users to manually resolve the ambiguity 

in context. Rather than using an automated approach, this approach exploits a user’s 

knowledge about the situation to help resolving and removing any ambiguity in the 

sensed or inferred context. A user may be provided by a list of the most likely 

interpretations of context, ranked by likelihood, and asked to select the “correct” 

interpretation [94]. However, this approach contrasts with the basic aspects of UC 

especially the invisibility, the natural interaction, and the autonomous systems. 

Context in nature has different levels, context conflict might occur through the 

different levels of context; while collecting sensor data from redundant context 

sources or while inferring the context situations in higher level or even when serving 

the different consumers of context. Literatures handled context conflicts for different 

context levels using different approaches.  

Remarkable solution introduced by authors in [100] defines three layers of conflicts to 

handle all types of conflicts and adopts three policies for conflict resolution in three 

different layers accordingly: source layer with freshness policy, processor layer 

(modelling and reasoning) with reliability policy, and consumer layer with priority 

policy.  

The experiments proved that using a combination between freshness policy and 

reliability is better. Similarly, two types of conflicts are addressed by [51]: service 

resource conflict and user preference conflict. Service resource conflict can occur 

when selecting only some users among many users that want to be provided with the 

same service, this can happen due to limited service resource. User preference conflict 

occurs when providing only some users with personalized service, because the 
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preference of users is not the same despite the same context of users is identified. 

These two problems are still not resolved perfectly, because it is difficult to provide 

personalized services under limited resources [51][129][131]. 

The next three subsections describe in details the effort that is spent by the research 

community to handle context conflicts based on the three layers proposed in [100]: 

source layer (sensed context), processor layer (derived context), and consumer layer. 

 

2.5.8.1 Context Conflicts Resolving in Sensed Context Layer 

 

When conflict occurs, a system has to choose one context among many conflicted 

contexts; selection of a context value should be done based on quality indicators or 

specific heuristics. Many QoC policy-based approaches were proposed in 

[31][35][11][13][18][10][109][46] for resolving sensed context conflicts. 

Authors in [109] introduced an approach for resolving sensed context conflicts based 

on two views: quality policy and application requirements. Authors indicated that the 

solution should be applied by the context provider to protect the CAS from error 

propagation. As a part of a proposed middleware, authors in [46] proposed some 

quality attributes/indicators to cope with sensor limitations and discussed some 

alternatives to quantify them. These quality indicators are precision, freshness, spatial 

resolution, temporal resolution, and probability of correctness. 

On the other hand, authors in [10] and [13] exploited the previous history of a context 

to forecast the correctness of the current one. The solution introduced by [10] and [13] 

resolves conflicts within the context fusion layer of a context management framework 

(CMF). This layer detects and resolves conflicts according to two quality attributes: 

probability_of_correctness and trustworthiness. Authors in [10] and [13] benefited the 

solution formalized for Byzantine Generals problem in [17]. Since, this problem is a 

trustworthiness problem. By applying this formalism to resolve conflicts problem, the 

number of context dimensions that affirm a context data under investigation should 

meet the proportion of 3m + 1 to be considered reliable by the system, where m is the 

number of context dimensions that contradict it, i.e., at least two-third of context 

elements should affirm the investigated context element.  
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Authors in [10] classified conflicts into internal and external. They defined them as 

follows: internal conflict is "the context conflict/inconsistency that may occur by 

fusing two or more context elements that characterize the situation from different 

dimensions of a same observed entity in a given moment". Two context data (or 

more) are concerned in internal conflicts when CMF could not deduce which one is 

correct in fusion time. For example, let Tom is a user in a smart home system. The 

CMF indicates that Tom is in the bedroom based on WiFi-based location system. 

However, the light of bathroom is "on" and his agenda indicates that he has an 

appointment with his family doctor. In this case, there is an internal context conflict 

when fusing these three contexts to deduce current location of Tom.  

Authors in [10] defined external conflicts as "the context conflict/inconsistency that 

may occur between two or more collected context data that describes the situation of 

an observed entity from the same point of view".  For example, the indoor location of 

Tom determined by solutions such as WiFi, RFID, and Bluetooth technologies, i.e., 

each context data is gathered from a different context source to characterize the 

situation from the same context dimensions (location). In such case, which source 

should be selected to provide the correct data that composes current situation? This 

case is called external conflicts.  

To resolve internal conflicts, the approach proposed in [10] is based on the idea that 

for a specific situation, the context element is not used alone, almost there is other 

context elements used along with it. There is a collection of context data that usually 

occurs together. Therefore, this approach utilizes the previous history of a context and 

dependencies between context elements to increase the probability that a certain 

context is correct.  

The proposed technique uses Bayesian analysis to analyze the last occurrence of a 

piece of context and estimate probability of correctness of that piece of context. 

Context dependencies and relations affirm/contradict with probability rate within the 

range [0, 1] since in real situations, the degree of affirmation/contradiction is variable. 

To resolve the external conflicts, the proposed technique benefits the probability of 

correctness to compute trustworthiness using predetermined thresholds identified by 

the user.  
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Beside what mentioned in [10] and [13] about using forecasting for resolving context 

conflicts, many other techniques for forecasting can be also used.  

 

2.5.8.2 Context Conflicts Resolving in Derived Context Layer 

In this section, a state of the art context conflicts resolution in higher level (context 

situation) will be articulated. Higher level context means there are conflicts with 

inferred/aggregated context. 

Many literatures employed the idea of application policies to handle conflicts in 

higher level context [95][101][102][103][104]. Authors in [95], introduced an 

algorithm to resolve context conflicts for context situation in case that there are many 

policies for applying different context situations and these policies do not cover all 

context situations that could occur in real time. The proposed solution calculates the 

offset for each conflicted situation and all policies, and then chooses the nearest 

policy.  

Authors in [101] proposed a new idea for using policies where they use different 8 

ordered policies for resolving conflicts in case that the current policy does not resolve 

the conflicts. Although this idea introduced and applied to a certain type of systems 

(physical annotation systems), it could generalized for other types of systems. Authors 

in [102] introduced a solution for detecting and resolving context conflicts for CASs 

authorization system using the idea of policies. Authors used context graph-static 

model for detecting the context conflicts.  

In [103][104], authors introduced a policy-based solution for resolving context 

conflicts with differentiation between two types of conflicts: static and dynamic 

conflicts. Static conflict can be resolved in compile time using one of predefined 

policies and dynamic conflicts is the conflicts which cannot be detected and resolved 

during the compile time. This situation could occur when the objectives of all active 

policies cannot be met. On the other hand, authors in [104] introduced a mechanism 

for assuring the consistency of the policies to avoid any conflict in the policies in case 

there is more than one policy applicable for one context situation. 

New idea introduced in [110] by using fuzzy-logic based decision-making engine for 

high-level context analysis and conflict resolution. 
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A prevention approach introduced in [98] by avoiding context conflicts (detection 

before happening) and not only conflicts resolving. The proposed solution is based on 

modelling context and modelling expected conflicts using semantic-rules and 

reasoning engine. 

 

2.5.8.3 Context Conflicts Resolving in Consumer Layer 

Despite of most context management frameworks/middleware manage situations 

where a single user exists at one time in a given context, it is very common and 

natural to assume that there are more than one user in real life environments such as 

home, office, etc. In these environments, users often compete against each other -

either explicitly or implicitly- especially when they access the same resources. Many 

proposed solution used priority-based policy to handle context conflicts.  

Authors in [99], proposed a solution that adopted the idea of assigning weight value 

for users' preferences to resolve context conflicts. In addition, authors introduced a 

mechanism for conflicts detection using semantics (ontology representation) without 

explicit descriptions of the conflicts between different applications. Authors in [107] 

utilized various factors such as priority, credits, age, and time when formalizing the 

policies.  

On the other hand, authors in [108][96][131] introduced an approach that makes 

trade-off between QoS/QoE and resource/service consumption; in other words, the 

adopted policy for resolving conflicts minimizes the cost. Quality of service means 

that users' satisfaction should be satisfied with the application's tasks.  

Another approach introduced by authors in [106] for avoiding context conflicts 

between different applications by allowing them to define context situations that are 

considered to be conflicts. After detection, the system should try -at first- to resolve 

the conflict automatically. An initial approach used to resolve conflicts is simply done 

by banning the execution of the respective application.  

A more complex strategy is the adaption which can be done by inducing a negotiation 

between conflicting applications. In [97], authors developed another prevention 

solution by introducing a solution that starts within a CAS design phase. For each 

provided activity, a software module should be designed.  All modules developed for 

collective applications(for different users)  are encapsulated into a single block called 
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"conflict engine", which is performed during a single activity. The conflicts detection 

process performs a three dimensional analysis: involved users profiles, environment 

profile, and application tasks [97]. 

A preventive and proactive approach was introduced by authors in [111] using two 

mediated solutions. The first solution proposed a module that evaluates all users' 

feelings as a group and controls the mediation. The second solution used prediction to 

shorten the mediation time. 

 

2.6 Summary 

This chapter articulated the state of the art QoC. It surveyed the related work on the 

concept of QoC, QoC parameters, quantification methods for QoC parameters, CMF 

for CASs, and resolving context conflicts. At the end of this chapter, our view for the 

state of the art QoC will be articulated. 

First, a lot of work has been done for QoC however, there is no comprehensive 

solution for QoC in CASs; some approaches focused on addressing QoC parameters, 

others focused on management operations especially QoC control and on developing 

QoC policies. There is a lack to a comprehensive approach taking into account the 

different elements of QoC within CASs. 

One shortcoming which can be addressed regarding QoC issue is that the previous 

approaches introduced for improving quality did not compare results against each 

other to evaluate their success; different researches used different criteria. For 

example, authors in [19] use the idea that the quality should reduce the cost; they used 

the cost as evaluation criteria. Number of computed triples against computing time is 

used to estimate quality improvement against cost. However, authors [18] added 

number of context objects that have been deleted from the context store in a given 

period of time because they did not meet the quality criteria that have been set by 

user. To assess the success of quality solutions, many aspects should be tested. We are 

in need to determine the reflection of QoC on CASs and what are the criteria that 

should be used. Measures for quality control and end-user satisfaction of context-

aware products need to be outlined [14]. 

We have to define and measure the overall performance using these parameters in 

terms of predefined criteria. In addition, we have to produce a wide scale model for 



41 
 

QoC parameters for different applications using different parameters that are weighted 

based on application and context taxonomy. In the same point, the relations and 

interdependencies between these parameters should be addressed carefully to examine 

if we can exclude some of them to get more agile model of parameters. 

Regarding to the quality control processes, most work that has been achieved has 

focused on conflict resolving, maybe this is because other shortcomings such as 

missing values can be handled using general statistic and intelligent techniques. The 

proposed solutions for sensed context conflict resolving still have some shortcomings.  

Using QoC parameters only for conflict resolving is not enough.  

That is because of the shortage of sensors, which are the basic resources of context 

element values. Three basic problems can be addressed with sensors reliability:  

(1) The default accuracy regarding to the sensor technology type. For example, the 

spatial position of an object could be captured using different technology (accuracy) 

such as GPS, infrared, and Bluetooth; each one of them has its default according to 

the technology.  

(2) The distance between sensor and object. Each type of sensors has different spatial 

range for reliable sensing.  

(3) Failures could happen with hardware due to different expected or unexpected 

reasons. These failures do not necessary make the sensor out of service; sensor can 

continue providing data but unfortunately with wrong values. This scenario could 

happen when a context-aware system is running thus, these systems could be critical 

and could lead to serious problems.  

We can select the best sensor according to first and second problems. This means that 

the higher value of reliability regarding the accuracy is defined by manufacture 

according to the distance between sensor and object. This could be great if the sensor 

works very well and does not suffer from any hardware failures. However, if the 

sensor has any undetected hardware problem, these two factors do not make a sense 

for the reliability.  

Therefore, a solution that uses the previous context history to resolve conflicts could 

be a good solution. It exploits the previous history to calculate probability of 

correctness for each conflicted value. The method that is used for calculating total 
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probability of correctness uses the average of conditional probability for context 

element under investigation given other context elements. Sometimes, the average 

leads to misleading results.   

In case of different affirmations of context elements have extremes, this will affect the 

average value. Thus, probability of correctness for some context elements could be 

better or worse while this is not correct. Summation of affirmation would be better, 

because we can know the maximum value of the affirmation if we know how to use 

context elements for prediction. 

However, we can exploit the different combinations between these context elements 

that are embedded in the previous history to know which one of them affirms the 

context element under investigation. This means that we can find the total affirmation 

of current context using the affirmation comes from each context element individually 

and the affirmation comes from different combinations between these context 

elements according to previous history. It is possible that there are realistic situations 

where the context elements are supporting a certain context element separately but not 

collectively.  

The next generation of context-aware ubiquitous systems is rapidly growing and in 

the near future it should be standardized for quality parameters and indicators, which 

requires a lot of integrated effort done by the research community. 

Chapters 3 and 4 will be devoted for developing quality control processes as a vital 

part of our proposed framework, and then the whole framework for QoC will be 

introduced later in Chapter 5. 

 

 

 

 

 

 

 

 

 



43 
 

 

 

 

 

 

Chapter Three 

 

Resolving Context 

Conflicts Using 

Association Rules 

(RCCAR) 

 

 

 

 



44 
 

3.1 Introduction 

This chapter introduces a novel approach called RCCAR (Resolving Context 

Conflicts Using Association Rules) for resolving context conflicts by exploiting the 

previous context to predict the best valid value from conflicted ones. RCCAR is 

introduced in this thesis as an algorithm for quality control (resolving context 

conflict). It will be a vital part in our novel framework introduced in Chapter 5. The 

technique used in RCCAR for prediction is Association Rules (AR) [64]. Based on 

association rules measures, this thesis proposes a mathematical model to calculate the 

total affirmation from the values of all context elements for investigated context 

element. Then simply, the value that has the greater affirmation will be selected 

among the conflicted values. An enhanced version for RCCAR is also introduced to 

reduce the time complexity of RCCAR. 

 

3.2 Overview of the Existing Forecasting Techniques 

This section includes an overview of the most common forecasting techniques. The 

section is divided into two Subsections: basic forecasting techniques and AI 

techniques related to our work. 

 

3.2.1 Basic Forecasting Techniques 

Forecasting is the estimation of the value of a variable (or set of variables) at some 

future point of time. The basic forecasting techniques are almost time series analysis 

techniques. Time series are quantitative data collected over time. Time series are 

commonly used for the following: 1) modeling the relationships between various time 

series, 2) forecasting the underlying behavior of data, and 3) forecasting what effect 

changes in one variable may affect the future behavior of another variable.  

There are different ways for classifying forecasting problems; one way is to consider 

the timescale involved in the forecast. The timescale means how far forward into the 

future we want to forecast.  

The usual categories based on the timescale are: short, medium, and long term. 

Actually, there are no deterministic time intervals for each category as this depends on 

the nature of the problem under study. For example, in forecasting energy demand to 
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construct a power station, 5-10 years will be a short term, whilst in forecasting 

consumer demand for many businesses cases, up to 6 months will be a short term 

forecasting. Similarly, we can classify forecasting methods/techniques into several 

variant categories. However, there are two main categories in general: qualitative and 

quantitative methods.  

Qualitative techniques include a number of forecasting approaches and there is no 

formal mathematical model. These approaches are subjective as they depend on 

estimations by informed experts. In this category, no statistical data is involved. These 

methods are usually recommended because no good historical data is available, or we 

want to find out general insights through the different opinions of experts. If we 

involve knowledgeable people into a process, we may find out good insights into 

future scenarios.  

In contrast, quantitative techniques include different statistical approaches for 

forecasting depending on the analysis of historical data. The quantitative techniques 

are divided into two sub-categories: Causal techniques, and Time Series techniques. 

Causal techniques depend on regression analysis that studies the relationship between 

the forecasted variable and other variables. Causal techniques are useful where 

dependent and independent variables are available. Time series techniques are useful 

when the historical data exists only for the variable that is needed to be forecasted. 

Most basic and most common forecasting methods are included in time series 

category such as moving average models, auto-regression models, seasonal regression 

models, and exponential smoothing models [122].  

The accuracy of forecasting methods is usually measured by the forecasting errors. 

There are several methods that are used to measure the forecasting accuracy. Mean 

Absolute Error (MAE) and Mean Squared Error (MSE) are two popular measures for 

forecasting accuracy. MAE is defined as sum of errors divided by number of periods 

in the forecast and MSE is defined as sum of squared errors divided by number of 

periods in the forecast [122]. 

This section provides a brief overview of some basic forecasting methods which are 

then compared to RCCAR. These methods are namely: a)  Simple Moving Average, 

b)  Weighted Moving Average, c)  Single Exponential Smoothing, d)  Double 
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Exponential Smoothing and e)  ARMA Models [121]. 

 

a) Single Moving Average 

The simplest known forecasting method is the moving average method. To forecast a 

certain value, this method simply averages the past N observations for the same 

variable. The N observations will include the most recent observations for the next 

period. The general expression for the moving average is as follows [121]: 

yhati =[yt +yt-1 +...+yt-N+1]/N               

Where yhati is the forecasted value. Determining the value of N depends on the value 

of N that provides the best forecasting accuracy (i.e. minimizes MAE or MSE).. 

 

b) Weighted Moving Average 

In the single moving average method, each observation in the average is equally 

weighted whereas in the weighted moving averages method, the most recent 

observation has the largest weight in the average. The general expression for weighted 

moving average is as follows [121]: 

yhat
i = [ w

t
*y

t 
+ w

t-1
*y

t-1 + ... + w
t-N+1

* y
t-N+1

] 

The total sum of the weights is1. 

 

c) Single Exponential Smoothing 

Unlike the single moving average method in which the past observations are weighted 

equally, recent observations in exponential smoothing are given relatively more 

weight than the older observations. Single exponential smoothing is an extension of 

weighted moving averages where the greatest weight is placed on the most recent 

value and then progressively smaller weights are placed on the older values. The 

general expression is the following [121]: 

yhat i+1 = αyi +(1-α) yhat i 

This means the following:  
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Forecast for the next period = forecast for current period + smoothing constant * error 

for current period.  

Where 0<=α<=1. 

The forecast for the current period is a weighted average of all past observations. The 

weight given to past observations declines exponentially. The larger the α, the larger 

weight is given to recent observations. 

Exponential smoothing works better when the time series fluctuates about a constant 

base level.  

 

d) Double Exponential Smoothing 

Double exponential smoothing is defined as exponential smoothing of exponential 

smoothing. Exponential smoothing does not work well where there is a trend in data. 

This situation can be improved by applying another equation with another smoothing 

constant β, which represents the trend component that must be chosen in conjunction 

with α, which represents the mean component. Double exponential smoothing is 

defined in the following manner [121]: 

yhat
i+1 

=E
i +T

i       ,i=1,2,3...  

where: 

E
i
= αy

i +(1-α)(E
i-1 +T

i-1
)  

T
i =β (E

i – E 
i-1

) + (1-β) T
i-1
 

where 0< α<= 1 and 0<=β<=1. 

This method works better when the time series has a positive or negative trend (i.e. 

upward or downward). After observing the value of the time series at period i (y
i
), this 

method computes an estimation of the base, or the expected level of the time series 

(E
i
) and the expected rate of increase or decrease per period (T

i
). It is customary to 

assume that E
1 = y

1 unless told otherwise, and assume T
1 = 0. 
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To use this method, first calculate the base level E
i for time i. Then compute the 

expected trend value T
i for time period i. Finally, compute the forecast yhat

i+1
. Once 

an observation y
i is found out, calculate error and continue the same process for the 

next time period.  

 

c) ARMA Models 

ARMA model can be defined as a combination of both autoregressive and moving 

average models. The autoregressive (Ar) model uses past values of dependent variable 

to explain the current value. Whereas, moving average (MA) model uses lagged 

values of the error term to explain current value of the explanatory variable [123]. In 

ARMA model, current value of the time series is expressed linearly in terms of its 

previous values and in terms of current and previous residual series [124].  

The time series defined in Ar, MA, and ARMA models are considered stationary 

processes, which means that the mean of series of any of these models and the 

covariance among its observations do not change with time. For non-stationary time 

series, transformation of series to a stationary series has to be performed first [124]. 

Given a time series of data Xt, the ARMA model is a tool for understanding and, 

perhaps, predicting future values in this series. The model consists of two parts, an 

autoregressive (Ar) part and a moving average (MA) part. The model is usually then 

referred to as ARMA(p,q) model where p is the order of the autoregressive part and q 

is the order of the moving average part. The notation Ar(p) refers to the 

autoregressive model of order p. The Ar(p) model can be written as follows 

[113][114][120]: 

 

where  are parameters,  is a constant, and the random variable  is 

white noise. 

The notation MA(q) refers to the moving average model of order q: 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0063116#pone.0063116-Moghram1
http://en.wikipedia.org/wiki/Parameter
http://en.wikipedia.org/wiki/White_noise
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𝑋𝑡 =  𝜇 + 휀𝑡 + ∑ 𝜃𝑖  휀𝑡−𝑖
𝑞

𝑖=1
  

where the θ1, ..., θq are the parameters of the model, μ is the expectation of 𝑋𝑡 (often 

assumed to equal 0), and the 휀𝑡 ,휀𝑡−𝑖 ,... are again, white noise error terms. 

The notation ARMA(p, q) refers to the model with p autoregressive terms and q 

moving average terms. This model contains Ar(p) and MA(q) models, 

 

The general ARMA model was described in the 1951 by the thesis of Peter Whittle, 

who used mathematical analysis and statistical inference. This method was useful for 

low order polynomials.  

 

3.2.2 Artificial Intelligence (AI) Forecasting Techniques 

AI is defined as a computer-based analytical process that exhibits behavior and 

actions which are considered “intelligent” by human observers. AI attempts to mimic 

the human thought process including reasoning and optimization. One purpose of AI 

is to help organize and supply information for the management decision-making 

process in such a way as to improve overall efficiency and performance. Many AI and 

data mining techniques can be used for prediction. Association rules, decision trees 

and artificial neural networks are all suitable for use in prediction. The most 

commonly used AI systems in forecasting are addressed by [127] and [128]. 

 

a) Neural Networks 

The idea of neural nets is the way the human learn. When a human observe frequent 

occurrences of an event, he/she becomes able to make prediction on the future based 

on his/her previous experience. The structure of neural nets consists of number of 

nodes called neurons that work as calculators to process input and pass the results into 

other nodes in the network. One advantage of neural networks that they do not require 

prior assumptions about possible relationships.  

http://en.wikipedia.org/wiki/White_noise
http://en.wikipedia.org/wiki/Peter_Whittle
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In addition, they can handle different types of variables. On the other hand, some 

applications in neural nets need a very complex mathematical model especially, for 

non-linear problems and multi-dimensional input/output data. Another drawback of 

neural nets is that they cannot 'explain' their results. Moreover, the inputs have to be 

transmitted before being fed to the network. This would require some additional 

computations [127][128]. 

 

b) Expert Systems  

Expert systems are a common AI technique. It works based on stored knowledge. 

“Knowledge” is stored in a set of “if-then” rules. The knowledge base can be obtained 

by interviewing experts or integrating sets of data. The expert system consists of two 

sub-systems: inference engine and knowledge base. Knowledge base represents facts 

and rules. The inference engine applies the rules to the known facts to deduce new 

facts. The common disadvantages of expert systems are the difficulty of knowledge 

acquisition and the performance problem [126][127].   

 

c) Decision Trees 

Decision trees are popular tools for classification and prediction. The most common 

advantage of decision tree is that the output of a decision tree can be understood; in 

contrast to neural networks, decision trees represent rules. One drawback of decision 

trees technique is that the tree will perform the classification based on the specific 

characteristics of the training set rather than attempting to generalize on them. This 

problem is known as overfitting problem.  

The length of the tree is another problem and an area where a compromise needs to 

take place. If we let the tree to grow too much, then we might end up with too 

lengthy, detailed and complicated rules with the danger of overfitting on top. On the 

other hand, if we prune the tree early and keep only the high level nodes, we could get 

the opposite case that is called underfitting where the produced model could not work 

efficiently  in classifying the incoming records [128]. 

 

 

 

http://en.wikipedia.org/wiki/Inference_engine
http://en.wikipedia.org/wiki/Knowledge_base
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3.3 RCCAR Approach 

RCCAR has been proposed depending on prediction of which value among the 

context element values is the best valid value. RCCAR discovers all possible 

affirmations between context elements. These affirmations reflect the patterns that the 

context element values are subjected to according to the previous history of context. 

The philosophy behind RCCAR approach is based on some ideas.  First, the pervious 

history of a context can help predicting what seems true or more accurate among 

different conflicted values. Each context element can do that alone, and also all 

different possible combinations of them can do that collectively. Adopting the overall 

affirmation of context elements together will lead to get more realistic context. This is 

because the context is represented by all those elements together. 

 

Why to use Association Rules in RCCAR: 

For prediction purpose, many techniques can be utilized to resolve conflicting 

problem by exploiting the history of context data. The next section introduces an 

overview of forecasting techniques. One of the best techniques that can resolve this 

problem is the Association Rules (AR) technique [64].  

One of the biggest advantages of association rules is that the results produced are very 

easy to understand as the computations are not very complex. In the classical 

association rules problem, all what we need to calculate is the “support” and the 

“confidence” for a number of rules [125][128] as shown in the formulas below. 

 

AR discovers associations that link the values that occur together. For instance, if 

there are three context elements - excluding the context element under investigation -, 

we will find a total of 7 possible combinations of them with maximum value of 7 

where the confidence can be within the range [0-1]. According to AR, associations 

have many measures to judge the strength of produced associations.  

Basically, association rules are produced with "support" and "confidence" measures 

values, where support is calculated by Formula 3.1 [64]: 

 

  Support(Y, Z ⇒   X)   =  
last_occurances of x,y,z together

n
                                           (3.1) 
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Where n is number of instances in the previous history of a context. Confidence is 

calculated by Formula 3.2 [64]: 

Confidence (Y, Z ⇒   X)  =
last_occurances of x,y,z together

last_occurances of y,z together
                                        (3.2) 

 

We can see that this measure is very important for our problem because it presents 

how much the current values of Y and Z recommend the current value of X according 

to the last occurrence of them. 

 

The type of context which is considered in our solution and experiments is that comes 

from different sources/sensors and not that would be used in upper layers of a CAS. 

Prediction could be used for any type of conflicts  however, more experiments are 

needed to prove that in the future work. 

 

3.4 Formulation of RCCAR 

Let CtxtDB be the database contains the context instances (the previous history of 

context data) ordered by time stamp and N is the number of instances of CtxtDB. 

Let 𝑥 be the context element under investigation and 𝑌 is the set contains other 

context elements that compose the whole context, therefore 𝑌 is derived as in Formula 

3.3: 

 

  𝑌 = {𝑦1, 𝑦2, 𝑦3, . . . . . . , 𝑦𝑚}                                                                                      (3.3) 

Where 𝑚 denotes the number of context elements. As shown in Formula 3.1, each 

𝑦𝑖 belongs to 𝑌 represents a particular context element. Element number does not 

indicate a sequence, it just identifies the context element. 

Let Expression 3.4 denote the association rule recognizes that occurrence of 𝑦 affirms 

occurrence of 𝑥. 

 𝑦 ⇒ 𝑥                                                                                                                        (3.4) 

 Each produced association rule is associated with a value reflects the strength of this 

association. In our problem, it is the confidence value. Associations which affirm the 

context element 𝑥 is derived using confidence measure which is calculated by 

Formula 3.5 [64]: 
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confidence(y ⇒ x) =   
sigma(y∩x)

sigma(y)
                                                                             (3.5) 

Let Total_affirmation be the summation of confidence for all associations affirm the 

context element under investigation 𝑥. By scanning the CtxtDB, Formula 3.6 is used 

for calculating Total_affirmation: 

Total_affirmation(x) =∑ confidence(yi ⇒ x)
m

i=1
                                           (3.6) 

However, Formula 3.6 calculates the Total_affirmation(𝑥) by considering the 

associations that link only two context elements. According to association rules 

analysis, a collection of zero or more elements is referred to by itemset. If itemset 

contains 𝑘 items, it is called 𝑘 − itemset. 

Let 𝑦𝑖(𝑘) be a collection of 𝑘 context elements belong to 𝑘 − itemset and 𝑖 is the 

identifier of the instance in the respective itemset. Examples of itemset are shown in 

Table 3.1. 

Table 3.1 Examples of itemsets 

1-itemset 2-itemset 3-itemset 

id elements 𝛔 Id elements 𝛔 id elements 𝛔 

𝐲𝟏(𝟏)  a 13 y1(2)  a  c 8 y1(3)  a  c  d 4 

𝐲𝟐(𝟏)  b 9 y2(2)  a  d 7    

𝐲𝟑(𝟏)  c 10 y3(2)  b  c 5    

𝐲𝟒(𝟏)  d 15 y4(2)  d  c 5 d3(a)=1 

d3(c)=1 

d3(d)=1 

---------------- d2(a)=2 

d2(b)=1 

d2(c)=3 

d2(d)=2 

 

Where a, b, c, and d are context elements. The frequency (occurrences) of context 

element individually and all possible combinations of them are calculated by scanning 

CtxtDB. d2() and d3() denotes the number of associations for different itemset. One 

scan of CtxtDB is enough to record the occurrences for current context elements 

values individually and all possible combination of them. Then, simply just sum them. 
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This is will be applied for all conflicted values and then the context element that has 

the greater  Total_affirmation  value will be selected.  

To clarify that, assume Table 3.1 contains the occurrences for some context elements. 

These values are concluded by scanning CtxtDB. Assume that a and b are two 

conflicted values for a context element. In addition to a and b, the current situation of 

context is represented by other context elements c and d. According to occurrences in 

Table 3.1, the associations illustrated in Table 3.2 will be produced. 

Table 3.2 Produced Associations 

Associations affirm a Confidence value Associations affirm b Confidence value 

𝐜 ⇒ 𝐚 
8

10
= 0.80 c ⇒ b 

5

10
= 0.50 

𝐝⇒ 𝐚 
7

15
= 0.46 

𝐜, 𝐝 ⇒ 𝐚 
4

5
= 0.80 

𝐓𝐨𝐭𝐚𝐥_𝐚𝐟𝐟𝐢𝐫𝐦𝐚𝐭𝐢𝐨𝐧(𝐚) 2.06 Total_affirmation(b) 0.50 

  

We can conclude that the possibility that the value of 𝑎 is valid, is greater than that for 

value for 𝑏. Table 3.2 shows that number of associations and the total value of their 

confidence indicate that 𝑎 is the recommended value of context element under 

investigation. Therefore, the Total_affirmation (x) should be as shown in Formula 

3.7: 

Total_affirmation (x) =∑ ∑ confidence (yi(k) ⇒ x)
dk(x)
i=1

w

k=2
                         (3.7) 

Where  w  is the maximum number of itemsets according to occurrences in CtxtDB 

for the current values of context, and  𝑑  is the number of associations. 𝑘 starts with 

number 2 because the associations start with two elements. The formula shows that 

the associations which will be considered in the summation are just whose 𝑥 in the 

right side. Thus, not all associations will be considered. 

Formula 3.7 shows that the associations, which will be considered in the summation is 

just whose 𝒙 in the right side. So, not all associations for 2-itemset will be consider.  
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For example, when we investigate value, the following associations will not be 

involved: 

Table 3.3 Examples of Associations that Will Not be Considered in RCCAR 

Examples of associations that will not be considered 

𝒂⇒ 𝒄 

𝒂 ⇒ 𝒅 

𝒂⇒ 𝒄, 𝒅 

𝒄 ⇒ 𝒂, 𝒅 

𝒂, 𝒄 ⇒ 𝒅 

𝒂, 𝒅 ⇒ 𝒄 

 

Table 3.3 shows that even a is a part of associations, these associations will not be 

involved when calculating the total_affirmation. That is because we want to infer the 

value of x in terms of y and not vice versa. 

On other hand, when we talk about the previous history of context, we have to be 

careful when determining the period which should contribute in the prediction. It 

depends on the nature of context. We do not necessarily need all previous history to 

resolve the conflicts. It depends strongly on the nature of context (i.e. are the patterns 

change rapidly or stable to some extent?). For example, if we work with a context 

aware system that collects weather data and takes some actions accordingly, there are 

different possibilities for the history that should be selected in this system. If the 

climate of the area that the system works in is relatively stable, we can depend on the 

near history, two weeks could be enough. However, if the climate is not stable, a 

longer period for history would be recommended. The objective is to select the 

adequate period of history that contains the hidden patterns of context data. 

 

3.5   RCCAR Algorithm 

To deduce the algorithm, we assumed a certain situation and then moved to generalize 

the algorithm. The certain situation assumes the existence of a current context for 5 

elements and a previous history of 100 records. Because of the minimum level of 

combinations is 2, possible combinations will have 2, 3, 4 and 5 combination types. 
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The investigated context element which has the conflicted values will be the first 

context element in the context vector; where the associations should relate the 

investigated context element with other different combinations of context elements. 

Reordering the context vector in order to make the investigated element as the first 

one before staring the algorithm could be considered within the pre-processing phase.  

To clarify the main idea of the algorithm, at first, the general steps of RCCAR are 

clarified by Algorithm 1. 

 

Algorithm1: The general steps for resolving context conflicts using association rules 

(RCCAR) 

 

INPUT: current context vector, previous context database, different conflicted values for 

investigated element 

 

1: Receive current context values with conflicted ones for investigated element 

2: Calculate the occurrences for all possible required combinations using     previous-context-

database 

3:  Calculate the total-affirmation for each conflicted value of investigated-context-element 

using Formula 3.7  

4: Return the investigated context-element value which has the greater total-affirmation 

 

 

Details, which describe how to find possible combinations for context-elements are 

introduced by Algorithm 2. 

 

Algorithm2: Finding all possible associations according to RCCAR 

 

INPUT: current context vector current_cxt[5], previous-context[100][5], investigated-

element-conflicted-values[3] 

 

1:   for (c=1 to 100)   

2:   {                     /* the beginning of scanning the previous context-elements*/ 

3:    for (i=2 to 5)   /*finding the occurrences for Association-of -type-2*/ 

4:      { 
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5:        for (p=1 to 3) 

6:          if   previous-context [c][1]== investigated-element  conflicted values[p] and  previous-

context[c][i]==current-context[i] then association2-occurances[p][i]++ 

7:        end if 

8:        if previous-context[c][i]==current-context[i] then 

               association2-occurances[4][i]++ 

9:       end if 

10:      } 

11:    for (i=2 to 4)  /*finding the occurrences for Association-of -type-3*/ 

12:      for (j=i+1 to 5) 

13:       { 

14:         for (p=1 to 3) 

15:         if     previous-context [c][1]== investigated-element-conflicted-values[p] and 

previous-context[c][i]==current-context[i] and 

                       previous-context[c][j]==current-context[j ]then  

                       association3-occurances[p][i][j]++ 

16:         end if 

17:        if   previous-context[c][i]==current-context[i] and previous-context[c][j]==current-

context[j] then  association3-occurances[4][i][j]++ 

18:        end if 

19:      } 

20:   for (i=2 to 3)  /*finding the occurrences for Association-of -type-4*/ 

21:     for (j=i+1 to 4) 

22:         for (k=j+1 to 5) 

23:           { 

24:            for (p=1 to 3) 

25:             if previous-context [c][1]== investigated-element-conflicted-values[p] and  

previous-context[c][i]==current-context[i] and previous-context[c][j]==current-

context[j] and                                                      previous-context[c][k]==current-

context[k] then  association4-occurances[p][i][j][k]++ 

26:              end if 

27:              if previous-context[c][i]==current-context[i] and 

                     previous-context[c][j]==current-context[j] and  

                    previous-context[c][k]==current-context[k] then 
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                   association4-occurances[4][i][j][k]++ 

28:              end if 

29:           } 

30:   for (i=2 to 2) /*finding the occurrences for Association-of -type-5*/ 

31:         for (j=i+1 to 3) 

32:            for (k=j+1 to 4) 

33:                for(l=k+1 to  5) 

34:                   {     

35:                      for (p=1 to 3) 

36:                if previous-context [c][1]== investigated-  element-conflicted values[p] and    

previous-context[c][i]==current-context[i] and  previous-context[c][j]==current-

context[j] and previous-context[c][k]==current-context[k] and                                                    

previous-context[c][l]==current-context[l] then  

                          association5-occurances[p][i][j][k][l]++ 

37:                end if 

38:                if   previous-context[c][i]==current-context[i]and previous context[c][j]==current-

context[j] and  

                         previous-context[c][k]==current-context[k]   and  previous-

context[c][l]==current-context[l] then  

                         association5-occurances[4][i][j][k][l]++ 

39:               end if   

40:            } 

41:      }        /* the end of scanning previous context database*/ 

 

 

3.6   RCCAR Performance Enhancement 

This section is an improvement of RCCAR. RCCAR resolves context conflicts by 

exploiting the previous history of context to predict the valid values among different 

conflicted ones. The technique that has been used in this thesis to predict the valid 

value is the Association Rules (AR). Based on AR, RCCAR calculates the 

total_affirmation for each conflicted value by other context elements. Then, the value 

that has the greater affirmation is selected.  

The contributions of this section are twofold: firstly, a complexity analysis of RCCAR 

algorithm; secondly, a novel solution to improve the efficiency of RCCAR is 
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proposed. The reason that led us to think in complexity analysis is that AR uses 

Combinations in its calculations which take a lot of time and space in memory in run-

time while the scalability of RCCAR is necessary because many CASs need fast 

response.  

On the other hand, the results of RCCAR experiments (as clarified in results at 

Chapter 7) show that using all context elements in prediction is not always better than 

using some of them. Some experiments demonstrated that using only two context 

elements produces greater affirmation. This is an additional factor that led us to think 

about selecting the most influential context elements in prediction. 

Before applying the idea of proposed solution, we have used the decision tree 

technique to know the most influential context elements only for one time before 

applying RCCAR for resolving context. However, before that, we need to be sure 

about the complexity of RCCAR and this is what the next section does.  

 

3.6.1 Complexity Analysis of RCCAR Algorithm 

This section is devoted for analyzing the complexity of RCCAR algorithm. This 

analysis is important in order to estimate the applicability of the solution for CASs. 

An analysis of the efficiency of the proposed algorithm is very important, as CASs 

need fast response.  

When analyzing algorithm2, we can expect that the time complexity of the algorithm 

will be affected by the nested loops that are used for either generating the association, 

or calculating the confidence or the total affirmation for conflicted values as all of 

them use the same loops. Table 3.4 summarizes the time complexity for such nested 

loops and deduces the final complexity of the algorithm where c is the number of 

records, N is the number of context elements and p is the number of conflicted values 

for investigated element.  

Table 3.4 Time Complexity Analysis for RCCAR Algorithm (Algorithm2) 

 

Association 

type 

Code 
Time complexity 

 

Complexity using problem 

variables 

2 for (c=1 to 100 ) 100 * 4 * 4 O(t * (N-1) * (p+1))= 
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    for (i=2 to 5) 

      for (p=1 to 4) 

  c    * i * p   O(c * N * p)= 

O(p) 

3 for (c=1 to 100 ) 

  for (i=2 to 4) 

   for (j=i+1 to 5) 

      for (p=1 to 4 

100 * 3 * 3 * 4 

  c   * i  * j  * p 

O(c * (N − 2)2* (m+1))= 

O(c * (N − (N − 3))(N−3)          

*(p+1))= 

O(c * (3)(N−3)* p)= 

O(c ∗  3(N−3) ∗  p) 

4 for (c=1 to 100 ) 

 for (i=2 to 3) 

  for (j=i+1 to 4) 

  for (K=j+1 to 5) 

   for (p=1 to 4) 

100 * 2 * 2 * 2 * 4 

   c   * i  * j  * k  * p   

O(c  * (N − 3)3  *(p+1))= 

Oct * (N − (N − 2))(N−2) ∗ 

(p+1))= 

O(c * (2)(N−2) * p)= 

O(c ∗  2(N−2) ∗  p)= 

 

5 for (c=1 to 100 ) 

for (i=2 to 2) 

for (j=i+1 to 3) for 

(K=j+1 to 4) for 

(l=k+1 to 5) for 

(p=1 to 4) 

100 * 1 * 1 * 1 * 1* 

4 

 c   * i  * j  * k  * l * p 

O(c * 14 * (p+1))= 

O(c * (N − (N − 1))(N−1) ∗ 

(p+1))= 

O(c * 1(N−1)  *p)= 

O(c * p)=  

The Overall Complexity =  O (𝒄 ∗  𝟐(𝑵−𝟐) ∗  𝒎) 

 

At first glance, it is clear that the big Oh function reflects a high computation 

complexity. The number of context elements, size window of previous history 

(number of records), and conflicted values for the investigated element will affect the 

complexity exponentially. However, number of context elements, which has been 

surveyed during our experiments for different available datasets, almost did not 

exceed 10. In addition, the number of conflicted values is limited to the number of 

sensors assigned to each context element context in worst case; and this number 

usually did not exceed 5. Therefore, the number of previous records which contributes 

in prediction should be determined carefully to reduce the complexity of the algorithm 

computation.  
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Suppose that there are 10 context elements, 100 previous records and 3 conflicted 

values. The number of steps  would be 76800 (according to O(𝑐 𝑥 2(𝑁−2)𝑥 𝑚)). Time 

on a 1-billion-steps-per-second computer will be 0.0000768 sec, which means 0.005 

mille-seconds and 0.002 mille-seconds on some modern computers, which process 3-

billion-steps-per-second, and this is an accepted value. Thus, the complexity of the 

algorithm is generally fine; nevertheless, the following section introduces an 

enhancement of this complexity.  

3.6.2 RCCAR Efficiency Enhancement Using The Most Influential Context 

Elements 

The idea behind reducing the time complexity of RCCAR algorithm in this thesis is 

that the different context elements have not equal proportion of impact on the context 

element under investigation. We have to know which of these elements have the most 

significant impact on values of the context element under investigation before 

applying RCCAR. Selecting not all context elements but the most influential elements 

in prediction will reduce the time complexity and improve the performance of 

RCCAR.   

Suppose that there are 10 context elements (N), 100 previous records (c) and 3 

conflicted values (m). Using the original RCCAR, number of steps would be 76800 

(according to O(𝑐 𝑥 2(𝑁−2)𝑥 𝑚)) while it will be reduced to be 600 with enhanced 

RCCAR. Times on a 1-billion-steps-per second computer will be reduced from 

0.0000768 sec to 0.0000006 sec.  

That means it reduces the time from 0.005 mille-seconds and 0.002 mille-seconds on 

some modern computers that process 3-billion-steps-per-second to 0.00003 mille-

seconds and 0.000006 with the same computers.  

Table 3.5 and Figure 3.1 show that the time will be reduced exponentially by reducing 

the number of context elements that contribute in prediction. According to this result, 

it is worthy to explore which elements among all context elements have the most 

significant impact on the investigated context element. As mentioned previously in 

this section, we have implemented this process only one time according to the 

previous history. 
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Table 3.5 Reducing Time Complexity Using Enhanced RCCAR 

No. of 
context 

elements 
10 9 8 7 6 5 4 3 2 

Time 
complexity 
of RCCAR 

(mille-
second) 

0.002 0.0008 0.0004 0.0002 0.0001 0.00005 0.00002 0.00001 0.000006 

 

Decision Trees (DT) technique [26] has been used in this thesis to offer the prior 

knowledge of context elements in terms of which context elements have the greater 

impact on the context element under investigation. DT is used successfully in many 

diverse areas such as classification, character recognition, medical diagnosis, expert 

systems, and speech recognition. There are several algorithms that can be used for 

producing the decision tree. ID3, C4.5, CART and CHAID are examples of these 

algorithms [26][27][28][29]. For our experiments, it does not matter which algorithm 

will be used; all of them can produce the required tree.  

 

 

Figure 3.1 Reducing Time Complexity Using Enhanced RCCAR 

Chapter 6 introduces the implementation and the evaluation phase for both RCCAR 

and enhanced RCCAR. Results demonstrated good success for RCCAR in resolving 

context conflicts. In addition, it was clear that the  enhanced RCCAR reduced the time 

complexity significantly compared with RCCAR. 

3.7 Summary 

This chapter introduced the approach RCCAR that uses association rules technique to 

predict the best valid value among some conflicted values of a context element. The 
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basic idea of RCCAR is to exploit all possible hidden patterns in the previous context 

history, which combines the context elements together. The chapter also introduced a 

mathematical method to calculate the total affirmation for each value of investigated 

context elements based on association rules as a technique.  

RCCAR is implemented and evaluated using predefined test cases as shown later in 

Chapter 6. Results demonstrated that the proposed solution has achieved good success 

against different conditions. Moreover, this chapter introduced an enhancement for 

RCCAR that improves the efficiency of RCCAR by reducing the computational 

complexity of RCCAR algorithm. This solution is based on the idea of reducing the 

number of context elements, which affirm the conflicted values of context element 

under investigation by excluding the elements that have lower influence. The solution 

adopts the prior knowledge of the context elements, which have the greater influence 

on the context element under investigation. This prior knowledge is concluded by 

exploiting the previous history of context for a long time. The technique used to find 

out this knowledge was the decision trees.  

Enhanced RCCAR has been implemented and tested using a predefined case study 

and predesigned test cases as described in Chapter 6. It has achieved a great success in 

resolving context conflicts with decreasing the computational cost compared to the 

original RCCAR.  

As described later in Chapter 5, RCCAR algorithm has been used later in our 

proposed framework for QoC as a quality control process to resolve conflict in sensed 

context. RCCAR has been extended to handle missing/erroneous values beside 

conflicted values. This extension is our novel approach called IPQP, which will be 

introduced next in the Chapter 4. 
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4.1 Introduction 

This chapter introduces a novel solution for sensed context quality control in CASs. 

The proposed solution extends RCCAR, which is introduced in Chapter 3 for 

resolving sensed context conflicts. The proposed solution handles some basic 

shortcomings of sensed context according to quality aspects. Three types of context 

shortcomings are addressed: context missing values, context erroneous values and 

context conflicts. This solution will be a vital part of our framework as a quality 

control process; the whole framework is introduced later in Chapter 5. 

To resolve context conflicts, a new approach extends RCCAR to recognize the valid 

values among many conflicted values, and then apply a new step that uses context 

quality aspects to select the best value among the valid values. Invalid values can be 

defined here as the values that are far from the correct value. A new dimension, which 

is quality aspects, will take place along with the prediction done by RCCAR, to insure 

that we select the best value according to the quality requirements of a context aware 

system. TOPSIS method (The Technique for Order of Preference by Similarity to 

Ideal Solution) [41] has been used to select the context value that has the greatest 

quality level after excluding the invalid values. For handling missing and erroneous 

values, prediction using RCCAR will be used.  

The new approach is called IPQP (Integrating Prediction with context Quality 

Parameters); the algorithm of IPQP will be illustrated in Section 4.2 and an 

illustrative example will be described in Section 4.3. IPQP is implemented and 

evaluated in Chapter 6. 

4.2  Integrating Prediction with context Quality Parameters (IPQP) for Context 

Quality Control 

As mentioned in Chapter 1 and according to ISO 9000 definitions [36], quality control 

is “a part of quality management focused on fulfilling quality requirements” [36]. 

Accordingly, context quality control is a process that works to fulfill the context 

quality requirements. The context quality requirements are not only the validity of 

context values which are realized by RCCAR, they also contain many other quality 
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attributes such as security level, timeliness, etc. As described in Chapter 1, the context 

quality requirements differ from a CAS to another based on the problem nature and 

context type. Each CAS has a different "quality policy" that determines quality 

attributes, which should be realized in the context along with the important weights 

for each attribute. This approach has been proposed to work as a quality control 

process within context management framework to insure the selection of the context 

values with best quality. Quality control processes will be extended in Chapter 5 to 

serve the context in higher levels. 

This section presents our novel approach called IPQP which has been developed in 

this thesis for quality control. IPQP tries to control quality of a raw sensed context, 

thus it considered a vital integral part of any framework for context quality. This 

algorithm works to overcome some common imperfection aspects of raw sensed 

context; definitely, context conflicts, missing context data, and erroneous context 

data. IPQP uses prediction to predict missed context, best value among set conflicted 

values, and to exclude erroneous values based on the previous history of context. For 

prediction, IPQP algorithm uses RCCAR which is introduced in Chapter 3. The 

detailed processes of IPQP will be described later in Subsection 4.2.2.  

4.2.1 Types of Context Shortcomings that are handled by IPQP 

CASs usually expect that the context values are true and reliable however, the context 

could have some shortcomings. Three cases for these shortcomings will be addressed 

by IPQP: conflicted context (set of conflicted values that come from different 

sensors), erroneous context value, and missing context value. The case of context 

conflicts could also include erroneous context value(s). 

4.2.2 IPQP Processes 

This section describes how IPQP overcomes the different shortcomings of a context. 

IPQP introduces a solution to control quality level of context. For missed and 

erroenous context values, IPQP predicts an alternative valid value for the context. 

However, for context conflicts, there is a chance to introduce better solution by 

involving different quality aspects beside validity to select the best value among many 

conflicted values. Figure 4.1 shows the activity diagram that illustrates the main 

processes of IPQP algorithm. 
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Figure 4.1 Activity Diagram illustrates IPQP Main Processes 

IPQP algorithm receives context value(s) and recognizes the type of shortcomings (if 

any) before starting processing. Figure 4.2 shows an activity diagram that describes 

how IPQP determines the type of shortcomings in the context, if any. Two activity 

processes will be described later in details because they contain some inner processes 

that would make the activity diagram crowded, these two processes are: recognizes 

the type of context shortcomings (Figure 4.2) and resolving context conflicts (Figure 

4.3). The following Subsections illustrates how IPQP works with different 

shortcomings types. 

4.2.2.1 Handling Context Missing Value 

In case that the context value is missed, the solution introduced by IPQP is predicting 

the missed value using RCCAR approach. Actually, RCCAR was proposed to resolve 

context conflicts by computing the affirmation of context elements 

(probability_of_correctness) for each  conflicted value of an investigated context 

element, and then choosing the value that has the greatest affirmation. The purpose of 

the case in hand is slightly different. In this case, RCCAR is used to compute the 

affirmation for all values that the context history includes for a missed context 

element. Then, the value that has the greatest affirmation will be selected. 
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Figure 4.2 Activity Diagram Illustrates How IPQP Determines the Type of Context 

Shortcomings 

4.2.2.2 Handling Context Erroneous Value 

The erroneous value is defined here as the value of context which is very far to the 

valid value according to other context elements value. IPQP decides that the context 

value is erroneous if its Probability_of_Correctness (PoC) using RCCAR is less than 

the predefined threshold. This case is rare as the context value is usually sensed using 

many sensors and it is an impossible case that all sensors collect an erroneous value. 

However, if this case happens, the solution that IPQP introduces is the same for the 

missing value case. IPQP uses prediction values for the context value under 

estimation based on the previous history of context. RCCAR has been employed to 

compute the affirmation for all expected values according to the previous history and 

then, to select the value which has the greatest PoC value. 

4.2.2.3 Resolving Context Conflicts 

This case includes many values for one context element, some of them could be 

erroneous and the others are valid values with different quality levels based on the 
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admitted quality aspects (parameters) for a CAS. IPQP should select the valid value 

which has the greatest quality level among many conflicted values. Figure 4.3 

illustrates the different stages for resolving context conflicts using IPQP. 

Stage One:  Excluding invalid values from conflicted values using RCCAR 

In this stage, IPQP excludes the erroneous values from conflicted values. These 

values are invalid because they have a large distance between real and predicted 

values according to the affirmation of other context elements values. The method used 

to predict invalid values is RCCAR [30].  

In IPQP, the solution has been improved to use RCCAR only for excluding invalid 

values from different conflicted values; and then choose the best value according to 

quality aspects. This is because that we should take into account the CAS's context 

nature and admitted quality policy when resolving conflicts. RCCAR calculates the 

total affirmation (probability_of_correctness) of each conflicted value using 

Association Rules (AR) technique. The value with the highest total affirmation is 

selected, as well as all values with the permitted distance from the best value (e.g. the 

difference between 10
0
C and 11

0
C for temerature). Context user determines the value 

of permitted distance for each context element according to the context problem. The 

selected values will be processed further in stage two. 

 

Figure 4.3 Main Stages of IPQP Algorithm for Resolving Context Conflicts 

Stage Two:  Calculate the distance between each context element value and the 

best ideal solution using TOPSIS and the quality policy 

In this stage, each quality parameter j is evaluated for each valid context value i using 

the corresponding formulas which are introduced in Chapter 2 to create the decision 

Excluding the invalid 
values using RCCAR 

•The valid values of 
the context 

Calculate  the 
distance between 
each context value 

and the ideal 
solution using 

TOPSIS 

•The overall quality 
for each valid 

value 

Select the nearst 
value of the best 

ideal solution  

•The best valid 
value of context  



70 
 

matrix for m context elements and n quality parameters (𝑥𝑖𝑗)𝑚×𝑛. This matrix with 

the weight vector(𝑤𝑖)𝑛 - that represents the admitted quality policy- is passed as input 

to the TOPSIS algorithm (The Technique for Order of Preference by Similarity to 

Ideal Solution) [41] described below. TOPSIS algorithm produces the distance 

between each valid context value and the best ideal solution according to the quality 

policy. We have used the well known algorithm TOPSIS in our approach as a multi-

criteria decision analysis method [41]. The following section introduces an overview 

of TOPSIS. 

Overview of TOPSIS: 

The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) [41] 

is a multi-criteria decision analysis method. A decision problem is described by a set 

of alternatives, each one is evaluated against a set of weighted criteria. TOPSIS 

method is based on the view that the best alternative is that has the shortest geometric 

distance from the positive ideal solution and the longest geometric distance from the 

negative ideal solution [41][42][43][44]. In our case, alternatives are the context 

conflicted values, and criteria are simply QoC parameters which represent quality 

policy; the goal is to determine the value that has the best quality for a context. The 

TOPSIS algorithm is described as follows: 

INPUT: A decision matrix (𝑥𝑖𝑗)𝑚×𝑛 of m alternatives and n criteria; and a vector 

(𝑤𝑖)𝑛 of criteria weights. 

STEP_1: Matrix (𝑥𝑖𝑗)𝑚×ₓ𝑛 is then normalized to form the matrix (𝑟𝑖𝑗)𝑚×𝑛 using 

normalization method as in Formula 4.1: 

 

rij =
xij

√∑ xij
2m

i=1

         ,𝑖 = 1,2, … ,𝑚,     𝑗 = 1,2, … . . , 𝑛                                       (4.1) 

Note that √∑ xij
2m

i=1   is calculated for each column. 

STEP_2: Calculate the weighted normalized decision matrix as in Formula 4.2: 

 

(𝑡𝑖𝑗)𝑚×𝑛 = (𝑤𝑖𝑟𝑖𝑗)𝑚×𝑛          (4.2) 

http://en.wikipedia.org/wiki/Multi-criteria_decision_analysis
http://en.wikipedia.org/wiki/Multi-criteria_decision_analysis
http://en.wikipedia.org/wiki/Multi-criteria_decision_analysis
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STEP_3: Determine the positive ideal solution 𝐴+ and the negative ideal solutionA− 

as in Formula 4.3 and Formula 4.4 respectively: 

𝐴+ = {〈𝑚𝑎 𝑥(𝑡𝑖𝑗) |𝑖 ∈ 𝐽+〉,〈𝑚𝑖 𝑛(𝑡𝑖𝑗) |𝑖 ∈  𝐽−〉 | 𝑗 = 1,2, … . . , 𝑛 } = (𝑡𝑗
+)𝑛      (4.3) 

 

𝐴− = {〈𝑚𝑎 𝑥(𝑡𝑖𝑗) |𝑖 ∈ 𝐽−〉,〈𝑚𝑖 𝑛(𝑡𝑖𝑗) |𝑖 ∈  𝐽+〉 | 𝑗 = 1,2, … . . , 𝑛 } = (𝑡𝑗
−)𝑛      (4.4) 

 

Where 𝐽+ = {𝑗 = 1,2, … , 𝑛 | 𝑗 is associated with the criteria that have a positive 

impact}, and 

𝐽− = {𝑗 = 1,2, … , 𝑛 | 𝑗 is associated with the criteria that have a negative impact}. 

STEP_4: Calculate the distance 𝑆𝑖
+ between the alternative i and the positive ideal 

solution 𝐴+as in Formula 4.5: 

𝑆𝑖
+ = √∑ (𝑡𝑖𝑗 − 𝑡𝑗

+)2𝑛
𝑗=1    ,𝑖 = 1,2, … ,𝑚     (4.5) 

In addition, the distance 𝑆𝑖
−between the alternative i and the negative ideal solution 

𝐴−as in Formula 4.6: 

𝑆𝑖
− = √∑ (𝑡𝑖𝑗 − 𝑡𝑗

−)2𝑛
𝑗=1    , 𝑖 = 1,2, … ,𝑚     (4.6) 

STEP_5: Calculate the relative closeness to the positive ideal solution as in Formula 

4.7: 

𝐶𝑖
∗ =

𝑆𝑖
−

𝑆𝑖
++𝑆𝑖

− ,   0 ≤ 𝐶𝑖
∗ ≤  1       , 𝑖 = 1,2, … ,𝑚                                              (4.7) 

Note that 𝐶𝑖
∗ = 1 if the alternative i is the positive ideal solution and 𝐶𝑖

∗ = 0 if the 

alternative i is the negative ideal solution. 

Stage Three: Select the context with best value 

In this stage, the context value that has the shortest distance to the ideal-positive-

solution and the longest distance to the ideal-negative-solution will be selected as the 

best value for the corresponding context values. 
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4.3 An Illustrative Example: IPQP Algorithm for Resolving Context Conflicts 

This section is devoted to introduce an illustrative example that describes how IPQP 

resolves context conflicts. Context conflict case is selected because the solution 

introduced by IPQP for this case includes the solutions of other cases.  

A real data is used to illustrate how IPQP algorithm works step-by-step. Dataset used 

here is an official dataset collected and recorded by Southampton Weather Station and 

published at its Website [23]. This dataset is described in details in Chapter 6. The 

weather variables that form each instance of the record are Year (YYYY), Month 

(MM), Temperature Max (Tmax), Temperature Min (Tmin), and Rainfall (Rain). This 

example aims at resolving context conflicts using IPQP stages for Tmax variable. 

Tmax variable is a sensed simple context that is used with other context variables to 

compose the weather status within a CAS of weather forecasting. This example shows 

the intermediate results for each stage before finding out the final result. 

4.3.1 The Input of IPQP Algorithm 

The input for IPQP algorithm is: 

(i) The weather dataset (a sample is shown in Table 4.1);  

(ii) The context metadata used for computing the values of different quality 

parameters. Metadata are summarized in Table 4.2; 

(iii) The range ∆(𝑡𝑚𝑎𝑥) of valid values for the weather variable Tmax is 4 in this 

example; 

(iv) The quality policy as illustrated by Table 4.3. 

Table 4.1 A Sample of Input Dataset Values 

YYYY MM Tmax Tmin Rain 

  
degC degC mm 

1855 1 5 0.5 --- 

1855 2 2.4 -3.5 54.3 

1855 3 7.9 0.8 61.3 

1855 4 13.7 3.6 10.1 

1855 5 15 5.6 60 

1855 6 18.4 9.8 43.9 

1855 7 21.5 12.6 101 

1855 8 21.6 12.3 47.9 

1855 9 19.6 9.6 88.4 

1855 10 15.1 8.4 187.5 

1855 11 8.7 3.6 28.2 
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1855 12 6.8 1 55.4 

1856 1 7.9 2.8 93.5 

1856 2 
conflicted 

values 
3.6 50.6 

 

We assume that conflicted values of the variable Tmax were received in February 

1856 and month 2. These values are given in the first column of Table 4.2. 

Table 4.2 Summary of Context Metadata of Conflicted Values 

Tmax 

conflicted 

values 

Maximum 

Distance for 

Which Sensor 

Can Collect 

Context 

Actual 

Distance 

Sensor 

Resolution 

Measured 

Time for 

This 

Context 

Element 

Current 

Time 

Validity 

Time 

Current 

granularit

y level 

Total 

granularit

y level 

for calculating Reliability for calculating Timeliness 
for calculating 

Accuracy 

9 10m 5m 80% 09:30 

10:00 2hrs 

1 

3 
16 20m 2m 95% 08:00 1 

12.4 10m 9m 80% 09:45 2 

2 15m 3m 90% 08:30 1 

 

Table 4.3. Weights of QoC Parameters (Quality-Policy) 

Parameter Weights 

Reliability 0.65 

Timeliness 0.28 

Accuracy 0.07 

 

4.3.2 Applying IPQP Algorithm 

This section is devoted for applying IPQP to our illustrative example. 

Applying Stage One of IPQP:  Excluding the invalid values of conflicted values 

using RCCAR 

In this stage, dataset is processed using RCCAR approach to predict the invalid 

values, if any, and exclude them. RCCAR calculates the total_affirmation 

(probability_of_correctness) of each value using AR technique. The value v with the 

highest total affirmation is selected, as well as all values x so that |𝑣 − 𝑥| ≤

∆(𝑇𝑚𝑎𝑥). Table 4.4 shows the output of RCCAR algorithm. Value 9 has the highest 

total_affirmation and thus, it is selected. Because |9-12.4| = 3.4 < 4, the value 12.4 is 

also selected. Because of the values 16 and 2 are not in the tolerance threshold with 
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respect to 9, these two values are excluded by RCCAR algorithm. The two selected 

values 9 and 12.4 will be carried on to the next stage of IPQP algorithm. 

Table 4.4. Results of RCCAR 

Tmax 

Conflicted 

Values 

Total_Affirmation 

using RCCAR 

(POC) % 

Valid/ Invalid 
Pass to the 

Next Step 
Notes 

9 54 valid pass the best value 

16 
30 invalid excluded  

12.4 52 valid pass 
in the accepted 

range ∆(𝑻𝒎𝒂𝒙) 

2 
0.21 invalid excluded  

 

Applying Stage Two of IPQP: Calculate the distance between each context value 

and the best ideal solution using TOPSIS based on quality policy 

By applying Formulas 2.1, 2.2, and 2.7 to calculate the values of Reliability, 

Timeliness and Accuracy respectively, the decision matrix shown in Table 4.5 is 

found. This matrix is then normalized as shown in Table 4.6. Using the weights 

obtained from quality policy, we construct the weighted normalized matrix as shown 

by Table 4.7. 

Table 4.5 Decision Matrix 

Tmax 

Values 

Reliability Timeliness Accuracy 

9 0.40 0.79 0.33 

12.4 0.08 0.88 0.67 

 

Table 4.6 Normalized Decision Matrix 

Tmax 

Values 

Reliability Timeliness Accuracy 

9 0.83 0.47 0.33 

12.4 0.17 0.53 0.67 
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Table 4.7 Weighted Normalized Decision Matrix 

Tmax 

Values 

Reliability Timeliness Accuracy 

9 0.54 0.13 0.02 

12.4 0.11 0.15 0.05 

 

The positive and negative ideal solutions are then calculated using Formulas 4.3 and 

4.4 as shown by Table 4.8. 

Table 4.8 Positive and Negative Ideal Solutions 

Solution Reliability Timeliness Accuracy 

𝑨+ 0.54 0.15 0.05 

𝑨− 0.11 0.13 0.02 

 

We then calculate the distance between alternatives and both the positive and negative 

ideal solutions using Formulas 4.5 and 4.6. Results are given in Tables 4.9 and 4.10. 

Table 4.9 Distance to the Positive Ideal Solution 

𝑺𝒊
+ 

9 0.05 

12.4 0.43 

Table 4.10. Distance to the Negative Ideal Solution 

𝑺𝒊
− 

9 0.43 

12.4 0.05 

 

Then, the closeness to the ideal-positive-solution is derived for each value using 

Formula 4.7 as shown in Table 4.11. 

Table 4.11. Closeness to the Ideal Positive Solution 

𝑪𝒊
∗ 

9 0.90 

12.4 0.10 
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What worthy to be mentioned here is that if we use the quality policy alone without 

TOPSIS, the indication for the best solution against the worst will be different; using 

quality policy along with TOPSIS produces stronger indication (Table 4.12). 

Table 4.12. Result of TOPSIS against Traditional Quality Policy 

Indication for Best Solution for Tmax. Context Element 

 TOPSIS Quality Policy 

Best Solution 0.90 0.50 

Other Alternative 0.10 0.35 

The Difference 0.80 0.15 

 

Applying Stage Three of IPQP: Select the context value with the shortest 

distance of the ideal positive solution 

The best value for the context element Tmax is 9 as shown by Table 4.11. 

4.4 Summary 

This chapter introduced our novel approach for sensed context quality control. This 

approach is an extension to RCCAR, which is introduced in Chapter 3 to resolve 

sensed context conflicts. The proposed solution is called IPQP, which introduces a 

novel solution for handling three basic types of sensed context shortcomings: missing 

values, erroneous values, and context conflicts. 

IPQP has achieved good successes as illustrated later in Chapter 6. IPQP forms a 

crucial part as a quality control process within our framework that will be introduced 

in Chapter 5. 

However, IPQP did not examined when the context suffers from many shortcomings 

at the same time. What about the case that the context elements have 50% missing 

values at the same time. This could be a big problem as IPQP depends on predicting 

the context element value in light of other context elements values. This could be a 

significant future work for this research. 

This will form a challenge because IPQP cannot decide with which context element it 

should start and why; it cannot decide if the remaining context elements are enough to 

predict the other missed values or not. This case is a potential point of research; 
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perhaps by combining IPQP with other traditional prediction techniques that work 

based on the previous observations of the context element itself and not depending on 

other current context element values (unlike IPQP). 
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5.1  Introduction 

The way to realize context quality aspects is to design a Quality of Context (QoC) 

framework. The proposed framework should be developed based on the concept of 

quality management system (QMS). QMS is a collection of business processes that 

realize the admitted quality policy and quality objectives [71][72]. The framework 

will encompass quality policy and control processes that will enforce quality policy.  

Our novel framework for QoC, which is called MCFQoC (Multilayered-Context 

Framework for Quality of Context) depends on the idea of Multilayer Context. The  

main innovative features of  MCFQoC includes: (i) a multilayered context model; (ii) 

a new model for quality parameters based on the context multilayers that include a 

new parameter called Context Credibility; (iii) new and modified formulas for 

evaluating quality parameters; and (iv) QoC control processes involving IPQP 

algorithm which is introduced in Chapter 4. In addition, this chapter introduces a new 

generalized definition for QoC which will inspire the design process of different 

constructs in our framework. Moreover, for QoC different stakeholders, we 

introduced a methodology to use our framework, MCFQoC. 

This chapter starts with introducing the idea of context layers that was the basis of our 

framework because the proposed quality parameters and quantification methods have 

been proposed based on this idea. Besides, a new proposed definition of QoC is 

introduced. This definition also affects the development of framework elements. 

Then, the different elements of our framework are described. 

5.2 Multilayer Context Model 

The first basic idea behind building the proposed framework is the context 

multilayers. Using context multilayers to conclude quality parameters is not a new 

idea. In [47], authors introduced a model for context-layers to compute the context 

confidence, and then they improved their work in [49]. Their idea was to introduce 

three layers of context, start in the bottom with context facts that are produced by 

sensors and then the intermediate layer that contains the abstracted context which is 

aggregated from many context facts or abstracted from a context fact. The top layer 

contains the context situation which is the final derived context. Context situation is 

aggregated using all abstracted/derived contexts in the bottom. Authors in [47] and 
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[49] introduced these layers to calculate the confidence of the context in each layer as 

the confidence in the bottom depending on the sensors performance. Whereas, in the 

higher layers, it is a combination of the context in the lower layers. For example, 

'movement', 'room lights', and 'meeting date' are different sensed and profiled context 

facts. Whereas 'persons' and  'location of person', which can be abstracted or 

aggregated from underlying context are abstracted context, and finally 'meeting' is a 

context situation which can be derived upon many abstracted contexts.  

In our proposed framework, we found the idea of context multilayers is necessary for 

the following reasons: 

(1) Context as a nature is multilayered, there is a sensed context, profiled context, 

and derived context. Sensed context is a simple fact which is 

collected/acquired using sensors such as temperature degree, hurt pulses or 

wind speed. Profiled context is a context which is assigned by the user such as 

meeting dates or user calendar. Derived context means there are underlying 

context that the situation is derived upon it [15][20]. The Context situations 

that CASs build their decisions and services based on it, is a derived context.  

Unfortunately, most work achieved so far for quality parameters focused only 

on sensed context whereas the calculating methods for quality parameters 

should be subjected to the type/layer of context. For example, freshness 

parameter is a quality parameter, which was applied only for sensed context. 

Freshness value depends on current time, context age, and validity time of 

context [2]. The derived context is not subjected to the same way that is used 

for calculating the value of freshness parameter as the situation freshness 

would be the average of all pieces of the context used to infer the derived 

context.  

Another example for a weather context-aware system, is the forecasting of 

wind speed and wind direction which are both considered  as sensed contexts 

contribute in composing the 'wind status' context. The reliability of a sensed 

context is calculated using the sensor accuracy, distance between the context 

and the sensor, and the maximum distance that the sensor can work on it. 

However for 'wind status', the reliability will differ, it should be an average of 

the two underlying contexts.  
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(2) There are some parameters that are not applicable for some layers. For 

example, probability_of_correctness is a vital parameter that reflects the extent 

that a piece of context element is valid according to the occurrences of other 

pieces of context based on the previous history. This parameter is applicable 

for the context in the lower level where the piece of context is not derived and 

there are real occurrences and a previous history for this piece_of_context and 

for the other pieces of context.  

 

The proposed multilayered context model includes three basic layers: context 

elements layer, context objects layer, and context situation layer. The quality of 

context for each layer depends on the quality of underlying layers.  The definition of 

the three concepts from inner to outer layer is below: 

Context elements layer: this layer contains the context elements which are basically 

captured from sensors or profiled from a user such as temperature, movement, 

location, humidity, and a meeting date in a user calendar.  

Context objects layer: this layer contains the context entities that are derived using 

underlying context-elements. Also, it can be derived using other underlying context-

objects. Examples of derived context are weather status, flooding status, and user 

status. This intermediate layer could contain inner layers but the context in this layer 

does not represent the final target context situation. The context object could be 

person, place of event, event…etc. 

Context situation layer: this layer is the same as context objects layer, as it is a 

derived context, however it is isolated in an independent layer to distinguish it as a 

final target context where the services of context-aware systems depend on it directly. 

 Figure 5.1 illustrates the nested layers for quality of context. Our parameters model 

and also the evaluation methods are designed based on these nested layers as clarified 

in Subsections 5.4.1 and 5.4.2. 
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Figure 5.1 Nested Layers of Context 

5.3 A Generalized Definition for QoC 

The definitions of QoC that are mentioned early in Chapter 2 are not accurate enough. 

They concentrate on sensed context despite the context can be sensed, profiled, or 

derived. Profiled context influences quality of context and consequently CASs 

adaptation. For example, person's day schedule is a profiled context, if this context is 

not updated periodically, it will be out of date. Therefore, freshness is important 

parameter for profiled context as well as sensed context. On the other hand, decisions 

made by CASs depend on the context in higher level (derived context). Thus, the 

quality of the derived context should take place beside the sensed context. Our 

proposed definition is an extension to the definition of QoC, which is introduced by 

[2] so that our definition includes all types of context that may affect context quality 

as follows: 

 "The degree of conformity of the context to represent the situation in the environment 

and to fulfill the requirements of the context consumer".   

In this definition, quality of context is not limited to the sensed data compared to the 

definition that has been proposed by [2]. The context situation is the context in higher 

level, which derived using sensed and profiled context in lower level. Therefore, the 

definition includes all types of context. On the other hand, our proposed definition 

reflects the credibility level of a context which measures the extent that the context 

represents the real word. Therefore, Credibility should be considered as an important 

quality parameter for context. In addition, for realizing context quality, we should 

ensure that the context realizes the consumer requirements. These ideas, which are 

inspired by the new definition, form the basis of other quality framework constructs. 

Context-
Situation 

Layer  

Context-
Objects 
Layer 

Context-
Elements 

Layer 
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5.4 Architecture of QoC Framework 

This section introduces our proposed framework for QoC, which is called MCFQoC 

(Multilayered-Context Framework for Quality of Context). The framework 

encompasses quality policy and control processes that enforce quality policy based on 

recommended elements in such frameworks (refer to [71] and [72]). To define quality 

policy, quality parameters should be determined. Therefore, the proposed framework 

basically encompasses quality parameters, quality policy, and quality control 

processes (see Figure 5.2). 

Some considerations were taken into account when designing the framework. These 

considerations are described below in this chapter. Then, steps of the design process 

will be introduced and finally, the framework architecture is clarified.  

In light of motivation implications for this framework which has been mentioned in 

Chapter 1, the design process of the proposed framework took into account the 

following considerations: 

(1) The proposed framework should be comprehensive; it should introduce a wide 

range of quality parameters and also should explain how to use these 

parameters to improve context producing, derivation and to improve context 

quality assurance.  

(2) The proposed framework should introduce quality parameters and 

measurement methods taking into account the multilayers of context (context 

elements, context objects, and context situation) and also the different types of 

context (profiled, sensed, and derived).  

(3) The proposed framework should produce general variant quality parameters 

for context in different layers to serve different stakeholders of context such as 

context-aware system developers, context producers, and context consumers. 

(4) The proposed framework should differentiate between quality parameters that 

are used to reflect the context validity and other parameters that reflect the 

perfection of context. This consideration is very important, as the total quality 

level of context could be misleading. For example, if the context reliability is 

low and the context representation_consistency is high, the total will be fine 

whereas if the context value is wrong as the reliability indicates, it does not 

matter if the representation_consistency is high. 
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(5) The framework should be general and flexible to serve a wide range of CASs. 

 

Our framework designing process started with defining the concepts and setting the 

conceptual roots for the framework. At first, a review of context quality definitions 

has been achieved. This is followed by improving the definition slightly to involve the 

implications that are missed in old definitions as described latter in Subsection 5.2.1. 

These implications were reflected then when the model of quality parameters and 

related calculation methods where developed. Therefore, the next step was to develop 

quality parameters and indicators in light of QoC definition and the nature of context 

itself.  

Designing the model of QoC parameters was depending on the idea of context 

multilayers and context taxonomy. Quality parameters model includes a package of 

parameters. Many of them have been already addressed by researchers however, in 

this thesis, we have conducted a new parameter and also a new distribution for the 

parameters according to the context level. Then, the calculation methods for the new 

parameter and improvements of some old methods are developed. Finally, the quality 

assurance process was introduced.  

To design a flexible framework that can serve a wide range of different context-aware 

applications, quality policy is involved as an important part of our framework. For 

different context-aware applications, quality requirements are different according to 

the application area and the nature of problem. The idea of quality policy is assigning 

different quality parameters with different weights for different context aware 

applications. Although quality policy is not a new idea, we have implemented it in a 

new way to ensure more accuracy when assigning the weights of quality parameters 

as clarified in Subsection 5.4.3.  

Moreover, two quality control processes were involved in this thesis to support 

context derivation and resolve context conflicts, as there is a capability to find 

different values from different sensors for the same context element. The first control 

process uses our approach RCCAR [30][37], which has been introduced earlier in 

Chapter 3 for using the quality parameter probability_of_correctness as a basis for 

excluding the invalid values of context among many conflicted context values of a 

sensed context. Then, selecting the best context value according to quality policy 
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takes place using our IPQP algorithm which is introduced earlier in Chapter 4. The 

second control process aims at providing CAS with different quality parameters to 

help it deriving a high quality context and making right decisions accordingly.  

General quality indicators for quality in each layer were developed to serve as a 

feedback for context providers, context consumers, and CAS developers. These 

indicators are a long-term indicators that help different stakeholders setting the future 

solutions and strategies for improving context capturing, derivation, distribution and 

management. 

Some of our framework parts are described earlier in this thesis such as the 

multilayered context model and IPQP algorithm. Other parts of the framework are 

described in Subsections 5.4.1 to 5.4.5. As shown by Figure 5.2, the main parts of the 

MCFQoC framework are:  

(1) The conceptual model, which represents the theoretical basis for other 

components; the  conceptual contains the following components: 

a. Multilayered context model 

b. QoC parameters 

c. QoC parameters evaluation methods  

(2) Quality assurance system, which contains three main components: 

a. Quality policy 

b. The run-time quality control processes which include two sub 

processes: IPQP algorithm and CAS provision with QoC parameters 

for supporting context derivation. 

c. QoC long-term general indicators 

5.4.1 QoC Parameters Model 

This section presents the proposed model for context parameters in terms of the 

parameter and its relative context layer. Figure 5.3 introduces a summary of quality 

parameters for each context layer. In general, there are nine quality parameters, which 

are reliability, timeliness, completeness, credibility, accuracy, usability, 

representation_consistency, security_level, and probability_of_correctness. These 

nine parameters combine most quality aspects mentioned in the literatures without 

repetitions. For example, the two parameters precision and accuracy are mentioned in 

literatures to reflect the same quality aspect [1][12]; whereas, accuracy could be 



86 
 

enough to reflect the granularity level of a context. Similarly, the repetition occurs in 

literatures for privacy, access-rights, security_level, and sensitiveness parameters 

while security_level is enough to reflect the privacy degree for a context.  

 

Figure 5.2 MCFQoC Framework Architecture  

Credibility parameter is a new parameter that we proposed in this thesis in light of the 

QoC definition to reflect the reality of a context. It is a deep parameter, as it reflects 

reliability, timeliness, completeness, and probability_of_correctness all together to 

represent the context reality. We could not trust the reliability alone because 

reliability depends on sensors that are prone to malfunctions. Therefore, 

probability_of_correctness supports the validity of a context. Especially for context 

situation, the recommended quality parameter is Credibility. That is because the main 

 

 

MCFQoC Framework Architecture 

Conceptual Constructs 

QoC Parameters Model Evaluation Methods for 

QoC Parameters 

Quality Assurance System 

Quality Policy 

Run-Time Quality Control Processes 

IPQP Algorithm 

Producing QoC Parameters 

and Total QoC According to 

Quality Policy 

General long 

–term QoC 

Indicators 

Multilayered Context Model 



87 
 

objective of all quality parameters in the lower layers is the credibility of the final 

context situation as clarified by our QoC definition. The evaluation method, used to 

calculate credibility would be described later in Subsection 5.4.2. 

The parameter of probability_of_correctness is applicable only for context in context 

element layer. That is because it reflects the conformity of other context elements for 

the context element under investigation according to the real occurrences in the 

previous history. Therefore, we cannot apply this parameter to the derived context, as 

we need the occurrences in the previous history which are not available for the 

derived context. 

In general, all quality parameters were defined previously in literatures as clarified 

earlier in Chapter 2 except credibility which is a new parameter contributed by this 

thesis. In this thesis, we define Context Credibility as follows: "To what extent a piece 

of context reflects the reality". 

 

 

Figure 5.3 The Proposed Model for QoC Parameters  

 

5.4.2 Evaluation of Quality Parameters 

This section describes the new formulas, which are used for calculating some quality 

parameters that are included in our model. Many parameters in our proposed model 

are calculated according to the formulas mentioned in literatures. This Subsection 

describes some modified formulas for some parameters and some new formulas used 

for Credibility parameter, the new parameter. 
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 Modifications that are carried out upon the calculation methods encompass main 

three classes: (1) the first class of modifications has been carried out for the formulas 

that are used to calculate some quality parameters to make them  more accurate for 

different context layers and types. These parameters are reliability, timeliness, 

completeness, and evaluation of profiled context. (2) The second class of 

modifications is related to usability parameter with a new formula introduced to 

calculate it. (3) For Credibility, new formulas were introduced to calculate credibility 

in different context layers. 

Reliability and Timeliness Evaluation for Derived Context: 

The formulas that were introduced in literatures for computing reliability and 

timeliness were applicable only to sensed context elements in the lower layer of 

context as a metadata used to calculate the whole value belongs to a single context 

element. For example, the metadata values, which are used to calculate reliability, 

include sensor accuracy, distance between sensor and target, and maximum valid 

distance. All these previous metadata values belong to a single sensed context 

element. Obviously, these metadata values are not applicable to the derived context as 

the derived context is composed from many single pieces of context. In this case, 

reliability and timeliness will be calculated as a total reliability and timeliness of 

context elements that compose the context object taking into account the relative 

weight of context elements for composing the derived context as shown in Formulas 

5.1 and 5.2.  

 

𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝑑𝑒𝑟𝑖𝑣𝑒𝑑_𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =

 ∑ 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)
𝑛
𝑖=1 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖𝑖)                     (5.1)                                                    

 

𝑇𝑖𝑚𝑒𝑙𝑖𝑛𝑒𝑠𝑠(𝑑𝑒𝑟𝑖𝑣𝑒𝑑_𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =

 ∑ 𝑡𝑖𝑚𝑒𝑙𝑖𝑛𝑒𝑠𝑠(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)
𝑛
𝑖=1 ∗ 𝑤𝑒𝑖𝑔ℎ𝑡(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)                       (5.2) 

                                                                       

Where n is number of pieces of context that compose the derived context. 

Completeness Evaluation: 

Formula 2.4 has been modified to include derived context that is composed from 

simple context or even of other derived pieces of context as shown by Formula 5.3. 
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𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑑𝑒𝑟𝑖𝑣𝑒𝑑_𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =

 ∑ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖) ∗ 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)
𝑚
𝑖=1                     (5.3) 

                                           

Where m is the number of available pieces of context that compose the derived 

context. 

For simple context in the lower level, the completeness of that context would be 

always 1 if it is available or 0 if not available. Formula 5.4 shows the completeness. 

This formula is applicable to sensed or profiled context. 

 

𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑠𝑖𝑚𝑝𝑙𝑒 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =  {
1        ∶    𝑖𝑓     𝑠𝑖𝑚𝑝𝑙𝑒_𝑐𝑜𝑛𝑡𝑒𝑥𝑡 𝑖𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 

    0          ∶  𝑖𝑓 𝑠𝑖𝑚𝑝𝑙𝑒_𝑐𝑜𝑛𝑡𝑒𝑥𝑡 𝑖𝑠 𝑛𝑜𝑡 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 
                                          

          (5.4) 

Usability Evaluation: 

To judge if a piece of context is usable or not, it should satisfy two requirements: (1) 

accuracy requirement where it should be at the level of required accuracy for use; (2) 

format/representation requirement as it should be in the required format.  Formula 2.8 

has been modified to involve the two aspects to calculate the usability which is shown 

by Formula 5.5: 

 

𝑈𝑠𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =

𝑤𝐴 . (𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 (𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡)) +

 𝑤𝑅. ( 𝑅𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑖𝑜𝑛_𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 (𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡)                                        (5.5) 

 

Where, 𝑤𝐴 and 𝑤𝑅 are the relative importance weights for the accuracy parameter 

and the representation_consistency parameter respectively. These weights are set to 0 

if the application does not need the corresponding parameter. Accuracy is calculated 

as in Formula 2.7 while the representation_consistency is calculated using Formula 

5.6: 

 

𝑅𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑖𝑜𝑛_𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦(𝑑𝑒𝑟𝑖𝑣𝑒𝑑_𝑐𝑜𝑛𝑡𝑒𝑥𝑥𝑡) = 1 −
𝑐𝑢𝑟𝑟𝑒𝑛𝑡_𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 _𝑐𝑜𝑠𝑡

𝑚𝑎𝑥𝑖𝑚𝑢𝑚_𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 _𝑐𝑜𝑠𝑡
                                                                                   

         (5.6) 

Where the current_transformation_cost and maximum_transformation_cost are 

determined by user to reflect the effort that spent to transform the context from one 
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format to another. Formula 5.6 is a modification for Formula 2.6 that was proposed by 

authors in [2]. 

Credibility Evaluation: 

Context Credibility is the proposed parameter contributed by this thesis to reflect the 

extent to which the piece of context is close to reality. The greater the credibility 

value, the more confidence of the context to be closer to reality. 

Calculating credibility in different context layers will be different. We will start with 

credibility for context elements. To calculate credibility, three aspects can be used: 

reliability, timeliness, completeness (for derived context), and 

probability_of_correctness as shown by Figure 5.4.  Probability_of_correctness is 

included in the Formula 5.7 with relative weight of 50%, which is equivalent to the 

total weight of the other parameters. This large weight is assigned to overcome the 

fact that the parameters timeliness and completeness are subjective where the user 

determines some of their metadata values. In addition, reliability parameter depends 

on sensors, which are prone to faults. Probability_of_correctness depends on the 

affirmation of other pieces of context based on the previous history of a context. 

 

 

Figure 5.4 How Credibility is A Complex Parameter 

Hence, probability_of_correctness parameter is included to make balance in order to 

make credibility parameter more objective (Figure 5.5).  

This mixture of parameters will give a good indication of context credibility. Based 

on what mentioned above, Formula 5.7 is proposed for piece_of_context credibility 

evaluation. 
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𝐶𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(simple_context ) =

𝐴𝑣𝑔[𝐴𝑣𝑔[Reliability(simple_context ), Timeliness(simple_context )],

Probability_of_correctness(simple_context )]                      (5.7) 

                                                                   

For a derived context, credibility parameter is calculated as a total credibility of all 

pieces of context that compose the derived context. Formula 5.8 has been proposed 

for the derived context: 

 

𝐶𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(𝑑𝑒𝑟𝑖𝑣𝑒𝑑_𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =

∑ 𝑐𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)
𝑛
𝑖=1 ∗ 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖) ∗

𝑤𝑒𝑖𝑔ℎ𝑡(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)                      (5.8) 

 

Where n is the number of pieces of context, which compose the derived context.  

 

 

Figure 5.5 How Credibility Parameter Makes a Balance between Objectve and 

Subjective Quality Aspects 

Quality Parameters Evaluation for Profiled Context: 

For a simple profiled context, which is usually assigned by user, few researches 

investigated methods to evaluate its quality parameters. For example, profiled context 

should be updated periodically by user to insure freshness of the context and the 

timeliness parameter should reflect that. In addition, similar to the sensed context, the 

accuracy level of a profiled context should be in the required level according to CAS's 

needs. Referring to all quality parameters in our model, the profiled context is 

subjected to most calculating methods of parameters with one exception. The 

reliability of a sensed context depends on the sensor reliability which is determined by 

the manufacturer, and the distance between sensor and target. Whereas the reliability 

of a profiled context is always 1 as this value is recorded by the user [4][50]. Table 
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5.1 summarizes the formulas used in our model to calculate the different quality 

parameters. 

Table 5.1 A Summary of Formulas Used to Evaluate the Quality Parameters in the 

Proposed Model 

Formulas Reference 

Reliability 

𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚 (𝒔𝒆𝒏𝒔𝒆𝒅 − 𝒔𝒊𝒎𝒑𝒍𝒆 − 𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=  {𝟏 − 
𝒅(𝒔 − 𝜺)

𝒅𝒎𝒂𝒙
 ∗  𝜹   ∶    𝒊𝒇     𝒅(𝒔 − 𝜺) <  𝒅𝒎𝒂𝒙 

    𝟎          ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

 

𝒘𝒉𝒆𝒓𝒆 𝒅(𝒔 − 𝜺) is the distance between the context object and the sensor, 𝒅𝒎𝒂𝒙 is the 

maximum distance and 𝛅  is the accuracy of the sensor. 

𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚(𝒅𝒆𝒓𝒊𝒗𝒆𝒅_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=  ∑ 𝒓𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊)
𝒏

𝒊=𝟏

∗ 𝒘𝒆𝒊𝒈𝒉𝒕(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊) 

Where n is the number of pieces of context that compose the context. 

𝑹𝒆𝒍𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚(𝒑𝒓𝒐𝒇𝒊𝒍𝒆𝒅_𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) =  𝟏 

[2] 

 

 

 

 

New 

 

 

 

New 
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𝑻𝒊𝒎𝒆𝒍𝒊𝒏𝒆𝒔𝒔 (𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=  {𝟏 − 
𝑨𝒈𝒆(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

𝑽𝒂𝒍𝒅𝒊𝒕𝒚𝒂𝒕𝒊𝒎𝒆(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)
    ∶    𝒊𝒇     𝑨𝒈𝒆(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) <  𝑽𝒂𝒍𝒊𝒅𝒊𝒕𝒚𝑻𝒊𝒎𝒆(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) 

𝟎  ∶  𝑶𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

 

𝑨𝒈𝒆 (𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) =  𝑻𝒄𝒖𝒓𝒓 − 𝑻𝒎𝒆𝒂𝒔(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) 

Where  𝑻𝒄𝒖𝒓𝒓 is the current_time, and 𝑻𝒎𝒆𝒂𝒔(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) is the measured_time for 

𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕 and  validity_time is determined by the context consumer. 

𝑻𝒊𝒎𝒆𝒍𝒊𝒏𝒆𝒔𝒔(𝒅𝒆𝒓𝒊𝒗𝒆𝒅_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=  ∑ 𝒕𝒊𝒎𝒆𝒍𝒊𝒏𝒆𝒔𝒔(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊)
𝒏

𝒊=𝟏

∗ 𝒘𝒆𝒊𝒈𝒉𝒕(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊) 

Where n is the number of pieces_of_context that compose the context. 

[2] 

 

 

 

 

New 

Completeness 

𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔(𝒅𝒆𝒓𝒊𝒗𝒆𝒅 − 𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=  ∑ 𝒘𝒆𝒊𝒈𝒉𝒕 (𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊)
𝒎

𝒋=𝟏

∗ 𝒄𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊) 

Where m is the number of available pieces of context. 

𝑪𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) =  {
𝟏        ∶    𝒊𝒇     𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕 𝒊𝒔 𝒂𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆 

    𝟎          ∶  𝒊𝒇 𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕 𝒊𝒔 𝒏𝒐𝒕 𝒂𝒗𝒂𝒊𝒍𝒂𝒃𝒍𝒆      
 

New 

 

 

 

New 

Representation_Consistency 
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𝑹𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒊𝒐𝒏_𝒄𝒐𝒏𝒔𝒊𝒔𝒕𝒆𝒏𝒄𝒚 (𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

= 𝟏 − 
𝒄𝒖𝒓𝒓𝒆𝒏𝒕_𝒕𝒓𝒂𝒏𝒔𝒇𝒐𝒓𝒎𝒂𝒕𝒊𝒐𝒏 _𝒄𝒐𝒔𝒕

𝒎𝒂𝒙𝒊𝒎𝒖𝒎_𝒕𝒓𝒂𝒏𝒔𝒇𝒐𝒓𝒎𝒂𝒕𝒊𝒐𝒏 _𝒄𝒐𝒔𝒕
 

New 

Accuracy 

𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 (𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) =  
𝒄𝒖𝒓𝒓𝒆𝒏𝒕_𝒈𝒓𝒂𝒏𝒖𝒍𝒂𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍

𝒕𝒐𝒕𝒂𝒍_𝒏𝒖𝒎𝒃𝒆𝒓_𝒐𝒇_𝒈𝒓𝒂𝒏𝒖𝒍𝒂𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍
 

[7] 

Usability 

𝑼𝒔𝒂𝒃𝒊𝒍𝒊𝒕𝒚 (𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=  𝒘𝑨 . (𝑨𝒄𝒄𝒖𝒓𝒂𝒄𝒚 (𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)) +  𝒘𝑹. ( 𝑹𝒆𝒑𝒓𝒆𝒔𝒆𝒏𝒕𝒂𝒊𝒐𝒏

− 𝒄𝒐𝒏𝒔𝒊𝒔𝒕𝒆𝒏𝒄𝒚 (𝑶𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)) 

New 

Security_Level 

𝑺𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) =
𝒄𝒖𝒓𝒓𝒆𝒏𝒕_𝒔𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍

𝒕𝒐𝒕𝒂𝒍_𝒏𝒖𝒎𝒃𝒆𝒓_𝒐𝒇_𝒔𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍
 

Where 𝒄𝒖𝒓𝒓𝒆𝒏𝒕_𝒔𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍 and 𝒕𝒐𝒕𝒂𝒍_𝒏𝒖𝒎𝒃𝒆𝒓_𝒐𝒇_𝒔𝒆𝒄𝒖𝒓𝒊𝒕𝒚_𝒍𝒆𝒗𝒆𝒍 are 

determined by user. 

[7] 

Probability_of_Correctness 

𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚_𝒐𝒇_𝒄𝒐𝒓𝒓𝒆𝒄𝒕𝒏𝒆𝒔𝒔(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=∑𝒄𝒐𝒏𝒇𝒊𝒅𝒆𝒏𝒄𝒆(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊 ⇒𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

𝒎

𝒊=𝟏

 

𝑪𝒐𝒏𝒇𝒊𝒅𝒆𝒏𝒄𝒆(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊 ⇒ 𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕) =   

𝒔𝒊𝒈𝒎𝒂(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊 ∩ 𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

𝒔𝒊𝒈𝒎𝒂(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊)
 

Where 𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕i represents other pieces of context which are captured with 

the 𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕. 

New 

Credibility 

𝑪𝒓𝒆𝒅𝒊𝒃𝒊𝒍𝒊𝒕𝒚(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕 )

= 𝑨𝒗𝒈 [
𝑨𝒗𝒈[𝐑𝐞𝐥𝐢𝐚𝐛𝐢𝐥𝐢𝐭𝐲(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕), 𝐓𝐢𝐦𝐞𝐥𝐢𝐧𝐞𝐬𝐬(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)],

 𝐏𝐫𝐨𝐛𝐚𝐛𝐢𝐥𝐢𝐭𝐲_𝐨𝐟_𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐧𝐞𝐬𝐬(𝒔𝒊𝒎𝒑𝒍𝒆_𝒄𝒐𝒏𝒕𝒆𝒙𝒕 )
] 

𝑪𝒓𝒆𝒅𝒊𝒃𝒊𝒍𝒊𝒕𝒚(𝒅𝒆𝒓𝒊𝒗𝒆𝒅_𝒄𝒐𝒏𝒕𝒆𝒙𝒕)

=∑𝒄𝒓𝒆𝒅𝒊𝒃𝒊𝒍𝒊𝒕𝒚(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊)

𝒏

𝒊=𝟏

∗ 𝒄𝒐𝒎𝒑𝒍𝒆𝒕𝒆𝒏𝒆𝒔𝒔(𝒑𝒊𝒆𝒄𝒆_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊) ∗ 𝒘𝒆𝒊𝒈𝒉𝒕(𝒑𝒊𝒆𝒄_𝒐𝒇_𝒄𝒐𝒏𝒕𝒆𝒙𝒕𝒊) 

Where n is the number of pieces of context, which compose the derived context. 

New 

 

 

 

New 

5.4.3 Context Quality Policy  

Quality policy represents quality rules that achieve quality objectives 

[73][74][75][76]. In our framework, quality policy will be formed according to the 

desired quality parameters that achieve quality objectives for a particular CAS. Our 

framework will encompass quality policy and control processes that will enforce 

quality policy.  
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In practice, determining the same quality parameters for each CAS is impossible 

because the application nature has its impact on quality requirements. Quality policy 

contains quality parameters that are suitable for a CAS and the associated weights for 

each parameter. The idea of determining different quality parameters with different 

weights for different CASs is not new (e.g., authors in [7] and [16] have addressed 

such idea). However, the contribution of this thesis is the way that determines the 

quality criteria in addition to the way of assigning the relative weights. Our approach 

is based on AHP method to produce the parameters weights. An overview of AHP is 

introduced below. 

An Overview of AHP: 

 The Analytic Hierarchy Process (AHP) [38] is a decision-making method developed 

in the late 1960's by Thomas Saaty, one of the pioneers of the Operational Research 

field. This method is characterized by its ability to incorporate qualitative factors 

using quantitative variables within the evaluation process of the different decisions 

alternatives [38][39][40][22]. AHP is used to assign quality parameters as a hierarchy 

for each context layer similarly to decisions analysis according to AHP. AHP uses a 

hierarchy of criteria that affect the final decision. In addition, based on AHP, the 

parameters weights are determined based on accurate pairwise comparison for each 

criteria and then the final weight for each parameter is calculated taking into account 

the results of the pairwise comparison. The pairwise comparison is useful in the case 

that the number of criteria is large. Assigning the weights requires comparing each 

criterion to all other criteria to assign an accurate weight.  

In our proposed quality parameters model, the number of quality parameters is nine. If 

all these parameters should be realized for a CAS, determining the weights will be 

slightly hard and could be inaccurate. AHP as a method is reliable. It achieved 

remarkable success for a wide range of decisions [38][39][40][22].The basic 

procedure used to carry out AHP can be summarized as follows [38][39][40][22]: 

PHASE_1: Decomposition 

In this phase, the decision problem is decomposed into a hierarchy of more 

understandable sub problems; each of them can be analyzed independently as shown 
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by Figure 5.6. The elements of the hierarchy can be related to any aspect of the 

decision-making problem. 

In our framework proposed for QoC, MCFQoC, the goal is to calculate the total 

quality of each piece of context. Criteria are quality parameters and alternatives are 

the values of a conflicted context (if any). In our framework, AHP has been used to 

assign the weights of quality parameters, and only the first two levels from the top of 

the hierarchy have been used to assign the quality policy. 

 

 

 

 

Figure 5.6 General Form of an AHP Hierarchy 

PHASE_2: Weighting the Criteria 

In this phase, a numerical weight is produced for each criterion in the hierarchy in 

order to allow them to be compared to each other in a rational and consistent way. 

This is done as follows: 

- Build a single pairwise comparison matrix for the criteria. 

-  Calculate the Eigenvector of the matrix as follows:  

 Take successive squared powers of matrix 

 Normalize the row sums 

- Repeat step 2 until the difference between successive normalized rows sum is 

less than a very small value (pre specified). This step can be shortened by 

summing values in each column of the pairwise comparison matrix and then 

dividing each element by its column total and then compute the average of 

elements in each row. 

- Calculate and check the Consistency Ratio (CR).  

This is a key step in AHP which considers the consistency of the pairwise 

judgments. For example, if A compared to B is 3 and B compared to C is 2 

therefore, A compared to C should be 3×2 = 6.  If the result was not 6, some 

Criterion-1 Criterion-2 Criteriion-3 

Goal 

Alternative-1 Alternative-2 Alternative-3 Alternative-4 
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inconsistency might occur. With AHP, the degree of consistency can be 

measured and if unacceptable, the pairwise comparisons should be revised.  

 

Steps of checking the consistency can be summarized as follows: 

Step_1:  Multiply pairwise comparison matrix by relative priorities to obtain a 

weighted sum vector. 

Step_2:  Divide weighted sum vector elements by associated priority values. 

Step_3:  Compute average (denoted λmax) of the values from Step 2. 

Step_4:  Compute Consistency Index (CI) as clarified by Formula 5.9. 

 

CI = (λmax - n) / (n-1)                                                                                   (5.9) 

 

Where n is the number of the compared items. 

 

Step_ 5:  Compute Consistency Ratio (CR) using Formula 5.10: 

 

CR = CI / RI                                                                                (5.10) 

 

Where RI is a Random Index (i.e. RI of a randomly generated pairwise 

comparison matrix). RI is obtained from the lookup table illustrated by Table 

5.2. A pairwise comparison matrix is consistent if its CR is less than or equal to 

0.10 [38][39][40][22]. 

 

Table 5.2. Random Index 

n 1 2 3 4 5 6 7 8 9 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.14 1.45 

 

In MCFQoC framework, we apply only Phase 1 and Phase 2 to obtain the weight of 

each quality parameter. Thus, other phases should not be clarified here. 

 

Illustrative Example for Determining the Quality Policy Using AHP: 

According to MCFQoC framework, quality policy is determined using AHP. The 

result would be the adopted quality parameters with the relative weight for each 
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parameter. The first step of AHP is to decompose the goal into the criteria that affect 

the alternatives evaluation. The goal in our example is to select the best value of a 

context element in weather context Tmax (max temperature degree). The criteria in 

our example are the adopted quality parameters which are reliability, timeliness and 

accuracy as shown by Figure 5.7. 

 

Figure 5.7 AHP Hierarchy for Tmax. 

 

Then, a pairwise comparison matrix is produced using scoring system on a scale 

between 1 and 9 as shown in Table 5.3. 

 

Table 5.3 Parameters Pairwise Comparison Matrix 

 Reliability Timeliness Accuracy 

Reliability 1/1 3/1 7/1 

Timeliness 1/3 1/1 5/1 

Accuracy 1/7 1/5 1/1 

 

Then, the Eigenvector of the matrix is calculated through iterations at the precision of 

0.01 as shown by Tables 5.4 and 5.5.  

 

Iteration 1: 

[
1 3 7
0.33 1 5
0.14 0.2 1

]                              [
2.97 7.4 29
1.36 2.99 12.31
0.346 0.82 2.98

] 

 

Table 5.4 Normalized Rows Sums (iteration 1) 

Row 

Sums 

Normalized 

Rows Sums 

39.37 0.65 

16.66 0.28 

4.146 0.07 

60.176 1.0 

Squared 

Criterion-1 

Reliability of Tmax 
Criterion-2 

Timeliness of Tmax  

Criterion-3 

Accuracy of Tmax  

Goal    calculating Tmax quality  
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Iteration 2: 

[
2.97 7.4 29
1.36 2.99 12.31
0.346 0.82 2.98

]                        [
28.91 67.88 263.64
12.36 29.10 112.93
3.17 7.45 29.008

] 

 

Table 5.5 Normalized Rows Sums (iteration 2) 

Row 

Sums 

Normalized 

Rows Sums 

360.434 0.65 

154.391 0.28 

39.635 0.07 

554.46 1.0 

 

The difference between normalized row sums for last two iterations does not exceed 

0.01 for each row as follows:  

[
0.65
0.28
0.07

]    -   [
0.65
0.28
0.07

]   =   [
0.00
0.00
0.00

] 

Therefore, the iterations will stop and the weights of quality parameters will be as 

shown in Table 5.6. 

Table 5.6 Weights of QoC Parameters 

Parameter Weights 

Reliability 0.65 

Timeliness 0.28 

Accuracy 0.07 

 

According to AHP, before adopting the weights, the consistency of a pairwise 

comparison should be checked. The following steps show that: 

1. Multiply pairwise comparison matrix by the weights to find the 

weighted_sum_vector: 

[
1 3 7
0.33 1 5
0.14 0.2 1

] ∗ [
0.65
0.28
0.07

] =  [
1.98
0.845
0.217

] 

 

2. Divide each weighted sum vector element by its associated weight: 

1.98

0.65
= 3.046;  

0.845

0.28
= 3.018 ;  

0.217

0.07
= 3.1 

Squared 
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3. Compute the average of these values (λ max):    

 

λmax = (3.046 + 3.018 + 3.1) /3= 3.054 

 

4. Compute Consistency Index (CI) using Formula 5.9:    

 

CI = (λ max-n) / (n-1) = (3.054 - 3) / 2= 0.027 

 

5. Compute Consistency Ratio (CR) using Formula 5.10 : 

  

 CR= CI / RI = 0.027 / 0.58 = 0.04 <= 0.10 

 

CR value is 0.04 that is less than 0.10 thus, the pairwise comparison matrix is 

consistent and the derived weights can now be used as input for IPQP algorithm. 

Total Quality of Context Evaluation: 

The total quality of context has been addressed in literatures and it is evaluated using 

the admitted quality policy for each piece of context. The most common way is that 

proposed by authors in [16] which introduced the idea of assigning weights for each 

QoC parameter to use them for calculating the total quality of context. This way uses 

a predefined 7-level scale to assess the parameters weights as described earlier in 

Chapter 2. 

In our framework, we use AHP to assign the parameters weights, the total quality of 

context will be calculated using Formula 5.9 which is derived from Formula 2.15 that 

is mentioned earlier in Chapter2. 

𝑄𝑜𝐶(𝑝𝑖𝑒𝑐𝑒_𝑜𝑓_𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =  ∑ 𝑤𝑖 ∗ 𝑞𝑖𝑛
𝑖=1                                                                  (5.9) 

Where n is number of quality parameters, q is quality parameter, and w is parameter 

weight. 
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5.4.4 Context Quality Control Processes 

QoC parameters can be exploited to improve quality of context during a CAS 

operation. In this thesis, we propose two control processes that use quality parameters 

to improve context quality. These control processes are: (1) producing the 

total_quality of context situations and the context in inner layers to help CASs 

deciding if the quality level is accepted based on predefined threshold; (2) resolving 

context conflicts by selecting the best value among many conflicted values of a 

sensed context as this level is usually prone to conflicts due to sensors redundancy. 

 

The First Control Process:  Providing CASs with Quality Information for 

Resolving Context Uncertainty 

This process produces the different quality parameters and total quality, and feeds a 

CAS by these values to improve the context provesion. The CAS then compares these 

values to predefined thresholds before using the associated context in decision 

making. This control process is not completely new however, the way of calculating 

the total quality of context and assuming this process as a construct within the 

framework is the a contribution of this thesis.  

  

The Second Control Process:  Handling Sensed Context Shortcomings 

As a part of our framework, a quality control process has been involved to improve 

context acquizition. This control process has been designed for handling context 

shortcomings for the sensed context captured using a network of sensors. In this 

process, the proposed framework employs our approach IPQP which is introduced in 

details earlier in Chapter 4. IPQP algorithm handles three basic sensed context 

shortcomings: context conflicts, missing values, and erroneous values. 

5.4.5 General Quality Indicators 

Quality parameters presented in Subsection 5.4.1 represent quality aspects for each 

piece of context at different levels of context. Besides that, general quality indicators 

are important for the context levels to find out the total quality of a context in 

different layares and to reflect some general quality aspects. There are no new 
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parameters introduced here; only general quality indicators for the different layers 

derived from the parameters values of different pieces of context in each layer.  

For example, the general quality level of a sensed context which is produced by a 

sensor network belongs to a certain party can be considered an important indication to 

assess the performance of a sensor network as a whole and can help planning for 

future improvements. These indications could not be obtained using simple context 

quality parameters.  

Actually, these indicators are useful for future and do not serve the daily work of a 

system as the quality parameters do. If these general indicators are monitered over the 

time, they will contribute in improving a context design and resource planning. 

Therfore, MCFQoC framework adopts different types of quality indicators to expand 

the utility of quality results in order to cover wide range of usage. These indicators 

can be summarized as follows: 

1. Quality Degree of each Context layer: this indicator is calculated according 

to the adopted quality policy. This general indicator reflects the general quality 

level of all pieces of context in each context layer. It is important for the 

context producers and CAS's developer to know the general level of context 

for each layer. This will lead them to think about the reasons that affect quality 

in different layers. They can focus in the waek layer and investigate the 

reasons behind that. 

2. Average of the Credibility Parameter for each Layer: this 

indicator/parameter reflects the context reality in each context layer. It could 

especذially lead the context producer to improve the context derivation in 

future. For example, if the first layer in the bottom has low quality level, this 

could lead the context provider to think how to improve the sensor network. If 

the context level in the lower level is fine but the quality goes down when we 

get up within context layers, this could lead to think about the pieces of 

context that have the most relative weight and how to improve the root context 

information for them. It would be almost the sensed context for these picese of 

context. 

3. Average of the Non-Validity Parameters for each level: this indicator 

reflects the perfection level based on non-validity parameters such as security 
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and representation_consistency according to the quality policy. We prefer to 

separate these parameters of the credibility parameter to monitor them apart of 

the credibiliy as the purpose of them is different. The purpose of the credibility 

is to measure context validity and support derivation for the context with 

managing context uncertainity, wheras the purpose of non-validity parameters 

is to measure the system perfection. It is important to be aware about the 

changes of different aspects of quality and interpret the reasons behind that to 

keep quality perfection of the context in a fine level. 

4. Averages of all Quality Parameters in each Context Level: this indicator is 

very important to let the context producer aware about each quality parameter 

in different layers ecpeically if there is a need for that. For example, if a big 

defect is remarked for non-validity parameters in a context_layer and then the 

analyzers found that the problem is definitly due to the security_level, they 

could review the autherities that are assigned for different context consumeres, 

as they could give many access rights to the context during sytem operation 

without studying that carefuly.  

 

Finally, these general quality indicators are very important to monitor the general 

quality level over the time and set the appropriate strategies to deal with that.  

 

5.5 How to Use MCFQoC Framework 

This section introduces a methodology for CAS's developer to use MCFQoC 

framework. An Illustrative comprehensive example is provided by Appendix C.  

The quality model, which is introduced earlier in Subsection 5.4.1, can be used as a 

reference model as it contains the most common quality parameters. This model can 

be referenced and used according to the application of a context-aware system. The 

important contribution of our model is the credibility parameter however, it is not 

mandatory to be applied to all application but recommended as it includes the most 

important parameters together.  

To use MCFQoC framework, we propose the following steps: 

1. Context Analysis: this step concerns determining the context levels according 

to the context structure, which means the three levels within the model (i.e. 
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context element, context objects, and context situation). For a particular 

application, we can find some context objects that include many context 

elements such as people (object), image, sound, motion (elements) and also  a 

context object without context elements such as temperature or light. 

 

2.  Determining Quality Policy for the Context Aware Application: this step 

should be conducted by the user, context consumer, application developer and 

any other stakeholder. This step contains two sub-steps: 

a. Determining the Quality Parameters: according to the nature of the 

application, stakeholders should carefully determine the quality 

parameters, which are appropriate to the context. 

b. Determining the Relative Importance Weights for the Quality 

Parameters: in this step, stakeholders determine the important relative 

weights for each quality parameter according to the nature of the 

application and their expertise in the field. To be more scientific in this 

step, we employ AHP as a method for decision-making. In AHP, the 

relative weights are determined accurately using parameters pairwise 

comparison and then the consistency of these weights are checked 

using an indicator known as CR (Consistency Ratio). CR keeps the 

consistency of different weights for different parameters. Subsection 

5.4.3 introduces an overview of AHP. To accomplish this step 

automatically, there are many tools available for AHP. This procedure 

is built in the tool that has been introduced in Chapter 6 to implement 

MCFQoC framework. 

 

3. Involving the Quality Policy and Quality Control Processes as a Part of 

CMF: this step transmits the quality model into force. It enables a CAS to 

realize the quality model. To achieve this step, a CAS developer should 

engage quality policy, which determined by user, develop it within the CMF, 

and develop quality control processes according to this policy. The control 

process that has been developed within the CMF is IPQP algorithm that 

resolves conflicts and feeds the derivation engine with different quality 

parameters and indicators to resolve context uncertainty and make decisions 

accordingly. 
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4. Monitoring and Studying the General Indicators: this step is very 

important to improve the CAS's quality over the time. The general quality 

should be monitored over the time by a CMF to indicate the general quality 

level of a context and relative sensor networks. CAS's developer should 

develop a CAS with  a CMF that should provide a dashboard contains these 

indicators for context providers and consumers. These indicators will help the 

context producer and consumer focusing on the reasons behind the results and 

improving the context by taking the suitable improvement strategies. 

 

5.6 Summary 

This chapter presented a novel comprehensive framework for assuring QoC. The 

quality control approaches that have been introduced in Chapters 3 and 4 are 

exploited in this chapter as vital parts of our proposed framework. 

Our proposed framework includes a novel context multilayered model, a new model 

for QoC parameters with new quality parameter called Credibility. In addition, the 

framework introduced new formulas for evaluating the developed quality parameters 

and a new method for determining context quality policy using AHP. As important 

part of the framework, two quality control processes are introduced as a part of CMF. 

General long term quality indicators are also introduced as a part of the framework. 

Finally, steps of using the proposed framework are introduced. An illustrative 

example is provided in Appendix C. The implementation and evaluation of the 

proposed framework will be introduced in Chapter 6. 
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6.1   Introduction 

This chapter articulates the implementation, experiments and evaluation for our 

proposed framework, MCFQOC. The whole framework has been implemented and 

tested using MATLAB. Although RCCAR approach is a part of MCFQoC 

framework, it has been implemented and tested using WEKA tool before 

implementing the whole framework. The experiments of RCCAR implementation 

were essential because the computations of RCCAR were depending on different 

combinations that need many experiments for successful test.  

A case study for framework evaluation has been introduced. The case study aims at 

explaining and clarifying different stages and the mechanism of the proposed 

framework on real context and then studying results and coming up with 

recommendations that will improve the functioning of the proposed solution. 

6.2  Implementation and Experiments of RCCAR Approach 

This section is devoted for clarifying how the implementation of RCCAR approach 

was executed and evaluated. 

6.2.1 Tool Support 

Weka Tool has been used to implement RCCAR approach with different experiments. 

Weka has been used in this thesis because it is commonly used to support the 

solutions that use data mining techniques. It contains a range of data mining 

techniques for pattern discovering including decisions trees, clustering and 

associations. For associations’ discovery, Weka uses association rules (AR) technique 

which has been used in RCCAR.  

Weka is available for free. It is adequate for our experiments and continually updated 

to involve other/new techniques or to involve other pre-processing support. For AR, 

Weka contains many measures such as confidence, support, lift and others used for 

selecting the strength associations. In addition, Weka provides a wide range of 

transformations to help researchers processing data before applying the techniques. 

The version used in this thesis for our approach RCCAR is WEKA 3.7.7.  

In addition to previous reasons, this product has some criteria suitable for RCCAR 

algorithm such as supporting different platforms, including various algorithms, and 
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accepts a various types of data input. Weka was developed initially at the University 

of Waikato in New Zealand. “Weka” stands for the Waikato Environment for 

Knowledge Analysis. Also, Weka, pronounced to rhyme with Mecca, is a flightless 

bird with an inquisitive nature found only on the islands of New Zealand [24]. 

6.2.2 Description of Datasets 

Two real datasets were used for RCCAR experiments. These two datasets are 

available for researchers to examine their solutions: 

- Southampton monthly weather historical data from the year 1855 to 2000 [23]. 

- Cardiff climate data for five days [25]. 

 Description of Southampton Weather Historical Data (1855-1999): 

This data is a historical data for some weather variables. This data is officially 

collected and recorded by Southampton Weather Station and published by its Website 

[23]. This data set contains 1744 instances. The collected weather data is recorded as 

instances, each instance contains values of some weather variables, which are shown 

in Table 6.1 while Table 6.2 shows a snapshot of data. 

 

Table 6.1 Variables of Southampton Weather Historical Dataset 

No. Variable Description 

1 YYYY The year 

2 MM Month 

3 Tmax Temperature Max (Avg) 

4 Tmin Temperature Min (Avg) 

5 AF Air Frost 

6 Rain Rainfall 

7 Sun Sunshine Hours. 

 

Table 6.2 A Snapshot of Data within Southampton Weather Historical Dataset 

YYYY   MM   Tmax  Tmin   AF     Rain     Sun 

degC    degC    days      mm    hours 

1989         1          9.8          4.1         5         25.3       66.2 

1989         2          10.3        3.7          2        80.3     101.0 
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1989         3         11.9         5.2          1        80.0     102.7 

1989         4         11.6         4.2          1        73.7     160.1 

1989         5         20.3        10.1         0        4.1       315.9 

1989         6         21.1        11.6         0       36.5      267.6 

1989         7         25.2        15.0         0       16.3      289.0 

1989         8         23.3        13.2         0       27.5      271.6 

1989         9         20.7        12.3         0       26.9      125.1 

1989       10        16.6          9.9           0       93.6       93.5 

1989       11        11.8         4.6            5       52.1     105.3 

1989       12        9.6           4.0            3      159.0     35.9 

 

 Description of Cardiff Climate Dataset for Five Days: 

This dataset is provided on the Internet by The Met Office which is the UK's National 

Weather Service organization. It has a long history of weather forecasting as it has been 

working in the area of climate change for more than two decades [25]. This dataset is used 

to examine how the prediction is accurate according to five days data as climate does 

not change accidently, and within these five days, several readings were performed 

using different stations and sensors. According to this close history, RCCAR has to 

predict accurately the valid values for different variables for the next new reading. 

The variables that are available in this dataset are shown in Table 6.3 [23]. 

Table 6.3 Variables of Cardiff Climate Dataset 

No. Variable 

1 Date 

2 Time 

3 Precipitation Probability (%) 

4 Humidity (%) 

5 Visibility 

6 Temperature (C) 

7 Wind speed  (mph) 

 

6.2.3 Data Preprocessing 

Before applying the proposed solution RCCAR, datasets have been subjected to some 

pre-processing to make them ready for use. The pre-processing actions that have been 

applied can be summarized as follows: 
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Missing Values Preprocessing: 

When examining Southampton weather historical data, a loss is observed for some 

instances. Although this missing data represents a very small percentage with respect 

to the whole dataset, it has to be addressed before applying the proposed solution 

using association rules. In our experiments, missing values represented 0.009% of 

1744 instances. Thus, they are simply eliminated. 

Data Transformations: 

To apply AR technique within RCCAR approach, data should be subjected to some 

constraints imposed by this technique. AR requires data to be nominal thus, data is 

transformed using Weka pre-processing functions. In addition, variables sometimes 

are not nominal (e.g. real numbers). These variables are transformed into intervals if 

the values have no previous occurrences due to the short period of history. 

Preparing Data Files as .arff  Format: 

Usually, Weka accepts data as .arff file and this requires transforming data files into 

this type. The format .arff is useful because it is necessary to have type information 

about each attribute which cannot be automatically deduced from the attribute values. 

6.3   MCFQoC Framework Implementation 

When examining ubiquitous computing applications, realistic testing environments 

will be essential. This is because this type of applications is exploratory by nature and 

users are often unfamiliar with their interactions paradigms. However, a realistic 

testing is highly cost. Rather, prototyping techniques are used  for testing UC 

applications [79].  

This section is devoted to present the implementation of our framework MCFQoC. It 

clarifies the environment in which the framework has been implemented and shows 

the architecture of the developed prototype. A summary that describes how the 

prototype is used will be introduced at the end of this section. A detailed description is 

provided in Appendix B. 
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6.3.1   The Programming Environment for Implementation 

MATLAB has been used for MCFQoC framework implementation. This is because 

most framework computations are based on arrays, which are easy to implement using 

MATLAB. MATLAB is especially designed for matrix computations such as solving 

systems of linear formulas, computing eigenvalues and eigenvectors, factoring 

matrices, and so forth. MATLAB is used for a range of applications including signal 

processing and communications, image and video processing, control systems, test 

and measurement, computational finance, and computational biology [66][67][68]. 

The version used for implementation was MATLAB 7.6 (R2008a) which works on 

Microsoft Windows 8 platform because MathWorks products are available and 

supported on this platform. Technical support can be easily found for this platform 

through standard support mechanisms. In addition, the capabilities of this version are 

enough for our needs. 

6.3.2   Developed Prototype Functionalities 

The developed prototype aims at implementing our proposed framework MCFQoC. A 

prototype has been implemented for the main constructs of the proposed framework 

such as QoC parameters, QoC parameters evaluation method, quality policy, and two 

quality control processes. The only construct that is not implemented in the prototype 

is the general quality indicators as they are not required for daily CAS’s work as they 

are a long term indicators monitored over the time. In addition, they are simply 

produced from data files using any spreadsheet application when needed.   

The main functionality of the prototype is to produce different QoC parameters values 

and total quality for each piece of context within the context hierarchy. To enable the 

prototype doing that, it should be fed with the context data and metadata by the user. 

In addition, the prototype requires determining quality parameters by the user and 

pairwising comparison between each pair of parameters to compute the relative 

weights for each parameter. 

Figure 6.1 shows the prototype architecture for MCFQoC implementation. The 

prototype contains four main modules with data repository as most modules get/put 

their data from/to this data repository. Data repository is represented in the prototype 
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as simple Excel files where the prototype reads/writes from/to them. The description 

for each module's functionality can be presented as follows:   

(1) Context Data and Metadata Configuration Module 

This module is responsible for receiving the context data and metadata and 

keeping them available for other modules. The context data and metadata are 

context hierarchy and context values with the associated metadata for each 

quality parameter. 

 

(2) Quality Policy Configuration Module 

The main functionality of this module is to receive quality parameters 

admitted by the user. Let user inputs a pairwise comparison matrix for each 

pair of parameters, and then produces the relative weights for each parameter. 

If the pairwise comparison matrix is not consistent, the prototype informs user 

that he/she should re-input the pairwise comparison matrix. 

 

(3) IPQP Module 

This module is responsible for achieving IPQP algorithm for context quality 

control. It employs RCCAR algorithm in prediction and represents the first 

quality control process in the proposed architecture. Implementation of 

RCCAR algorithm as a part of IPQP is not included in the prototype as it has a 

high computational cost where MATLAB is slow to some extent. 

Consequently, RCCAR has been implemented using Weka tool and the results 

are loaded to the prototype as input files. The rest steps after applying RCCAR 

is involved in the prototype. 

 

(4) Quality of Context Parameters and Indicators Producing Module 

The function of this module is to compute the total quality for each piece of 

context starting with the context elements level and ending by the context 

situation level. To achieve that, this module starts by computing different 

quality parameters values based on quality policy of each piece of context and 

then producing the total quality for each one of them. The total_quality for 

context situation will help CASs making decisions accordingly. This module 

represents the second control process in the proposed framework. 
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Figure 6.1 The Prototype Architecture 

6.4 RCCAR Evaluation 

For RCCAR evaluation, many experiments have been carried out to examine the 

success of the solution in different circumstances. Each experiment has been carried 

out to examine RCCAR performance in terms of predicting the best value among set 

of conflicted values for new instance in the dataset based on the previous history. 

Each experiment contains the values of all context elements, the investigated context 

element has two conflicted values for the next new reading; one of them is valid and 

the other is invalid. The proposed solution should predict the valid solution according 

to the previous history of the context. 

Factors that are expected to affect the performance of RCCAR solution are different. 

The first factor that was taken into account when designing the experiments was the 

depth of history. Characteristics of investigated value could have their impact when 

the wrong value has a close or far value to/from the valid value. Number of context 

elements could affect the prediction strength. Finally, results have been tested for 

unilateral and multilateral associations. Table 6.4 summarizes the different factors that 

have formed the different experiments cases. 

On the other hand, RCCAR performance has been evaluated against the known 

prediction methods in Subsection 6.4.3. 
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Table 6.4 Summary of Different Factors for Examining RCCAR 

Volume of history 

(depth of history) 

The wrong value is 

close to correct 

value 

Num. of other 

context-

elements 

Kind of associations 

(RCCAR and 

previous method) 

short history/ 

long history 

near/ 

far 

of  correct value 

all/some All associations/ 

order-1 association 

  

6.4.1 The General Results for RCCAR Evaluation 

Results of experiments proved that RCCAR demonstrated good success as the 

prediction affirmation of the correct value was always greater than that for the wrong 

one. Examples of intermediate results are introduced in Appendix D. The following 

results summarize the findings of all experiments based on the different factors. 

The Effect of Depth of History: 

This section is devoted to introduce the results that have been achieved about the 

relation between the depth of history and the strength of prediction. Figures 6.2 and 

6.3 demonstrate the results which are produced. 

 

Figure 6.2 RCCAR Performance with too Short History 

As Figure 6.2 shows that with a short history, the affirmation for correct value is 

always greater than the affirmation for wrong value even when the wrong value is 

very close of the correct value. However, between the three experiments that 

introduced by Figure 1, there are two experiments where the affirmation for correct 
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value has very low value even it has a greater value compared to the affirmation for 

wrong value. The depth of history used was very short for only 5 days with 30 

instances. This result indicates that using longer history could improve the result. 

Figure 6.3 shows that using long history improves the results significantly as most 

affirmations for correct value exceeds 50% and there are a big distance between the 

affirmation for correct and wrong values. 

 

 

Figure 6.3 RCCAR Performance with Long History 

 

In addition, prediction for wrong value shows a little value very close to zero. The 

prediction for more than 10 years tends to be constant; maybe because that the 

weather patterns change to some extent from a decade to another; natural phenomena 

change smoothly, thus the near history is very close to the current time.  

Based on these results, choosing the appropriate depth of history is very important to 

find out good results for prediction with a too short history, as results were not good 

as the too long history is not the best choice and not necessary at the same time. 

Actually, the appropriate depth of history could vary from a CAS to another based on 

the problem nature and the expected period appropriate to find out all patterns in the 

history. 
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The Effect of Number of Context Elements: 

The variety of context elements is very important to represent the different 

dimensions of the context. We have expected that if all context elements contribute in 

prediction, the affirmation will be better.  RCCAR has been applied to three and two 

context elements for nine experiments, the results were as shown in Figure 6.4. 

 

Figure 6.4 RCCAR Results Using Different Number of Context Elements 

 

Figure 6.4 shows unexpectedly that using less number of context elements produces 

best confirmation for correct value for most experiments; this could be happen 

because the selected elements have the most impact on the predicted value.  

The Effect of Using Different Orders of Combinations: 

This section is devoted for studying how much the prediction would be affected by 

the order of association rules. As mentioned before, a previous study [10] used the 

total_affirmation of each context element individually (order-2 associations); our 

results proved that using all possible combinations would be better as shown by 

Figure 6.5. 

The Effect of the Distance between the Wrong Value and the Correct Value: 

As shown by Figure 6.6, RCCAR has achieved a good success even where wrong 

value is close to correct value. 

74 74 

54 
59 

67 

54 51 53 
49 

80 80 

59 
64 

73 

54 52 55 
50 

0
10
20
30
40
50
60
70
80
90

100

2 3 4 5 10 20 30 50 100

History Period by Years 

RCCAR results using different number of context-

elements    

%total-Confirmation using all ariables

%total-Confirmation using two variables



116 
 

 

 

Figure 6.5 RCCAR vs. the Old Approach (Using context elements affirmation 

individually) 

 

 

Figure 6.6 RCCAR Affirmation for Wrong Far Value vs. Wrong Close Value 

6.4.2 Results of Evaluating Enhanced RCCAR 

Results of evaluating the enhanced RCCAR are introduced in this section. Enhanced 

RCCAR uses only the influential context elements for prediction to reduce the 

computation cost. Decision Trees were used to provide the previous knowledge of the 
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influential context elements. An example of the produced decision trees is introduced 

in Appendix D. 

The first subsection is devoted for presenting the general results. Then, an example 

for enhanced RCCAR results compared to RCCAR has been introduced. A summary 

of factors forming the different experiments is shown in Table 6.5. 

Table 6.5 Different Factors Forming the Different Experiments for Evaluating 

Enhanced RCCAR 

The Number Context elements Which 

Contribute in Prediction 

The Wrong Value of Investigated 

Context Element 

all context elements far from the correct value 

all influential elements 

close to the correct value 
most influential elements(60% of 

impact) 

 

 Results of Prediction Using Enhanced RCCAR 

As shown by Figure 6.7 and Figure 6.8, results proved that prediction using enhanced 

approach outperforms RCCAR with a fine distance between correct and wrong values 

of the investigated context element. Additionally, results of the enhanced RCCAR are 

better than that for RCCAR in terms of the computation cost. 

 

Figure 6.7 RCCAR vs. Enhanced RCCAR 
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Results of the affirmation of the wrong value are clearly illustrated by Figure 6.8. 

 

 

Figure 6.8 RCCAR Affirmation for Wrong Value vs. Enhanced RCCAR 

 

Even with near wrong values, enhanced RCCAR demonstrated good results as shown 

by Figure 6.9. 

 

 

Figure 6.9 Total Affirmation for Wrong near Value using RCCAR and Enhanced 

RCCAR 
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Figure 6.10 Proportion of the Most Influential Context Elements from the Total 

Affirmation Using All Elements 

 

 An Illustrative-Example to Compare Results of RCCAR and Enhanced 

RCCAR 

This example is devoted to clarify step-by-step how the enhanced RCCAR works and 

how the result is produced, improved, and how the cost is reduced.  

This example aims at finding the total_affirmation for (Tmin context element= high) 

with the lowest possible cost using enhanced RCCAR. Table 6.6 clarifies different 

values of the whole record. 

 

Table 6.6 Different Record Values for Predicting Tmin Value Using Enhanced 

RCCAR 

month Tmax Tmin air- frost rain sun 

9 moderate high nothing very-low few 

 

For this record, the influential elements according to the produced decision tree were 

Tmax, month, and sun respectively as shown by Table 6.7. 

Table 6.7 The Most Influential Elements for Tmin According to Decision Trees 

The Most Influential Elements for Tmin 

1- Tmax 2- month 3- sun 
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To clarify the difference in results between RCCAR and enhanced RCCAR, all 

associations will be produced at first and then the difference in cost will be illustrated. 

The produced associations are as shown by Table 6.8.  

Table 6.8 Produced Associations Using RCCAR 

Type of 

Associations 

Relative Produced Associations  Confidence 

2-Association 

(one context-element 

confirm another one 

context-element) 

1.  month=9 96 ==> min=high 67     <conf:(0.7)> 

2.   air_frost=nothing 592 ==> min=high  <conf:(0.58)> 

3.   max=moderate 301 ==> min=high  <conf:(0.4)> 

4.   rain=very_low 488 ==> min=high 168     <conf:(0.34)> 

5.   sun=few 284 ==> min=high  <conf:(0.25)> 

3-Association 

(two context-

elements confirm one 

context-element) 

 

 

6. month=9 sun=few 52 ==> min=high  <conf:(0.81)> 

7.   month=9 air_frost=nothing 96 ==> min=high  <conf:(0.7)> 

8.   month=9 rain=very_low 45 ==> min=high  <conf:(0.69)> 

9.   month=9 max=moderate 70 ==> min=high  <conf:(0.64)> 

10.   air_frost=nothing rain=very_low 281 ==> 

min=high  

<conf:(0.6)> 

11.   max=moderate sun=few 109 ==> min=high  <conf:(0.51)> 

12.   air_frost=nothing sun=few 145 ==> 

min=high  

<conf:(0.48)> 

13.   max=moderate air_frost=nothing 284 ==> 

min=high 119     

<conf:(0.42)> 

14.   max=moderate rain=very_low 125 ==> 

min=high 35     

<conf:(0.28)> 

15.   rain=very_low sun=few 96 ==> min=high  <conf:(0.24)> 

4- Association 

(three context-

elements confirm one 

context-element) 

 

16.   month=9 air_frost=nothing sun=few 52 ==> 

min=high 42     

<conf:(0.81)> 

17.   month=9 rain=very_low sun=few 19 ==> 

min=high 15     

<conf:(0.79)> 

18.  month=9 max=moderate sun=few 47 ==> 

min=high  

<conf:(0.79)> 

19.   month=9 air_frost=nothing rain=very_low 

45 ==> min=high 31     

<conf:(0.69)> 

20.  month=9 max=moderate air_frost=nothing 

70 ==> min=high 45     

<conf:(0.64)> 
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21.   month=9 max=moderate rain=very_low 25 

==> min=high 15     

<conf:(0.6)> 

22.   max=moderate air_frost=nothing sun=few 

99 ==> min=high 56     

<conf:(0.57)> 

23.   air_frost=nothing rain=very_low sun=few 43 

==> min=high 23     

<conf:(0.53)> 

24.   max=moderate rain=very_low sun=few 34 

==> min=high 17     

<conf:(0.5)> 

25.   max=moderate air_frost=nothing 

rain=very_low 117 ==> min=high 35     

<conf:(0.3)> 

5- Association 

(four context-

elements confirm one 

context-element) 

 

26.   month=9 air_frost=nothing rain=very_low 

sun=few 19 ==> min=high 15     

<conf:(0.79)> 

27.   month=9 max=moderate air_frost=nothing 

sun=few 47 ==> min=high 37     

<conf:(0.79)> 

28.   month=9 max=moderate rain=very_low 

sun=few 16 ==> min=high 12     

<conf:(0.75)> 

29.   month=9 max=moderate air_frost=nothing 

rain=very_low 25 ==> min=high  

<conf:(0.6)> 

30.   max=moderate air_frost=nothing 

rain=very_low sun=few 31 ==> min=high 17 

<conf:(0.55)> 

6- Association 

(five context-

elements confirm one 

context-element) 

31.   month=9 max=moderate air_frost=nothing 

rain=very_low sun=few 16 ==> min=high 12 

<conf:(0.75)> 

 

Figure 6.11 and Table 6.9  illustrate a summary of results. Results show how 

enhanced RCCAR even with only two influential elements (which have 60% of the 

impact) produced good affirmation that is very close compared to the use of all 

influential elements with a time optimization of 88% compared to the use of original 

RCCAR. 

The computation cost is calculated by Big-Oh function which is concluded in 

Chapter-3 (O(𝑐 𝑥 2(𝑁−2))) for each conflicted value, where N is the number of context 

elements and c is the number of records of previous history. 
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Figure 6.11 Total_Affirmation for Tmin Using Different Context Elements 

 

Table 6.9 Summary of Results and Costs Using RCCAR and Enhanced RCCAR 

Context 

elements 

Contribute 

in 

Prediction 

The Maximum 

Total_Affirmation 

(No. of 

Associations) 

The Result 

Total_Affirmation 

% for 

Total_Affirmation 

The 

Computational 

Cost (Big Oh) 

The 

Computation 

Time 

 (mille-

second) 

% of time 

cost 

optimization 

For Each Conflicted Value 

All 

Elements 

(Five) 

31 18.09 58.35 18208 0.0004  ---------- 

All 

Influential 

Elements 

(Three) 

7 4.1 58.57 4552 0.00009 0.78 

Top Two 

Influential 

Variables 

(60%) 

3 1.74 58 2276 0.00005 0.88 

 

6.4.3 Comparing RCCAR with Traditional Prediction Techniques 

This section is devoted for comparing RCCAR with some traditional prediction 

techniques, precisely: moving average (MA), weighted moving average, exponential 

smoothing, doubled exponential smoothing [112][114][115][116][117][119][120], 

and Autoregressive_Moving_Average ARMA (1,1) [113][118]. Southampton weather 
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dataset is used to predict Temperature (max_value) using the previous history. Excel 

with Solver Data Analysis feature is used to carry out the experiments for traditional 

methods [121]. 

Unlike RCCAR, all traditional techniques mentioned above are usually used for time 

series analysis where we have a single variable that changes with time and whose 

future values are related in some way to its past values [121]. Temperature (max 

value) in our experiments was this variable. In the case of RCCAR, all available 

variables in dataset contributed in the prediction.  

For RCCAR, we have examined the prediction during a short depth of history and 

also a long depth of history. On the other hand, for all traditional techniques, the 

previous instances of temperature had to be ordered according to the time stamp and 

most current instances should be available. In the case of RCCAR, this is not  

necessary as it works on studying the occurrences of other variables to derive the 

current value of the variable under investigating as clarified in Chapter 3. Prediction is 

used in IPQP algorithm to handle context conflicts and missing values as clarified in 

Chapter 4.      

As shown by Table 6.10, prediction of different traditional methods for each instance 

depends on the previous instance(s). In general, the most current instances of 

temperature are used to predict the next new value. In this experiment, we used the 

Temperature data in the range of years 1900-1908 for about 100 months. A snapshot 

for the actual result is shown by Table 6.10. 

Table 6.10 A Snapshot of Temperature Prediction Using Traditional Methods within 

the Period 1900(Jan)-1908(Mar) 

Year Month 

Actual 

Value 

Moving 

Average 

Weighted 

Moving 

Average 

Exponential 

Smoothing 

Doubled 

Exponential 

Smoothing ARMA(1,1) 

1900 1 8.4 

  

  

 1900 2 7.5 

  

  6.50761 

1900 3 8.5 7.95 7.86 7.830508108 8.166 6.32739 

1900 4 14.3 8 8.1 8.254141668 8.19884 7.71699 

1900 5 16.4 11.4 11.98 12.079772 9.7511816 14.50812 

1900 6 20.7 15.35 15.56 14.81347736 11.811984 13.69099 

1900 7 24.6 18.55 18.98 18.53828504 14.8539069 19.68824 

1900 8 21.9 22.65 23.04 22.37394896 18.6522107 21.61698 



124 
 

1900 9 21.2 23.25 22.98 22.07404886 21.3457212 17.11372 

1900 10 15.4 21.55 21.48 21.52097804 23.3517863 18.55288 

1900 11 11.6 18.3 17.72 17.6478143 23.3195312 10.28800 

1901 12 10.8 13.5 13.12 13.82094629 21.8305552 9.67024 

1901 1 7.4 11.2 11.12 11.90938582 19.8175412 8.95552 

1901 2 5.9 9.1 8.76 9.055987307 16.7820774 4.92248 

1901 3 8.6 6.65 6.5 7.058977103 13.4007818 5.08010 

 

As shown by Figure 6.12, all traditional methods demonstrated similar prediction 

result. The curves of moving average, weighted moving average, and ARMA are very 

similar to the actual values curve; except with ARMA which shows smaller distance 

in general. To find out more accurate result, absolute error and mean absolute error 

have been computed for each method.    

 

Figure 6.12 Temperature Prediction using Traditional Methods through 100 Month 

between Years 1900-1908 

As shown by Figure 6.13, ARMA achieved the best result in terms of the mean 

absolute error (MAE) which is the smallest. 
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Figure 6.13 Mean Absolute Error (MAE) for Traditional Methods through 100 

Months 1900(Jan)-1908(Mar) 

This result may be because that ARMA considers two dimensions when it works, 

moving average and the auto-regression. Now we are going to examine traditional 

methods against RCCAR. 

When using shorter timescale with 12 months, ARMA is still the best and the doubled 

exponential smoothing is the worst. In general, the order of all methods is still the 

same. 

 

Figure 6.14 Mean Absolute Error for 12 Months 1900-1901 
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In this section, we examine RCCAR against traditional methods using 6 months’ 

timescale within the year 1991. For all traditional methods, prediction for each value 

depends directly on the most current values. It differs a little bit from a method to 

another but it is still the rule. In contrast, RCCAR did not use the current values that 

are captured before each predicted value, it depends on the previous history before the 

year 1991. 

The actual results are as shown by Table 6.11 and Figure 6.15. To compare the results 

accurately, the absolute error for each predicted value is computed and then the mean 

absolute error is computed for each method. 

Table 6.11 The Actual Results of RCCAR against Traditional 

Methods through 6 Months (Jan-Jun 1991) 

Month actual 

value 

moving 

average 

weighted 

moving 

average 

exponential 

smoothing 

doubled 

exponential 

smoothing 

ARMA RCCAR 

Jan 9.9 10.5 10.6 11.22427 15.75187 8.77314 9.8 

Feb 9.5 9.95 9.96 10.38631 13.93246 8.256768 9.7 

Mar 12 9.7 9.74 9.825482 12.13098 8.007511 10 

Apr 14.4 10.75 10.5 11.20145 11.18194 11.37664 15 

May 18.6 13.2 12.96 13.22539 11.09579 12.73105 17 

Jun 19.4 16.5 16.08 16.62628 12.31712 17.46738 19.2 

 

 

Figure 6.15 The Actual Results for RCCAR against Traditional Methods 

through 6 Months (Jan-Jun 1991) 
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As shown by Figure 6.15, the behavior of RCCAR is similar to ARMA in terms of the 

curve pattern, with better values according to the curve of actual values. To be more 

scientific, absolute error and mean absolute error for each method are computed as 

shown by Table 6.12 and Table 6.13.  

Table 6.12 Absolute Error Using RCCAR and Traditional Methods through 6 

Months (Jan-Jun 1991) 

Absolute Error 

moving 

average 

weighted 

moving 

average 

exponential smoothing doubled 

exponential 

smoothing 

ARMA RCCAR 

0.6 0.7 1.324273 5.851867 1.12686 0.1 

0.45 0.46 0.886314 4.432455 1.243232 0.2 

2.3 2.26 2.174518 0.130979 3.992489 2 

3.65 3.9 3.198551 3.218061 3.023364 0.6 

5.4 5.64 5.374608 7.504209 5.868951 1.6 

2.9 3.32 2.773724 7.082875 1.932623 0.2 

 

Table 6.13 Mean Absolute Error (MAE) Using RCCAR and Traditional 

Methods through 6 Months (Jan-Jun 1991) 

Mean Absolute Error (MAE) 

moving 

average 

weighted 

moving 

average 

exponential 

smoothing 

doubled 

exponential 

smoothing 

ARMA RCCAR 

2.55 2.713333 2.621998 4.703408 2.864586 0.783333 

 

As shown by Table 6.13 and Figure 6.16, RCCAR achieved the smallest error rate 

comparing to the traditional methods. Doubled exponential smoothing is still the 

worst. The rest methods are very close even ARMA. That is maybe because of the 

period 6 months is very short to examine a behavior.  
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Figure 6.16 Mean Absolute Error (MAE) Using RCCAR and Traditional 

Methods through 6-Months (Jan-Jun 1991) 

As a conclusion of this section, RCCAR has been examined against the traditional 

prediction methods. Results show that RCCAR outperforms all traditional methods in 

terms of the mean absolute error. RCCAR uses other attributes to predict the required 

value whereas traditional methods use only the previous values of the attribute under 

investigation. On the other hand, RCCAR does not require the current values to find 

out the predicted value. Instead, it depends on learning from a suitable history period 

based on the nature of data as explained in Subsection 6.4.1. 

6.4.4 Examining RCCAR with Non-numeric Data 

In this experiment, we examined RCCAR for non-numeric data to show if it can deal 

with different data types or not. What we have expected initially is that the approach 

RCCAR can deal with different data types  because it depends on data occurrences.   

The used data is the well known "Weather Nominal Data". The attributes of this data 

are outlook, temperature, humidity, and wind. The values of all attributes are nominal 

as shown by Table 6.14. A snapshot of dataset is shown by Table 6.15. The value of 

humidity for the last record will be predicted using RCCAR. The correct value of 

humidity that must be predicted is "High". 
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Table 6.14 Values of Different Attributes of the Weather Nominal Data 

Attribute Values 

Outlook { sunny, overcast, rain } 

Temperature { hot, mild, cool } 

Humidity { high, normal } 

Wind { weak, strong } 

 

Table 6.15 Snapshot of Instances for Weather Nominal Dataset 

Outlook Temperature Humidity Wind 

sunny Hot high weak 

sunny Hot high strong 

overcast Hot high weak 

rain Mild high weak 

rain Cool normal weak 

rain Cool normal strong 

overcast Cool normal strong 

sunny Mild high weak 

sunny Cool normal weak 

rain Mild normal weak 

sunny Mild normal strong 

overcast Mild high strong 

overcast Hot normal weak 

Rain Mild ?????? strong 

 

When applying RCCAR, the affirmation value for all predicted variables are 

produced. The high limit for the affirmation would be 7 as we have 3 variables beside 

the variable under investigation. Results of experiments were as shown by Table 6.16 

and Table 6.17. Using percentage the result would be as in Table 6.17: 

Table 6.16 Results of RCCAR for Non-numeric Variables  

The predicted values 
The affirmation for predicted 

values using RCCAR 

Humidity= High 3.01 

Humidity= Normal 1.60 
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Table 6.17 Results of RCCAR for Non-numeric Variables (%) 

The predicted values 
The affirmation for predicted 

values using RCCAR 

Humidity= High 43% 

Humidity= Normal 23% 

 

Thus, RCCAR can predict the correct non-numeric value despite the number of 

instances involved by the experiment was only 13 (instances). In addition, RCCAR 

can predict the correct value for non-numeric values as quality as with numerical 

values. That is because it depends on the previous occurrences of values regardless 

the type of value. Although the data used in this experiment is slightly small with only 

a total number of 14 instances, the result was correct; this means that the result would 

be better with bigger datasets. 

Generally, in addition to numeric data, RCCAR can deal with any type of data. That is 

because RCCAR counts the frequencies of each variable value with the variable value 

under investigation, and then the greatest frequency will be produced for the correct 

value. This advantage is an added value for RCCAR over the traditional time series 

forecasting methods, which can deal only with numeric data. 

6.5 Results of Evaluating IPQP Algorithm 

This section shows the results of evaluating IPQP algorithm. IPQP algorithm uses 

RCCAR for prediction in all situations addressed by it. As mentioned earlier in 

Chapter 4, IPQP addresses context conflicts, context missing values, and context 

erroneous values. To evaluate IPQP, the same datasets which are used in previous 

section have been used in this section. 

6.5.1 Evaluating IPQP for Resolving Context Conflicts 

For context conflicts resolving, IPQP is an extension to RCCAR to predict the valid 

values among set of context conflicted values rather than selecting the value that has 

the greatest affirmation, and then, it chooses the best value according to quality 

policy. Table 6.18 shows the quality policy for these experiments. 
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Table 6.18 Weights of QoC Parameters (Quality Policy) 

Parameter Weights 

Reliability 0.65 

Timeliness 0.28 

Accuracy 0.07 

 

Table 6.19 shows a set of conflicted context values, which are the values for Max 

Temperature (Tmax) in the dataset used for weather.  

Table 6.19 and Figure 6.17 show results of the first step of IPQP which is applying 

the algorithm RCCAR to exclude the invalid values. Invalid values are the values that  

have lower affirmation values and values that are so far from the value with the 

greatest affirmation based on the permitted value (in our case, ∆(𝑻𝒎𝒂𝒙) = 𝟐). 

Table 6.19 Results of IPQP Algorithm for Resolving Context Conflicts- the First Step 

Tmax 

Conflicted 

Values 

Total_Affirmation 

using RCCAR 

(POC) % 

Valid/ Invalid 
Pass to the 

Next Step 
Notes 

9 55 valid pass the best value 

30 30 invalid excluded  

10 
53 

valid pass 
in the accepted 

range ∆(𝑇𝑚𝑎𝑥) 
2 0.21 invalid excluded  

 

 

Figure 6.17 Results of IPQP for Resolving Context Conflicts –RCCAR Affirmation 

(First Step of IPQP) 
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Then, IPQP computes the quality parameters for each valid value based on the quality 

policy. Figure 6.18 shows the results for this step. 

Based on quality attributes for each valid value , IPQP produce the best ideal solution 

and compute the distance between each valid value and the ideal solution using 

TOPSIS, then select the best value accordingly. Figure 6.19 shows the result for this 

last step. 

 

Figure 6.18 Results of IPQP for Resolving Context Conflicts –Computing Quality 

Attributes for Valid Values (Second Step of IPQP) 

 

 

Figure 6.19 Results of IPQP for Resolving Context Conflicts - The Final Step of  
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 Comparing Results of TOPSIS to Results of Total_Quality for IPQP 

Algorithm: 

This section is devoted for comparing the results of using TOPSIS to the results of 

using the total_quality only as a basis for resolving conflicts. Using total_quality 

according to the quality policy as a basis for resolving conflicts was introduces in 

literature for resolving conflicts [2].  

Two experiments were conducted with two context elements, Precipitation and Max 

Temperature. By applying both TOPSIS and quality policy, the result was as shown in 

Table 6.20, Figure 6.20, and Figure 6.21. Results of TOPSIS were more informative 

with greater value for the best value and lower value for the other values. 

 

Table 6.20 TOPSIS vs. Total Quality for Resolving Conflicts 

Precipitation Context element 

 TOPSIS 
Total_Quality 

(old approach) 

Best value 0.96 0.69 

The other value 0.04 0.38 

Max. Temperature Context element 

 TOPSIS 
Total_Quality 

(old approach) 

Best value 0.83 0.77 

The other value 0.17 0.39 

 

 

 

Figure 6.20 Conflicts Resolving Using TOPSIS vs. Total –Quality for 

Precipitation Context Element 
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Figure 6.21 Conflicts Resolving Using TOPSIS Vs. Total_Quality for Max. 

Temperature Context Element 

6.5.2 Evaluating IPQP for Handling Context Missing Values and Erroneous 

Values 

This section presents the situation of IPQP algorithm performance for handling 

context missing values and erroneous values. In this situation, the same solution is 

applied. IPQP predicts the best valid value based on all values in previous context 

history database. The same dataset that has been used to evaluate RCCAR is used 

here to evaluate IPQP.   

To evaluate the success of IPQP in handling context missing values, many 

experiments have been conducted. Figure 6.22 shows the results of three experiments 

with different depths of history and different numbers of database instances. 

As shown by Figures 6.22, IPQP provided a good success in prediction of the correct 

value with a big distance of other values even with the worst case (for 5 years) as the 

correct value has an affirmation value exceeds 50% and a distance of the nearest 

wrong value (at least 28.57%) which is a good distance value. 

0.96 

0.04 

0.69 

0.38 

0

0.2

0.4

0.6

0.8

1

Best Alternative Other Alternative

Conflicts Resolving Using TOPSIS Vs. Total-
Quality for Max. Temperature Context-

element 

TOPSIS Total of Quality Policy



135 
 

 

 

Figure 6.22 Results IPQP for Handling Context Missing Value and Erroneous Values   

 

The main drawback here would be if there were many context elements that have 

erroneous values. This case will lead to low affirmation for most context elements as 

the affirmation for each context element depends on other context elements values 

that should be valid values. This point needs more experiments to study. 

6.6 Framework Evaluation 

To evaluate our framework MCFQoC, a comprehensive case study has been used. 

The case study which has been selected, is a context for a context-aware system 

running for floods forecasting. Flood forecasting system usually uses real-time 

precipitation and stream flow data to forecast flow rates and water levels for periods 

ranging from  few hours to days ahead depending on the size of the watershed or river 

basin [69][70]. 

Flood forecasting system is considered as a context-aware system that works to 

monitor and observe changes in natural areas that are prone to flooding and working 

on analysis and then infer the incidence of possible flooding according to the context 

that has been captured. In this evaluation, MCFQoC framework will work only with 
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one part of this system, which is the context. The framework works to allow the 

system users to identify and establish the quality policy for context and then produce 

different quality indicators that enable the system to make decisions accordingly. The 

framework improves the functionality of the system by providing different quality 

indicators about validity and quality of context that enable the system to make 

decisions based on high quality context. 

6.6.1 Consideration of Designing the Case Study 

To design a good case study, different context conditions should be included. The 

considerations that have been taken into account when designing this case study are 

the following: 

1. Different context levels in order to include a sensed context in the lower level and 

derived context in higher levels. 

2. Conflicts between context element values that come from different sensors, for 

some context elements. 

3. Erroneous context value for context element.  

4. Different weights for context variables. 

5. Existence of different quality parameters in the adopted quality policy in terms of 

validity parameters such as reliability, and perfection parameters such as security 

level. 

6. Good and bad values for quality parameters metadata to show their effects on 

quality parameters that are produced by the framework. 

6.6.2 Case Study Data Description 

There are many causes for flooding, some of them are natural based and the others are 

human based. Our case study addresses the natural based causes and changes for 

flooding. Appendix A contains the complete version of data and metadata for the case 

study. 

 The Context Hierarchy 

The context contains some variables about weather and soil. These variables together 

monitor possible situations of flooding. The mechanism that the system will derive 

these situations is out of scope of this research. Our case study is true potential 
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flooding situation, however the context has some shortcomings that affect the whole 

quality of context and then could lead to wrong context derivation. 

The framework will introduce different quality indicators about the context and let the 

system makes decisions accordingly.  

The context items include three levels of context as it is in real word: context 

elements which are raw/sensed context, context objects which can be sensed or 

derived, and finally the context situation which is the derived context. Context could 

be more sophisticated by including internal situations. The hierarchy of the context 

used for this case study represents the minimum requirements to clarify how the 

framework can deal with different levels of context. 

Figure 6.23 clarifies the hierarchy of the context. It shows the selected context 

variables in each context level and the synthesis relations between these variables 

through the different levels. The context hierarchy includes the situation "Flooding" in 

the situation level and four variables in the context objects level selected for their 

contribution to determine the status of flood. Selected context objects are "Rainfall", 

"Soil", "Wind", and "Temperature". Some of these context objects are compound 

objects, so they are determined using more than one context element in the lower 

level. Variables in the context elements are "Precipitation" and "Rainfall_Period" for 

Rainfall object, "Saturation_level" for Soil object, "Speed" for Wind object and 

finally "Max Temperature", "Min Temperature" for Temperature object. 

 

Figure 6.23 The Hierarchy of Context 
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 The Context Data and Metadata 

Figure 6.23 clarifies the context variables. The values of context variables for the case 

study and the metadata for all variables have been introduced in the next section.  

For each context variable, a value and associated metadata are used for quality 

parameters calculation. Examples of metadata are time stamp and sensor resolution. 

The context data for each level starts with lower context levels and goes to higher 

levels. 

 

Context_Element_Level: 

 

Table 6.21 introduces the context data for context element level. 

 

Table 6.21 The Context Data for Context Elements 

Precipitation 

mm 

 

Period 

hrs 

 

Wind 

Speed 

km/hrs 

Saturation 

Level 

VSW% 

Max Temp. 

degC 

Min Temp. 

degC 

200 180 20 24 85 5 5 2 15 ---- 

 

As clarified by Table 6.21, two context elements have conflicts, which are 

Precipitation and Max Temp. One context element is not available, the Min Temp. 

 

Object Level: 

Table 6.22 clarifies the context data for the object level.  

 

Table 6.22 The Context Objects Values 

 

Rainfall Soil Saturation Wind Temperature 

Heavy 

Rainy 

Severe Soil 

Saturation 

Wind Storm Low 

 

Situation Level: 

The context data for this level is the value of the context situation. It is as clarified by 

Table 6.23 as all previous values for context object indicate a potential flood. 
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Table 6.23 Context Situation Value 

Flooding 

Potential Flood 

 

 

6.6.3 Quality Policy Setting 

In this stage, the quality policy for each level will be determined in terms of the 

admitted quality parameters and their relative weights. 

 

 The Admitted Quality Parameters 

The system user should select the desired quality parameters in each context level 

according to the application area and the problem nature. In this case study, the 

selected quality parameters are shown in Table 6.24. 

Table 6.24 The Admitted Quality Parameters According to the Application User 

The Admitted Quality Parameters for Context Elements 

Reliability Timeliness Accuracy 

The Admitted Quality parameters for Context Objects 

Credibility Usability 

The Admitted Quality parameters for Context Situation 

Credibility 

 

 Assigning The Parameters Weights using AHP for Parameters in Context 

Element Level 

According to AHP, the first step is achieving a pairwise comparison for all quality 

parameters in each context level. As shown by Table 6.23, application’s user should 

perform a pairwise comparison using the scale [0..9]. 

 

Table 6.25 Achieving the Pairwise Comparison between the Quality Parameters 

 Reliability Timeliness Accuracy 

Reliability 1/1 3/1 7/1 

Timeliness 1/3 1/1 5/1 

Accuracy 1/7 1/5 1/1 
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After Applying AHP, weights of quality parameters are produced as shown in Table 

6.26. 

 

Table 6.26 Weights of Quality Parameters for Context Objects 

Parameter Weights 

Reliability 0.65 

Timeliness 0.28 

Accuracy 0.07 

 

 Assigning The Parameters Weights using AHP for Parameters in Context 

Objects Level 

According to the quality policy for context object, there are only two parameters thus 

no need to perform pairwise comparison. The user simply determines weights 

according to the application area as shown by Table 6.27. 

 

Table 6.27 The Context object Quality Parameters Weights 

Parameter Weights 

Security_level 0.50 

Credibility 0.50 

 

For context situation, based on quality parameters model, there is only one parameter 

Credibility with 100% relative weight. 

 

6.6.4 Results of Framework Evaluation 

This section introduces the results of MCFQoC framework evaluation. 

  

6.6.4.1 The Results of Applying IPQP Algorithm for Context Quality Control 

This part of framework is a crucial part as it represents the first type of quality control 

processes. IPQP should improve the context capturing in a context-aware system as it 

handles three types of sensed context shortcomings. These context shortcomings are 

context conflicts, missing values, and erroneous values. 
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Identifying Context Shortcomings: 

 As shown by Table 6.21, we addressed two shortcomings: context conflicts for two 

context element (Precipitation and MaxTemp context elements) and a missing value 

(MinTemp context element).  

Based on IPQP, RCCAR algorithm is used to detect erroneous values. After applying 

RCCAR, the affirmation for all context elements was good with values exceeds 70% 

except for saturation_level context element, which was 0.05% as shown by Table 

6.28. This low affirmation indicates that the value of this context element could be 

erroneous value. 

  

Table 6.28 Results of RCCAR for All Context Elements to Detect the Potential 

Erroneous Values 

Rainfall 

Precipitation 

 

Rainfall Period 

 

Wind Speed 

 

Saturation 

Level 

 

Max Temp. 

 

0.63 0.63 0.80 0.05 0.83 

  

As a result, we have the three shortcomings types within our case study. These 

shortcomings are related to 4 context elements of total 6 context elements. This high 

ratio of shortcomings could affect dramatically the quality of our context. IPQP 

should handle these shortcomings and improve quality of context. 

Applying IPQP for Resolving Context Conflicts: 

In this stage, context conflict is resolved using RCCAR algorithm and TOPSIS 

method. RCCAR starts working to filter the valid values. Then TOPSIS selects the 

valid value that has greater quality among the valid values according to the quality 

policy. RCCAR will be applied with excluding the context missing value and also the 

erroneous value in prediction as these context elements are not valid to contribute in 

prediction. 

Based on RCCAR, the results show that two selected values will be applied to the 

next step of IPQP algorithm. These two values are 200 and 180 as shown by Table 

6.29. 
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Table 6.29 Results of RCCAR for Precipitation Context Element IPQP First Step 

Conflicted 

Values 

Prediction Affirmation 

(Probability of 

Correctness) using 

RCCAR 

Valid/ 

Invalid 

Pass to 

the Next 

Step 

Notes 

200 4.15 valid pass 
the best 

value 

180 3.50 valid pass  

20 0.15 invalid excluded  

 

Similar to Precipitation, Table 6.30 shows the output of RCCAR algorithm for Max 

Temp context elements. The two selected values 5 and 2 will be applied to the next 

step of IPQP algorithm. 

Table 6.30 Results of RCCAR for Max Temp. Context Element  IPQP First Step 

Conflicted 

Values 

Prediction Affirmation 

(Probability of 

Correctness) using 

RCCAR 

Valid/ 

Invalid 

Pass to 

the Next 

Step 

Notes 

5 4.70 valid pass 
the best 

value 

2 3.15 valid pass  

15 0.02 invalid excluded  

 

 

Now, based on the relative weights, which are produced using AHP, TOPSIS method 

is used to produce the best value which is closest to the ideal solution as shown by 

Table 6.31.  

Table 6.31 The Relative Closeness to the Ideal Solution for Precipitation 

Context Element 

𝐶𝑖
∗ 

200 0.83 

180 0.17 

 

Thus, the best value is 200 with 0.83 closeness value to the ideal solution. 

Similar to Precipitation context element, the following results were produced for Max 

Temp as shown by Table 6.32. 
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Table 6.32 The Relative Closeness Ratio from the Ideal Solution for Max 

Temp. Context Element 

𝐶𝑖
∗ 

5 0.04 

2 0.96 

 

Therefore, the best value is 2 with 0.96 relative closeness ratio to the ideal solution. 

Applying IPQP for Handling Erroneous Values 

When calculating probability of correctness (affirmation) using RCCAR for all 

context elements, the results were good with value exceeds 70% except for 

saturation_level context element, which was 0.05% as shown by Table 6.26. The 

missing value is excluded from prediction. The low affirmation for saturation_level 

indicates that the value of this context element could be erroneous value. 

  

By applying IPQP algorithm for this situation, the result was as shown by Table 6.33. 

 

Table 6.33 Results of IPQP for Handling Erroneous Values 

No. Predicted 

Values 

Affirmation 

(%) 

Notes 

1 87% 72% Selected Value 

2 66% 65%  

3 95% 60%  

4 60% 50%  

 

As shown by Table 6.31, the predicted value is so far from the old value with 87%. 

The new predicted value seems more reasonable for flooding situation. 

 

Applying IPQP for Handling Missing Values: 

As shown by Table 6.19, one context element has a missing value; this context 

element is MinTemp. By applying IPQP, the missing value is predicted using 

RCCAR which predicts the value using previous history and other current context 

elements in the case study. The results are shown in Table 6.34. 
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Table 6.34 Results of IPQP for Handling Missing Values 

No. Predicted 

Values 

Affirmation 

(%) 

Notes 

1 -1 73% Selected Value 

2 0 66%  

3 -0.5 60%  

 

6.6.4.2 Producing the QoC Parameters and the Total Quality for each Piece of 

Context 

Using the different quality quantification methods that have been introduced in our 

framework, different quality parameters are produced according to the admitted 

quality policy. 

Table 6.33 shows the different quality parameters and total quality for each piece of 

context. 

 

6.6.4.3  Producing the General Quality Indicators 

According to the framework, Table 6.35 shows results for the general indicators 

beside the quality parameters and total quality for different levels. 

Table 6.35 Results of MCFQOC Framework 

Quality policy for Context 

situation Level 
Parameter: Credibility        Weight: 100% 

quality 

degree 

 

0.68 Flooding 

average of 

the 

credibility 

parameter 

0.68 

Total Quality 

 

0.68 

The average 

for the non-

validity 

parameters 

------- 

Credibility 

 

0.68 
The average 

for all 

quality 

parameters 

Credibility=

0.68 

Quality policy for Context 

object Level 

Parameter: Credibility                  Weight: 50% 

Parameter: Security_level            Weight: 50% 

quality 

degree 

 

0.79 

Rainfall 

Relative Weight 

(30%) 

Wind 

Relative 

Weight 

(20%) 

Soil 

Saturation 

Relative 

Weight 

(30%) 

Temperature 

Relative Weight 

(20%) 

average of 

the 
0.67 

Total 

Quality 

Total 

Quality 

Total 

Quality 

Total 

Quality 
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credibility 

parameter 

 

0.85 

 

0.64 

 

0.86 

 

0.82 

The average 

for the non-

validity 

parameters 

0.92 

Credibility 

 

0.70 

Credibility 

 

0.61 

Credibility 

 

0.72 

Credibility 

 

0.64 

The average 

for all 

quality 

parameters 

Credibility= 

0.67 

Security-

level= 0.92 

Security 

Level 

 

1.00 

Security-

level 

 

0.66 

Security-

level 

 

1.00 

Security 

Level 

 

1.00 

Quality-policy for Context-

elements Level 

Parameter: Reliability                 Weight: 0.65% 

Parameter: Timeliness                Weight: 0.28% 

Parameter: Accuracy                   Weight: 0.07% 

quality 

degree 

 

0.66 

Precipitation 

Relative 

Weight 

(60%) 

 

Period 

Relative 

Weight 

(40%) 

 

Wind Speed 

Relative 

Weight 

(100%) 

Saturation 

Level 

Relative 

Weight 

(100%) 

Max Temp. 

Relative 

Weight 

(50%) 

Min Temp. 

Relative 

Weight 

(50%) 

average of 

the 

credibility 

parameter 

0.67 

Total 

Quality 

 

0.77 

Total 

Quality 

 

0.75 

Total 

Quality 

 

0.37 

Total 

Quality 

 

0.71 

Total 

Quality 

 

0.69 

Total-

quality 

 

-------- 

The average 

for the non-

validity 

parameters 

0.42 

 

(Accuracy) 

Reliability 

 

0.80 

Reliability 

 

0.80 

Reliability 

 

0.32 

Reliability 

 

0.95 

Reliability 

 

0.53 

Reliability 

 

------ 

Timeliness 

 

0.75 

Timeliness 

 

0.75 

Timeliness 

 

0.50 

Timeliness 

 

0.25 

Timeliness 

 

1.00 

Timeliness 

 

-------- 

Accuracy 

 

0.50 

Accuracy 

 

0.33 

Accuracy 

 

0.33 

Accuracy 

 

0.33 

Accuracy 

 

1.00 

Accuracy 

 

------- 

The average 

for all 

quality-

parameters 

Reliability= 

0.57 

Timeliness= 

0.54 

Accuracy= 

0.42 

Probability 

of 

Correctness 

 

0.63 

Probability-

of-

correctness 

 

0.63 

Probability-

of-

correctness 

 

0.80 

Probability-

of-

correctness 

 

0.83 

Probability-

of-

correctness 

 

0.83 

Probability-

of-

correctness 

 

0.73 

Credibility 

 

0.70 

Credibility 

 

0.70 

Credibility 

 

0.61 

Credibility 

 

0.72 

Credibility 

 

0.80 

Credibility 

 

0.37 

 

The highlighted results are those results handled by IPQP for erroneous and missing 

values. Credibility for MinTemp is produced using only probability of correctness as 

it is a missing value and so there is no metadata available to compute its reliability 

and timeliness. 

 

The different results produced using our framework indicate many different aspects. 

The main important results are the quality parameters for each piece of context in 

different context levels according to the quality policy. 
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The results of the framework are as described below: 

 

1. The Different Quality Parameters for each Piece of Context 

Table 6.33 shows the results of all quality parameters for each piece of context. The 

results contain the values for quality parameters that are used in quality policy and 

other quality parameters that are used to calculate other parameters such as 

probability_of_correctness and credibility in context elements level. The results show 

that: 

 As shown by Figure 6.24 to Figure 6.27, the quality parameters in higher levels are 

affected by the related parameters in lower level for the synthesis parameters, which 

are calculated based on the parameters values in the lower level such as credibility for 

context situation and credibility for composite objects.  

For example, Figure 6.24 shows the quality parameters values for Rainfall object and 

the quality parameters values for the context elements that compose the Rainfall 

object; these context elements are Precipitation and Rainfall Period. We can see that 

the credibility of the object is the total credibility of the context elements whereas the 

security_level of the object is equal to 1; it was not affected by the parameter in the 

low level because it is not a synthesis parameter. 

 

 

Figure 6.24 The Quality Parameters through Levels for Rainfall Object 

 

Another example is Temperature context object (as shown by Figure 6.25). For this 

context object, only one context element was available, that is Max Temp where Min 

Temp is then predicted with 0.47% credibility value which is low because it is 

affected by the absence of reliability and timeliness for this context element. This low 

credibility value for context element has affected the object credibility with a relative 

weight of 50%.  

0.8 0.8 0.75 0.75 
0.63 0.63 0.7 0.7 0.7 

1 

0

0.5

1

Precipitation Rainfall Period Rainfall Object

The Quality Parameters through Levels for Rainfall 

Object 

Reliability Timeliness Probabillity of Correctness Credibility Security Level
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Figure 6.25 Credibility for Temperature Object 

 

 

Figure 6.26 Credibility for Rainfall Object 

 

As shown by Figure 6.27, credibility for Flooding context situation is affected by both 

the credibility and the weights of context objects, which compose the situation.  
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Figure 6.27 Credibility for Flooding Situation 

 

 The average value of credibility for each level does not make a sense for the 

credibility in the upper level (see Figure 6.28). For example, the average of credibility 

in context objects level is less than credibility in context situation level.   

The average of credibility in each level is a general indicator that indicates the need 

for attention to this parameter in that certain level; it draws attention to the underlying 

causes of this weakness, if any. 

 

 

Figure 6.28 Average of Credibility through Different Context Levels 

 

 As shown by Figure 6.29, for different context elements, there is a contrast in the 

result of reliability parameter that is based on sensors and the 

probability_of_correctness that is based on the context history. This result indicates 

the importance of probability_of_correctness as a validity quality indictor beside the 
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reliability which based on the sensor efficiency that prone to breakdowns for different 

physical reasons. 

 

 

Figure 6.29 Contrast Values of Reliability and Probability_of_Correctness 

 

 Credibility reflects the validity of context. It makes balance between the 

parameters that affect validity, which are reliability, timeliness, and 

probability_of_correctness. As shown by Figure 6.30, reliability for such context 

element could be low (0.53) whereas the probability_of_correctness is high (0.83) as 

it is for Max Temp context element. The low value of reliability is due to a fault with 

the sensor that senses this context element. The resulted credibility is more accurate 

with (0.80) based on the high value of probability_of_correctness parameter.  

 

 

Figure 6.30 How Credibility Works to Reflect the Validity of the Context 
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2. The Total_Quality for each Piece of Context According to the Quality  Policy 

As shown by Table 6.33 and Figure 6.27, the total value of quality for each piece of 

context is affected by two factors: parameters weights in quality policy and 

parameters values for that piece of context. 

  

The total_quality for each piece of context does not necessary reflect the validity. As 

shown by Figure 6.31, for all context elements, there are differences between 

credibility value, which reflects the validity and the value of quality according to 

quality policy. This is the reason that our framework calculates the credibility for each 

piece of context even it is not a part of the adopted quality policy. Quality policy 

reflects quality requirements, which could be perfection aspects such as 

representation_consistency, however credibility should come first, and both of them 

are important for the system. 

 

 

Figure 6.31 Total_Quality for Context Elements vs. Credibility 

 

3. The Quality Degree for each Context Level According to the Quality Policy 

This indicator reflects the average of total_quality for each piece of context in the 

level. The strength or the weakness of this indicator reflects the average level of 

quality based on quality policy. It indicates the value of quality based on quality 

policy regardless the different pieces of context. Therefore, it helps improving quality 

in the level in general, focusing on the conditions that are making this quality level. 

On the other hand, as shown by Figure 6.32, this indicator does not reflect the context 

validity as credibility does. The main contribution of this indicator is focusing on the 
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weak value of quality and investigating on the candidate parameters, which is 

responsible for that weakness. 

 

 

Figure 6.32 Credibility vs. Quality Degree in the Level 

4. The Average of the Credibility Parameter for each Level 

This indicator will reflect the validity in general for each level regardless the different 

pieces of context (see Figure 6.33). Although we should think about credibility for 

each piece of context separately because of the relative weights of elements that 

compose the context; this indicator is still important because it makes the CAS’s user 

and developer thinking to raise up the performance of the part of system that 

responsible for producing the context in the level that needs that. 

 

 

 

Figure 6.33 Credibility in Different Levels Introduces a General View of Context 

Validity 
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5. The Average of the Non-Validity Parameters for each Context-Level 

This general indicator helps the CAS’s user focusing on non-validity parameters in 

the quality policy apart from the credibility, and thinking about the conditions that 

affect their values. These parameters are security and representation_consistency 

parameters. This will help improving imperfection of the context. The total_quality of 

context level does not indicate the problems that are related to these perfection 

parameters as we can find high credibility and low non-validity parameters whereas 

the average could be fine as shown by Figure 6.34. 

 

 

Figure 6.34 Credibility Parameter vs. Non_Validity Parameters 

6. The Average for Different Quality Parameters in each Context Level 

To allow the CAS’s user focusing on each parameter that contributes in quality policy 

for each context level; the average of each parameter in the level should be produced. 

The system user should concentrate on the parameters that hold the higher importance 

level according to quality policy. As Shown by Figure 6.35, the reliability parameter 

should receive the most attention to improve its value as it forms the majority of the 

quality value even that the accuracy level is low, but it does not matter because the 

accuracy weight is so low. 
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Figure 6.35 The Average of Quality Parameters in the Context Level 

7. Results without Handling Missing and Erroneous Context Values  

This section shows the main results in case that the context missing values and 

erroneous values have not been handled using IPQP. As shown by Figure 6.36 and 

Table 6.36, the results show how much IPQP improves the context credibility.  

Table 6.36 Results without Handling Missing and Erroneous Context 

Values 

Quality-policy for Context-

situation Level 
Parameter: Credibility        Weight: 100% 

average of 

the 

credibility 

parameter 

0.51 

Flooding 

Credibility 

 

0.51 

Quality-policy for Context-

object Level 

Parameter: Credibility                  Weight: 50% 

Parameter: Security-level            Weight: 50% 

average of 

the 

credibility 

parameter 

0.51 

Rainfall 

Relative Weight 

(30%) 

Wind 

Relative 

Weight 

(20%) 

Soil 

Saturation 

Relative 

Weight 

(30%) 

Temperature 

Relative Weight 

(20%) 

Credibility 

 

0.70 

Credibility 

 

0.61 

Credibility 

 

0.33 

Credibility 

 

0.40 

Quality-policy for Context-

elements Level 

Parameter: Reliability                 Weight: 0.65% 

Parameter: Timeliness                Weight: 0.28% 

Parameter: Accuracy                   Weight: 0.07% 

average of 

the 

credibility 

parameter 

0.52 

Precipitation 

Relative 

Weight 

(60%) 

 

Period 

Relative 

Weight 

(40%) 

 

Wind 

Speed 

Relative 

Weight 

(100%) 

Saturation 

Level 

Relative 

Weight 

(100%) 

Max Temp. 

Relative 

Weight 
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Relative 

Weight 

(50%) 

Probability 

of 
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0.63 0.63 0.80 0.05  0.83 ------ 

Credibility 

 

0.70 

Credibility 

 

0.70 

Credibility 

 

0.61 

Credibility 

 

0.33 

Credibility 

 

0.80 

Credibility 

 

------ 

 

 

Figure 6.36 How much IPQP Improves the Context Credibility 

 

8. Studying the Different Factors Affect the Credibility 

This section shows the result of some test cases which have been designed to study 

the effect of the different variables on credibility. Of course, the variables are those 

variables that are related to credibility; they are reliability, timeliness, 

probability_of_correctness, and completeness. The strategy behind choosing the test 

cases is to study one variable in each test case. All test cases were applied on the same 

case study that is introduced in the beginning of this chapter. 

   

1.   Studying the Effect of High Probability_of_Correctness with Low Reliability 

or Low Timeliness  

The objective of this scenario is to study which parameter has the most significant 

impact on credibility: reliability or probability_of_correctness. This test case 

describes a potential flooding situation, but the sensor network has a problem where 

all sensors produce a low reliability for all context elements as an extreme case. The 

credibility should still have an indication that the context is credible even with this 

extreme example. In addition, we studied the value of credibility with excluding the 

probability_of_correctness to observe the impact of this value on credibility as we 
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claim that it is the most important parameter for credibility. The results were as shown 

in Table 6.37 and Figure 6.37. 

 

Table 6.37 Studying the Effect of High Probability_of_Correctness with Low 

Reliability or Low Timeliness on Credibility 

Context-situation Level 

Flooding 

Credibility 

0.75 

Context-objects Level 

Rainfall 

Relative Weight 

(30%) 

Wind 

Relative Weight 

(20%) 

Soil Saturation 

Relative Weight 

(30%) 

Temperature 

Relative Weight 

(20%) 

Credibility Credibility Credibility Credibility 

0.75 0.70 0.76 0.76 

Context-elements Level 

Precipitation 

Relative Weight 

(60%) 

 

Period 

Relative Weight 

(40%) 

 

Wind Speed 

Relative Weight 

(100%) 

Saturation 

Level 

Relative Weight 

(100%) 

Max Temp. 

Relative Weight 

(50%) 

Min Temp. 

Relative Weight 

(50%) 

Reliability Reliability Reliability Reliability Reliability Reliability 

0.55 0.55 0.40 0.49 0.35 0.35 

Timeliness Timeliness Timeliness Timeliness Timeliness Timeliness 

0.75 0.75 0.80 0.90 1.00 0.95 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

0.85 0.85 0.80 0.83 0.83 0.90 

Credibility Credibility Credibility Credibility Credibility Credibility 

0.75 0.75 0.70 0.76 0.75 0.78 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

0.65 0.65 0.60 0.70 0.68 0.65 

 

Results show that even with these extreme low values for reliability, credibility still 

has a strong indication for this situation as a potential flooding with high credibility 

values of context elements (the values with green shadow) and total situation 

credibility of 0.75. Whereas, when the probability_of_correctness is excluded from 



156 
 

the credibility calculation, faults of sensor network cause a false indication with low 

credibility for context elements (the values with yellow shadow). 

 

Figure 6.37 Credibility with Low Reliability and High Probability of Correctness 

 

It is worthy to say here that this test case has been designed with low reliability for all 

context elements, and this is an extreme situation; in reality, credibility will provide 

better indication for the context situation. The same result would be produced if we 

replace reliability with timeliness as both of them represent the same percentage in 

credibility formula. 

 

2.  Studying the Effect of High Probability_of_Correctness  with Low Value for 

Both  Reliability and Timeliness  

This test case comes next to the previous test case as it assumes more extreme 

example with low values for both reliability and timeliness.  

As shown by Table 6.38, despite the poor values for reliability and timeliness, 

credibility of all pieces of context is still reasonable with a total situation credibility 

that exceeds 0.65. 

The high values of probability_of_correctness strongly contributed in coping with 

faults of sensor networks even with this extensive extreme test case. If 

probability_of_correctness is not included for credibility calculation (the values with 

yellow shadow), credibility for this situation will be very low. The opposite scenario 

will be tested in the next test case. 
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Table 6.38 Studying the Effect of High Probability_of_Correctness with Low Value 

for Both Reliability and Timeliness 

Context-situation Level 

Flooding 

Credibility 

0.66 

Context-objects Level 

Rainfall 

Relative Weight 

(30%) 

Wind 

Relative Weight 

(20%) 

Soil Saturation 

Relative Weight 

(30%) 

Temperature 

Relative Weight 

(20%) 

Credibility Credibility Credibility Credibility 

0.69 0.65 0.66 0.63 

Context-elements Level 

Precipitation 

Relative Weight 

(60%) 

 

Period 

Relative Weight 

(40%) 

 

Wind Speed 

Relative Weight 

(100%) 

Saturation 

Level 

Relative Weight 

(100%) 

Max Temp. 

Relative Weight 

(50%) 

Min Temp. 

Relative Weight 

(50%) 

Reliability Reliability Reliability Reliability Reliability Reliability 

0.55 0.55 0.40 0.49 0.35 0.35 

Timeliness Timeliness Timeliness Timeliness Timeliness Timeliness 

0.50 0.50 0.60 0.48 0.45 0.40 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

Probability 

of 

Correctness 

(POC) 

0.85 0.85 0.80 0.83 0.83 0.90 

Credibility Credibility Credibility Credibility Credibility Credibility 

0.69 0.69 0.65 0.66 0.62 0.64 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

0.53 0.53 0.50 0.49 0.40 0.38 

  

3.   Studying the Effect of Low Probability_of_Correctness with High Reliability 

and High Timeliness 

This test case proves that in case that the context does not have a support by the 

previous history (probability_of_correctness) and even all context elements have high 

reliability and timeliness -perhaps because of sensor faults-, credibility will hold a   

low indication for the context situation. In our test case, it does not exceed 0.60 

despite all values of reliability and timeliness are high as shown in Table 6.39. 

Therefore, in real cases where not all sensors will have faults, the result would be 
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better. In addition, there is a very unusual case in which not all context elements 

would have low probability_of_correctness.  

 

Table 6.39 Studying the Effect of Low Probability_of_Correctness with High 

Reliability and High Timeliness  

Context-situation Level 

Flooding 

Credibility 

0.58 

Credibility 

without POC 

0.81 

Context-objects Level 

Rainfall 

Relative Weight 

(30%) 

Wind 

Relative Weight 

(20%) 

Soil Saturation 

Relative Weight 

(30%) 

Temperature 

Relative Weight 

(20%) 

Credibility Credibility Credibility Credibility 

0.58 0.61 0.57 0.56 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

0.82 0.78 0.81 0.85 

Context-elements Level 

Precipitation 

Relative Weight 

(60%) 

 

Period 

Relative Weight 

(40%) 

 

Wind Speed 

Relative Weight 

(100%) 

Saturation 

Level 

Relative Weight 

(100%) 

Max Temp. 

Relative Weight 

(50%) 

Min Temp. 

Relative Weight 

(50%) 

Reliability 

 

Reliability 

 

Reliability 

 

Reliability 

 

Reliability 

 

Reliability 

 

0.90 0.90 0.75 0.85 0.88 0.95 

Timeliness 

 

Timeliness 

 

Timeliness 

 

Timeliness 

 

Timeliness 

 

Timeliness 

 

0.75 0.70 0.80 0.77 0.78 0.80 

Probability 

of 

Correctness 

(POC) 

 

Probability 

of 

Correctness 

(POC) 

 

Probability 

of 

Correctness 

(POC) 

 

Probability 

of 

Correctness 

(POC) 

 

Probability 

of 

Correctness 

(POC) 

 

Probability 

of 

Correctness 

(POC) 

 

0.30 0.40 0.45 0.33 0.25 0.30 

Credibility 

 

Credibility 

 

Credibility 

 

Credibility 

 

Credibility 

 

Credibility 

 

0.56 0.60 0.61 0.57 0.54 0.59 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

Credibility 

without POC 

0.83 0.80 0.78 0.81 0.83 0.88 
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As shown in Table 6.39, it is worthy to observe that, without 

probability_of_correctness, credibility will be high so that it can hold wrong 

indications to the sensor network faults (the values with yellow shadow). 

This result demonstrates the importance of IPQP quality control algorithm that has 

been developed to handle erroneous values, if any, in improving context credibility 

and context derivation as a result.    

4.   Studying Credibility with Context Completeness 

To study the impact of context completeness on context credibility, incompleteness 

ratio has been increased gradually. As shown by Figure 6.38, credibility is strongly 

affected by incompleteness. However, if the context has a high support by the 

previous history with 40% absence of context, credibility is still reasonable with a 

value close to 0.60. This reasonable value can be justified due to the high values of 

reliability, timeliness, and probability_of_correctness for all context elements. 

 

Figure 6.38 Credibility with Context Completeness 

In case that the context has low values for most parameters such as reliability, 

timeliness, and probability_of_correctness, credibility goes down as shown in Figure 

6.39. 
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Figure 6.39 Credibility with Context Completeness and Low Credibility Parameters 

6.7 Summary 

In this chapter, we presented the implementation and evaluation of our proposed 

framework MCFQoC.  

Two algorithms within the framework were successfully tested and evaluated using a 

variety of scenarios and weather datasets. RCCAR algorithm for resolving context 

conflicts and IPQP algorithm for QoC control. RCCAR, which is the basis of IPQP, 

has achieved a good success for both short term and long term predictions in terms of 

resolving context conflicts. Results show that RCCAR outperforms all traditional time 

series forecasting methods undertaken in this thesis especially MA and ARMA in 

terms of the mean absolute error. While traditional methods use the previous values of 

the attribute under investigation, RCCAR uses other attributes to predict the required 

value. RCCAR does not require the existence of current values prior to find out the 

predicted value. On the other hand, there is a significant advantage for RCCAR over 

all traditional time series forecasting methods that it can handle both numeric and 

non-numeric values.  

The proposed framework has been evaluated using a case study of a flood forecast 

system. Results show that our framework improves the total quality of context in the 

higher level (context situation) and credibility parameter can reflect accurate and valid 

value about quality of context. In addition, results show that the framework is 
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expressive and modular, thanks to the multilayer context model and the notion QoC 

policy which enables us to assign weights to QoC parameters depending on quality 

requirements of a CAS. This flexibility will make it easy to apply our approach to 

wider types of context-aware applications. 
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This chapter presents the conclusions and future work of this thesis. It presents the 

main conclusions of the work based on results and evaluation of our framework 

implementation. This chapter also presents the limitations of our work that figure out 

the future work of this thesis. Finally, the most important and potential points of 

future work are introduced at the end of the chapter. 

7.1 Conclusions 

This thesis introduces a novel comprehensive framework for QoC. According to 

results, the proposed framework has achieved good success in assuring the QoC in 

CASs.  

The framework proposed in this thesis which is called MCFQoC is a comprehensive 

framework for QoC with variant and wide range components. It combines theoretical 

components with a system of QoC assurance. Theoretical components include a new 

definition for QoC and a new model for QoC parameters. The system of QoC 

assurance contains a method for determining quality policy, two quality control 

processes for handling context conflicts, context missing values, and context 

erroneous values; in general, supporting context uncertainty. Moreover, the proposed 

framework contains new general indicators for quality used to improve quality in 

CASs for long term. 

Theoretical parts of the framework are vital as they inspired us to develop other parts 

starting by parameters quantification methods and ending by quality control 

processes. These theoretical parts should be essential parts for any future frameworks.  

The idea of multilayered context helps producing a more accurate QoC parameters 

model, and also more accurate quantification methods for these parameters. 

Using AHP method for assigning the weights of QoC parameters is a new idea. 

Exploiting AHP to determine quality policy has produced a more accurate quality 

policy as it examines the consistency of parameters weights before adopting the 

policy.  

RCCAR approach, which is introduced to predict the best valid context element 

among set of conflicted context elements, has achieved a good success compared to 

the previous solutions that are used for prediction in CASs. Results show that 

RCCAR outperforms all traditional time series forecasting methods, certainly MA, 
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weighted moving average, exponential smoothing, doubled exponential smoothing 

and ARMA. In addition, the enhanced version of RCCAR reduced the time 

complexity significantly. Enhanced RCCAR introduced a more scalable approach to 

predict the best valid context. While traditional forecasting methods use only the 

previous history of the attribute, RCCAR uses other attributes for prediction. RCCAR 

does not require the current values prior to calculate the predicted value. A significant 

advantage for RCCAR over traditional forecasting methods is that it can deal with 

both numeric and non-numeric values. 

IPQP approach is an extension to RCCAR which is introduced as a sensed context 

quality control process. It handles three main sensed context shortcomings: context 

conflicts, context missing values, and context erroneous values. IPQP has achieved a 

significant improvement for context quality. For context conflicts, IPQP integrates the 

prediction (using RCCAR) with quality policy to choose the best context value. IPQP 

has achieved a good success in general and especially when comparing different 

values based on quality policy that uses TOPSIS method. TOPSIS method enhanced 

the indication to the best solution compared to old approaches, which use quality 

parameters vectors alone. To handle context erroneous and missing values, IPQP 

employs RCCAR to predict the alternative value. It has achieved a good success in 

terms of predicting the alternative value with high affirmation value. 

Credibility parameter, which is a new important contribution in this thesis, has 

achieved a remarkable success in terms of resolving context uncertainty as it produced 

a strong indication for context validity/reality. Moreover, credibility significantly 

minimized the errors that could be produced by other parameters such as reliability 

and timeliness. 

As shown by experiments, the most important QoC parameters for resolving context 

uncertainty were the validity parameters such as reliability, timeliness, and credibility. 

The quality level for the context lower layers affects the quality level for context 

upper layers just with the validity parameters, which have a synthesis nature such as 

completeness, reliability, timeliness, and credibility. Therefore, improving these 

parameters values in lower level affected significantly the QoC in upper target level. 
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Finally, the proposed framework introduced a new package of some general quality 

indicators which provide valuable information that are useful for improving QoC in 

CASs in long term. 

7.2 Research Limitations 

This section addresses some research limitations which could be potential points of 

research for future work.  

Studying the success of framework in supporting context reasoning and context 

uncertainty resolving in real CAS environment could be better to assess the success of 

the framework accurately. It would be a good evaluation method to examine the 

different parts of the framework and their effect on supporting reasoning clearly. 

This research did not conduct a complete CMF including the engaging of the QoC 

framework within it. It has only indicated that the proposed framework should be a 

part of CMF with no adequate description of how exactly achieves that and how the 

different constructs of CMF would be work together to realize the CAS quality 

requirements. 

IPQP algorithm introduced a solution for handling some sensed context shortcomings. 

These shortcomings include context conflicts, context missing values, and context 

erroneous values. However further experiments should be conducted for the cases in 

which the context has all these shortcomings come together with high percentage 

value. IPQP should introduce a clear mechanism to deal with these cases. 

On the other hand, this thesis did not study which quality parameter will be affected 

when predicting the missing values except the probability of correctness and 

consequently credibility.  

Furthermore, IPQP handles context shortcomings for only sensed context. IPQP 

should be extended to introduce solutions for derived context shortcomings such as 

conflicts caused by context producers.  

7.3 Future Work 

Quality of context is still an active research area. According to the work achieved in 

this thesis, some research directions could be proposed. 
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Empirical studies should cover wide range of CASs to confirm and generalize the 

findings of our thesis and to focus on special cases in CASs. Studying the effect of 

our framework on resolving context uncertainty should be an important study for 

these empirical studies as the general aim of the framework is to improve context 

capturing which is in high context layer, the context reasoning [133].   

A recommended future research can be done by addressing relations and 

dependencies between different quality parameters. This type of study could lead to 

produce a light quality parameter model by excluding some parameters, which are 

already involved in or reflected by other parameters. 

The relation between quality of context metadata and QoC could be a new potential 

point of research. Metadata is almost profiled by user, if this metadata suffers from 

some imperfection aspects; it will lead to decreasing quality level of context as a 

whole. While metadata plays a vital role in parameters quantification, low attention 

has spent for it by research community. For example, "validity period" is a context 

metadata, which is used to calculate context timeliness. If "validity period" is assigned 

with a value greater than the supposed value, many context elements could be missed. 

Therefore, if we want high quality context, we should think not only about the context 

itself but also about context metadata. 

On the other hand, developing a CMF that contains QoC framework deserves to pay 

more attention. Making CASs as quality aware systems is very important point, which 

could not be achieved without processing quality as a part of the CMF. The parts of a 

QoC framework that should be involved in CMFs are those related to quality policy 

and quality control processes. 

Further recommended studies can be introduced to extend IPQP algorithm so that it 

can handle context shortcomings of the derived context. In addition, further tests are 

recommended to examine survivability of IPQP against several cases of complicated 

context shortcomings. 
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APPENDIX A 

 

DATA and METADATA for CASE STUDY 

 

 

 

 

This appendix described the context data and metadata that are used in our case study 

for evaluating our framework. It introduce the data in details starting by low level into 

higher level context. 

 

Context Element Level 

Table1 introduces the context data for context element level; Tables 2 to 26 introduce 

the context metadata. 

  

The Context Data 

 

Table 1. The Context data for Context Elements 

Precipitation 

mm 

 

Period 

hrs 

 

Wind 

Speed 

km/hrs 

Saturation 

Level 

VSW% 

Max Temp. 

degC 

Min Temp. 

degC 

200 180 20 24 85 5 5 2 15 ---- 

 

As clarified by Table 1, two context elements have conflicts, they are Precipitation 

and Max Temp.. One context element is not available, it is the Min Temp. context 

element. 

 

The Context Metadata 

For each context element, many metadata are available, these metadata will be used 

then for calculating the quality parameters and indicators. They are arranged 

according to the context elements titles. The metadata are introduced according to the 

admitted quality policy in this level. 
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Precipitation 

 

Reliability Metadata 

 

Table 2. Reliability Metadata for Precipitation Context Element 

max distance actual 

distance 

sensor 

resolution 

0.00 0.00 0.80 

0.00 0.00 0.95 

0.00 0.00 0.80 

 

Timeliness Metadata 

 

Table 3. Timeliness Metadata for Precipitation Context Element 

measured 

time 

current time validity time 

09:30 10:00 02:00 

08:00 10:00 02:00 

09:45 10:00 02:00 

 

Accuracy Metadata 

 

Table 4. Accuracy Metadata for Precipitation Context Element 

current 

granularity 

level 

total 

granularity 

level 

1 2 

1 2 

1 2 

 

Representation Consistency Metadata 
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Table 5. Representation Consistency Metadata for Precipitation Context Element 

current 

transformation cost 

maximum 

transformation cost 

2 2 

2 2 

2 2 

 

Security Level 

 

Table 6. Security Level Metadata for Precipitation Context Element 

current security 

level 

total number of 

security level 

2 3 

2 3 

1 3 

 

 

Rainfall Period 

 

Reliability Metadata 

 

Table 7. Reliability Metadata for Rainfall Period Context Element 

max distance actual 

distance 

sensor 

resolution 

0.00 0.00 0.80 

 

Timeliness Metadata 

 

Table 8. Timeliness Metadata for Rainfall Period Context Element 
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measured 

time 

current time validity time 

09:30 10:00 02:00 

 

Accuracy Metadata 

 

Table 9. Accuracy Metadata for Rainfall Period Context Element 

current 

granularity 

level 

total 

granularity 

level 

1 3 

 

Representation Consistency Metadata 

 

Table 10. Representation Consistency Metadata for Rainfall Period Context Element 

current 

transformation cost 

maximum 

transformation cost 

1 3 

 

Security Level 

 

Table 11. Security level Metadata for Rainfall Period Context Element 

current security 

level 

total number of 

security level 

2 3 

 

Wind Speed 

 

Reliability Metadata 

 

Table 12. Reliability Metadata for Wind Speed Context Element 
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max distance actual 

distance 

sensor 

resolution 

10.00 2.00 0.85 

 

 

 

Timeliness Metadata 

 

Table 13. Timeliness Metadata for Wind Speed Context Element 

measured 

time 

current time validity time 

09:00 10:00 02:00 

 

Accuracy Metadata 

 

Table 14. Accuracy Metadata for Wind Speed Context Element 

current 

granularity 

level 

total 

granularity 

level 

1 3 

 

Representation Consistency Metadata 

 

Table 15. Representation Consistency Metadata for Wind Speed Context Element 

current 

transformation cost 

maximum 

transformation cost 

1 3 

 

Security Level 

 

Table 16. Security Level Metadata for Wind Speed Context Element 
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current security 

level 

total number of 

security level 

2 3 

 

Saturation Level 

 

Reliability Metadata 

 

Table 17. Reliability Metadata for Saturation Level Context Element 

max distance actual 

distance 

sensor 

resolution 

0.00 0.00 0.95 

 

Timeliness Metadata 

 

Table 18. Timeliness Metadata for Saturation Level Context Element 

measured 

time 

current time validity time 

08:30 10:00 02:00 

Accuracy Metadata 

 

Table 19. Accuracy Metadata for Saturation Level Context Element 

current 

granularity 

level 

total 

granularity 

level 

1 3 

 

Representation Consistency Metadata 

 

Table 20. Representation Consistency Metadata for Saturation Level Context Element 



185 
 

current 

transformation cost 

maximum 

transformation cost 

1 3 

 

Security Level 

 

Table 21. Security Level Metadata for Saturation Level Context Element 

current security 

level 

total number of 

security level 

3 3 

 

Max. Temp 

 

Reliability Metadata 

 

Table 22. Reliability Metadata for Max Temp. Context Element 

max distance actual 

distance 

sensor 

resolution 

10.00 3.00 0.90 

20.00 10.00 0.95 

10.00 9.00 0.85 

 

Timeliness Metadata 

 

Table 23. Timeliness Metadata for Max Temp. Context Element 

measured 

time 

current time validity time 

08:30 10:00 02:00 

10:00 10:00 02:00 

09:45 10:00 02:00 
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Accuracy Metadata 

 

Table 24. Accuracy Metadata for Max Temp. Context Element 

current 

granularity 

level 

total 

granularity 

level 

3 3 

3 3 

3 3 

 

Representation Consistency Metadata 

 

Table 25. Representation Consistency Metadata for Max Temp. Context Element 

current 

transformation cost 

maximum 

transformation cost 

1 3 

1 3 

1 3 

 

Security Level 

 

Table 26.  Security Level Metadata for Max Temp. Context Element 

current security 

level 

total number of 

security level 

2 3 

2 3 

3 3 
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Min. Temp. 

It is not available 

 

 

Object Level 

Table 27 clarifies the context data for the object level; the metadata for context object 

are as clarified by Tables 28 to 33. 

 

The Context Data 

The values of object variables are as clarified by Table27. 

 

Table 27. The Context Objects Values 

Rainfall Soil Saturation Wind Temperature 

Heavy Rainy Severe Soil 

Saturation 

Wind Storm Low 

 

The Context Metadata 

Tables 28 to 33 clarify the context object metadata. They are arranged according to 

the objects titles. The metadata are introduced according to the admitted quality 

policy in this context level. 

 

Rainfall 

Because of this object is composed, reliability, timeliness will be calculated according 

to the context elements that compose the object. In addition, there is no probability of 

correctness because it just for sensed context. Completeness metadata is introduced to 

clarify the available aspects for the composite object and the weights for each aspect.   

 

 

Security Level 

 

Table 28. Security Level Metadata for Rainfall context object 

current security 

level 

total number of 

security level 

3 3 



188 
 

 

Completeness Metadata 

 

Table 29. Completeness Level Metadata for Rainfall context object 

available aspects total aspects 

1 2 

The context element 

(aspect) 

The aspect 

availability Ratio 

The aspect 

weight 

Precipitation 1 60% 

Period 1 40% 

 

Temperature  

 

Security Level 

 

Table 30. Security Level Metadata for Temperature context object 

current security 

level 

total number of 

security level 

3 3 

 

Completeness Metadata 

 

Table 31. Completeness Metadata for Rainfall context object 

available 

aspects 

 total aspects 

1  2 

The aspect The aspect availability 

Ratio 

The aspect weight 

Max Temp. 1 50% 

Min Temp. 0 50% 

 

Soil Saturation 

This object is not composite object, it include just one context elements, so the 

reliability, timeliness metadata for that context element apply to this context object 

except the security level which is subject to each context variable. 
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Security Level 

 

Table 32. Security Level Metadata for Soil Saturation context object 

current security 

level 

total number of 

security level 

3 3 

 

Wind 

 

The same applies for Soil Saturation object applies for this object, as it is not 

composite object too. 

 

Security Level 

 

 

 

Table 33. Security Level Metadata for Wind context object 

current security 

level 

total number of 

security level 

3 3 

 

 

Situation Level 

 

The Context Data 

The context data for this level is the value of the context situation. It is as clarified by 

Table 34 as all previous values for context object indicate a potential flood.  

 

Table 34.  Context Situation Value 

Flooding 

Potential Flood 
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The Context Metadata 

Because of context situations are always derived context and it is also a composite 

context, completeness will an important part of their metadata as shown by Table 35. 

The available quality parameter for this level is only credibility and because the 

context is composite, credibility will be calculate according to the credibility of the 

context objects that compose the situation and not according that a certain metadata.  

 

Flooding 

 

Completeness Metadata 

 

Table 35.  Completeness Metadata for Flooding Context Situation 

available aspects Total aspects 

4 4 

The aspect 

(Context Object) 

The aspect 

availability 

Ratio 

The aspect 

weight 

Rainfall 1 30% 

Soil Saturation 1 30% 

Wind 1 20% 

Temperature 0.50 20% 

 

  



191 
 

APPENDIX B 

The Different Stages of Using the Developed Prototype 

 

 

The developed prototype allows the user to use the framework as a whole package 

where the context contains different levels or also as a separate piece of context from 

any level. In this case, a complete taxonomy of context will be used to show how to 

use the prototype for different levels of context. The three context levels which are 

proposed in the framework were involved, the context element, the context object and 

the context situation. 

To get the total quality for a context situation, the quality of situation objects, which 

compose the situation, must be got at first. The same is true for each context object, to 

get the quality for those objects, the quality of context elements, which compose the 

object, must be got at first.  

The first form will be appear when you run the prototype is the form that is 

responsible of the quality of context element. This form is the master form for this 

prototype because the quality of the context element is the lowest quality level in the 

framework. As Figure 1 shows, this form provides two basic menus: Context Data 

Configuration and Context element Quality. 

 

1. Quality of Context Elements 

In this stage, the prototype will work for two purposes: assuring the quality of context 

elements and providing the quality values of context elements for higher context 

levels. The prototype provides IPQP algorithm for controlling the context elements 

quality, and provide the quality values for context elements to be used for context 

object quality. To get the total quality for context elements, the following steps should 

be followed. 
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 Context Element Data Configuration: 

Using Context Data Configuration menu, the context element data, metadata, and 

other framework inputs will be loaded.  

 

Figure 1 The Master Form for the Prototype 

Context Data Configuration menu contains these sub menus: Load Context Data, 

Load Probability of Correctness and Input Delta value for IPQP algorithm as shown 

by Figure 2. 

 

Figure 2 Context Data Configuration Menu 
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The Context element Quality menu contains these sub menus: Setting the Quality 

Policy and Applying IPQP Algorithm as Figure 3 shows. 

 

 

Figure 3 The Context Element Quality Menu 

By pressing Load Context Data command, the context data and metadata can be 

loaded as input for the coming computations. As shown by Figure 4, the prototype 

allow the user to load the different kinds of context element metadata. 

 

Figure 4 The Prototype Allow the User to Load the Different Kinds of Context 

Element Metadata. 

These data are selected and loaded as Excel files as shown by Figure 5 and Figure 6. 
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Figure 5 Context Data and Metadata are Selected Using the Prototype 

 

 

Figure 6 Context Data and Metadata are loaded as Excel Files 

 

The prototype will indicate that context data and metadata are successfully loaded as 

shown by Figure 7. 
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Figure 7 The Prototype indicates that Context Data and Metadata are Successfully 

Loaded 

Then the probability of correctness should be loaded. This data then will be used for 

resolving context conflicts within IPQP algorithm. This data should be got before 

using RCCAR or conditional probabilities. As shown by Figure 8, the probability of 

correctness is loaded as Excel file.  

 

Figure 8 The Probability Of Correctness is Loaded as Excel File 

The prototype then will indicate that the probability of correctness is successfully 

loaded (see Figure 9). 
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Figure 9 The Prototype Indicates that Probability Of Correctness is Successfully 

Loaded 

To resolve the context elements conflicts and get the context element with the best 

quality, we need as an input the permitted value (Delta) between the conflicted values. 

Delta value should be loaded as Figure 10 shows using Input Delta value for IPQP 

algorithm command. 

 

Figure 10 Delta Value is loaded for IPQP Algorithm 

The Quality Policy Setting: 

Now the prototype is ready to setting the quality policy, which is adopted by user for 

the context. The second menu will be used with Setting the Quality Policy command 
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as shown by Figure 11. As shown by Figure 11, the Quality Policy panel will be 

appear to allow user choosing the admitted quality parameters and their relative 

weights.  

 

Figure 11 Setting the Quality Policy Command allows Quality Policy Panel to Appear 

Using Quality Policy panel, the user chooses the admitted quality parameters and then 

presses the button, which is titled as Pairwise Comparing for Quality Parameters as 

shown by Figure 12. The prototype will allow the user to enter the pairwise 

comparison for different parameters. 

 

Figure 12 The Prototype Allows the User to Enter the Pairwise Comparison for 

Different Parameters 



198 
 

Then, the prototype will show the comparison matrix as Figure 13 shows.   

 

Figure 13 The Prototype shows the Comparison Matrix 

Then, by pressing the button, which is below the comparison matrix, the user can get 

the parameters weights using AHP. The weights will be appear as shown by Figure 

14. and also the Consistency Ratio value will be calculated and shown.  If CR is not 

accepted value, the prototype will indicate that and this means that the user should 

reassign the comparison matrix values. 

 

Figure 14 The Prototype Compute the Parameters Weights Using AHP 
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Getting the Best Context Element: 

Then easily by selecting Applying IPQP Algorithm command from Context element 

Quality menu. The prototype will make all computations that are required for 

resolving conflicts - if any- and for getting the quality value for the best context 

element (see Figure 15). 

 

Figure 15 The Prototype Resolve Conflicts and Compute the Total Quality for 

Context Element 

The results then will be saved for later use to get the quality for the context object if 

needed as shown by Figure 16. After getting the best elements with the best quality, 

the next stage will be getting the context object quality. For that, the prototype 

provide Move to Object Quality button as shown by Figure 16. 
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Figure 16 The Prototype Show Move to Object Quality Button 

2. Quality of Context Objects 

In this level of context, the prototype allow the user to set the context object quality 

policy and then get the object quality according to this policy. The prototype provide 

a capability for calculating the object quality whether the object is compound from 

many context elements or not. The following steps shows how to use the prototype to 

get the object quality.  

 Context Object Data Configuration: 

At first, the prototype should be configured by data and by quality policy, which will 

be used for getting the object quality.  The prototype provide the Context Object 

Quality frame with two menus. The first menu is called Object Data Configuration 

and the second one is Object quality menu (see Figure 17).  

 

 

Figure 17 The Main Menus for Context Object Quality 

By using Object Data Configuration menu, the object data and metadata are loaded to 

use for quality computations as Figure 18 shows.  
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Figure 18 Using Object Data Configuration Menu for Loading the Object Data and 

Metadata 

When selecting Load the Object Data command, the prototype allows the user to load 

the context data as shown by Figure 19. Then, it allows him to determine that if the 

object is compound from many context elements or not. 

 

 

Figure 19 Load the Object Data Command for Load the Context Object Data 

The user then can load the context title and then according to the type of context 

object, the prototype allows the user to load the appropriate metadata as shown by 

Figure 20.  
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Figure 20 The Prototype Allows the User to Load Context Object Metadata 

If the object is compound, the prototype allows the user to input the number of 

context elements that compose the object and according to that, it loads the relative 

quality values for these elements as shown by Figure 21.  

 

Figure 21 The prototype Allows the User to Input the Number of Context Elements 

that Compose the Object 
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Figure 22 The Metadata Files Appear for Compound Objects 

For the compound objects, the appropriate metadata files appear as shown by Figure 

22. The user then load these metadata as shown by Figure 23. 

 

 

Figure 23 The User loads Compound Objects Metadata 

 

In case that the object is not compound the appropriate metadata will be appear as 

shown by Figure 24. 
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Figure 24 In case that the Object is Not Compound the Appropriate Metadata Will be 

Appear 

After loading the metadata, the prototype indicate that as shown by Figure 25. 

 

Figure 25 The Prototype Indicate Loading the Object Metadata Successfully 

Now the prototype is ready to get the object quality. This step starts by setting the 

quality policy, which the quality value will be calculated according to. 

Object Quality Policy Setting: 

By using the Object Quality menu, the user can set the quality policy by selecting 

Quality Policy Setting command as shown by Figure 26. 



205 
 

 

Figure 26 Quality Policy Setting Command Allows User to Setting the Admitted 

Quality Policy 

Quality Policy panel then will appear to let the user to choose the quality parameters 

and to calculate their weights using AHP method (see Figure 27). The user then will 

start by checking the admitted quality parameters and then pressing the button of 

Pairwise Comparing for quality Parameters. 

 

Figure 27 Quality Policy Panel 

Then, the prototype will allow the user to set the comparison as described with 

context elements and then calculate and show the comparison matrix as shown by 

Figure 28. 
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Figure 28 The Prototype Allows User to Input the Parameters Pairwise Comparison 

The final weights for parameters then will be calculated using AHP method by 

pressing the button of Calculate the Parameters Weights Using Analytical Hierarchy 

Process (AHP). The weights and CR value will be shown as Figure 29 shows. 

 

Figure 29 The Button of Calculate the Parameters Weights Using Analytical 

Hierarchy Process (AHP) for Getting the Weights 

Getting the Object Quality Value: 

If CR value is accepted, the prototype provide Getting the Object Quality Value 

commend in the second menu (see Figure 30).  
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Figure 30 The Prototype Indicates That the Comparison is Consistent 

The result then will be appeared. The results can be saved for later use when 

calculating the situation quality (see Figure 31).   

 

Figure 31 The Result of Context Object Quality Appear 

3. The Context Situation Quality 

After getting the quality values for all context objects, getting the quality of context 

situation became possible.  
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Loading the Context Situation Data: 

In this step as with context-elements and objects the context data and metadata should 

be loaded, Situation Data panel concerns with that as shown by Figure 32. 

 

Figure 32 Situation Data Panel for Loading Situation Data and Metadata 

 

The prototype allows user to load the required files for situation data and metadata as 

Figure 33 shows. In addition, it allows him input the number of context objects that 

compose the situation (Figure 34). 
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Figure 33 The Prototype Allows User to Load the Required Files for Situation Data 

and Metadata 

 

 

Figure 34 The Prototype Allows User to Input the Number of Context Objects that 

Compose the Situation 
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Choosing the Quality Requirements: 

Then, the user can choose if he want to get the total quality alone or with the situation 

credibility parameter by using Quality Requirements panel as shown by Figure 35.  

 

Figure 35 The User Can Choose the Situation Quality Requirements 

Getting the Situation Quality: 

Finally, the quality results is calculated using Getting The Result button as shown by 

Figure 36. 
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Figure 36 The Quality of Context Situation is Calculated 
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APPENDIX C 

 

A Comprehensive Illustrative Example for Applying 

MCFQoC Framework 

 

 
 

1. Introduction 

This Appendix describes the different stages -in details- for applying MCFQoC framework starting 

with determining the quality policy for each context level through resolving the context elements 

conflicts according to RCCAR algorithm to ensure the quality, and finally ending with producing the 

different quality parameters for each context variable and other quality indicators in different levels. As 

an example for IPQP control processes, this example handles only the context conflicts. 

 

2. The Quality Policy Setting 

In this stage, the quality policy for each level will be determined in terms of the admitted quality 

parameters and their relative weights. 

 

 The Admitted Quality Parameters 

The system users should select the desired quality parameters in each context level according to the 

application area and the problem nature. In this case, study, the selected quality parameters are as 

shown by Table 1. 

Table 1.  The Admitted Quality Parameters According to the Application Users 

The Admitted Quality Parameters for Context Elements 

Reliability Timeliness Accuracy 

The Admitted Quality Parameters for Context Objects 

Credibility Usability 

The Admitted Quality Parameters for Context Situation 

Credibility 

 

 Assigning The Parameters Weights using AHP for Parameters in context element level 

According to the AHP, the first step is achieving a pairwise comparison for all quality parameters in 

each context level. As shown by Table 2, application users should achieve a pairwise comparison using 

the scale [0..9]. 
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Table 2. Achieving the Pairwise Comparison between the Quality Parameters 

 Reliability Timeliness Accuracy 

Reliability 1/1 3/1 7/1 

Timeliness 1/3 1/1 5/1 

Accuracy 1/7 1/5 1/1 

 

Then, we calculate the Eigenvector of the matrix through iterations with the precision of 0.01 (see 

Table 3 and Table 4).  

 

Iteration 1: 

 

[
1 3 7
0.33 1 5
0.14 0.2 1

]                              [
2.97 7.4 29
1.36 2.99 12.31
0.346 0.82 2.98

] 

 

Table 3.  Normalized Rows Sums (iteration-1) 

Row 

Sums 

Normalized 
Rows Sums 

39.37 
0.65 

16.66 
0.28 

4.146 
0.07 

60.176 
1.0 

 

 

Iteration 2: 

 

[
2.97 7.4 29
1.36 2.99 12.31
0.346 0.82 2.98

]                  [
28.91 67.88 263.64
12.36 29.10 112.93
3.17 7.45 29.008

] 

 

 

Table 4. Normalized Rows Sums (iteration 2) 

Row 

Sums 

Normalized Rows 
Sums 

360.434 
0.65 

154.391 
0.28 

39.635 
0.07 

554.46 
1.0 

 

The difference between normalized row sums for last two iterations does not exceed 0.01 as follows:  

[
0.65
0.28
0.07

]    -   [
0.65
0.28
0.07

]   =   [
0.00
0.00
0.00

] 

 

Squared 

Squared 
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So, the weights of the quality parameters are as shown in Table 5. 

 

 

Table 5. Weights of Quality Parameters for Context Objects 

Parameter Weights 

Reliability 0.65 

Timeliness 0.28 

Accuracy 0.07 

 

Now, we should check the consistency of the pairwaise comparison matrix before adopting these 

weights: 

Multiply pairwise comparison matrix by the weights to get the weighted sum vector: 

 

[
1 3 7
0.33 1 5
0.14 0.2 1

] ∗ [
0.65
0.28
0.07

] =  [
1.98
0.845
0.217

] 

 

Divide each weighted sum vector element by its associated weight: 

1.98

0.65
= 3.046 

0.845

0.28
= 3.018 

0.217

0.07
= 3.1 

Compute the average of these values (λ max): 

 

λ max = (3.046 + 3.018 + 3.1) /3= 3.054 

 

Compute Consistency Index (CI) using Formula 5.9: 

 

CI = (λ max-n) / (n-1) = (3.054 - 3) / 2= 0.027 

 

Compute Consistency Ratio (CR) using Formula 5.10: 

 

CR= CI / RI = 0.027 / 0.58 = 0.04 <= 0.10 

 

So, the relative weights will be admitted as it is and there is no need to achieve the pairwising 

comparison another time. 

 

 Assigning The Parameters Weights using AHP for Parameters in context objects level 
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According to the MCFQoC framework for context object, there is just two parameters so there is no 

need to achieve pairwise comparison. The users simply just determine the weights according to the 

application area as shown by Table 6. 

 

 

Table 6. The Context Object Quality Parameters Weights 

Parameter Weights 

Security Level 0.50 

Credibility 0.50 

 

For context situation there is only one parameter credibility with 100% relative weight. 

 

3. Applying IPQP Algorithm for Resolving Context Conflicts 

This stage will start with conflict resolving and then producing the total quality for each context 

variable in context hierarchy. 

In this stage, the context conflict is resolved using RCCAR algorithm and TOPSIS. RCCAR start 

working to filter the valid values. Then TOPSIS will select the valid value that has greater quality 

among the valid values.  RCCAR calculates the total affirmation of each value using the AR technique 

as clarified in MCFQoC framework. The total affirmation for a value means the probability of 

correctness for that value. RCCAR uses Formula 3.7 to calculate the probability of correctness. 

𝑷𝒓𝒐𝒃𝒂𝒃𝒊𝒍𝒊𝒕𝒚_𝒐𝒇_𝑪𝒐𝒓𝒓𝒆𝒄𝒕𝒏𝒆𝒔𝒔 (𝒙) =∑∑ 𝒄𝒐𝒏𝒇𝒊𝒅𝒆𝒏𝒄𝒆 (𝒚𝒊(𝒌) ⇒ 𝒙)
𝒅𝒌(𝒙)

𝒊=𝟏

𝒘

𝒌=𝟐

   

Where  𝑾  is the maximum number of itemsets according to occurrences in context database, and  𝒅  is 

the number of associations. 𝒌 is starting with 2 because the associations start with two elements. 

 

 

Applying RCCAR for Precipitation Context Element 

Based on RCCAR, the value v with the highest total affirmation is selected, as well as all value x such 

that |𝑣 − 𝑥| ≤ ∆(𝒄𝒐𝒏𝒕𝒆𝒙𝒕 − 𝒆𝒍𝒆𝒎𝒆𝒏𝒕). Table 7 shows the output of RCCAR algorithm. Table 7 

shows the value 200 has the highest total affirmation. Because of that |200-180| = 20 < 80, the value 

180 is also selected. As the value 20 is not in the tolerance threshold with respect to 200, the RCCAR 

algorithm excludes this value. The two selected values 200 and 180 will be carried on to the next stage 

of the IPQP algorithm and MCFQoC framework in general. 

 

Table 7. Results of RCCAR for Precipitation Context Element 
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Conflicted 

Values 

Probability of Correctness 

using RCCAR 
Valid/ Invalid 

Pass to the 

Next Step 
Notes 

200 3.15 valid pass the best value 

180 2.50 valid pass  

20 0.15 invalid excluded  

 

Applying RCCAR for Max Temp. Context Element 

Similar to Precipitation, RCCAR will work with Max Temp. Table 8 shows the output of RCCAR 

algorithm. It shows that the value 5 has the highest total affirmation. Because |5-2| = 3 < 4, the value 2 

is also selected. As the value 15 is not in the tolerance threshold with respect to 5, this value is 

excluded by the RCCAR algorithm. The two selected values 5 and 2 will be carried on to the next stage 

of the IPQP algorithm. 

Table 8. Results of RCCAR for Max Temp. Context Element 

Conflicted 

Values 

Probability of Correctness 

using RCCAR 

Valid/ 

Invalid 

Pass to the 

Next Step 
Notes 

5   4.15 valid pass the best value 

2 3.50 valid pass  

15 0.02 invalid excluded  

 

Applying TOPSIS for Precipitation context element: 

Now, using the relative weights, which is produced by AHP, and using different formulas that clarified 

within IPQP for parameter calculating, the context element decision matrix will be as shown by Table 

44. The quality parameters that are determined in the quality policy will be calculated. 

By applying the Formulas 2.1, 2.3, 2.2 and 2.7 to calculate the values of Reliability, Timeliness and 

Accuracy (resolution) respectively, we get the decision matrix shown in Table 9. 

 

𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (𝑂) =  {1 − 
𝑑(𝑠 − 휀)

𝑑𝑚𝑎𝑥
 ∗  𝛿   ∶    𝑖𝑓     𝑑(𝑠 − 휀) <  𝑑𝑚𝑎𝑥  

    0          ∶  𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

Where: δ, the accuracy of the sensor, is measured on the basis of a statistical estimation method. 

 

𝐴𝑔𝑒 (𝑂) =  𝑇𝑐𝑢𝑟𝑟 − 𝑇𝑚𝑒𝑎𝑠(𝑂) 
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𝑇𝑖𝑚𝑒𝑙𝑖𝑛𝑒𝑠𝑠 (𝑂) =  {
1 − 

𝐴𝑔𝑒(𝑂)

𝑇𝑖𝑚𝑒𝑃𝑒𝑟𝑖𝑜𝑑(𝑂)
    ∶    𝑖𝑓     𝐴𝑔𝑒(𝑂) <  𝑇𝑖𝑚𝑒𝑃𝑒𝑟𝑖𝑜𝑑(𝑂) 

 
   0     ∶  𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

Where:  𝑇𝑐𝑢𝑟𝑟  is the current time, and 𝑇𝑚𝑒𝑎𝑠(𝑂) is the time the context object 𝑂 was measured. 

 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦(𝑂) =
𝑐𝑢𝑟𝑟𝑒𝑛𝑡 − 𝑔𝑟𝑎𝑛𝑢𝑙𝑎𝑟𝑖𝑡𝑦 − 𝑙𝑒𝑣𝑒𝑙

𝑡𝑜𝑡𝑎𝑙 − 𝑛𝑢𝑚𝑏𝑒𝑟 − 𝑜𝑓 − 𝑔𝑟𝑎𝑛𝑢𝑙𝑎𝑟𝑖𝑡𝑦 − 𝑙𝑒𝑣𝑒𝑙
 

 

Table 9. Decision Matrix for Precipitation Context Element 

Precipitation Values Reliability Timeliness Accuracy 

200 0.80 0.75 0.50 

180 0.95 0 0.50 

 

The decision matrix is then normalized  using Formula 4.1 as shown by Table 10.  

Table 10. Normalized Decision Matrix for Precipitation Context Element 

Precipitation 

Values 
Reliability Timeliness Accuracy 

200 0.46 1.00 0.50 

180 0.54 0.00 0.50 

 

Using the weights obtained by AHP, we construct the weighted normalized matrix using Formula 4.2 

as shown by Table 11.  

Table 11. Weighted Normalized Decision Matrix for Precipitation Context Element 

Precipitation 

Values 
Reliability Timeliness Accuracy 

200 0.30 0.28 0.04 

180 0.35 0.00 0.04 

 

The positive and the negative ideal solutions are then calculated  using Formulas 4.3, 4.4 as shown by 

Table 12.  

 



218 
 

𝐴+ = {〈𝑚𝑎 𝑥(𝑡𝑖𝑗) |𝑖 ∈ 𝐽−〉, 〈𝑚𝑖 𝑛(𝑡𝑖𝑗) |𝑖 ∈  𝐽+ 〉 | 𝑗 = 1,2, … . . , 𝑛 } = (𝑡𝑗
+)𝑛 

 

𝐴− = {〈𝑚𝑎 𝑥(𝑡𝑖𝑗) |𝑖 ∈ 𝐽+〉, 〈𝑚𝑖 𝑛(𝑡𝑖𝑗) |𝑖 ∈  𝐽_ 〉 | 𝑗 = 1,2,… . . , 𝑛 } = (𝑡𝑗
−)𝑛 

 

Where 𝐽+ = {𝑗 = 1,2, … , 𝑛 | 𝑗 is associated with the criteria having a positive impact}, and 𝐽− = {𝑗 =

1,2, … , 𝑛 | 𝑗 is associated with the criteria having a negative impact}. 

 

Table 12. Positive and Negative Ideal Solutions for Precipitation Context Element 

Solution Reliability Timeliness Accuracy 

𝐴+ 0.35 0.28 0.04 

𝐴− 0.30 0.00 0.04 

 

Then, the distance between the alternatives and both the positive and the negative ideal solutions is 

calculated using Formula 4.5 and Formula 4.6. Table 13 and Table 14 show the results: 

 

𝑆𝑖
+ = √∑ (𝑡𝑖𝑗 − 𝑡𝑗

+)2 𝑛
𝑗=1                𝑖 = 1,2, … ,𝑚 

 

Similarly, the distance 𝑆𝑖
− between the alternative i and the negative ideal solution 𝐴− as in Formula 

4.6: 

 

𝑆𝑖
− = √∑ (𝑡𝑖𝑗 − 𝑡𝑗

−)2 𝑛
𝑗=1               𝑖 = 1,2,… ,𝑚 

 

Then the relative closeness to the positive ideal solution is calculated using Formula 4.7 as clarified by 

Table 15: 

𝐶𝑖
∗ =

𝑆𝑖
− 

𝑆𝑖
++𝑆𝑖

− 
,   0 ≤ 𝐶𝑖

∗ ≤  1,          𝑖 = 1,2, … ,𝑚 

 

Table 13. Separation of the Positive Ideal Solution for Precipitation Context Element 
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𝑆𝑖
+ 

200 0.06 

180 0.29 

 

 

Table 14. Separation of the Negative Ideal Solution for Precipitation Context Element 

𝑆𝑖
− 

200 0.29 

180 0.06 

 

The relative closeness to the ideal solution of each value using Formula 4.7 as shown by Table. 

Table 15. The Relative Closeness to the Ideal Solution for Precipitation Context Element 

𝐶𝑖
∗ 

200 
0.83 

180 
0.17 

 

So, the best value will be selected is 200 with 0.83 closeness value from the ideal solution. 

 

Applying TOPSIS for Max Temp. Context Element: 

Similar to Precipitation context element, the following results will be produced for Max Temp. context 

element. Table 16 shows the decision Matrix for Max Temp. context element. 

Table 16.  Decision Matrix for Max Temp. Context Element 

Max Temp. 

Values 
Reliability Timeliness Accuracy 

5 0.37 0.25 1 

2 0.53 1 1 

This matrix is then normalized as shown by Table 17.  

Table 17. Normalized Decision Matrix for Max Temp. Context Element 
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Max Temp. 

Values 
Reliability Timeliness Accuracy 

5 0.41 0.20 0.50 

2 0.59 0.80 0.50 

 

Using the weights obtained from AHP, the weighted normalized matrix is produced as shown by Table 

18.  

Table 18. Weighted Normalized Decision Matrix for Max Temp. Context Element 

Max Temp. 

Values 
Reliability Timeliness Accuracy 

5 0.27 0.06 0.04 

2 0.38 0.22 0.04 

 

The positive and the negative ideal solutions are then calculated as shown by Table 19.  

 

Table 19. Positive and Negative Ideal Solutions for Max Temp. Context Element 

Solution Reliability Timeliness Accuracy 

𝐴+ 0.38 0.22 0.04 

𝐴− 0.27 0.06 0.04 

 

The distance between the alternatives and both the positive and the negative ideal solutions will be 

calculated as shown by Table 20 and Table 21. 

Table 20. Separation of the Positive Ideal Solution for Max Temp. Context Element 

Max Temp. Values 𝑆𝑖
+ 

5 0.28 

2 0.01 

Table 21. Separation of the Negative Ideal Solution for Max Temp. Context Element 

Max Temp. 

Values 
𝑆𝑖
− 

5 0.01 

2 0.28 
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The relative closeness of the ideal solution of each value is produced as shown by Table 22.  

Table 22. The Relative Closeness Ratio from the Ideal Solution for Max Temp. Context 

Element 

Max Temp. 

Values 
𝐶𝑖
∗ 

5 0.04 

2 0.96 

 

Therefore, the best value will be 2 with 0.96 relative closeness ratio from the ideal solution. 

 

4. Getting the Quality of Context 

After resolving conflicts, the quality degree for each piece of context at all levels will be calculated 

using the quality policy for each level and the formulas for each quality parameter used in the quality 

policy. 

 

4.1   Getting the Quality of Context Elements 

According to the quality policy in context element level, three quality parameters are admitted. They 

are reliability, timeliness, and accuracy. The total quality degree will be calculated for each context 

element in the following. 

Precipitation: 

As shown by Table 23, the decision vector that represent the quality parameters value is produced 

using the metadata that mentioned in Section 4.2.  

Table 23. Decision Vector for Precipitation 

Precipitation Value Reliability Timeliness Accuracy 

200 mm 0.80 0.75 0.50 

 

Then the weighted decision vector will be calculated by multiplying each parameter value by its 

relative weights that is resulted previously using AHP. Table 24 shows the result.  

 

 

Table 24. The Weighted Decision Vector for Precipitation 

Precipitation Value Reliability Timeliness Accuracy 

200 mm 0.52 0.21 0.04 
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Finally, the overall quality value then calculated as summation of the weighted decision vector row as 

shown by Table 25. 

Table 25. The Overall Quality of Precipitation 

Precipitation Value The Overall Quality 

200 mm 0.77 

 

Max Temp. 

By applying the same quality policy that applied for Precipitation, the Decision vector for Max Temp. 

will be produced as shown by Table 26. 

Table 26. Decision Vector for Max Temp. 

Max Temp. Value Reliability Timeliness Accuracy 

2 DegC 0.53 1 1 

 

As shown by Table 27, the weighted decision vector will be calculated by multiplying each parameter 

value by its relative weights, which is resulted previously using AHP. 

Table 27. Weighted Decision Vector for Max Temp. 

Max Temp. Value Reliability Timeliness Accuracy 

2 DegC 0.34 0.28 0.07 

 

Finally, the overall quality value then calculated as summation of the weighted decision vector row 

(Table 28). 

 

 

Table 28. The Overall Quality for Max Temp. 

Max Temp. Value The Overall Quality 

2 DegC 0.69 

 



223 
 

Rainfall Period: 

Similarly, Table 29, Table 30 and Table 31 will be produced for Rainfall Period. 

Table 29. Decision Vector for Rainfall Period 

Rainfall Period Value Reliability Timeliness Accuracy 

24 hrs 0.8 0.75 0.33 

Table 30. Weighted Decision Vector for Rainfall Period 

Rainfall  Period Value Reliability Timeliness Accuracy 

24 hrs 0.52 0.21 0.02 

Table 31. The Overall Quality for Rainfall Period 

Rainfall Period  Value The Overall Quality 

24 hrs 0.75 

 

Saturation Level: 

Similarly, Table 32, and Table 33 and Table 34 will be produced for Saturation Level. 

Table 32. Decision Vector for Saturation Level 

Saturation Level Value Reliability Timeliness Accuracy 

83 VSW% 0.95 0.25 0.33 

 

Table 33. Weighted Decision Vector for Saturation Level 

Saturation Level Value Reliability Timeliness Accuracy 

83 VSW% 0.62 0.07 0.02 

 

Table 34. The Overall Quality for Saturation Level 

Saturation Level Value Overall Quality 

83 VSW% 0.71 
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Wind Speed: 

Similarly, Table 35, and Table 36 and Table 37 will be produced for Wind Speed. 

Table 35. Decision Vector for Wind Speed for Wind Speed 

Wind Speed Value Reliability Timeliness Accuracy 

85 km/hrs 0.32 0.5 0.33 

Table 36. Weighted Decision Vector for Wind Speed 

Wind Speed Value Reliability Timeliness Accuracy 

85 km/hrs 0.21 0.14 0.02 

Table 37. The Overall Quality for Wind Speed 

Wind Speed Value Overall Quality 

85 km/hrs 0.37 

 

Min Temp.: 

This context element is not available. 

4.2  Getting the Quality of Context Object 

Similarly to the context elements, the quality policy for context object level will be applied to get the 

total quality for each context object. The total quality for each context object is in the following. 

Rainfall Object: 

This object is composite, so its credibility is calculated using the credibility for the context elements 

that compose the object as described below. 

Calculating Credibility: 

This object is composite, so it will be subject to the following Formula 5.8 for credibility calculating: 

 

                      

𝐶𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(𝑑𝑒𝑟𝑖𝑣𝑒𝑑 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡) = ∑ 𝑐𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)
𝑛
𝑖=1 ∗ 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 −

𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖) ∗ 𝑤𝑒𝑖𝑔ℎ𝑡(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)) 
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As shown by Table 38, the reliability, timeliness and probability of correctness should be calculated at 

first. 

 

Table 38. The Quality Parameters that Affect the Credibility for the Context Elements that Compose 

the Rainfall Object 

Context Object Reliability Timeliness 
Probability of 

Correctness 

Precipitation 0.80 0.75 3.15/5= 0.63 

Rainfall Period 0.80 0.75 3.15/5=0.63 

 

Using the values shown by Table 39, Credibility for each context element is produced, and then the 

credibility for the context object will be calculated as shown by Table 39. 

 

Table 39. The Credibility for Rainfall Context Object 

Context Object Credibility Completeness 
Element 

Weight 

Multiplying the 

values of the row 

Precipitation 0.70 1 0.60 0.42 

Rainfall Period 0.70 1 0.40 0.28 

Object 

Credibility 
0.70 

 

The Second quality parameter that were admitted for this level is security level. This Parameter will be 

calculated using Formula 2.10 as follows: 

 

Security level (O) = 
𝑐𝑢𝑟𝑟𝑒𝑛𝑡−𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦−𝑙𝑒𝑣𝑒𝑙

𝑡𝑜𝑡𝑎𝑙−𝑛𝑢𝑚𝑏𝑒𝑟−𝑜𝑓−𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦−𝑙𝑒𝑣𝑒𝑙
 

 

=
3

3
 = 1 

 

So, the decision vector will be produced for rainfall object as shown by Table 40. 

 

Table 40. Decision Vector for Rainfall Context Object 

Context Object Value Credibility Security level 
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Heavy Rain 0.70 1.0 

Then, the weighted decision vector and the overall quality will be calculated as shown by Table 41 and 

Table 42. 

Table 41. Weighted Decision Vector for Rainfall Context Object 

Context Object Value Credibility Security level 

Heavy Rain 0.35 0.50 

 

 

Table 42. The Overall Quality for Rainfall Context Object 

Context Object Value Overall Quality 

Heavy Rain 0.85 

 

Soil Object: 

Similarly, to Rainfall object, the admitted quality parameters are credibility and security level. 

Calculating Credibility: 

 

This object is not composite, so it will be subject to the Formula 5.7 for credibility calculating: 

 

𝐶𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(simple − context )

= 𝐴𝑣𝑔[𝐴𝑣𝑔[Reliability(simple − context ), Timeliness(simple − context )],

Probability − of − correctness(simple − context )] 

 

The reliability and timeliness for not composite object is the same of its context elements. Therefore, 

the reliability/timeliness for soil object will be the reliability/timeliness of the saturation level context 

element as shown by Table 43. 

 

 

              Table 43. The Quality Parameters that Affect the Credibility for Soil Context Object 
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Context Object Value Reliability Timeliness 
Probability of 

Correctness 

Severe Soil saturation 0.95 0.25 0.83 

 

Now, the credibility is calculated as follows: 

 

Credibility (rainfall object) = 𝐴𝑣𝑔[𝐴𝑣𝑔[0.95,0.25], 0.83] 

=0.72 

 

Security level for rainfall object is calculated using Formula 2.10 as follows: 

 

Security level (O) = 
𝑐𝑢𝑟𝑟𝑒𝑛𝑡−𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦−𝑙𝑒𝑣𝑒𝑙

𝑡𝑜𝑡𝑎𝑙−𝑛𝑢𝑚𝑏𝑒𝑟−𝑜𝑓−𝑠𝑒𝑐𝑢𝑟𝑖𝑡𝑦−𝑙𝑒𝑣𝑒𝑙
 

=
3

3
 = 1 

 

Then, the decision vector, weighted decision vector and the total quality for soil object will be 

produced as shown by Table 44, Table 45, and Table 46. 

Table 44. Decision Vector for Soil Context Object 

Context Object Value Credibility Security level 

Severe Soil saturation 0.72 1.0 

 

Table 45. Weighted Decision Vector for Soil Context Object 

Context Object Value Credibility Security level 

Severe Soil saturation 0.36 0.50 

 

Table 46. The Quality of the Object according to the quality policy for Soil Context Object 

Context Object Value The average of objects parameters 

Severe Soil saturation 0.86 
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Wind Object: 

This object is not composite, so it will be subject to what applied with Soil object. The quality 

parameters that affect credibility is produced as shown by Table 47. 

 

Table 47. The Quality Parameters that Affect the Credibility for Wind Context Object 

Context Object Value Reliability Timeliness Probability of Correctness 

Wind Storm 0.32 0.50 4/5=0.80 

 

Then, the decision vector, weighted decision vector and the total quality for Wind object will be 

produced as shown by Table 48, Table 49, and Table 50. 

Table 48. Decision Vector for Wind Context Object 

Context Object Value Credibility Security level 

Wind Storm 0.61 0.66 

 

Table 49. Weighted Decision Vector for Wind Context Object 

Context Object Value Credibility Security level 

Wind Storm 0.31 0.33 

Table 50. The Quality of the Object according to the quality policy for Wind Context Object 

Context Object Value Quality Value 

Wind Storm 0.64 

 

Temperature Object: 

This object is composite, so it will be subject to what applied for Rainfall context object. Table 51 

shows the Quality Parameters that Affect the Credibility for the Context Elements that Compose the 

Rainfall Object. 

 



229 
 

Table 51. The Quality Parameters that Affect the Credibility for the Context Elements that Compose 

the Rainfall Object 

Context 

Elements 
Reliability Timeliness 

Probability of 

Correctness 

Max Temp. 0.53 1 4.15/5= 0.83 

Min Temp. Is not available 

 

Then, the credibility is produced as shown by Table 52.  

 

Table 52. The Credibility for Rainfall Context Object 

Context Object Credibility Completeness 
Element 

Weight 

Multiplying the 

values of the 

row 

Max Temp. 0.80 1 0.50 0.40 

Min Temp. 0 0 0.50 0.00 

Object Credibility 0.40 

 

Then, the decision vector, weighted decision vector and the total quality for Temperature object will be 

produced as shown by Table 53, Table 54, and Table 55. 

 

 

Table 53. Decision Vector for Max Temp. Object 

Context Object Value Credibility Security level 

2 DegC 0.40 1.0 

Table 54. Weighted Decision Vector for Max Temp. Object 

Context Object Value Credibility Security level 

2 DegC 0.20 0.50 

Table 55. The Overall Quality for Max Temp. Object 

Context Object Value Overall Quality 
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2 DegC 0.70 

 

 

4.3   Getting the Quality of Context Situation 

In this level, Credibility parameter is represent the quality policy with 100% percentage. This will 

calculated using the credibility for the objects that compose the situation. As known, context situation 

is composite, so Formula 5.8, Formula 5.3, and Formula 5.4 will be used for calculating the credibility. 

 

𝐶𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(𝑑𝑒𝑟𝑖𝑣𝑒𝑑 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡)

=∑𝑐𝑟𝑒𝑑𝑖𝑏𝑖𝑙𝑖𝑡𝑦(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)

𝑛

𝑖=1

∗ 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)

∗ 𝑤𝑒𝑖𝑔ℎ𝑡(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖) 

 

𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑑𝑒𝑟𝑖𝑣𝑒𝑑 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡)

=  ∑ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖) ∗ 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑝𝑖𝑒𝑐𝑒 − 𝑜𝑓 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡𝑖)
𝑚

𝑖=1
 

 

𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑛𝑒𝑠𝑠(𝑠𝑖𝑚𝑝𝑙𝑒 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡) =  {
1        ∶    𝑖𝑓     𝑠𝑖𝑚𝑝𝑙𝑒 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡 𝑖𝑠 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 

    0          ∶  𝑖𝑓 𝑠𝑖𝑚𝑝𝑙𝑒 − 𝑐𝑜𝑛𝑡𝑒𝑥𝑡 𝑖𝑠 𝑛𝑜𝑡 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 
 

 

According to context metadata, the completeness values for all objects will be as shown by Table 56: 

 

Table 56. Completeness Values for all Objects that Compose the Situation 

Object Object Type Completeness 

Rainfall compound 1 

Soil simple 1 

Wind simple 1 

Temperature compound 0.50 

 

Now, for calculating the credibility of the situation, we need the credibility of the each object and its 

relative weight in this situation. Table 57 shows that. The credibility is calculated within the past step. 

If do not, it should be calculated.  

Table 57. The Situation Credibility 

Object Credibility Completeness Object Weight 

Multiplying 

the values of 

each row 

Rainfall 0.70 1 0.30 0.21 

Soil 0.72 1 0.30 0.22 

Wind 0.61 1 0.20 0.12 
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Temperature 0.40 0.50 0.20 0.04 

The Situation Credibility 0.59 

 

  

The quality parameters that computed in the previous section represent the quality aspects for each 

piece of context in all different levels. Besides that, general quality indicators are important for the 

different context levels to reflect some general quality aspects.  

 

On the other hand, some quality parameters in each level is affected their values in lower levels such as 

credibility, reliability and timeliness whereas some quality parameters reflect the quality for the same 

level which is produced such as security and representation consistency. The synthesized nature of 

context forced us to compute some quality parameters for the higher context as totals from the lower 

context variables that compose it. At the same time, the nature of some quality parameters such as 

security and representation consistency force us to compute it for each level in isolation of the lower 

context. In addition, some quality parameters reflect the context validity such as credibility, reliability, 

and timeliness whereas others reflect the perfectness of context such as usability, representation 

consistency. The context validity is main quality aspects that should be achieved before thinking of the 

other perfection aspects.  

 

Therefore, the quality degree for each level cannot be obtained just from getting the average for all 

context variables in that levels, other general indicators should be produced to reflect a true, complete 

and accurate image about quality in each context level. 

For previous reasons, MCFQoC framework adopt different types of quality indicators to expand the 

utility for the quality results to cover wide range of uses. These indicators are as follows: 

1. The different quality parameters for each piece of context. 

2. The total quality for each piece of context according to the quality policy. 

3. The quality degree for each context level according to the quality policy.  

4. The average of the credibility parameter for each level, this indicator will reflect validity for this 

level. 

5. The average for the non validity parameters for each level such as security and representation 

consistency based on the quality policy. 

6. The average for all quality parameters in each context level. 

According to that, the results for the case study will be as shown by Table 58: 

 

Table 58. The Results for the MCFQoC Framework 

Quality Policy for Context Situation 

Level 
Parameter: Credibility        Weight: 100% 



232 
 

quality degree 

 
0.59 Flooding 

average of the 

credibility 

parameter 

0.59 

Total Quality 

 

0.59 

The average for 

the non-validity 

parameters 

------- 
Credibility 

 

0.59 The average for 

all quality 

parameters 

Credibility=0.59 

Quality Policy for Context Object 

Level 

Parameter: Credibility                  Weight: 50% 

Parameter: Security Level            Weight: 50% 

quality degree 

 
0.76 

Rainfall 

Relative Weight 

(30%) 

Wind 

Relative 

Weight 
(20%) 

Soil 

Saturation 

Relative 

Weight 
(30%) 

Temperature 
Relative Weight 

(20%) 

average of the 

credibility 

parameter 

0.61 

Total 

Quality 

 
0.85 

Total 

Quality 

 
0.64 

Total 

Quality 

 
0.86 

Total 

Quality 

 
0.70 

The average for 

the non-validity 

parameters 

0.92 
Credibility 

 

0.70 

Credibility 
 

0.61 

Credibility 
 

0.72 

Credibility 
 

0.40 

The average for 

all quality 

parameters 

Credibility= 0.61 

Security Level= 

0.92 

Security 

Level 
 

1.00 

Security 

Level 
 

0.66 

Security 

Level 
 

1.00 

Security 

Level 
 

1.00 

Quality Policy for Context Elements 

Level 

Parameter: Reliability                 Weight: 0.65% 

Parameter: Timeliness                Weight: 0.28% 

Parameter: Accuracy                   Weight: 0.07% 

quality degree 

 
0.66 

Precipitation 

Relative 
Weight 

(60%) 

 

Period 

Relative 
Weight 

(40%) 

 

Wind 

Speed 

Relative 

Weight 

(100%) 

Saturation 

Level 

Relative 

Weight 

(100%) 

Max 

Temp. 

Relative 

Weight 

(50%) 

Min Temp. 

Relative 

Weight 
(50%) 

average of the 

credibility 

parameter 

0.59 

Total 

Quality 

 
0.77 

Total 

Quality 

 
0.75 

Total 

Quality 

 
0.37 

Total 

Quality 

 
0.71 

Total 

Quality 

 
0.69 

Total 

Quality 

 
-------- 

The average for 

the non-validity 

parameters 

0.42 

 

(Accuracy) 

Reliability 

 
0.80 

Reliability 

 
0.80 

Reliability 

 
0.32 

Reliability 

 
0.95 

Reliability 

 
0.53 

Reliability 

 
------ 

Timeliness 

 

0.75 

Timeliness 

 

0.75 

Timeliness 

 

0.50 

Timeliness 

 

0.25 

Timeliness 

 

1.00 

Timeliness 

 

-------- 

Accuracy 

 

0.50 

Accuracy 

 

0.33 

Accuracy 

 

0.33 

Accuracy 

 

0.33 

Accuracy 

 

1.00 

Accuracy 

 

------- 

The average for 

all quality 

parameters 

Reliability= 0.57 

Timeliness= 0.54 

Accuracy= 0.42 

Probability 
of 

Correctness 

 
0.63 

Probability 
of 

Correctness 

 
0.63 

Probability 
of 

Correctness 

 
0.80 

Probability 
of 

Correctness 

 
0.83 

Probability 
of 

Correctness 

 
0.83 

Probability 
of 

Correctness 

 
--------- 

Credibility 

 
0.70 

Credibility 

 
0.70 

Credibility 

 
0.61 

Credibility 

 
0.72 

Credibility 

 
0.80 

Credibility 

 
------- 
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APPENDIX D 
 

Examples of RCCAR Evaluation Results 

 

 

This Appendix shows the results for some selected scenarios for RCCAR evaluation. 

These scenarios presents a different collection of factors that should form the 

scenarios as described in Chapter 7. These examples describe how RCCAR works in 

details. In addition, an example for decision trees which are used by enhanced 

RCCAR is introduced. 

1. Results for Selected Scenarios 

This section shows the results for some selected scenarios to understand how the 

general results is concluded.  

The First Scenario: 

This example is for a scenario where the investigated context element was the 

temperature value given other context elements, which are wind speed (14), visibility 

(moderate), humidity (93), and precipitation probability (60). The history of context 

was very short; only for five days. Each day has six readings for all variables which 

means only 30 instances. The investigated context element has two conflicted values; 

11 and 8. Where the value 11 is the correct value and 8 is the wrong one. They are 

close to some extent. The results were as illustrated by Table 1 and Table 2 after data 

pre-processing and using Weka tool 

Results:                                      ===Run information  ===  

Scheme:       weka.associations.Apriori -N 5000 -T 0 -C 0.0010 -D 0.05 -U 1.0 -M 0.1 -S -1.0 -c -1 

Relation:     cardifClimate-weka.filters.unsupervised.attribute.StringToNominal-R1-5 

Attributes:   5 

Temperature 

wind speed 

Visibility          

Humidity 
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Precipitation probability 

 ===Associator model (full training se=== 

Table 1. Associations of the Correct Value for RCCAR First Selected Scenario 

No. Associations Confidence Value 

1 wind speed=14  ==> temperature=11   <conf:(0.67)> 

2 Humidity=93  ==> temperature=11  <conf:(0.67)> 

3 wind speed=14  Visibility=moderate  ==> temperature=11 <conf:(0.67)> 

4 wind speed=14  Humidity=93  ==> temperature=11  <conf:(0.67)> 

5 wind speed=14  precipitation probability=60  ==> 

temperature=11  

<conf:(0.67)> 

6 Visibility=moderate  Humidity=93  ==> temperature=11  <conf:(0.67)> 

7 Humidity=93  precipitation probability=60  ==> temperature=11  <conf:(0.67)> 

8 wind speed=14  Visibility=moderate  Humidity=93  ==> 

temperature=11  

<conf:(0.67)> 

9 wind speed=14  Visibility=moderate  precipitation 

probability=60 ==> temperature=11  

<conf:(0.67)> 

10 wind speed=14  Humidity=93  precipitation probability=60  ==> 

temperature=11  

<conf:(0.67)> 

11 Visibility=moderate  Humidity=93 precipitation probability=60  

==> temperature=11  

<conf:(0.67)> 

12 wind speed=14  Visibility=moderate Humidity=93   precipitation 

probability=60  ==> temperature=11  

<conf:(0.67)> 

13 Visibility=moderate  ==> temperature=11  <conf:(0.6)> 

14 precipitation probability=60 ==> temperature=11  <conf:(0.6)> 

15 Visibility=moderate   precipitation probability=60  ==> 

temperature=11  

<conf:(0.6)> 

Total confidence 9.84 (63.2%) 

 

Table 2.  Associations of the Wrong Value for RCCAR First Selected Scenario 

No. Associations Confidence Value 

1 wind speed=14  ==> temperature=8 <conf:(0.33)> 

2 wind speed=14  Visibility=moderate  ==> temperature=8    <conf:(0.33)> 

3 wind speed=14 precipitation probability=60  ==> temperature=8  <conf:(0.33)> 
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4 Humidity=93 precipitation probability=60  ==> temperature=8    <conf:(0.33)> 

5 wind speed=14 Visibility=moderate precipitation probability=60  

==> temperature=8  

<conf:(0.33)> 

6 Visibility=moderate Humidity=93 precipitation probability=60 

==> temperature=8    

<conf:(0.33)> 

7 Visibility=moderate ==> temperature=8    <conf:(0.2)> 

8 Visibility=moderate precipitation probability=60 ==> 

temperature=8     

<conf:(0.2)> 

9 wind speed=14 ==> temperature=8   <conf:(0.33)> 

10 wind speed=14 Visibility=moderate  ==> temperature=8     <conf:(0.33)> 

11 wind speed=14 precipitation probability=60  ==> temperature=8     <conf:(0.33)> 

12 Humidity=93 precipitation probability=60 ==> temperature=8     <conf:(0.33)> 

13 wind speed=14 Visibility=moderate precipitation probability=60 

==> temperature=8     

<conf:(0.33)> 

14 Visibility=moderate Humidity=93 precipitation probability=60 

==> temperature=8      

<conf:(0.33)> 

15 Visibility=moderate  ==> temperature=8  <conf:(0.2)> 

Total confidence 4.56 (30.4%) 

 

As the results shown, the total confidence of associations affirms the correct value is 

greater by the value 9.84 than the wrong value by 4.56. The confidence value is fine 

with a value 63.2% exceeds 50%. 

The Second Scenario: 

The second example was for a scenario where the investigated context element was 

also the temperature value given other context elements, which are wind speed (15), 

visibility (very good), humidity (82), and precipitation probability (20). Conditions 

are the same as the first one except one condition. What distinguishes this scenario is 

that the wrong and the correct values are very close (10, 11); we want to examine the 

proposed solution against this condition. 

Results: 

After data pre-processing and using Weka tool, the results were as illustrated by Table 

3 and Table 4: 
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Table 3. Associations of the Correct Value for RCCAR Second Selected Scenario 

No. Associations Confidence Value 

1 Visibility=very good precipitation=20 ==> 

temperature=11  

< conf:(0.29)> 

2 Visibility=very good ==> temperature=11 <conf:(0.25)> 

3 Precipitation Probability=20 ==> temperature=11 <conf:(0.17)> 

Total confidence 0.71 (10%) 

 

Table 4. Associations of the Wrong Value for RCCAR Second Selected Scenario 

No. Associations Confidence Value 

1 precipitation=20  ==> temperature=10     <conf:(0.17)> 

Total confidence 0.17 (2%) 

 

As the results shown, the total confidence of associations affirms the correct value is 

greater by the value 0.71 than the wrong value by 0.17. We can see that even if both 

correct and wrong values were very close, the total of associations can affirm the 

correct value. However, the affirmation for the correct value is low with 10%, may be 

because this dataset has a short history (few instances). To confirm that, additional 

experiments is needed.   

The Third Scenario: 

This example was devoted for examining the proposed solution against a new value 

for the temperature context element given other context elements, which are wind 

speed (11), visibility (moderate), humidity (94), and precipitation probability (60). 

What distinguishes this scenario is that the wrong and the correct value did not 

happen before as a values (3, 10), but close values have been happened. This means 

that there are no occurrences for these two values in the history of context. Moreover, 

the correct value is far -to some extent -from the last value of temperature but within 

the natural range. In this case, obviously, there will not be any results because both 

values are new. For handling this condition, values are classified into predefined 

intervals. RCCAR should predict the correct value according to its interval. Intervals 
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have been defined according to the values in the history and the change range 

observed within a week. The used data set also was Cardiff Climate. 

Results: 

The results were as illustrated by Table 5 and Table 6:  

Table 5. Associations of the Correct Value for RCCAR Third Selected Scenario 

No. Associations Confidence Value 

1 Wind speed=11  ==> Temperature Class=max  < conf:(0.57)> 

Total confidence 0.57 (8%) 

 

Table 6. Associations of the Wrong Value for RCCAR Third Selected Scenario 

No. Associations Confidence Value 

--- ------------- ------- 

Total confidence 0 

 

As shown by the results, the total confidence of associations affirms the correct value 

is greater by the value 0.57 than the wrong value by 0. We can see that even both 

correct and wrong values were new and far from the last reading, the solution 

demonstrated a good result, however the affirmation value is low with (8%), this 

percentage could be improved with longer history. It seems that a short history could 

be not suitable for prediction as weather patterns repeats on same seasons, this short 

history include just few days. What we want to indicate here is that intervals have 

been used just for prediction with just the temperature element, with using intervals 

for all variables; it is expected to improve results. 

The Fourth Scenario: 

This example is the same as the third one except that all variables values is classified 

into intervals to avoid the problem of new occurrences of the context element values. 

The same values is used but with intervals. The better results should come from 

discovering the patterns between the categories of variables regardless the accurate 

values of them.  

Results: 
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The results were as illustrated by Table 7 and Table 8:  

Table 7. Associations of the Correct Value for RCCAR Fourth Selected Scenario 

No. Associations Confidence Value 

1 wind Class=mid  ==> Temp Class=max <conf:(0.67)> 

2 wind Class=mid      Humidity Class=high ==> Temp 

Class=max  

<conf:(0.63)> 

3 Humidity Class=high  ==> Temp Class=max  <conf:(0.51)> 

Total confidence 1.8 

 

Table 8. Associations of the Wrong value for RCCAR Fourth Selected Scenario 

No. Associations Confidence Value 

1 Humidity Class=high  ==> Temp Class=min  <conf:(0.17)> 

Total confidence 0.17 

 

As we expected, this result is better as associations affirm the correct value are more 

with greater total confidence by 1.8 versus 0.17 for the wrong value. The difference 

between the correct and the wrong values in the last example is 0.57 where it is 1.64 

in this example. Therefore, intervals improved results for the continuous variables as 

they are not limited and new values are expected to occur and this misleads the 

prediction as it deals with it as a new value where it is very close to many values in 

the previous history.  

On the other hand, with a long history, occurrences for context elements values 

possibilities are greater. Therefore, more accurate prediction is possible in this case. 

Especially, when the investigated context element is not continuous variable. With 

this long history (decades), we are not in need to classify the variables into intervals. 

The next example will show that. 

The Fifth Scenario: 

This example is devoted to examine the abilities of the proposed solution with long 

history to predict accurate value for the context element. The data set used here is 

Southampton weather from the year 1855 to 1999. The investigated element is the 
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average of the max temperature value for March month (3), 2000 given other context 

elements, which are the average of min temperature value (5), and the rain fall (15). 

The more accurate expected result should be represented in the large value of 

confidence for the correct value versus the wrong one.  

Results: 

The results were as illustrated by Table 9 and Table 10:  

Table 9 Associations of the Correct Value for RCCAR Fifth Selected Scenario 

No. Associations Confidence Value 

1 rain=15  ==> Tmax=13 <conf:(0.5)> 

2 Tmin=5  rain=15  ==> Tmax=13  <conf:(0.5)> 

3 month=3   Tmin=5  ==> Tmax=13 <conf:(0.43)> 

4 month=3  ==> Tmax=13    <conf:(0.25)> 

5 rain=15  ==> Tmax=13  <conf:(0.5)> 

6 Tmin=5     rain=15 ==> Tmax=13 <conf:(0.5)> 

7 month=3     Tmin=5 ==> Tmax=13 <conf:(0.43)> 

Total confidence 3.11 

 

Table 10 Associations of the Wrong Value for RCCAR Fifth Selected Scenario 

No. Associations Confidence Value 

1 rain=15  ==> Tmax=6 <conf:(0.5)> 

2 month=3     rain=15  ==> Tmax=6 <conf:(0.5)> 

3 Tmin=5     rain=15  ==> Tmax=6 <conf:(0.5)> 

4 month=3     Tmin=5 rain=15 ==> Tmax=6 <conf:(0.5)> 

5 month=3     Tmin=5  ==> Tmax=6 <conf:(0.14)> 

6 month=3  ==> Tmax=6 <conf:(0.08)> 

7 Tmin=5 ==> Tmax=6 <conf:(0.06)> 

Total confidence 2.28 

 

As expected, with a long history and nominal variables, we are not in need to classify 

the values into intervals. There are occurrences for all values of each context element. 

The prediction will be possible and accurate for any value. 
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The Sixth Scenario: 

This scenario is characterized by a long history with many variables. The dataset used 

here is Southampton Weather from the year 1855 to 1999. The investigated element 

value did not happen as a value before. Intervals for different variables have been 

used to find it nominal. This scenario should lead to excellent results in terms of 

accuracy. The investigated context element is the temperature. The values of the 

scenario are the same of the last example, but with using intervals for all variables.  

Results: 

The results were as illustrated by Table 11 and Table 12:  

Table 7.11 Associations of the Correct Value for RCCAR Sixth Selected Scenario 

No. Associations Confidence Value 

1 month=3    Tmin=low    rain=very_low     ==> 

Tmax=accepted 

<conf:(0.59)> 

2  month=3     rain=very_low      ==> Tmax=accepted <conf:(0.54)> 

3  month=3     Tmin=low     ==> Tmax=accepted <conf:(0.51)> 

4  month=3 ==> Tmax=accepted <conf:(0.51)> 

5  Tmin=low    rain=very_low  ==> Tmax=accepted <conf:(0.41)> 

6 Tmin=low  ==> Tmax=accepted <conf:(0.34)> 

7 Rain_fall=very_low  ==> Tmax=accepted <conf:(0.22)> 

Total confidence 3.12 

 

Table 7.12 Associations of the Wrong Value for RCCAR Sixth Selected Scenario 

No. Associations Confidence Value 

1 Rain_fall=very_low  ==> Tmax=v_high  <conf:(0.03)> 

Total confidence 0.03 

 

As we expected, with a long history and using intervals for variables, the prediction is 

accurate.  We can easily infer this by the difference between the total confidence for 

the correct and the wrong values. 
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2. Example of Produced Decision Trees 

In the following are two examples for produced decision trees for two different 

investigated elements. The first example is the result for applying decision trees on 

the weather dataset Southampton monthly weather historical data for 100 years as 

generalizing the results needs a long history for the data.  The investigated context 

element is (tmain). The produced tree shows the most important other context 

elements respectively. 

Tmax = low: low (310.0/23.0) 

Tmax = accepted 

|   month = 1: low (2.0/1.0) 

|   month = 2: low (8.0/3.0) 

|   month = 3: low (52.0/3.0) 

|   month = 4: low (83.0/19.0) 

|   month = 5: moderate (11.0) 

|   month = 6: low (0.0) 

|   month = 7: low (0.0) 

|   month = 8: low (0.0) 

|   month = 9: low (0.0) 

|   month = 10: moderate (51.0/4.0) 

|   month = 11: low (63.0/27.0) 

|   month = 12: moderate (9.0/4.0) 

Tmax = moderate 

|   month = 1: moderate (0.0) 

|   month = 2: moderate (0.0) 

|   month = 3: moderate (0.0) 

|   month = 4: moderate (9.0/4.0) 

|   month = 5: moderate (80.0) 

|   month = 6: high (58.0/23.0) 

|   month = 7: high (26.0) 

|   month = 8: high (23.0/1.0) 

|   month = 9: high (75.0/32.0) 

|   month = 10: moderate (41.0/2.0) 

|   month = 11: moderate (0.0) 

|   month = 12: moderate (0.0) 

Tmax = high: high (171.0/6.0) 
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Tmax = v_high: high (16.0/2.0) 

Tmax = very_low: very_low (19.0/1.0) 

 

 


