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Abstract

Case-Based Reasoning (CBR) and Rule-Based Reasoning (RBR) are two popular
approaches used in decision support systems. Due to the complexities and the diversities of this
domain, most medical systems become hybrid. Besides, the case adaptation process in CBR is
often a challenging issue as it is traditionally carried out manually by domain experts.

Rules in RBR usually represent general knowledge, whereas cases in CBR encompass
knowledge accumulated from specific (specialized) situations. Each reasoning approach has
advantages and disadvantages, which are proved to be complementary in a large degree.
Therefore, it is well-justified to combine rules and cases to produce effective hybrid approaches,
surpassing the disadvantages of each component method.

To take advantage of the knowledge managing and reasoning capabilities in CBR and
RBR, the main research objective is to present an agent-based knowledge management approach
for clinical decision support systems. This approach is presented as a web service to be easily
utilized. It integrates CBR and RBR, and applies the adaptation process automatically. Both
adaptation rules and reasoning rules are generated from the case-base. After solving a new case,
the case-base is expanded, and both adaptation and reasoning rules are updated. Besides, a
prototype was implemented and experimented to diagnose breast cancer and thyroid diseases,
and to classify IRIS plant type. The evaluation results showed that this approach increases the
accuracy of retrieval only CBR systems, and achieves great accuracy compared to the current
mammography based breast cancer diagnosis systems, thyroid diagnosis systems, and IRIS plant

type classification systems.
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Chapter 1: Introduction

In this chapter, the research problem is defined. It discusses the research objective and

shows the research contributions. Also, the thesis organization is presented.

1.1.1 Problem definition

Nowadays medical knowledge is expanding rapidly to the extent that even experts have
difficulties in managing and following all the new results, changes, and new treatments. Decision
support systems (DSS) that bear more similarities with human reasoning are often easily
accepted by physicians in the medical domain (Ahmed et al. 2012). Moreover, recent DSS tend
towards the hybrid integration containing two or more intelligent techniques (Sahin et al. 2012).

Case-based reasoning (CBR) systems are valuable examples of decision support systems
(Bichindaritz & Montani 2011). Besides, CBR can be considered a very well suited reasoning
paradigm for managing medical knowledge. It has the capability of incrementally collecting,
reusing, and sharing the knowledge, which is implicitly embedded in previously situations
(Montani 2011). Also, Rule-Based Reasoning (RBR) is historically one of the most successful
approaches to deal with such knowledge.

CBR has been successfully applied in the medical domain (Kolodner 1993; Hunt &
Miles 1994; Macura & Macura 1997; Lenz et al. 1998; Baumeister et al. 2002). However,
adaptation is often a challenging issue, because it is traditionally carried out manually by domain
experts (Begum et al. 2011). Moreover, most CBR systems that do not apply adaptation
(retrieval only CBR systems) fail to solve some of new problems, and hence they do not provide

convincing accuracy in critical domains like medical.
1.2 Research objective

CBR and RBR are two popular approaches used in decision support systems. Rules
usually represent general knowledge, whereas cases encompass knowledge accumulated from
specific (specialized) situations. Each approach has advantages and disadvantages, which are
proved to be complementary in a large degree. Therefore, it is well-justified to combine rules and
cases to produce effective hybrid approaches, surpassing the disadvantages of each component
method (Prentzas & Hatzilygeroudis 2007).



To take advantage of the knowledge managing and reasoning capabilities in CBR and
RBR, the main research objective of this thesis is to present an agent-based knowledge
management approach for clinical decision support systems. This approach is presented as a web
service to be easily utilized. It integrates CBR and RBR, and applies the adaptation process
automatically. Besides, a prototype was implemented and experimented to diagnose breast
cancer and thyroid diseases, and to classify IRIS plant type. The evaluation results showed that
this approach increases the accuracy of the retrieval only CBR systems and achieves great
accuracy compared to the current mammography based breast cancer diagnosis systems, thyroid

diagnosis systems, and IRIS plant type classification systems.

1.3 Research contributions

In this research work, an agent-based knowledge management model was proposed for
clinical decision support systems. This approach is presented as a web service to be easily
utilized. It integrates CBR and RBR, and applies the adaptation process automatically. To
achieve the integration, a new process is added to the REUSE/ADAPT step of the classical CBR
cycle called REASON at which the reasoning rules are applied to infer a solution if both
REUSE and ADAPT processes failed to find a solution. The proposed model contains two
phases: Knowledge Extraction Phase and Problem Solving Phase. During the Knowledge
Extraction Phase, both adaptation and reasoning rules are extracted from the case-base. After
that, the adaptation rules and the reasoning rules are exploited and updated dynamically in the
Problem Solving Phase. The adaptation rules extraction process was introduced in (Sharaf-
Eldeen et al. 2012), where the reasoning rules extraction process was introduced in (Sharaf-el
Deen et al. 2013). The full hybrid model and the two phases were introduced in (Sharaf-El-Deen
et al. 2014).

To sum up, the main contributions of this thesis can be summarized as follow.

e Proposing a new hybrid case-based reasoning model for medical diagnosis systems
by integrating CBR and RBR approaches.

o Adaptation rules are extracted from the case-base automatically. On the other hand,
rough set theory is used to extract the reasoning rules. All these rules are exploited

and updated automatically.



e Achieving acceptable accuracy by experimenting the proposed model on different

three datasets: IRIS plant type, breast cancer disease, and thyroid disease datasets.
1.4 Thesis organization

The rest of this thesis is organized as follows.

e Chapter 2 reviews the theoretical background upon which the research is based
on. It describes briefly the case-based reasoning, the rule-based reasoning, the
rough set theory, and the intelligent agents.

e Chapter 3 presents an overview of the related work using two viewpoints. The
first viewpoint presents the recent medical CBR systems while the second
viewpoint presents the medical diagnosis systems and IRIS classification systems
that we are going to compare our research work with.

e Chapter 4 introduces the design of the proposed agent-based knowledge
management model and both hybrid case-based model architecture, and its
phases. In addition, a diagnosis case study of the thyroid disease is presented to
show how the proposed model works.

e Chapter 5 illustrates the prototype implementation and the experimental datasets.
Also, it shows the evaluation of the experimental results.

e Finally, chapter 6 concludes the thesis and reviews the future work.



Chapter 2:  Background

This chapter reviews the theoretical background upon which this research is based on. It
describes briefly the case-based reasoning, the rule-based reasoning and the rough set theory,

and the intelligent agents.
2.1 Case-based reasoning

Case-based reasoning (CBR) is a reasoning methodology that simulates human reasoning
using past experiences to solve new problems (Kolodner 1993). Generally, the problem solving
cycle of the classical CBR model consists of four steps (Aamodt & Plaza 1994) as shown in
figure 2.1:

(1) RETRIEVE step that is responsible for retrieving one or more similar cases to the new case.
(2) REUSE/ADAPT step that is responsible for reusing the solution of the most similar case to
the new case. It may include the adaptation task in which the solution of the retrieved case is
adapted to fit the new case.

(3) REVISE step that is responsible for revising the suggested solution for confirmation.

(4) RETAIN step that is responsible for retaining the learned case for future use.
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Figure 2.1: Classical case-based reasoning cycle (Aamodt & Plaza 1994).




In general, there are a number of merits of using CBR (Shiu & Pal 2004):

Avoid repeating mistakes made in the past. In systems that record failures as well as
successes, and perhaps the reason for those failures, the information about what caused
failures in the past can be used to predict potential failures in the future.

Provide flexibility in knowledge modeling. Model-based systems, due to their rigidity
in the problem formulation and modeling, sometimes cannot solve a problem, which is on
the boundaries of their knowledge or scope, or when there is some missing or incomplete
data. In contrast, case-based systems use the past experiences as the domain knowledge
and often provide a reasonable solution, through appropriate adaptation, to these types of
problems.

Reason in domains that have not been fully understood, defined, or modeled. In
situation where insufficient knowledge exists to build a causal model of a domain or to
derive a set of heuristics for it, CBR system can still be developed using only a small set
of cases from the domain. The underlying theory of the domain knowledge does not have
to be quantified or understood entirely for a CBR system to function.

Make predictions of the probable success of a derived solution. When information is
stored regarding the level of success of past solutions, the CBR system may be able to
predict the success of the suggested solution to a current query problem. This is done by
referring to both the stored level of solutions success and the differences between the
previous and current contexts of applying these solutions.

Learn over time. As CBR systems are used, they encounter more problem situations and
create more solutions. If solution cases are subsequently tested in the real world, and a
level of success is determined for those solutions, then these cases can be added into the
case-base, and then used to help solving future problems. As cases are added, a CBR
system should be able to reason in a wider variety of situations, and with a higher degree
of refinement and success.

Reason in a domain with a small body of knowledge. While in a problem domain for
which there is only a few cases available, a CBR system can start with these few known
cases and incrementally build its knowledge as cases are added. The addition of new
cases will cause the system to expand in directions that are determined by the cases

encountered in its problem solving endeavors.
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