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ABSTRACT 

 

 

 

 

Genetic Algorithm (GA) is an artificial intelligence (AI) based methodology 

for solving optimization problems. GA are problem dependent especially GA 

parameters and optimal parameter values require long experiment time. This project 

proposes a progress-value concept (PRGA) for crossover and mutation rate implement 

in steady-state GA (SSGA) to avoid trial and error experiment perform for optimal 

crossover and mutation rate. PRGA concept is using fitness value and total number of 

genes performed crossover and mutation for each individual within a generation to 

determine next generation crossover and mutation rate. PRGA is compare throughout 

SSGA with different fix crossover and mutation probability. The developed system is 

compiled using open source GA library (GAlib) for C programming language. 

Experimental results with proposed concept performance shows better processing time 

with SSGA.  
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ABSTRAK 

 

 

 

 

Algoritma genetik (GA) merupakan satu kepintaran buatan (AI) yang 

berasaskan metodologi untuk menyelesaikan masalah pengoptimuman. GA adalah 

teknik yang khusus berdasarkan masalah terutamanya parameter GA dan nilai-nilai 

parameter optimum yang memerlukan masa latihan yang panjang. Projek ini 

mencadangkan satu konsep progress-value (PRGA) untuk kadar pindah silang dan 

mutasi dilaksanakan dalam steady-state GA (SSGA) untuk mengelakkan kaedah trail-

and-error dalam mencari kadar pindah silang dan mutase yang optimum. Konsep 

PRGA menggunakan nilai kecergasan dan jumlah bilangan generasi melakukan 

pindah silang dan mutasi bagi setiap individu dalam tempoh satu generasi untuk 

menentukan kadar pindah silang dan mutasi kepada generasi akan datang. PRGA 

adalah membandingkan dengan SSGA menggunakan keberkasanan antara kadar tetap 

dan kadar boleh ubah bagi pindah silang dan mutasi. Sistem yang dibangunkan adalah 

disusun menggunakan open-source GA library (GAlib) untuk bahasa pengaturcaraan 

C. Keputusan eksperimen dengan prestasi konsep dicadangkan menunjukkan masa 

pemprosesan yang lebih baik dengan SSGA. 

  



vii 
 

 

TABLE OF CONTENTS 

 

   

   

   

   

CHAPTER TITLE PAGE 

   

 DECLARATION ii 

 DEDICATION iii 

 ACKNOWLEDGEMENT iv 

 ABSTRACT v 

 ABSTRAK vi 

 TABLE OF CONTENTS vii 

 LIST OF TABLES x 

 LIST OF FIGURES xi 

 LIST OF ABBREVIATION xiii 

 LIST OF APPENDICES xiv 

   

1 INTRODUCTION 1 

 1.1 Project Background 1 

 1.2 Problem Statement  3 

 1.3 Objective 4 

 1.4 Scope of Project 5 

 1.5 Thesis Organization 6 

2 LITERATURE REVIEW 7 

 2.1 Introduction 7 

 2.2 Theory of Genetic Algorithm 8 

  2.2.1 Genetic Algorithm Operators 9 

   2.2.1.1 Encoding 9 

   2.2.1.2 Selection 12 



viii 
 

   2.2.1.3 Crossover 14 

   2.2.1.4 Mutation 15 

 2.3 Related Works 16 

    

3 RESEARCH METHODOLOGY 21 

 3.1 Introduction 21 

 3.2 Project Flow  22 

 3.3 Adaptive Genetic Algorithm 23 

 3.4 Genetic Parameters 26 

 3.5 Genetic Operators 26 

  3.5.1 Encoding 27 

  3.5.2 Evaluation 28 

  3.5.3 Selection 29 

  3.5.4 Crossover 30 

  3.5.5 Mutation 30 

  3.5.6 Termination Criteria 31 

 3.6 Case Study 32 

  3.6.1 System Overview 32 

  3.6.2 Search Space 34 

  3.6.3 Objective Function and Fitness Function 35 

  3.6.4 Software Flow Chart 35 

  3.6.5 Software Requirement 38 

   3.6.5.1 C++ Programming 38 

   3.6.5.2 MySQL 40 

 3.7 Grant Chart 43 

    

4 RESULTS AND DISCUSSION 45 

 4.1 Introduction 45 

 4.2 Implementation of Genetic Algorithm 46 

  4.2.1 Hand Calculation 46 

  4.2.2 MATLAB 48 

  4.2.3  Microsoft Visual C++ 51 

 4.3 Progress-Value Genetic Algorithm 53 



ix 
 

 4.4 Genetic Algorithm Types 60 

 4.5 Genetic Algorithm Parameters with PRGA 62 

 4.6 Case Study Graphical User Interface 64 

    

5 CONCLUSION AND FUTERE WORK 66 

 5.1 Conclusion 66 

 5.2 Future Works 67 

REFERENCES 69 

Appendices                  A-D 71-99 

 

  



x 
 

 

LIST OF TABLES 

 

   

   

   

   

TABLE NO. TITLE PAGE 

   

3.1 Genetic Parameters 26 

3.2 Example Initial Population using GABin2DecGenome in 

GAlib 

28 

3.3 Example Carbohydrate per 100 grams of Food 34 

3.4 Grant Chart for Project 1 44 

3.5 Grant Chart of Project 2 44 

4.1 Hand Calculation Part 1: Initial Population Randomly 

Selected 

47 

4.2 Hand Calculation Part 2: Crossover 48 

4.3 Hand Calculation Part 3: Mutation 48 

4.4 Population in Second Generation 54 

4.5 First Parents Selected in Second Generation 54 

4.6 First Child Pair (Crossover) in Second Generation 54 

4.7 First Child Pair (Mutation) in Second Generation 55 

4.8 Fitness Information in Second Generation 55 

4.9 Genetic Parameter Value 56 

4.10 Population in Third Generation 57 

4.11 Result Information of PRGA 58 

4.12 Comparison Genetic Parameters between SSGA and 

PRGA 

63 

  



xi 
 

 

LIST OF FIGURES 

 

   

   

   

   

FIGURE NO. TITLE PAGE 

   

1.1 American Population with Diabetes reported in 2014 2 

1.2 Food amount contain 15g of carbohydrate 4 

2.1 High Level of Genetic Algorithm 9 

2.2 Example of Chromosomes with Binary Encoding 10 

2.3 Example of Chromosomes with Permutation Encoding 10 

2.4 Example of Chromosomes with Value Encoding 11 

2.5 Example of Chromosomes with Tree Encoding 11 

2.6 Roulette Wheel Selection 12 

2.7 Compare before and after ranking for Ranking Selection 13 

3.1 Overview of Project Flow 22 

3.2 Chromosome using Value Encoding 27 

3.3 Chromosome Format 29 

3.4 System Overview 33 

3.5 Flow chart of General Genetic Algorithm 36 

3.6 Flow chart of Adaptive Genetic Algorithm 37 

3.7 Structure of Chromosome and Food Item 39 

3.8 Function of Diet Planning using Simple Genetic Algorithm 39 

3.9 Window Visual C++ Interface 40 

3.10 Objective Function in GAlib 40 

3.11 MySQL Workbench Interface 41 

3.12 NutriDB Database MySQLTable 41 

3.13 MySQL Work Flow 43 

3.14 Example MySQL Command 43 



xii 
 

4.1 Objective Function using MATLAB 49 

4.2 Command and Option for MATLAB 49 

4.3 Result of Objective Function 20x+45y+60z = 700 using 

MATLAB 

50 

4.4 Fitness Function using MATLAB 51 

4.5 Initialize Parameters of Customize GA 51 

4.6 User Input of Customize GA 52 

4.7 Result with Termination Criteria of Customize GA 52 

4.8 Starting GUI of PRGA 53 

4.9 Result GUI of PRGA 58 

4.10 Overall of pc and pm using PRGA 59 

4.11 Evolution of pc and pm using PRGA (100 generations) 59 

4.12 Result of PRGA (100 generations) 60 

4.13 Compare Result of SGA and SSGA 61 

 

  



xiii 
 

 

LIST OF ABBREVIATION 

 

   

 

 

 

AGA - Adaptive Genetic Algorithm 

GA - Genetic Algorithm 

GUI - Graphical User Interface 

PRGA - Progress-Value Genetic Algorithm 

SGA - Simple Genetic Algorithm 

SSGA - Steady-State Genetic Algorithm 

 

  



xiv 
 

 

LIST OF APPENDICES 

 

    

    

    

    

APPENDIX TITLE PAGE 

   

A 
Compare Result of Genetic Algorithm 

Parameters 

 
71 

B  Case Study Graphical User Interface  73 

C GAlib Visual C++  78 

D  Customize GA Visual C++  91 

 



 
 

CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Project Background 

 

 

Genetic Algorithm (GA) are relatively robust over many different types of 

search spaces. However, for particular problem domains, GA performance can often 

be improved by tuning their parameters such as type of operator, probabilities of 

applying the genetic operators, population size, et al. Often these parameters need to 

be optimized to allow the GA to deliver good and robust solutions for a whole family 

of similar problems. Achieving these goals requires in general a very careful and time-

consuming fine tuning of parameters. 

 

Diabetes is a common life-long health condition. From National Diabetes 

Statistics reported in 2014, American population with diabetes are increasing from 

year 2010, 25.8 million Americans or 8.3% to year 2012, 29.1 million Americans or 

9.3%. In year 2010, from the 25.8 million Americans the figure for diagnosed and 

undiagnosed are 18.8 million and 7.0 million respectively. However year 2012, 

diagnosed Americans show 21.0 million and 8.1 million are undiagnosed. 

 

From the statistic figure discuss in Figure 1.1, obviously amount of diabetes 

are increasing from year to year in different country. Diabetes happens when blood 
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glucose, also called blood sugar, is too high. Blood glucose is the main type of sugar 

found in our blood and is our main source of energy. Glucose comes from the food 

eaten and also made in our body’s cells to use for energy. 

 

 

Figure 1.1: American Population with Diabetes reported in 2014 

 

Pancreas is an organ helps with digestion and releases a hormone into our blood, 

called insulin. Insulin helps our blood carry glucose to all body’s cell and sometimes 

if body does not produce enough insulin or insulin does not work as the way it should. 

Because of blood glucose levels increase hence glucose stays in our blood and does 

not reach cells, it cause diabetes or maybe pre-diabetes. Therefore diabetes patients 

need to plan and prepare their diet according to maximum glucose can be taken per 

meal or day. 

 

Furthermore, diabetic patient can control their blood glucose level through 

exercise or meal and treatments. When taking meal, most of the patient will according 

to the amount or food item been selected by doctor. Other than that, patient also can 

follow the recipe provided through internet and calculate the amount can be taken 

according personally. Diet planning using genetic algorithm will discuss detail in the 

project so that patient can have the food item interest with the result amount show from 

system. 
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1.2 Problem Statement 

 

 

Genetic Algorithm is an iterative process and the operational number of 

generations is not easily determined. However, genetic parameters are problem 

dependent and optimal parameter values require long experimentation time. The power 

of genetic algorithm arises primarily from crossover and mutation. As explain 

crossover operation is used to generate offspring by exchanging bits in a pair of 

individual called parents chosen from the population, with the probability the good 

solution can generate better ones. The mutation operator is used to change some genes 

in selected individual with a mutation probability or mutation rate which leading to 

additional genetic diversity to help the search process escape from local optimal traps. 

From problem to problem genetic parameters value for crossover and mutation rate 

dependent. 

 

Normally patient have to calculate their total carbohydrate intake per meal by 

basic calculation according maximum carbohydrate intake recommend or follow the 

food recipe provided internet. Example, if patient wish to have a spaghetti and a cup 

of soft drink with apple fruits for he/she lunch meal, he/she need to consider and 

calculate the total amount of sugar for the food portion. However, patient will need to 

sacrifice foods or reduce food portion to achieve the maximum carbohydrate can be 

taken per meal.  It is time consuming and need sacrificing food items to achieve 

carbohydrate amount.  

 

Diabetics patients need a nutrition table side-by-side while meal planning and 

preparation to calculate total sugar included for each meal and items. Example, user 

need to consider that one cup of milk is equal to half cup of fruit juice shown in Figure 

1.2, so as a diabetic patient they need to consider widely that are any other food can 

replace the current food have been chosen. This is not user friendly and inconvenience. 
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Figure 1.2: Food amount contain 15g of carbohydrate 

 

 

 

 

1.3 Objectives 

 

 

The main objective of this project is to enhance genetic algorithm with adaptive 

probability crossover and mutation for optimal number of generation. The second 

objective is to design a software-based genetic algorithm for implementation in a 

computational nutrition diet planning for diabetic patient based on food item and 

suggest user amount of food portion can be taken with total less than maximum target 

carbohydrate amount per meal. 

 

The following goals are to be achieved during the whole progress of this project. 

I. To reduce number of generations and execution time to obtain optimal food 

amount. 

II. To ensure the objective value with match target value within tolerance 

0.1%. 

III. To prove simple linear equation can be solve by using Genetic Algorithm. 

IV. To design and develop software of Genetic Algorithm using C++. 
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V. To integrate the diet planning software with a comprehensive open source 

food nutrition database (NutriDB) that content foods carbohydrate amount. 

 

 

 

 

1.4 Scope of Project 

 

 

Firstly is to understand the methodology and algorithm of Genetic Algorithm 

(GA) using hand calculation and MATLAB. Variables are carbohydrate value for each 

food item selected, fix constant or constraint is the maximum carbohydrate amount 

advice from doctor. Implement genetic algorithm using Visual C++ language. 

 

Design genetic algorithm using console C++ with only 20 items of food. 

Design a user friendly interface using Window Visual C++ that maps food items from 

nutrition database (NutriDB). Use open source GA library (GAlib) and customize 

genetic algorithm to suit this project. Customize genetic algorithm is scalability to 

assign and tune useful genetic parameters especially crossover and mutation rate. 

 

Integrate nutrition database (NurtiDB) with diet planning tool with 10k of food 

items. Understand from MySQL database to read nutrition information for each food. 

Understand how to extract data from database table and form a nutrition calculation 

formula and ready carbohydrate value for objective function to be used in genetic 

algorithm. 
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1.5 Thesis Organization 

 

 

Chapter 1 provides project background of diabetic describe briefly and 

problem facing on diabetic patient been listed. The purpose of this chapter is to 

describe the objectives of this project to solve the problem for diabetic patient and 

genetic algorithm with scope of project. Chapter 2 include theory and background of 

Genetic Algorithm and shortly describes some related works of mathematical equation 

using Genetic Algorithm. 

 

Identify and explanation of using Genetic Algorithm for the project are 

presented in Chapter 3. Furthermore, the adaptive genetic algorithm, genetic algorithm 

flow chart and the variables been selected in this project for C++ language are 

describes detail accordingly. Chapter 4 is based on result get from solving a generation 

of simple linear equation using hand calculation and discuss for each expected result. 

However, all results and discussion of each step output from command prompt window 

using C++ are described. Result and discussion using adaptive genetic algorithm also 

included. Chapter 5 conclude the overall project and the enhancement can be used in 

future work for this project. 
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