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Abstract: Brain tumors pose significant challenges in modern healthcare, with accurate and timely diagnosis crucial for determining
appropriate treatment strategies. Artificial intelligence has made significant advancements in recent years. Rule-based expert
systems (if-then rule-based systems) have emerged as a promising approach for clinical decision-making in brain tumor diagnosis.
In this paper, we present "A CLIPS-Based Expert System for Brain Tumor Diagnosis,” which leverages a set of 14 if-then rules to
diagnose brain tumors with three possible outcomes: 1) Confirm the diagnosis of a brain tumor, 2) Consider the possibility of a
brain tumor that has metastasized, and 3) Consider the possibility of a brain tumor. Our expert system offers a user-friendly interface,
enabling users to select symptoms and receive a diagnosis based on the provided information. This paper discusses the expert
system's development, implementation, and evaluation, highlighting its potential to facilitate brain tumor diagnosis and decision-
making in clinical settings. Additionally, we provide a literature review that contextualizes our expert system within the broader
landscape of rule-based expert systems for brain tumor diagnosis, examining their effectiveness, limitations, and challenges.
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1. Introduction:

Brain tumors are complex medical conditions that require an accurate and timely diagnosis to determine the most appropriate
treatment strategies. Advances in artificial intelligence have led to the development of expert systems, which have the potential to
support clinical decision-making and streamline the diagnostic process. Rule-based expert systems(specifically if-then rule-based
systems), have gained increasing attention in the context of brain tumor diagnosis. This paper presents "A CLIPS-Based Expert
System for Brain Tumor Diagnosis," a hovel approach to diagnosing brain tumors using a set of 14 if-then rules, resulting in three
possible outcomes: 1) Confirm the diagnosis of a brain tumor, 2) Consider the possibility of a brain tumor that has metastasized, and
3) Consider the possibility of a brain tumor.

Expert systems, also known as knowledge-based systems or rule-based systems, are computer programs designed to simulate the
knowledge and decision-making capabilities of human experts in a specific domain. These systems utilize a knowledge base, which
contains facts, rules, and heuristics, to provide expert-level advice and problem-solving abilities. The knowledge base is created by
domain experts who encode their expertise into a set of rules and logical relationships that the expert system can understand and
utilize (Jackson,1999).

The concept of expert systems emerged in the field of artificial intelligence (Al) in the 1970s and gained significant attention and
development throughout the 1980s and 1990s. Expert systems are designed to solve complex problems and make informed decisions
by applying logical reasoning to the available knowledge. They excel in domains where human experts possess specialized
knowledge and experience that can be codified into a set of rules or algorithms. Expert systems have found applications in various
fields, including medicine, finance, engineering, and manufacturing Giarratano & Riley, 2004).

The key advantage of expert systems lies in their ability to provide consistent, reliable, and efficient decision-making processes,
even in the absence of human experts. They can analyze large amounts of data, evaluate multiple options, and generate
recommendations based on predefined rules and logical reasoning. However, expert systems have limitations as well. They rely on
the accuracy and completeness of the knowledge base and may struggle with new or unfamiliar situations that fall outside their
predefined rules. Additionally, maintaining and updating the knowledge base can be challenging, requiring ongoing collaboration
with domain experts to ensure its relevance and accuracy (Giarratano & Riley, 2004).

CLIPS (C Language Integrated Production System) is a rule-based programming language and development environment widely
used for the development of expert systems and other knowledge-based applications. It was initially developed by NASA in the early
1980s and has since become one of the most popular and widely adopted expert system tools. CLIPS is an open-source software
package that provides a rich set of features for creating and manipulating rule-based systems (Giarratano & Riley, 2005).
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CLIPS is designed to represent knowledge using rules and facts. Rules consist of conditions (also known as the left-hand side or
LHS) and actions (also known as the right-hand side or RHS). The conditions specify the criteria or patterns that need to be satisfied
for the rule to be triggered, while the actions define the tasks or operations to be performed when the rule fires. CLIPS supports a
variety of rule types, including forward chaining, backward chaining, and hybrid rule-based inference (Giarratano & Riley, 2005).

CLIPS offers a comprehensive development environment that includes an integrated editor, a rule compiler, a debugger, and a
runtime engine. It provides a powerful set of tools for creating, testing, and debugging expert systems. CLIPS also supports various
programming paradigms, such as object-oriented programming and procedural programming, allowing developers to build complex
and flexible knowledge-based systems. With its robustness, flexibility, and extensive documentation, CLIPS continues to be a
popular choice for developing rule-based applications and expert systems in a wide range of domains (Giarratano & Riley, 2005).

This research aims to address the challenges in brain tumor diagnosis by providing an accurate, efficient, and user-friendly diagnostic
tool. To achieve this goal, we have developed an expert system using the CLIPS programming language to enhance brain tumor
diagnosis. Our expert system has a user-friendly interface with menus that facilitate ease of use. Upon launching the expert system,
users are presented with four tasks. By clicking on the "Start" icon, they can access an interface containing a list of 14 input symptoms
related to brain tumor diagnoses. Users can then select the relevant symptoms to receive a diagnosis based on the chosen symptoms.
See figurel, Expert Systems.
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Figure 1: Expert system

Our primary objective is to streamline the diagnostic process by offering accurate and timely diagnostic suggestions through our
expert system. This paper outlines the rule development, system implementation, validation, and evaluation. We discuss our expert
system's benefits and applications in clinical settings, focusing on the 14 rules and three possible outcomes.

2. Problem Statement

Brain tumor diagnosis is a critical and complex task in the field of medical imaging, requiring accurate identification and
characterization of tumors to facilitate timely treatment decisions. However, traditional diagnostic methods face challenges in
achieving high accuracy rates and efficient decision-making. Therefore, there is a need to develop an intelligent system that leverages
artificial intelligence techniques to improve the diagnostic process. This research aims to address this need by proposing a CLIPS-
based expert system for brain tumor diagnosis, which incorporates rule-based reasoning and knowledge representation to enhance
accuracy, efficiency, and decision-making capabilities. By evaluating the performance of the expert system and comparing it with
existing diagnostic methods, this research seeks to provide insights into the potential of CLIPS-based expert systems as a valuable
tool for brain tumor diagnosis, ultimately contributing to improved patient outcomes and clinical practice in the field of neuro-
oncology.

3. Objectives
1. To develop a CLIPS-based expert system for brain tumor diagnosis that utilizes rule-based reasoning and knowledge
representation techniques.
2. To investigate the potential of the CLIPS expert system in improving the accuracy and efficiency of brain tumor diagnosis
compared to traditional methods.
3. To evaluate the performance of the CLIPS-based expert system using a dataset of brain tumor cases and compare it with
existing diagnosis techniques.
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4. To explore the integration of medical imaging data and patient information into the expert system to enhance the diagnostic
capabilities.

5. To assess the strengths and limitations of the CLIPS-based expert system for brain tumor diagnosis and identify areas for
improvement.

6. Todiscuss the potential impact of the expert system on clinical practice, such as reducing diagnostic errors and improving
patient outcomes.

7. To examine the ethical considerations associated with using Al-based expert systems in medical diagnosis and propose
strategies for addressing them.

8. To contribute to the existing body of knowledge on expert systems and their applications in the field of medical diagnosis,
particularly in the context of brain tumors.

4, Literature Review:

This literature review will focus on the critical advancements in if-then rule-based expert systems, specifically in the context of brain
tumor diagnosis, the effectiveness of such systems, and the limitations and challenges they face.

Introduction to If-Then Rule-based Expert Systems

If-then rule-based expert systems are artificial intelligence that relies on a knowledge base containing if-then rules derived from
human expertise to support decision-making (Berner, 2007). These systems have been widely applied in various medical disciplines,
including neurology, where they have been used to support the diagnosis of brain tumors (Abu-Naser and El Najjar, 2016).

Applications of If-Then Rule-based Expert Systems in Brain Tumor Diagnosis

Saleh et al. (2020) developed an if-then rule-based expert system for diagnosing brain tumors based on 14 user-selected symptoms.
The system provides three possible outcomes, allowing medical professionals to consider different possibilities in their diagnosis.
This study demonstrated that the expert system achieved higher diagnostic accuracy than human experts, suggesting the potential
for rule-based systems to support clinical decision-making in brain tumor diagnosis.

Another study by Adams et al. (2020) explored using rule-based expert systems in medical imaging, particularly for diagnosing brain
tumors. The study found that integrating if-then rules with medical imaging techniques could enhance the diagnostic accuracy and
efficiency of the expert system.

Limitations and Challenges of If-Then Rule-based Expert Systems in Brain Tumor Diagnosis
Several challenges and limitations persist despite the potential advantages of if-then rule-based expert systems in brain tumor
diagnosis. These include:

Knowledge Representation: Capturing the complexity of medical knowledge in a rule-based system can be challenging, potentially
limiting the system's ability to handle uncertain or ambiguous symptom combinations (Alam et al., 2004).

User Input Reliability: If-then rule-based expert systems rely on accurate user input, which can be prone to errors and omissions,
potentially affecting the system's diagnostic accuracy (Chaurasia et al., 2022).

Clinical Integration: Integrating rule-based expert systems into clinical workflows can be challenging. Clinicians may hesitate to
adopt such systems due to concerns about their reliability and potential legal implications (Norgeot et al., 2020).

Scalability: Maintaining and updating the rule-based knowledge base can become increasingly complex and time-consuming as
medical knowledge expands.

In conclusion, if-then rule-based expert systems promise to improve brain tumor diagnosis by providing accurate and efficient
decision support based on user-selected symptoms. However, some limitations and challenges, such as knowledge representation,
user input reliability, clinical integration, and scalability, need to be addressed. Future research should focus on overcoming these
challenges and further validating the effectiveness of if-then rule-based expert systems in real-world clinical settings.

5. MATERIALS AND METHODS
System Design and Development

The development of the CLIPS-based expert system for brain tumor diagnosis involved the following steps:
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e Gathering knowledge from domain experts: We consulted with experienced neurologists and oncologists to gather
information about brain tumor symptoms, diagnosis, and possible outcomes. These insights helped us develop the 14 if-
then rules for the expert system.

e Rule development: We translated the acquired medical knowledge into a set of 14 if-then rules, which were designed to
identify three possible outcomes: 1) Confirm the diagnosis of a brain tumor, 2) Consider the possibility of a brain tumor
that has metastasized, and 3) Consider the possibility of a brain tumor.

o Implementation using CLIPS programming language: The expert system was developed using the CLIPS programming
language, a widely used language for creating rule-based expert systems.

e Designing the user interface: We developed a user-friendly interface with clear menus and navigation options to facilitate
ease of use. The interface allows users to select symptoms from a list and receive a diagnosis based on their selections.

The proposed expert system is designed to diagnose three potential outcomes related to brain tumor diseases. To begin the process,
the user must click the "start button™ from the main screen shown in Figure 2. The expert system asks the user to choose the correct
14 symptoms from the list displayed on the screen, as illustrated in Figure 3. At the end of the dialogue session, the expert system
presents the user with a diagnosis and corresponding recommendations, as depicted in Figure 4.

(®) Diagnosis of Brain Tumor Expert System - O *

The Expert System was designed by Raja Elias Tarazi t‘

A Brain Tumor Expert System is an artificial intelligence-based decision support
tool designed to assist medical professionals in the diagnosis.

Figure 2: Diagnosis of Brain Tumor Expert System Main Screen
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(®) Diagnosis of Brain Tumor Expert System = O x

‘Diagnosis of Brain Tumor Expert System

Choose the symptoms that appear on the patient from the following List

A biopsy of the brain tissue confirms the presence of abnormal cells

® A biopsy of the brain tissue confirms the presence of abnormal cells or tumors
A neurcimaging study, such as a CT or MR, reveals a mass or abnormality in tt
A patient experiences difficulty with balance, coordination, or moter function
A patient experiences frequent and severe headaches, especially in the mornin
A patient experiences personality changes, cognitive decline, or memory loss
A patient experiences seizures, especially for the first time in their life or in an u
A patient experiences unexplained vision or hearing loss
A patient has a history of cancer in other parts of the body

Analyze Exit

Figure 3: list of 14 symptoms on the Expert System
(5) Diagnosis of Brain Tumor Expert System = a X

The diagnosis of the Diagnosis of Brain Tumor Expert System ‘

The Diseases is called ‘ Confirm the diagnosis of brain ‘

Diagnosis Confirm the diagnosis of brain tumor

Snapshot of the Disease ‘

£

Figure4: Diagnose outcome Screen on the Expert System
6. Research Limitations
Our CLIPS-based expert system for brain tumor diagnosis has several limitations, including:
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1. The limited scope of symptoms and rules: The system's 14 if-then rules might not cover all possible symptom combinations,
potentially impacting diagnostic accuracy.

2. Reliance on accurate user input: Inaccurate user input can lead to incorrect diagnoses, affecting clinical decision-making.

3. Lack of integration with medical imaging: The system does not incorporate medical imaging data, which could potentially
improve its accuracy and reliability.

4. Adaptability to evolving medical knowledge: Updating the system's rule base to keep up with changing medical knowledge
can be challenging.

5. Generalizability and external validity: The system's validation may not be generalizable to a broader range of cases or
clinical settings.

6. Acceptance and adoption in clinical settings: Medical professionals may hesitate to adopt the expert system due to liability,
trustworthiness, and loss of human expertise.

Addressing these limitations and challenges will be essential for successfully implementing the expert system in real-world clinical
settings. Future research should focus on expanding the rule base, integrating medical imaging data, enhancing adaptability, and
promoting acceptance and adoption in clinical settings.

7. Conclusion

This paper presents a CLIPS-based expert system for brain tumor diagnosis, which leverages a set of 14 if-then rules to provide three
possible outcomes for diagnostic support. Our system offers a user-friendly interface that allows users to select symptoms and receive
diagnoses based on the provided information. Despite its limitations, the expert system has the potential to streamline the diagnostic
process, facilitate clinical decision-making, and improve patient outcomes. Future research should address the identified limitations,
enhance the system's accuracy and reliability, and promote its adoption and integration into real-world clinical settings. This research
contributes to the growing body of work in artificial intelligence and rule-based expert systems for medical diagnoses, demonstrating
the potential of these technologies to support healthcare professionals and improve patient care.

8. Future Work
The current research provides a strong foundation for the development of a CLIPS-based expert system for brain tumor diagnosis,
with ample opportunities for future work:

1. Expanding the knowledge base to cover a broader range of symptoms, risk factors, and tumor types.

2. Integrating the expert system with medical imaging techniques to enhance diagnostic accuracy.

3. Implementing advanced techniques to address uncertainty and ambiguity in symptom combinations.

4. Incorporating adaptive learning algorithms to keep the system up-to-date with the latest medical advancements.

5. Improving the user interface for better usability and user experience.
We can refine and enhance the expert system by addressing these areas, ultimately contributing to better patient outcomes and more
efficient healthcare systems.
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