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ABSTRACT 

This final year project is to develop Medical Expert System Focusing on Diagnosis of 

Liver Cancer that can help doctors to diagnose type of liver cancer in early stage. This 

project is targeted for doctors to help them in diagnosing early stage of liver cancer. The 

main objective of developing this project is to develop medical expert systems that can 

help doctor to early diagnose a specific type of cancer focusing on liver cancer. The 

scope of the project will focus on diagnose cancer based on Physical exam analysis, 

Health history analysis, and Blood tests result analysis. Based on the research, although 

a doctor and laboratory work may be essential to confirm a diagnosis, but there were 

some problems and disadvantage of that way of diagnosis. The major problem to 

diagnose cancer is to get the surest way to know whether the problem is cancer or not as 

there are some problems encountered in diagnosing blood diseases. The methodology 

basically involves overlapping Planning, Collection of data, Analysis, Design, and 

Implementation phase. Expert System development design process involved conceptual, 

gathering data, and physical design stages. This project is really helping the doctors in 

early diagnosing liver cancer. From the result, this Medical Expert System have an 

accurate result compared to expert's result. That is means this system is a good system 

to help doctor in diagnosis liver cancer. 

iii 



ACKNOWLEDGEMENTS 

IN THE NAME OF Allah most gracious, most merciful, Author would like to thanks to 

Allah SWT for the guidance and wisdom to fulfill my Final Year Project. Hereby, I 

would like to take this opportunity to convey my greatest appreciation to all people who 

have been very cooperative and supportive during the accomplishment of this Final 

Year Project. 

Author would like to thanks University Technology of Petronas for arranging such 

beneficial course for students, which will expose and enhance students' skills. 

Author also would like to thank to my supervisor, Ms Foong Oi Mean for the guidance 

and support me in accomplishment of this Final Year Project. 

Beside, a token of gratitude for all of FYP Committee members who have approve my 

Final Year Project. Also a special thanks to Hospital Besar Ipoh's committee for 

helping me to accomplish this project. 

Last but not least, a special thanks to my parents and to all my friends. Thank you for 

the countless and meaningful advice and doa. Sincere thanks to the wonderful friends 

for their cooperation 

iv 



TABLE OF CONTENT 

CERTIFICATION OF APPROV AL ............................................................................. i 

CERTIFICATION OF ORIGINALITY ...................................................................... ii 

ABSTRACT .......................................... , .......................................................................... iii 

ACKNOWLEDGEMENTS .......................................................................................... iv 

TABLE OF CONTENT ................................................................................................. v 

LIST OF FIGURES ..................................................................................................... viii 

LIST OF TABLES ........................................................................................................... ix 

ABBREVIATION AND NOMENCLATURES ......................................... x 

CHAPTER!: INTRODUCTION ................................................... ! 

1.1 Background of study .......................................... 1 

1.2 Problem statement ............................................ 3 

1.3 Objective and scope of study ................................ 5 

1.3.1 Objectives ......................................... 5 

1.3.2 Scope ofStudy ................................... .S 

CHAPTER2: LITERATURE REVIEW I THEORY ............................ 7 

2.1 Defmition of cancer ........................................... 7 

2.2 Staging ofliver cancer ......................................... 8 

2.3 Cancer diagnosis ............................................... 9 

2.4 Physical examination ........................................ 1 0 

2.5 Health History ................................................ .11 

2.6 Blood Test ..................................................... 13 

2. 7 Expert system ................................................. 14 

2.8 The advantages of the expert system ....................... 15 

2.9 Exsys Corvid .................................................. .16 

v 



CHAPTER3: METHODOLOGY I PROJECT WORK ..................... l7 

3.1 Project approach ................................................ .17 

3.1.1 Problem Selection .................................... 17 

3.1.2 Knowledge Acquisition .............................. 18 

3.1.3 Knowledge Representation .......................... 20 

3.1.4 Development .......................................... 22 

3.1.5 Testing, Verification, Validation, Evaluation .... .34 

3.2 Tools Required .............................................. .34 

CHAPTER4: RESULTS AND DISCUSSION ................................... 35 

4.1 Opinion towards 'MEDLICA .............................. 35 

4.2 Stage of acceptance towards 'MEDLICA" ............... .37 

4.3 Stage of staff's knowledge of Medical Expert System.38 

CHAPTERS: CONCLUSION ....................................................... 40 

REFERENCE .................................................................................... .41 

vi 



J\1>1'~~1<:~~ .................................................................................... 39 

Appendix 1: Blood sample collection ......................................................... .45 

Appendix 2 : Normal values for (hCG) levels in blood ..................................... 46 

Appendix 3 :Two type of Liver Cancer ...................................................... .47 

Appendix 4 : TNM definitions ................................................................. .48 

Appendix 5: AJCC stage groupings ......................................................... .49 

Appendix 6 : AJCC stage groupings 1.. ....................................................... 50 

Appendix 7 : AJCC stage groupings 2 ......................................................... 51 

Appendix 8: AJCC stage groupings 3 ......................................................... 52 

vii 



LIST OF FIGURES 

Figure 3.1: The methodology adopted to design the expert system ....................... l9 

Figure 3.2: Expert System architecture ....................................................... 23 

Figure 3.3: Front Page ofMEDLICA .......................................................... 26 

Figure 3.4: Four Stages to be completed ........................................................ 26 

Figure 3.5: Questions stages for Heath Info .................................................. 27 

Figure 3.6: Questions stages for Medical History ........................................... 28 

Figure 3.7: Questions stages for Physical Examination ...................................... 29 

Figure 3.8: Questions stages for Blood Test .................................................. 30 

Figure 3.9: Result ................................................................................. 31 

Figure 3.10: Information about the cancer that provided by the system .................. 32 

Figure 3.11: Information about the cancer that provided by the system .................. 33 

Figure 4.1: Opinion towards 'Medical Expert System to diagnose liver cancer' ........ 36 

Figure 4.2: Stage of acceptance towards 'Medical Expert System to diagnose .......... 37 

liver cancer' 

Figure 4.2: Stage of staff's knowledge of Medical Expert System ........................ 38 

viii 



LIST OF TABLES 

Table 3.1: Cancer diagnose staging important information .............................. 20 

IX 



MEDLICA 

DNA 

AFP 

bCG 

LDH 

T 

N 

M 

ABBREVIATION AND NOMENCLATURES 

Medical Expert System Focusing on Diagnosis of Liver Cancer 

Nucleic acid 

Alpha-fetoprotein 

Human chorionic gonadotropin 

Lactate dehydrogenase 

PRIMARY TUMOR 

REGIONAL LYMPH NODES 

DISTANT METASTASIS 

X 



1. INTRODUCTION 

CHAPTERl 

INTRODUCTION 

This chapter features the basic information of the project, which includes the 

background of the project, problem statement, the objectives and scope of the study. 

1.1 Background ofstudy 

The number of new cases of cancer in the world is increasing each year. Cancer 

develops gradually as a result of a complex mix of factors related to environment, 

lifestyle, and heredity. The increase of cancer cases number has made a vital research to 

diagnose and treat the cancer. Nowadays, scientists have identified many ways to 

diagnosis cancer. 

In the clinical term, Cancer is an uncontrolled replication of damaged cells. This 

condition usually produces a mass called a tumor. Cancer is the direct result of either a 

mutation of the cellular DNA or some sort of damage to the cellular DNA. For the 

cancerous cell to actually develop into a tumor, it must be able to grow and to replicate 

itself. A cancerous cell that cannot grow or make a copy of itself will die or lie dormant 

for an extended period. 

There are many types of cancer that can be found in this world. One of the famous 

cancers is liver cancer. The liver is one of the largest organs in the body, filling the 

upper right side of the abdomen, inside the rib cage. The liver bas two parts, a right lobe 

and a smaller left lobe. The liver has many important functions, including filtering 
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harmful substances from the blood so they can be passed from the body in stools and 

urine, Making bile to help digest fats from food, and storing glycogen (sugar), which 

the body uses for energy. 

Frequently, patients with liver tumors are asymptomatic (have no symptoms) [2]. The 

diagnosis is made during an examination as part of a routine follow-up after cancer 

treatment. If a patient with colon cancer is going to develop metastatic disease in the 

liver, this will occur most likely within two years. Occasionally patients with liver 

tumors will develop symptoms such as pain, abdominal fullness, fever, or jaundice. 

When the primary care physician fmds a reason to suspect cancer in the liver, they will 

be advised to undergo a series of diagnostic tests. Some of these tests are noninvasive 

and require a brief visit to a clinic or lab. Others are more involved and may require an 

overnight stay in a hospital. 

When scheduling the testing, consider scheduling the more difficult tests on separate 

days. While it may be less convenient, some tests may tire people and require a day or 

so of recovery. Consider scheduling the tests on days when a friend or family member 

can accompany the patient. Not only can this person provide support, but he or she can 

also assist technicians and medical personnel with patient's health history as well as 

help them keep you comfortable. The diagnostic testing can become quite stressful. 

Allow people as much time as possible to learn about the test and to recover from the 

testing experience. [1] 

After diagnosis, doctor will find out the best treatment for the patients. 
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1.2 Problem statement 

Nowadays, number of people that get a cancer has increase. Basically, there are about 

200 different types of cancer affecting the different body tissues. What affects one body 

tissue may not affect another. For example, tobacco smoke that you breathe in may help 

to cause lung cancer. Over exposing your skin to the sun could give you a melanoma on 

your leg. But the sun won't give you lung cancer and smoking won't give you 

melanoma. [3] 

Apart from infectious diseases, most illnesses are 'multi-factorial'. And cancer is no 

exception. Multi-factorial means that there are many factors involved. In other words, 

there is no single cause for any one cancer. Multi-factoral causes are such as 

Carcinogens, age, genetic make up, inunune system, diet , day-to-day environment , 

and also Viruses. 

If someone have a sign or symptom that might mean they have cancer, the doctor will 

do a physical exam and ask about your medical history. For time being, no single test 

can diagnose cancer, but laboratory tests of such things as blood and urine give doctors 

important information. The major problem to diagnose cancer is to get the surest way to 

know whether the problem is cancer. [4] 

Typically, a physician will conduct various tests and exams. They may include imaging 

procedures, which produce pictures inside the body, or usage of various scopes, which 

allows the doctor to look directly inside certain organs; and laboratory tests. 

In most cases, the doctor also orders a biopsy, a procedure in which a sample of tissue is 

removed. A pathologist examines the tissue under a microscope to check for cancer 

cells. 

Although a doctor and laboratory work may be essential to confirm a diagnosis, but 

there were some problems and disadvantage of that way of diagnosis. The major 

problem to diagnose cancer is to know whether the problem is cancer or not. Usually, if 

the patient just only see the doctor, that doctor maybe not know the exact result from 
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the diagnose testing. Some doctors tent to think within his or her specialty, and may be 

biased by preconceptions, stereotyping, emotions or personal interests. As a human, 

doctor sometimes make a wrong conclusion about the diagnosis.[S] 
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1.3 Objective and scope of study 

1.3.1 Objectives 

1. To develop medical expert systems that can help doctor to early diagnose a 

specific type of cancer focusing on liver cancer. 

ii. To understand the concept and development of rule-based expert systems. 

iii. To develop medical expert systems that integrates knowledge of many doctors 

and researchers. 

1v. To develop medical expert systems that is available at any time and anywhere. 

v. To develop medical expert system that offers completes anonymity (if desired). 

1.3.2 Scope of Study 

This project focuses on the expert system services and features available in the 

application. 

The main features of this project would be: 

i. Help the Doctors to detect in early stage ofliver cancer. 

ii. Describe the stage of liver cancer. 

The scopes of this project are focusing on this area: 

i. Physical exam analysis 

Physical exam analysis is an analysis of an examination of the body to check 

general signs of health, including checking for signs of disease, such as lumps or 

anything else that seems unusual. The testicles may be checked for lumps, swelling, 

or pain. 
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ii. Health history analysis 

A history of the patient's health habits and past illnesses and treatments will also be 

taken. Scientists have found that people with certain risk factors are more likely than 

others to develop liver cancer. A risk factor is anything that increases a person's 

chance of developing a disease. 

Studies have shown the example of risk factors are Chronic liver infection 

(hepatitis) B or (hepatitis) C, Cirrhosis, Aflatoxin, Family history (People who have 

family members with liver cancer may be more likely to get the disease). 

iii. Blood tests result analysis 

Many blood tests may be used to check for liver problems. One blood test detects 

alpha-fetoprotein (AFP). High AFP levels could be a sign of liver cancer. 
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CHAPTER2 

LITERATURE REVIEW I THEORY 

2. LITERATURE REVIEW I THEORY 

This chapter provides the background information of Medical Expert System and liver 

cancer diagnosis. This chapter also contains related findings on this field, consisting of 

relevant theories, hypotheses, facts and data, which are relevant to the objectives and 

findings of the project 

2.1 Definition of cancer 

Cancer is any malignant growth or tumor caused by abnormal and uncontrolled cell 

division; it may spread to other parts of the body through the lymphatic system or the 

blood stream (astrology) a person who is born while the sun is in Cancer. a small 

zodiacal constellation in the northern hemisphere, between Leo and Gemini the fourth 

sign of the zodiac; the sun is in this sign from about June 21 to July 22 type genus of the 

family Cancridae.[26] 

In other hand, cancer is defmed as a class of diseases characterized by uncontrolled cell 

division and the ability of these cells to invade other tissues, either by direct growth into 

adjacent tissue (invasion) or by migration of cells to distant sites (metastasis). This 

unregulated growth is caused by a series of acquired or inherited mutations to DNA 

within cells, damaging genetic information that define the cell functions and removing 

normal control of cell division. [25] 
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2.2 Staging of liver cancer 

The most important step before diagnosis of cancer is to accurately determine the stage 

of cancer. Stage describes how far the cancer has spread. Each stage of cancer may be 

treated differently. [6] 

Staging is part of the diagnostic process and consists of gathering detailed information 

about the tumor to determine its stage of development. Staging is critical in determining 

if your cancer is advanced. The exact stage of the cancer will determine the treatment 

options. To determine the stage of disease, the physician uses a variety of diagnostic 

procedures to determine the type of tumor, size and location, and whether the tumor has 

metastasized or spread to another region of the body. 

Primary liver cancer (or hepatocellular cancer), intrahepatic bile duct cancer 

(cholangiocarcinoma), are diseases that occur when the tumor originates in the liver and 

did not spread from another organ. In Asia and Africa, hepatocellular cancer is the most 

common type of malignancy and frequently develops in patients who have liver 

cirrhosis. 

Each type of cancer has specific staging criteria. In general the different stages can be 

summarized as follows: 

Stage 1: Localized and Resectable 

Tumor is found in one location of the liver and could be treated surgically. 

Stage II: Localized and Possibly Resectable 

Primary tumor is found in one or more locations in the liver and may be treated 

surgically. The decision to surgically treat the disease will depend upon the experience 

of the physician. 
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Stage lll: Advanced 

Cancer has spread to more than one location in the liver and/or to other parts of the 

body. Frequently requires multiple treatment modalities for maximum benefit. Often, 

surgical resection does not provide benefit to tbe patient. 

Stage IV: Disseminated 

Cancer involves multiple sites throughout the body. Frequently, surgery is not indicated 

and chemotherapy is the best option. 

2.3 Cancer diagnosis 

There are differences between Diagnosis and detection. Cancer may be detected when 

symptoms or abnormalities, such as a lump or growth, are recognized by a patient or 

doctor. After a cancer is detected, it still must be carefully diagnosed. The diagnosis is 

made during an examination as part of a routine follow-up after cancer treatment 

A diagnosis is an identification of a particular type of cancer. When making a diagnosis, 

the initial signs and symptoms are investigated through a variety of tests in order to 

identify whether cancer is causing them and, if so, what type of cancer it is. For 

example, breast cancer may be detected when a patient notices a lump, but it must be 

carefully evaluated witb a number of tests in order to determine an accurate diagnosis. 

The diagnosis describes what type of breast cancer it is (i.e. "ductal" if it started in the 

ducts of the breast or "lobular" if it started in tbe lobes) and how advanced it is.[9] 

Diagnosis of primary liver cancer is generally made using blood tests, diagnostic 

imaging, surgical biopsy or laparoscopy, or a combination of the above. The alpha

fetoprotein blood test and ultrasound imaging of the liver are also used to screen high

risk populations (including those with hepatitis B and hepatitis C infections) for the 

disease. Since the risk of liver cancer is relatively low for healthy individuals, tbese 

tests are not used to screen the general population diagnosis of primary liver cancer is 
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generally made using blood tests, diagnostic imaging, surgical biopsy or laparoscopy, or 

a combination of the above. The alpha-fetoprotein blood test and ultrasound imaging of 

the liver are also used to screen high-risk populations (including those with hepatitis B 

and hepatitis C infections) for the disease. Since the risk of liver cancer is relatively low 

for healthy individuals, these tests are not used to screen the general population 

2.4 Physical examination 

Physical exam is an important part of the early cancer diagnosis.The physical 

appearance will give the physician a sense of the overall health of the liver. Yell owing 

of the skin and/or eyes is called jaundice, a condition that occurs when there is a build 

up of bile in the bloodstream caused by a malfunctioning liver, bile duct or gall bladder. 

This may also cause dark colored urine and clay colored bowel movements. 

The liver will be examined by feeling the right upper quadrant of the abdomen. This 

examination is usually done while patient are lying on their back and relaxed. The 

physician begins in the lower region moving in an upward position feeling for the 

overall shape and firmness of your liver. The size of the liver can be estimated by 

percussion (placing one fmger on patient's rib cage and tapping it with another finger), 

which uses sound as a determinate. Patient will also be examined for the presence of 

ascites (fluid that accumulates in the abdomen). 

The exam will also include an assessment of the axillary (armpit) and supraclavicular 

(above the collarbone) lymph nodes to determine if they are enlarged, which could 

indicate involvement with cancer. 
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2.5 Health History 

A history of the patient's health habits and past illnesses and treatments will also be 

taken to help for early diagnosis. A thorough history would contribute to the final 

diagnosis and development of a treatment strategy. 

If you have had cancer previously, the primary site (i.e. colon, rectum, breast) of the 

cancer will be evaluated to determine if the disease has recurred. 

Scientists have found that people with certain risk factors with specific health habits are 

more likely than others to develop liver cancer. A risk factor is anything that increases 

person's chance of developing a disease. 

Studies have shown the following risk factors: 

2.5.1 Chronic liver infection (hepatitis) 

Certain viruses can infect the liver. The infection may be chronic. (It may not go away.) 

The most important risk factor for liver cancer is a chronic infection with the hepatitis B 

virus or the hepatitis C virus. These viruses can be passed from person to person 

through blood (such as by sharing needles) or sexual contact. An infant may catch these 

viruses from an infected mother. Liver cancer can develop after many years of infection 

with the virus. These infections may not cause symptoms, but blood tests can show 

whether either virus is present. If so, the doctor may suggest treatment. Also, the doctor 

may discuss ways of avoiding infecting other people. 

In people who are not already infected with hepatitis B virus, hepatitis B vaccine can 

prevent chronic hepatitis B infection and can protect against liver cancer. Researchers 

are now working to develop a vaccine to prevent hepatitis C infection. 
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2.5.2 Cirrhosis 

Cirrhosis is a disease that develops when liver cells are damaged and replaced with scar 

tissue. Alcohol abuse, certain drugs and other chemicals, and certain viruses or parasites 

may cause cirrhosis. About 5 percent of people with cirrhosis develop liver cancer. 

2.5.3 Aflatoxin 

Liver cancer can be caused by aflatoxin, a harmful substance made by certain types of 

mold. Aflatoxin can form on peanuts, com, and other nuts and grains. In Asia and 

Africa, aflatoxin contamination is a problem. 

2.5.4 Being male 

Men are twice as likely as women to get liver cancer. 

2.5.5 Family history 

People who have family members with liver cancer may be more likely to get the 

disease. 

2.5.6Age 

Liver cancer occurs more often in people over age 60 than in younger people. The 

more risk factors a person has, the greater the chance that liver cancer will develop. 

However, many people with known risk factors for liver cancer do not develop the 

disease. People who think they may be at risk for liver cancer should discuss this 

concern with their doctor. The doctor may plan a schedule for checkups. 
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2.6 Blood Test 

A procedure in which a sample of blood is examined to measure the amounts of certain 

substances released into the blood by organs, tissues, or tumor cells in the body. Certain 

substances are linked to specific types of cancer when found in increased levels in the 

blood. These are called tumor markers. Many blood tests may be used to check for liver 

problems. One blood test detects alpha-fetoprotein (AFP). 

2.6.1 Alpha-fetoprotein (AFP) 

Alpha-fetoprotein (AFP) is a protein that is normally present in high concentrations in 

the blood of fetuses but disappears shortly after birth. If it is found in the blood of adults 

it suggests they may have liver cancer. 

Tests for AFP are used to look for early tumors in people at high risk for liver cancer. 

In areas where hepatocellular cancer is very common, use of the AFP blood test for 

hepatocellular cancer screening has resulted in the detection of many tumors at an 

earlier stage. 

Alpha-fetoprotein (AFP) is most useful in following the response to treatment for liver 

cancer (hepatocellular carcinoma). Normal levels of AFP are usually less than 20 

nanograms per milliliter (ng/mL ). A nanogram is one-billionth of a gram. AFP levels 

are higher than normal in 2 out of 3 patients with liver cancer. The level increases with 

the size of the tumor. In most patients with liver cancer, the level is more than 500 

ng/mL, while in very small tumors the levels may be less than 20 ng/mL. AFP is also 

elevated in acute and chronic hepatitis, but is seldom above I 00 ng/mL in these 

diseases. 

AFP is also higher in certain testicular cancers (embryonal cell and endodermal sinus 

types) and is used for follow-up of these cancers. Elevated AFP levels are also seen in a 
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certain rare types of ovarian and testicular cancer called yolk sac tumor or mixed germ 

cell cancer. For conclusion, high AFP levels could be a sign ofliver cancer. 

2. 7 Expert system 

An expert system is a computer application that solves complicated problems that 

would otherwise require extensive human expertise. In the other hand, an expert system 

is a program, which attempts to mimic human expertise by applying inference methods 

to a specific body of knowledge called the domain. Knowledge is different from data or 

information in that data is passive. Knowledge on the other hand is active in that it can 

be used to infer new information from what is already known about a problem. [8] 

To do so, it simulates the human reasoning process by applying specific knowledge and 

interfaces. Expert systems also use human knowledge to solve problems that normally 

would require human intelligence. These expert systems represent the expertise 

knowledge as data or rules within the computer. These rules and data can be called upon 

when needed to solve problems. Books and manual guides have a tremendous amount 

of knowledge but a human has to read and interpret the knowledge for it to be used. It is 

also called as a system that uses human knowledge captured in a computer to solve 

problems that ordinarily require human expertise 

An intelligent computer program that uses knowledge and inference procedures to solve 

problems that was difficult enough to acquire significant human expertise for their 

solutions (Feigenbaum). 

Expert systems typically have a number of several components. The knowledge base is 

the component that contains the knowledge obtained from the domain expert. Normally 

the way of representing knowledge is using rules. The inference engine is the 

component that manipulates the knowledge found in the knowledge base as needed to 

arrive at a result or solution. The user interface is the component that allows the user to 

query the system and receive the results of those queries. Many ES's also have an 
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explanation facility which explains why a question was asked or how a result or 

solution was obtained. 

There are several major application areas of expert system such as agriculture, 

education, environment, ·law manufacturing, medicine power systems etc. In this article 

we will review about agriculture, education, environment and medicine expert 

system. These four applications widely use among the practitioners due to the maturity 

of the field by revealing the acceptance of the technology by the commercial sectors. 

2.8 The advantages of the expert system 

There are few advantages that the expert system being use in the agriculture field. First, 

it has the ability to imitate human thought and reasoning. Second, the expert system 

makes modification of knowledge very convenient. Third, it has the ability of 

interpretation makes interaction more user friendly. Fourth, with the machine learning 

technique knowledge can be acquired automatically and directly from experimental data 

and real time examples and helps to provide the right information which is timely and 

actionable. Sixth, it can provide expert level recommendations understandable to users. 

And lastly, it has the ability to handle uncertain information. 
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2.9 Exsys Corvid 

EXSYS provides interactive expert system software and services that capture, automate 

and distribute problem-solving knowledge on the Web, and throughout organizations. 

For over two decades, EXSYS knowledge automation expert systems have been used 

by thousands of businesses worldwide providing significant costsavings and R.O.I., new 

revenue streams and a unique competitive edge. 

Exsys CORVID is easy to learn and use. It is also a very powerful expert system 

development tool capable of handling a wide range of problems. Consequently, it has 

many options and controls that are used for advanced systems and special situations. 

Many of these advanced features are not typically needed for most systems. This guide 

will introduce to the common controls that are all users need to build most systems and 

help users get started building your first system. Selecting an Appropriate Problem 

Exsys CORVID is designed to help users describe the logical steps in a decisiomnaking 

process in a way that allows the knowledge to be delivered to others as if they were 

interacting with a human expert. This is actually very similar to the way users would 

explain how to solve a problem to a person. 
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CHAPTER3 

METHODOLOGY I PROJECT WORK 

3. METHODOLOGY AND PROJECT WORK 

This chapter contains the details description of the methodologies and procedures used 

to complete and achieve the objectives of this project. 

3.1 Project approach. 

3.1.1 Problem Selection 

3.1.2 Knowledge Acquisition 

3.1.3 Knowledge Representation 

3.1.4 Development 

3.1.5 Testing, Verification, Validation, Evaluation 

3.1.1 Problem Selection 

Problem Selection was choosing according to problems statements below; 

i. Human Error during diagnosing cancer. 

ii. Number of people that get a cancer has increase 

iii. Doctor do not know the surest way to diagnose cancer 

iv. Lack of Expertise 
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3.1.2 Knowledge Acquisition 

Gather knowledge to be used in expert system is most important task to be done. The 

data and information gathered are acquired from the various sources such as the online 

journals and articles. The knowledge basically gathered from document and expert. All 

the data would be collected from the interview between the experts, research, lab test, 

and others. 
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The methodology adopted to design the expert system is illustrated in this flow chart: 

START I _,. 

I From doctors 
U Collected Information 

I ~ 
1.--1 From printed sources I 

Translation l 
• I Scanning & Incorporating Digitalized I 

/~ ~ 
Organized Identified key terms 

Pictures Pathological 
of plants symptoms KB for E.S created ._j Created hyperlink I 

~ 
Problems in the User interface pro-

Created database I form of queries r---- gram created by 
collected using Exsys 

+ 
Corvip 

... 
Information Decision support 
retrieval system 

~ l solutions 

~ 
Target users testing their knowledge 

J. 
Feedback 

Figure 3.1: The methodology adopted to design the expert system 
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3.1.3 Knowledge Representation 

After acquired the knowledge from various sources, the next step to be completed is to 

translate it into softcopy based form, and represent all the knowledge in the rules based. 

Table 3.1: Cancer diagnose staging important information 

STAGES LIST OF TESTING High Risk Low Risk 
TEST 

i. Chronic liver Yes No 
infection (hepatitis) 

Medical history 
test ii. Cirrhosis Yes, liver cells No 

are damaged and 
replaced with 

scar tissue 

iii. Aflatoxin Yes, a harmful No 
substance made 
by certain types 

of mold 

iv. Family history Other family No, no family 
members have members have 

liver cancer liver cancer 
before before 

v. Being male Man Woman 

vi. Age >60 <60 

vii. Alcohol abuse Yes No 

vii. Exposure to certain Yes No 

chemicals and 

toxins 
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i. Upper right Always Not have 
abdomen pain 

Physical ii. Swelling in upper Yes No 
examination 

right abdomen 

iii. Abdominal Yes No 

pain extends 

to back and 

shoulder 

iv. Enlarged liver Yes No 

v. Weight loss A big amount of Normal weight 
weight loss in a 
short period of 

time 

vi. Malaise Always No 

vii. Loss of Always loss of No 
appetite appetite 

viii. Feeling of Always No 
fullness 

ix. Weakness Always No 

X. Fatigue Always, although No 
do a small work 

xi. Nausea Always No 

xii. Vomiting Always, No 
especially after 
eat something 

xiii. Fever Always fell not No 
well 

xiv. Jaundice Yes No 
a. Yellow 
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skin 

b. Yellow 

eyes 

c. Darker 

urme 

Alpha-fetoprotein (AFP) Level is more Less than 20 

Blood Test 
level analysis than 500 ng/mL nanograms per 

milliliter (ng/mL) 

3.1.4 Development 

The project was developed using expert system programming, using EXSYS CORVID. 

EXSYS CORVID allow for easy development of rule based expert system. 

Figure 3.2 shows the most important modules that make up a rule-based expert system. 

The user interacts with the system througb a user inteiface which may use menus, 

natural language or any other style of interaction). Then an inference engine is used to 

reason with both the expert knowledge (extracted from our friendly expert) and data 

specific to the particular problem being solved. The expert knowledge will typically be 

in the form of a set of IF-THEN rules. The case specific data includes both data 

provided by the user and partial conclusions (along with certainty measures) based on 

this data. In a simple forward chaining rule-based system the case specific data will be 

the elements in working memory. Knowledge base contains facts and an inference 

procedure to utilize the knowledge, which is called as inference engine. An 'user 

interface' program has also been incorporated in the expert system, which enables an 

user to interact with the system. 
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User 

Figure 3.2: Expert System architecture [37] 

Expert System Components 

Specific 
data 

Knowledge 
base 

i. User Interface - tool used by the end-user to communicate with the expert system 

ii. Knowledge Base - Storage of production rules 

iii. Explanation facility- tool to describe to the end user reasoning scheme 

iv. Working Memory- global database offacts used by the rules 

v. Inference Engine - from the facts presented, determines which rules to use and 

executes the ones with the highest priority 

VI. Stack - Inference engine created prioritized list of rules, whose patterns are 

satisfied by facts or objects in working memory 

vii. Knowledge Acquisition Facility- tool to feed knowledge to the system 
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Image maps 

Most of the questions and results are presented using image maps. These are JPG or 

GIF images with various regions marked as ''hot spots". They either provide answers to 

questions or link to another HTML page. Image maps are a very flexible interface 

format since any graphics, text or images can be used. In this system, clicking on the 

various components in the wiring diagram will display more information on the item. 

Frames 

CORVID provides the option to display the information in a new browser window or in 

a named frame on the same page. In this system, named frames on a single page are 

used. As each question is asked, the lower frames are used to automatically display 

graphics, photos or information that might be needed. In addition, clicking on the tabs 

along the left side will display other links in these same frames. When desired, clicking 

on the "Images" tab will display a larger and more complex page in a new browser 

window for closer inspection. 

Running the system 

This system puts a lot of information on the screen in 3 frames. Because of this it is 

better to run it in a fairly large browser window. It is also best to have a video mode of 

at least I 024x768. Resize the browser window so that the entire Java applet in the top 

frame is visible. Since image maps are used extensively, and a GIF image is loaded for 

each question, you may see a slight delay between questions on slow Internet 

connections. 
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Screen Shot 

,:.:'"irl Diagrto~is· 
. ..--. . __ .- .· , r. 
L..;ancer 

MEDLICA 

ENTER 

Figure 3.3: Front Page ofMEDLICA 
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w " ;;,~/e are four stage to be completed 

1. Health Info 
J 

Health History ~fl~~~~!i 
' ·::;;,_,.;_c,,;i',;\' ;-,.- < 

.3 Physical Examination 
-" Analysis 

~~ Blood Test __ ._.;/ 

ENTER 

Figure 3.4: Four Stages to be completed 
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(!) Adult 
() Children 

Figure 3.5: Questions stages for Heath Info 
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G Yes 
0 No 

Figure 3.6: Questions stages for Medical History 
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C) Always 

(> Sometimes 

0 Never 

Figure 3.7: Questions stages for Physical EXllmination 
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(} <10ng/ml 

0 < 10nglml and >500nglml 

0 >500nglml 

Figure 3.8: Questions stages for Blood Test 
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Based on the total result, the patient is suffering from cancer. 

l:trf.H~ of liver c.aneer: Secondary liver cancers 
More Info-

Click 

Figure 3.9: Result 
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' 
MEDLICA 

- - -----

Type of Liver Cancer 

illormall)l, cells dit> CJnd are replal eel in equal measure_ If cells begin to multi pi·/ -at a faster rcrlellldn trrey 
s11oUid, a grn'!Vth iorrns ai ali the urWi3rtled cells_ Sometimes tl1ese cells allelthair behif'·.lrour·to t•ecome 
a cancer and in\,: a de ihe surrounding tissue The'l may· also spread, a'<Nay from the otiQinal site, to otrrel 
orgcms in tl1e bodi . 

. "'. nmcer· occurring in the lhrer (.-an either slati ··rvrlllin the liver itself (a prirnar)' cancer), or start else··Nhere in 
the llody <JmJ tl1en spmsc! to the liver· (=3 second<JIY canc81)_ The majoritf of canrer.s seen in the liver are at 
a secondat'; ttpe_ In me Uniterj l<ingdom , prirnar; li'<.•er cancers are relaiPI8l1i rare_ GeneraiiV, canters 
Vlilllin the liver can t·e veri c~ill1cult 1D r.ute Ho··NI:!VI?r, clinicians and Sr~lenti:o.ts are finding more v,,·ays in 
·,vhid1 boti-t pritn:?-:1":,' Bnd second:or:.' cancers rnay be tre3ted 

Primary liver cancers 

The li•ter ts a corn pie, org<Jn consi'~ting of··t•?IV m:ony different tmes of cells. 

HO\';'ever, only the tNo princtpal cell t;'pes tend to forrrr cancers_The cells, vvlriclr perfonrt tile rundarnent::ol 
t:Olsks of tire liver, an: nlled llepatocvtes; th8 cancers t~rese form are C81led 1-1epatomas. Tlw cells lining 
11-18 IJtle ducts oflhe livet- can also cl-1211ge into cancer-s, these are termed cl-tolan[liocarctnomas 

Figure 3.10: Information about the cancer that provided by the system. 
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MEDLICA 

Treatment options under clinical evaluation: 

Chenw1her:aJJY or tJiologic therapy: B&c~•Jse of tt1e lli~il proport•ml or p,<\ien!s ··.vho e>'perio>n~8 
relapse follov·.·lri9 surge1y for localizcod 1Jep8tir cancer, adjuvant applo<Jtiles t·,ave l<ewn employed 
using chemoemilolization, rel)ional ;arter:-'ll rnfus10n Df the liver or S\'S!Rmk ti181-"P'l 'Mith 
cllemotheRlt:·rut•c :'lr:JEnls. l~ne rarm·urr<iced tri<::i or 43 patients suggested irnrrroved ~:utVI\':;d '-'lith 
adjui-Oint •i'Ji!r,Mn M a sin~le dose> ('1,850 r~Bq} of 1-131 lipiodol ·.ia u-,., l18fl8tic artel~'- Median 
drsea:,e-(riJe ~;11rvioal in the treatmer•l uwup W<lS 57 months comparHJ to 13.6 n-.onlhs m the 
IJIOUP that eM not recor1e treatmen: bF/O~od rt>section (P=.037). !L&ve.l of e\kier.ce f.i.<4, lifE] 
Up!ollCli vtas nonto':~c, but !'J?quired tll\'f'Jid suppwssion before :;mel after Sllr<J?;y_ Enrolltne-11! 111 
this tri:'!l ·.-,as prern::otumtv terrr,ino;t;od IJecause of early differences irr ·;w'.'i>'al tJeM'eEm the 
1reatmomt <•n<l (:ontiOI ~irn-,s Therefore, t11e res.ults rnust be consider-ell ~Hetrrninari and '-"-'111 
require tOPiiimc-tlon 

.".tle-ptue icnrnunolher r.py ."ii!IJ :ntetteukrn-2 and Jn~-CD3 activated autotoctor~s ll'r-oprt~JCVles w,1s 
iouno· to 11;;;;-e r'engtf·,eneci recunent e-fre-8 survival, butnCtt •JVerall S<.!t"'l181, rn I study_ U1J[i.e:reiot 
evi(if'!:ce: .' iiO.i.i!~ Localize,j recurrences in ti1e li'.'er rn~·~, o.;casronai;~ be <-li~C2ssfuii·,rtrea\2d bee rB
res?clrorr 

Figure 3.11: Information about the cancer that provided by the system. 
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3.1.5 Testing, Verification, Validation, Evaluation 

Testing, Verification, Validation, and Evaluation are the final phase of the project 

development. This system will be tested and evaluated after the development processes 

are accomplished. If any problems or error found, a necessary action will be taken in 

order to repair it. The testing process will be done following to a Test Plan. 

3.1 Tools Required 

Software: EXSYS CORVID 
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CHAPTER4 

RESULTS AND DISCUSSION 

4. RESULT AND DISCUSSION 

The survey was conducted by distributed the questionnaire with 10 close-ended 

questions to a group of staff in Hospital Besar Ipoh. The questionnaire was distributed 

to gather the infonnation about their opinion towards 'Medical Expert System to 

diagnose liver cancer', Level of acceptance of the 'Medical Expert System to diagnose 

liver cancer', and their level of knowledge of Medical Expert System. 

4.1 Opinion towards 'Medical Expert System to diagnose liver cancer' 

Based on the surveys, majority of the respondents have agreed that 'Medical Expert 

System' can help them to diagnose cancer. From the total survey, 70% of the 

respondents really agreed that 'Medical Expert System to diagnose liver cancer' can 

help to diagnose cancer. The second highest percentage denotes by the respondents who 

agree with 'Medical Expert System to diagnose liver cancer' that is 30% and 0% 

respondent neither agree nor disagree. The result of this survey can be evaluated and 

influence the respondents acceptance towards this research project. 
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Respondents 

0% 

Figure 4.1: Opinion towards 'Medical Expert System to diagnose liver cancer' 
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4.2 Stage of acceptance towards 'Medical Expert System to diagnose liver 

cancer' 

The survey also has been conducted to analyze the stage of acceptance of 'Medical 

Expert System to diagnose liver cancer'. From the survey's analysis, 30% of the total 

respondents strongly accept to implement 'Medical Expert System to diagnose liver 

cancer' in their hospital. 60% of the respondents accept to implement 'Medical Expert 

System to diagnose liver cancer'. The remaining of total number of respondent, 1 0"/o 

not accept on the system. 0% of the respondents strongly not accept. 

Respondents 

~m~O% .10% 

13 Strongly Not Accept • Not Accept _] ___ _ 

o Accept o Strongly Accept 
-----

Figure 4.2: Stage of acceptance towards 'Medical Expert System to diagnose 

liver cancer' 
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4.3 Stage of staff's knowledge of Medical Expert System 

Based on the surveys concerning the stage of staffs knowledge of Medical Expert 

System, 300/o of staffs really expert in Medical Expert system, and 60% know how to 

use and handle Medical Expert System. About 1 00/o of respondent do not know how to 

use Medical Expert System. 

Knowledge 

!i]0% •10% 

ra Strongly L~ 
oHigh 

- ----~ 

•Low I 

oMo~~~ 

Figure 4.2: Stage ofstaff's knowledge of Medical Expert System 
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From the survey, majority of the respondents are satisfied and pleased with 'Medical 

Expert System to diagnose liver cancer'. This is directly shows that the system is 

acceptable among the staff in the hospital. 

Majority of the respondents agree that 'Medical Expert System to diagnose liver cancer' 

would give a good impact in diagnosing liver cancer. Doctors in that hospital are 

expecting to have a better service in cancer diagnosing. 
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CHAPTERS 

CONCLUSION 

This research is aimed to study on the expert system for liver cancer diagnosing. This 

expert system has proved to be a value - added and decision - aid information product 

in research library, which is the ultimate motive of designing this system. Such value

added, tailor made products will definitely attract more readers and motivate them to 

use the resources to the maximum extent. 

Implementation of expert system in such fields is greatly influenced by techniques and 

methods from adaptive hypertext and hypermedia. Features of personalization, user 

modeling and ability of adaptive towards environment will become great challenges to 

settle. It can be used as a guideline to promote an expert system in various functions. 

This paper has highlighted that Expert System is an innovative tool for managing 

knowledge in any domain. 
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Blood sample colleetion 

The health professional 

Wrap an elastic band aronnd your upper arm to stop the 
flow of blood. This makes the veins below the band larger 

so it is easier to put a needle into the vein. 

Clean the needle site with alcohol. 

Put the needle into the vein. If the needle is not placed 
correctly or if the vein collapses, more than one needle stick 

may be needed. 

Attach a tube to the needle to fill it with blood. 

Remove the band from your arm when enough 
blood is collected. 

Apply a gauze pad or cotton ball over the needle 
site as the needle is removed. 

Apply pressure to the site and then a bandage. 

Appendix 1: Blood sample collecbon 
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Human chorionic gonadotropin (hCG) levels in blood 

Men and nonpregnant women: 

Pregnant About 24 to 28 days after the last 
women: menstrual period (LMP): 

· Less than 5 international 
• units per liter (lUlL) 

. 5-100 lUlL 

4 to 5 weeks after the LMP: 50-500 lUlL 

. 5 to 6 weeks after the LMP: . 100-10,000 lUlL 

Peak, 14 to 16 weeks after the LMP: 12,000-270,000 IU/L 

Appendix 2 : Normal values for Human chorionic gonadotropin (hCG) levels in blood 
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~-·j__l. 
The cells, which perfonn the 
fundamental tasks of the 
liver, are called hepatocytes; 
the cancers these fonn are 

, called hepatomas. The cells 

I lining the bile ducts of the 
liver can also change into 

1 • cancers; these are termed . 
I cholangiocarcinomas. j 

L~~---J 

i 

~_.l_"""""""' 
Nearly any cancer in the 
body can spread to the liver. 
Cancers more likely to have 
secondary growths in the 
liver are those from the 
stomach, pancreas and large 
bowel (colon). This is 
because the blood stream 
away from these digestive 
organs flows directly to the 
11ua.1" 

Appendix 3 :Two type of Liver Cancer 
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PRIMARY TUMOR (T) 

TX Primary tumor cannot be assessed 

TO No evidence of primary tumor 

Tl Solitary tumor without vascular invasion 

T2 Solitary tumor with vascular invasion or multiple tumors none 
more than 5 em 

T3 Multiple tumors more than 5 em or tumor involving a major 
branch of the portal or hepatic vein(s) 

T4 Tumor( s) with direct invasion of adjacent organs other than the 
gallbladder or with perforation of the visceral peritoneum 

REGIONAL LYMPH NODES (N) 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

Nl Regional lymph node metastasis 

DISTANT METASTASIS (M) 

MX Distant metastasis cannot be assessed 

MO No distant metastasis 

Ml Distant metastasis 

Appendix 4 : TNM definitions 
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Stage IV 
AnyT, any 
N.MI 

Stage lilA 
T3, NO,MO 

Stage I 
Tl, NO, MO 

AJCCstage 
groupings 

Stage IIIB 
T4,NO,MO 

Appendix 5 : AJCC stage groupings 
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Stage II 
T2,NO,MO 

Stage IIIC 
AnyT, Nl, 
MO 



Localized resectable adult primary 

liver cancer 

(Se~eoted Tl and T2; NO; MO) 

Localized resectable liver cancer is confined to 

a solitary mass in a portion of the liver, or a 

limited number, of tumors co'nfined to one lobe, 

that allows the possibility of corrtplete surgical 

removal of the tumor with a margin of normal 

liver. Liver function t,ests are ,usually normal 

or minimally abnormal, and there should be no 

evidence of cirrhosis beyond Child class A or 

chronic hepatitis. ·Only a srrtall percentage of 

liver cancer patients will prove to. have such 

localized re;;ectable disease. Preoperative 

assessment that includes 3-phase helical 

computed tomography and/or magnet:ic resonance 

scanning shouid be. directed toward determining 

·the presence of extension of tumor across 

interlobar planes, involvement of the hepatic 

hilus, or encroachment on the veria cava. A 

resect.ed specimen should ideally contain a 1 em 

marg~n of no.r±nal li vet. 

Appendix 6 : AJCC stage groupings 1 
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Localized and locally advanced 

unresectable adult primary liver cancer 

(Se1ected Tl, T2, T3, and T4; NO; MO) 

Localized and locally advanced unresectable 
liver cancer appears to be confined to the 
liver, but surgical resection of the entire 
turnor is not appropriate because of location 
within the liver or conco'mita.nt medical 
conditions (such as cirrhosis). These patients 
may be considei:ect for liver transplantat.ion. [2_) 
[:3_] [~] [:'i_i For other patients, percutaneous 
ethanol injeCtion, radiofrequency ablation, or 
chemoernbolization may be options. [§] 

Appendix 7 : AJCC stage gronpings 2 
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Advanted adult primary liver canter 

(Any T, Nl or Ml) 

Advanced liver cancer is present in both lobes 
of the liver or has metastasized to distant 
sites. Median survival is usually 2 to 4 months. 
The mostc common metastatic sites of 
hepatocellular cancer are the lungs and bone. 
Multifocal disease in the liver is common, 
particularly I< hen cirrhosis or chronic hepatitis 
is present. Chemoembolization has been 
beneficial in selected patients who have no 
extrahepatic metastases. [§J 

Appendix 8 : AJCC stage groupings 3 
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