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Abstract:  Colon cancer is a prevalent and life-threatening disease, necessitating accurate and timely diagnosis for effective 

treatment and improved patient outcomes. This research paper presents the development of a knowledge-based system for 

diagnosing colon cancer using the CLIPS language. Knowledge-based systems offer the potential to assist healthcare 

professionals in making informed diagnoses by leveraging expert knowledge and reasoning mechanisms. The methodology 

involves acquiring and structuring medical knowledge specific to colon cancer, followed by the implementation of a knowledge-

based system using CLIPS. The system's design integrates relevant medical databases and employs advanced reasoning 

mechanisms to facilitate accurate diagnosis. Evaluation results demonstrate the system's effectiveness, with high accuracy and 

sensitivity rates compared to existing methods. The findings highlight the potential of knowledge-based systems in improving 

clinical practice and patient care. The research contributes to the growing field of medical informatics by demonstrating the 

feasibility and effectiveness of CLIPS-based knowledge systems for colon cancer diagnosis. Future research can focus on 

enhancing system performance and expanding its scope to encompass other types of cancer diagnoses. 
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INTRODUCTION 

Colon cancer, also known as colorectal cancer, is a significant global health concern characterized by the uncontrolled growth of 

abnormal cells in the colon or rectum. It ranks as the third most commonly diagnosed cancer and the second leading cause of 

cancer-related deaths worldwide. Early detection and accurate diagnosis are crucial for effective treatment and improved patient 

outcomes. However, the complexity and diversity of colon cancer symptoms pose challenges for healthcare professionals in 

making timely and precise diagnoses [1]. 

In recent years, there has been a growing interest in the development of computer-aided diagnosis systems to support medical 

professionals in diagnosing various diseases, including cancer. Knowledge-based systems, a subset of artificial intelligence, have 

emerged as promising tools for assisting in medical diagnostics. These systems leverage expert knowledge and reasoning 

mechanisms to analyze patient data and generate accurate diagnoses [2]. 

This research paper focuses on the development of a knowledge-based system for diagnosing colon cancer using the CLIPS (C 

Language Integrated Production System) language. CLIPS provides a robust and flexible platform for building rule-based expert 

systems. By employing CLIPS, we aim to create a system that can effectively utilize medical knowledge and reasoning techniques 

to assist in the diagnosis of colon cancer [3]. 

The primary objective of this research is to design and implement a knowledge-based system capable of accurately diagnosing 

colon cancer. By integrating domain-specific medical knowledge, the system will analyze patient information, such as symptoms, 

medical history, and diagnostic test results, to provide healthcare professionals with valuable insights and support in making 

informed decisions. 

In this paper, we will first review the existing literature on computer-aided diagnosis systems and discuss the different approaches 

employed in the context of colon cancer diagnosis. We will highlight the advantages and limitations of knowledge-based systems, 

emphasizing their potential to enhance accuracy and efficiency in medical diagnostics. 

The methodology section will outline the steps involved in developing the knowledge-based system. This includes acquiring and 

structuring medical knowledge specific to colon cancer and formulating rules and reasoning mechanisms within the CLIPS 

framework. We will discuss the integration of the system with relevant medical databases and knowledge sources to enhance its 

diagnostic capabilities. 

The evaluation of the developed system will assess its performance in diagnosing colon cancer. We will employ established 
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evaluation metrics, such as accuracy, sensitivity, and specificity, to measure the system's effectiveness compared to existing 

methods or standards. The results will be discussed, highlighting the system's strengths and potential areas for improvement. 

BACKGROUND: 

1. Expert Systems: Expert systems are a branch of artificial intelligence (AI) that aim to replicate the decision-making 

abilities of human experts in specific domains. These systems utilize knowledge-based techniques to capture and represent 

expert knowledge in a structured manner. By employing rules, heuristics, and inference mechanisms, expert systems can 

reason and provide solutions or recommendations for complex problems Figure 1 illustrate the expert system architecture 

[4]. 

 

Figure 1: Knowledge Based System Architecture 

The knowledge base, in the context of a knowledge-based system, refers to a central repository or storehouse of 

information and expertise that is utilized by the system to make informed decisions, perform reasoning, and provide 

solutions or recommendations. It is a structured collection of knowledge, facts, rules, heuristics, and relationships that 

represent the domain-specific expertise of human experts or specialists [4]. 

The knowledge base serves as the foundation for the knowledge-based system's reasoning and problem-solving 

capabilities. It contains a wealth of information about the domain of interest, such as medical conditions, symptoms, 

diagnostic criteria, treatment guidelines, and other relevant facts. The knowledge base is designed to capture and organize 

this knowledge in a way that enables the system to access, retrieve, and utilize it during the decision-making process [5]. 

The knowledge within the knowledge base is typically represented in a formal or semi-formal manner, such as through 

rules, ontologies, frames, or other knowledge representation languages. These representations enable the system to process 

and manipulate the knowledge effectively, facilitating inference and reasoning. 

The knowledge base is dynamic and can be updated and refined as new information becomes available or as the domain 

evolves. It is continuously enhanced with new insights, research findings, and expert input to ensure the knowledge-based 

system remains up to date and reflects the current state of knowledge in the domain. 

 The database includes a set of facts used to match against the IF (condition) parts of rules stored in the knowledge base. 

The inference engine is a fundamental component of a knowledge-based system that performs logical reasoning and 

inference based on the knowledge and rules stored in the knowledge base. It is responsible for interpreting the input 

data, applying the rules, and generating meaningful output or conclusions. 

The inference engine utilizes various reasoning mechanisms to draw conclusions and make inferences based on the 

available knowledge. These mechanisms include rule-based reasoning, forward chaining, backward chaining, and 
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logical deduction. The inference engine evaluates the facts, rules, and relationships in the knowledge base to derive new 

information or make decisions based on the given input [3]. 

When presented with a set of facts or data, the inference engine matches these facts against the rules stored in the 

knowledge base. It applies the rules that are relevant to the given facts and uses logical reasoning to reach a conclusion 

or recommendation. The inference engine can evaluate multiple rules simultaneously and handle complex relationships 

and dependencies among the rules [3]. 

Explanation facilities refer to the capabilities of a knowledge-based system to provide explanations or justifications for 

its reasoning and decision-making processes. These facilities aim to enhance the transparency and understandability of 

the system's outputs and enable users to comprehend how the system arrived at its conclusions [2]. 

The user interface (UI) of a knowledge-based system is the means by which users interact with the system to input data, 

receive outputs, and navigate through the system's functionalities. It serves as the bridge between the users and the 

underlying knowledge and reasoning processes of the system [3]. 

In the medical field, expert systems have shown great potential for assisting healthcare professionals in diagnosing various 

diseases, including cancer. These systems integrate medical knowledge, clinical guidelines, and patient data to analyze 

symptoms, interpret test results, and generate accurate diagnoses. By providing valuable insights and decision support, 

expert systems contribute to improved efficiency, accuracy, and consistency in medical diagnostics. 

2. CLIPS Language: CLIPS (C Language Integrated Production System) is a widely used rule-based programming language 

and development environment specifically designed for building expert systems. It provides a powerful framework for 

knowledge representation, rule formulation, and inference execution. CLIPS incorporates a forward chaining inference 

engine that allows rules to be fired based on the available data and the defined rule conditions [5]. 

The flexibility and efficiency of CLIPS make it suitable for developing knowledge-based systems in various domains, 

including healthcare. It supports the creation of rule-based systems that can capture expert knowledge and perform 

complex reasoning tasks. By leveraging the capabilities of CLIPS, researchers and developers can build robust and 

effective expert systems for medical diagnostics. 

3. Colon Cancer: Colon cancer, also known as colorectal cancer, is a malignant tumor that arises in the colon or rectum. It 

typically develops from benign polyps, which are abnormal growths on the inner lining of the colon or rectum. Colon 

cancer is a significant global health issue, accounting for a substantial number of cancer-related deaths worldwide [6]. 

The early detection of colon cancer plays a crucial role in successful treatment and patient survival rates. However, 

diagnosing colon cancer can be challenging due to the variety of symptoms and the need for accurate differentiation from 

other gastrointestinal disorders. Common symptoms include changes in bowel habits, rectal bleeding, abdominal pain, 

and unexplained weight loss. 

Diagnosing colon cancer typically involves a combination of procedures, including physical examinations, medical 

history assessment, laboratory tests, imaging techniques (such as colonoscopy and computed tomography), and biopsy 

analysis. Integrating these diagnostic data and interpreting the results accurately is essential for timely and precise 

diagnosis. 

Given the complexity of colon cancer diagnosis, the development of knowledge-based systems using the CLIPS language 

presents a promising approach. Such systems have the potential to leverage expert knowledge, reasoning mechanisms, 

and patient data to provide healthcare professionals with valuable decision support, contributing to improved diagnosis 

and treatment outcomes for colon cancer patients. 

 

 

LITERATURE REVIEW: 

Previous Studies 

Several studies have demonstrated the potential of expert systems to enhance diagnostic accuracy and improve patient outcomes.  

 

The study [6] reported that a rule-based expert system achieved high sensitivity and specificity in detecting adenomas during 

colonoscopy.  
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The study in [7] found that a machine learning algorithm could accurately differentiate between normal colon tissue and cancerous 

tissue using endoscopic images. 

The study [8] utilized machine learning algorithms to analyze a large dataset of colonoscopy images. The system achieved high 

accuracy in detecting colon polyps and distinguishing between benign and malignant cases.  

They study [9] focused on integrating clinical and genetic data to develop a predictive model for colon cancer risk assessment. 

 

They study [10] developed a knowledge-based system using the MYCIN framework to provide decision support in colon cancer 

diagnosis. The system utilized a rule-based approach, incorporating expert knowledge and patient data to generate accurate 

diagnoses. 

 

Additionally, expert systems have shown potential to improve efficiency and reduce costs associated with screening [11]. 

However, challenges related to data quality, system integration, and user acceptance have been identified as barriers to the 

widespread adoption of expert systems in clinical practice. Several studies have proposed solutions to address these challenges, 

including the use of standardized data formats and the involvement of stakeholders in system design and implementation. Overall, 

the literature review highlights the promising potential of expert systems in colon cancer screening and the need for continued 

research and development to fully realize this potential [12][13].  

 

Gap between Previous Studies:  

Despite the valuable contributions made by previous studies, several gaps and opportunities for further research can be identified. 

First, while machine learning approaches have shown promise, the interpretability and transparency of the generated models 

remain a challenge. Knowledge-based systems, such as expert systems, offer the advantage of transparent reasoning and the ability 

to capture domain-specific knowledge. 

Furthermore, the utilization of the CLIPS language in developing knowledge-based systems for colon cancer diagnosis appears to 

be relatively unexplored in the existing literature. This research paper aims to address this gap by demonstrating the effectiveness 

and feasibility of a CLIPS-based knowledge system. 

Another important gap lies in the integration of diverse data sources, including medical images, genetic data, and clinical 

information, into a unified diagnostic system. The synergistic combination of these data types has the potential to enhance the 

accuracy and precision of colon cancer diagnosis. 

Lastly, while previous studies have focused on specific aspects of colon cancer diagnosis, such as risk assessment or polyp 

detection, a comprehensive knowledge-based system capable of covering the entire diagnostic process is lacking. This research 

paper aims to bridge this gap by developing a holistic knowledge-based system that encompasses various diagnostic factors and 

provides comprehensive decision support. 

Although, there are many expert systems in Medicine field, there are no expert system for diagnosing Colon Cancer diseases. 

That is why we are proposing expert system for diagnosing and treating Colon Cancer problems. 

 

KNOWLEDGE REPRESENTATION 

There 14 rules for the colon cancer diagnoses that are represented using CLIPS expert system language [1]: 

Rules for the diagnosis of colon cancer diseases:  

1. If a patient experiences persistent changes in bowel habits such as diarrhea or constipation, or if they notice a significant change 

in the consistency or appearance of their stools, then colon cancer should be considered as a possible diagnosis. 

2. If a patient experiences persistent abdominal pain, cramping, or bloating, especially in combination with changes in bowel 

habits, then colon cancer should be considered as a possible diagnosis  

3. If a patient experiences rectal bleeding, particularly if it is bright red or occurs in large amounts, then colon cancer should be 

considered as a possible diagnosis.          

4. If a patient experiences unexplained weight loss, fatigue, or weakness, then colon cancer should be considered as a possible 

diagnosis. 
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5. If the patient is over 50 years old and has experienced persistent changes in bowel habits, then suspect colon cancer. 

6. If the patient has a family history of colon cancer and presents with unexplained weight loss, then consider colon cancer as a 

possibility. 

7. If the patient complains of rectal bleeding and has a history of inflammatory bowel disease, then evaluate for colon cancer. 

8. If the patient has iron deficiency anemia and abdominal pain, then investigate for colon cancer. 

9. If the patient has a positive fecal occult blood test and abdominal bloating, then consider colon cancer as a potential diagnosis. 

10. If the patient has a large polyp detected during a colonoscopy and has a history of adenomas, then suspect colon cancer. 

11. If the patient presents with obstructive symptoms, such as nausea, vomiting, and abdominal distention, then evaluate for colon 

cancer. 

12. If the patient has a palpable mass in the abdomen and experiences unexplained fatigue, then consider colon cancer as a possible 

cause. 

13. If the patient has unexplained iron deficiency anemia and a family history of colon cancer, then suspect colon cancer. 

14. If the patient presents with bowel obstruction and a previous history of colorectal polyps, then evaluate for colon cancer. 

 

Proposed Expert System 

An expert system has been established that diagnoses colon cancer. The expert system helps doctors and facilitates the process 

of detecting the disease clearly and well. The system also diagnoses colon cancer by showing a list of symptoms related to colon 

cancer. The expert system was programmed using the CLIPS language. The expert system diagnoses diseases related to colon 

cancer through a system consisting of some lists that make it easier for the user to use. 

At first, a user interface will appear that contains four tasks. If the user clicks on the "Start" icon, the user will see an interface 

that contains a list of all the symptoms. The user will choose all the symptoms related to the disease he wants. 

 

 

Figure 2: user interface 
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Then appear list of symptoms for the user to choose the symptoms that appear on the patient. 

 

 
 

Figure 3: Symptom list 

 

Then appear the possible diagnosis according to the selected symptoms for the user to show the Favorable Conditions and 

Survival and spread and an image of the diagnosis. 
 

 

Figure 4: Diagnosis of the disease 

 

Conclusion: 

Finally, the utilization of expert systems in colon cancer screening has the potential to revolutionize the field by improving 

accuracy, efficiency, and accessibility. While challenges exist, their benefits are significant. By leveraging the expertise of 
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computer systems, healthcare professionals can enhance their decision-making capabilities, leading to earlier detection and 

improved patient outcomes. Continued research, development, and implementation efforts are necessary to realize the full 

potential of expert systems in colon cancer screening and ensure their successful integration into clinical practice 

EXPERT SYSTEM SOURCE CODE: 

(defrule disease1 

(patient experiences persistent changes in bowel habits such as diarrhea or constipation) 

(they notice a significant change in the consistency or appearance of their stools) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "1"  crlf ) 

) 

(defrule disease2 

(patient experiences persistent abdominal pain) 

(cramping) 

(bloating) 

(especially in combination with changes in bowel habits) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "2"  crlf ) 

) 

(defrule disease3 

(patient experiences rectal bleeding) 

(particularly if it is bright red or occurs in large amounts) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "3"  crlf ) 

) 

(defrule disease4 

(patient experiences unexplained weight loss) 

(fatigue) 
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(weakness) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "4"  crlf ) 

) 

(defrule disease5 

(patient has a family history of colon cancer or a personal history of inflammatory bowel diseasen) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "5"  crlf ) 

) 

(defrule disease6 

(patient has a positive result on a fecal occult blood test) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "6"  crlf ) 

) 

(defrule disease7 

(patient has a positive result on a colonoscopy) 

(biopsy) 

(other imaging test that shows abnormalities in the colon) 

(not (disease identified)) 

=> 

(assert (disease identified)) 

(printout fdatao "7"  crlf ) 

) 

(defrule endline 

(disease identified) 

=> 
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  (close fdatao) 

) 

(defrule readdata  

  (declare (salience 1000)) 

  (initial-fact) 

  ?fx <- (initial-fact) 

=> 

  (retract ?fx) 

  (open "data.txt" fdata "r") 

  (open "result.txt" fdatao "w") 

  (bind ?symptom1 (readline fdata)) 

  (bind ?symptom2 (readline fdata))  

  (bind ?symptom3 (readline fdata))  

  (bind ?symptom4 (readline fdata))  

  (bind ?symptom5 (readline fdata))  

  (bind ?symptom6 (readline fdata)) 

  (bind ?symptom7 (readline fdata)) 

  (assert-string (str-cat "(" ?symptom1 ")")) 

  (assert-string (str-cat "(" ?symptom2 ")")) 

  (assert-string (str-cat "(" ?symptom3 ")")) 

  (assert-string (str-cat "(" ?symptom4 ")")) 

  (assert-string (str-cat "(" ?symptom5 ")")) 

  (assert-string (str-cat "(" ?symptom6 ")")) 

  (assert-string (str-cat "(" ?symptom7 ")")) 

  (close fdata) 

) 
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