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1. Introduction
a. Aim of Project
Genetic algorithms are a part of evolutionary computing, which is a rapidly growing area of artificial intelligence.  Genetic algorithms are inspired by Darwin's theory about evolution.  Simply said, solution to a problem solved by genetic algorithms is evolved.  The algorithm is started with a set of solutions called the population.  Solutions from one population are taken and used to form a new population.  This is motivated by a hope, that the new population will be better than the old one.  Solutions which are selected to form new solutions (offspring) are selected according to their fitness - the more suitable they are the more chances they have to reproduce.  This is repeated until some condition (for example number of populations or improvement of the best solution) is satisfied. 

This project uses the Java programming language to implement a genetic algorithm.  This project was written to run the genetic algorithm in an unspecified situation.  The goal of this project is for the code to be easily ported from a general setting to a specific setting, while computing correct results.  
b. Scope
The scope of this project is to implement a general genetic algorithm with a simple fitness function.  The code from this project is modular so that it can be easily interpreted and ported to a more specific problem in artificial intelligence.  In porting this code to a specific setting, one must only change the fitness function and number of attributes of the members of the population.

c. Summary of Results & Brief Evaluation
In order to run this program, the user must first compile all the java files: Genetic.java, GeneticFrame.java, GeneticPanel.java, Member.java, FitnessPanel.java, EntryPanel.java, and ResultPanel.java.  The file “Genetic.java” contains the main program function.  The user must type “java Genetic” from the command prompt to run the program.  Once the program has loaded, the user must specify the number of members in the population, the fitness threshold, the crossover rate, and the mutation rate.  The fitness threshold, crossover rate, and mutation rate must be integer values between 0 and 100.  Once a value is specified in the labeled text box and the button below that text box is pressed, the value will appear on the right side of the application.  The average fitness of the population, the fitness of the strongest member of that population, and the number of generations it took to produce that member is displayed at the bottom of the application.  Once all the above mentioned values are set, the user can then start the population evaluation by pressing the “Evolution” button.  Once the evaluation is complete, another window will pop up displaying a message indicating that the fitness threshold has been achieved, the fitness of the strongest member, a binary representation of that members attributes, and the number of generations it took to produce that member.  For easier understanding of the code, Javadoc html files are included with the project.
This program works very well.  However, if the user would decide to use values such as a population of less than ten and a crossover and mutation rate so low that no offspring will result from crossover and no members will be mutated, the fitness threshold may never be obtained.  Also, the run time of this program depends on the number of attributes each member has.  This value is hard-coded into “Member.java” as a constant.  If the user should decide to change this value, which is currently set to 16, performance will be greatly affected.  In all cases that acceptable values are used, this program quickly returns an optimal member of the population.
d. Division of Labor

Dan Kelly did the entire project.
2. Borrowed Work

a. Code
There was no borrowed code.
b. Algorithm
GA(Fitness, Fitness_threshold, p, r, m)


Fitness: A function that assigns an evaluation score, given a hypothesis.


Fitness_threshold: A threshold specifying the termination criterion.


p: The number of hypotheses to be included in the population.


r: The fraction of the population to be replaced by Crossover at each step.


m: The mutation rate.

· Initialize population: P ( Generate p hypotheses at random
· Evaluate: For each h in P, compute Fitness(h)
· While 
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Create a new generation, PS:
1. Select: Probabilistically select (1-r)p members of P to add to PS.  The probability Pr(hi) of selecting hypothesis hi from P is given by 
[image: image2.wmf]å

=

=

p

j

j

i

i

h

Fitness

h

Fitness

h

1

)

(

)

(

)

Pr(


2. Crossover: Probabilistically select 
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, produce two offspring  by applying the Crossover operator.  Add all offspring to PS.

3. Mutate: Choose m percent of the members of PS with uniform probability.  For each, invert one randomly selected bit in its representation.

4. Update: P ( PS.
5. Evaluate: for each h in P, compute Fitness(h)

· Return the hypothesis from P that has the highest fitness.
[1]
c. Data

Data is randomly generated as specified by the genetic algorithm [1].
3. Own Work

a. Code

All code is original and included in Section 6.
b. Algorithm
There was no original algorithms.
c. Data

Data is randomly generated as specified by the genetic algorithm [1].
4. Related Work

a. Code
Ariel Dolan has written a Java program called GA Playground.  The GA Playground is a general purpose genetic algorithm toolkit where the user can define and run his own optimization problems.  The toolkit is implemented in the Java language, and requires (when used as an application, in its full mode), a Java compiler and a very basic programming knowledge (just enough for coding a fitness function).  Defining a problem consists of creating an Ascii definition file in a format similar to Windows Ini files, and modifying the fitness function in the GaaFunction source file.  In addition, other methods can (optionally) be overwritten (e.g. the drawing method), other classes can be extended or replaced, and additional input can be supplied through Ascii files [3]. 
b. Algorithm
1. [Start] Generate random population of n chromosomes (suitable solutions for the problem) 

2. [Fitness] Evaluate the fitness f(x) of each chromosome x in the population 

3. [New population] Create a new population by repeating following steps until the new population is complete 

1. [Selection] Select two parent chromosomes from a population according to their fitness (the better fitness, the bigger chance to be selected) 

2. [Crossover] With a crossover probability cross over the parents to form a new offspring (children). If no crossover was performed, offspring is an exact copy of parents. 

3. [Mutation] With a mutation probability mutate new offspring at each locus (position in chromosome). 

4. [Accepting] Place new offspring in a new population 

4. [Replace] Use new generated population for a further run of algorithm 

5. [Test] If the end condition is satisfied, stop, and return the best solution in current population 

6. [Loop] Go to step 2 

[2]
c. Data

Data is randomly generated as specified by the genetic algorithm [2].
5. Listing of Algorithm
GA(Fitness, Fitness_threshold, p, r, m)


Fitness: A function that assigns an evaluation score, given a hypothesis.


Fitness_threshold: A threshold specifying the termination criterion.


p: The number of hypotheses to be included in the population.


r: The fraction of the population to be replaced by Crossover at each step.


m: The mutation rate.

· Initialize population: P ( Generate p hypotheses at random
· Evaluate: For each h in P, compute Fitness(h)
· While 
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2. Crossover: Probabilistically select 
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, produce two offspring  by applying the Crossover operator.  Add all offspring to PS.

3. Mutate: Choose m percent of the members of PS with uniform probability.  For each, invert one randomly selected bit in its representation.

4. Update: P ( PS.
5. Evaluate: for each h in P, compute Fitness(h)

· Return the hypothesis from P that has the highest fitness.


[1]
6. Listing of Code
Genetic.java
/** Executable class for CECS 375 Final Project

    @author Dan Kelly


@version 1.0

*/

import javax.swing.*;

public class Genetic {


public static void main (String[] args) {



JFrame frame = new GeneticFrame();



frame.show();


} // End main

} // End Genetic

GeneticFrame.java
/** Frame for CECS 375 Final Project

    @author Dan Kelly


@version 1.0

*/

import java.io.*;

import java.util.*;

import javax.swing.*;

import java.awt.*;

import java.awt.event.*;

public class GeneticFrame extends JFrame {

  
private Container container;


private GeneticPanel geneticPanel = new GeneticPanel(this);


private EntryPanel entryPanel = new EntryPanel(this);


private FitnessPanel fitnessPanel = new FitnessPanel(this);


private ResultPanel resultPanel = new ResultPanel(this);


private JMenuBar menuBar = new JMenuBar();


private JMenu fileMenu = new JMenu("File");


private JMenuItem exit = new JMenuItem("Exit");


private Vector memberVector = new Vector(0);


private Vector tempVector = new Vector(0);


private int numGenerations = 0;


private double fitnessThreshold = 0;


private double crossoverRate = 0;


private double mutationRate = 0;


private double strongFit = 0;


/** Set the frame in the middle of the screen.  The frame size is 

set to 512x384.  It contains one 



instance each of EntryPanel, GeneticPanel, and FitnessPanel. */


public GeneticFrame () {



setTitle("Genetic Algorithm");



setResizable(false);

    
// Get the toolkit and dimension so the screen size can be received 



Toolkit tk = Toolkit.getDefaultToolkit();



Dimension d = tk.getScreenSize();



int screenWidth = d.width;



int screenHeight = d.height;



setLocation(screenWidth/4,screenHeight/4);  



setSize(512,384);



// Close when the X is clicked



addWindowListener(new WindowAdapter()




{public void windowClosing (WindowEvent e)





{System.exit(0);}});

    
// Panels



container = getContentPane();





container.add(geneticPanel,BorderLayout.EAST);



container.add(entryPanel,BorderLayout.WEST);



container.add(fitnessPanel,BorderLayout.SOUTH);



// Menu Bar



menuBar.add(fileMenu);



fileMenu.add(exit);



exit.addActionListener(new LocalActionListener());



setJMenuBar(menuBar);

  
} // END Constructor

  
/** Creates a random population of <i>n</i> size.

      
@param n The number of members to include in the population. 



*/

  
public void createPopulation(int n) {

  

memberVector.clear();

  

numGenerations = 0;

  

strongFit = 0;



for(int i = 0; i < n; i++) {




Member m = new Member();




m.setAttributes();




memberVector.addElement(m);



} // End for



container.remove(geneticPanel);



geneticPanel = new GeneticPanel(this);



container.add(geneticPanel,BorderLayout.EAST);



container.remove(fitnessPanel);



fitnessPanel = new FitnessPanel(this);



container.add(fitnessPanel,BorderLayout.SOUTH);



container.validate();


} // End createGeneration


/** Returns the number of members.*/


public int getNumMembers() {



return memberVector.size();



} // End getNumMembers


/** Evolves the population by computing new generations using the Select, Crossover, and Mutation methods.*/


public void runGenerations() {



strongFit = 0;



numGenerations = 0;



double fit = getPopFitness();



while(getStrongestMemberFitness() < fitnessThreshold) {




//System.out.println("New Generation\n");




//System.out.println("fit = "+fit+"\n");




// Select




Select();




// Crossover




Crossover();




// Mutation




Mutation();




// Update Member Vector




Vector memberVector = new Vector(0);




for(int i = 0; i < tempVector.size(); i++) {





memberVector.addElement((Member)(tempVector.elementAt(i)));




} // End for




tempVector.clear();




fit = getPopFitness();




numGenerations++;




//System.out.println("Population Fitness = "+fit+"\n");



}  // End while



//System.out.println("Fitness Threshold Acheived.");



container.remove(fitnessPanel);



fitnessPanel = new FitnessPanel(this);



container.add(fitnessPanel,BorderLayout.SOUTH);



container.validate();



showResultPanel();


} // End runGenerations



/** Returns the number of generations it took to find a member which had a fitness greater thatn or equal to the fitness threshold..*/


public int getNumGenerations() {



return numGenerations;


} // End getNumGenerations 


/** Returns the average population fitness.*/


public double getPopFitness() {



double fit = 0;



for(int i = 0; i < memberVector.size(); i++) {




fit += ((Member)(memberVector.elementAt(i))).fitness();



} // End for



fit /= memberVector.size();



return fit;


} // End getPopFitness


/** Sets the fitness threshold.

      
@param n The fitness threshold. 



*/


public void setFitnessThreshold(int n) {



if(n <= 100)




fitnessThreshold = ((double)n)/100;



container.remove(geneticPanel);



geneticPanel = new GeneticPanel(this);



container.add(geneticPanel,BorderLayout.EAST);



container.validate();


} // End setFitnessThreshold


/** Sets the crossover rate.

      
@param n The crossover rate. 



*/


public void setCrossoverRate(int n) {



if(n <= 100)




crossoverRate = ((double)n)/100;



container.remove(geneticPanel);



geneticPanel = new GeneticPanel(this);



container.add(geneticPanel,BorderLayout.EAST);



container.validate();


} // End setCrossoverRate


/** Sets the mutation rate.

      
@param n The mutation rate. 



*/


public void setMutationRate(int n) {



if(n <= 100)




mutationRate = ((double)n)/100;



container.remove(geneticPanel);



geneticPanel = new GeneticPanel(this);



container.add(geneticPanel,BorderLayout.EAST);



container.validate();


} // End setMutationRate


/** Returns the fitness threshold.*/


public double getFitnessThreshold() {



return fitnessThreshold;


} // End getFitnessThreshold


/** Returns the crossover rate.*/


public double getCrossoverRate() {



return crossoverRate;


} // End getCrossoverRate


/** Returns the mutation rate.*/


public double getMutationRate() {



return mutationRate;


} // End getMutationRate


/** Returns the fitness of the strongest member.*/


public double getStrongFit() {



return strongFit;


} // End getStrongFit


/** Returns the strongest member.*/


public Member getStrongestMember () {



SortByProbabilities();



return (Member)(memberVector.elementAt(0));


} // End  getStrongestMember


private double getStrongestMemberFitness() {



// Assign Probabilities



for (int i = 0; i < memberVector.size(); i++){




((Member)(memberVector.elementAt(i))).setProbability((((Member)(memberVector.elementAt(i))).fitness())/getPopFitness());



} // End for



SortByProbabilities();



strongFit = ((Member)(memberVector.elementAt(0))).fitness();



//System.out.println("Strongest = "+strongFit+"\n");



return strongFit;


} // End getStrongestMemberFitness


private void SortByProbabilities() {



for(int i = 1; i < memberVector.size(); i++) {




for(int j = 0; j < i; j++) {





if(((Member)memberVector.elementAt(i)).getProbability() > ((Member)memberVector.elementAt(j)).getProbability()) {






memberVector.insertElementAt((Member)memberVector.remove(i),j);






break;





} // End if




} // End for



} // End for


} // End SortByProbabilities


private void Select() {



int numSelected = (int)((1-crossoverRate)*memberVector.size());



//System.out.println("Members to be selected "+numSelected+"\n");



for(int i = 0; i < numSelected; i++) {




tempVector.addElement((Member)(memberVector.elementAt(i)));




//System.out.println("Selected\n");



} // End for


}  // End Select


private void Crossover() {



int numSelected = (int)(((crossoverRate*memberVector.size())/2)+1);



//System.out.println("Pairs to be crossed "+numSelected+"\n");



Vector temp = new Vector(0);



for(int i = 0; i < 2*numSelected; i+=2) {




tempVector.addElement((Member)(memberVector.elementAt(i)));




tempVector.addElement((Member)(memberVector.elementAt(i+1)));




int j = 0;




for(j = 0; j < (Member.NUM_OF_ATTRIBUTES / 2); j++) {





temp.addElement(new Boolean( (((Member)tempVector.elementAt(i)).getAttributes())[j] ));




} // End for




int b = 0;




for(b = j; b < Member.NUM_OF_ATTRIBUTES-1; b++) {





temp.addElement(new Boolean( (((Member)tempVector.elementAt(i+1)).getAttributes())[b] ));




} // End for




b = j;




for(int k = 0; k < (Member.NUM_OF_ATTRIBUTES / 2); k++) {





((Member)tempVector.elementAt(i+1)).setAttributeAt(j,((Boolean)(temp.elementAt(0))).booleanValue());





temp.remove(0);





j++;




} // End for




for(int k = 0; k < (Member.NUM_OF_ATTRIBUTES / 2)-1; k++) {





((Member)tempVector.elementAt(i)).setAttributeAt(k,((Boolean)(temp.elementAt(0))).booleanValue());





temp.remove(0);




} // End for




//System.out.println("Cross\n");



} // End for


} // End Crossover


private void Mutation() {



int mutSelected = (int)(mutationRate*memberVector.size());



//System.out.println("Members to be mutated "+mutSelected+"\n");



for(int i = 0; i < mutSelected; i++) {




int r = (int) (Math.random() * tempVector.size());




((Member)(tempVector.elementAt(r))).mutate();





//System.out.println("Mutated\n");



} // End for


} // End Mutation


private void showResultPanel() {



Toolkit tk = Toolkit.getDefaultToolkit();



Dimension d = tk.getScreenSize();

  

int screenWidth = d.width;

  

int screenHeight = d.height;



JFrame resultFrame = new JFrame();



resultFrame.setSize(220,200);



resultFrame.setLocation((screenWidth/2)-110,(screenHeight/2)-100);



resultFrame.setTitle("Results");



resultFrame.setResizable(false);



Container container = resultFrame.getContentPane();  

    
container.setLayout(new BorderLayout());



container.add(resultPanel,BorderLayout.CENTER);



resultFrame.show();


} // End showResultPanel


class LocalActionListener implements ActionListener {



public void actionPerformed (ActionEvent e) {




if(e.getSource() == exit) {





System.exit(0);




} // End if



} // End actionPerformed


} // End LocalActionListener

} // END GeneticFrame

EntryPanel.java
/** Panel in which all the user inputs the necessary values to 


run the genetic algorithm for the CECS 375 Final Project.

    @author Dan Kelly


@version 1.0

*/

import javax.swing.*;

import java.awt.*;

import java.awt.event.*;

public class EntryPanel extends JPanel {


private GeneticFrame gf;


private JTextField memField;


private JTextArea memArea;


private JButton memButton = new JButton("Set Number of Members");


private JTextField fitField;


private JTextArea fitArea;


private JButton fitButton = new JButton("Set Fitness Threshold");


private JTextField crossField;


private JTextArea crossArea;


private JButton crossButton = new JButton("Set Crossover Rate");


private JTextField mutField;


private JTextArea mutArea;


private JButton mutButton = new JButton("Set Mutation Rate");


private JButton runButton = new JButton("Evolution");


/** Creates a panel with labels, buttons, and text boxes for user input.*/


public EntryPanel (GeneticFrame geneticFrame) {



setBackground(Color.black);



gf = geneticFrame;



setLayout(new BorderLayout());



Box box = Box.createVerticalBox();



// Members



JLabel memLabel = new JLabel("Number of Members");



memLabel.setForeground(Color.yellow);



box.add(memLabel);



memField = new JTextField(12);



memField.setBackground(Color.black);



memField.setForeground(Color.yellow);



memField.setCaretColor(Color.yellow);



memField.setSelectedTextColor(Color.yellow);



memField.setSelectionColor(Color.darkGray);



box.add(memField);



box.add(memButton);



memButton.addActionListener(new LocalActionListener());



box.add(Box.createRigidArea(new Dimension(1,2)));



// Fitness Threshold



JLabel fitLabel = new JLabel("Fitness Threshold");



fitLabel.setForeground(Color.yellow);



box.add(fitLabel);



fitField = new JTextField(12);



fitField.setBackground(Color.black);



fitField.setForeground(Color.yellow);



fitField.setCaretColor(Color.yellow);



fitField.setSelectedTextColor(Color.yellow);



fitField.setSelectionColor(Color.darkGray);



box.add(fitField);



box.add(fitButton);



fitButton.addActionListener(new LocalActionListener());



box.add(Box.createRigidArea(new Dimension(1,2)));



// Cross-over rate



JLabel crossLabel = new JLabel("Crossover Rate");



crossLabel.setForeground(Color.yellow);



box.add(crossLabel);



crossField = new JTextField(12);



crossField.setBackground(Color.black);



crossField.setForeground(Color.yellow);



crossField.setCaretColor(Color.yellow);



crossField.setSelectedTextColor(Color.yellow);



crossField.setSelectionColor(Color.darkGray);



box.add(crossField);



box.add(crossButton);



crossButton.addActionListener(new LocalActionListener());



box.add(Box.createRigidArea(new Dimension(1,2)));



// Mutation Rate



JLabel mutLabel = new JLabel("Mutation Rate");



mutLabel.setForeground(Color.yellow);



box.add(mutLabel);



mutField = new JTextField(12);



mutField.setBackground(Color.black);



mutField.setForeground(Color.yellow);



mutField.setCaretColor(Color.yellow);



mutField.setSelectedTextColor(Color.yellow);



mutField.setSelectionColor(Color.darkGray);



box.add(mutField);



box.add(mutButton);



mutButton.addActionListener(new LocalActionListener());



box.add(Box.createRigidArea(new Dimension(1,2)));



// Run Generations



box.add(runButton);



runButton.addActionListener(new LocalActionListener());



add(box);


} // End Constructor


/** This method is invoked each time

    
the panel has to be repainted. It

    
should not be invoked directly. */


public void paintComponent (Graphics g) {



super.paintComponent(g);


} // End paintComponent


class LocalActionListener implements ActionListener {



public void actionPerformed(ActionEvent evt) {

    

if((evt.getSource() == memButton) && !(memField.getText().equals("")) ) {





gf.createPopulation((Integer.valueOf(memField.getText())).intValue());




} // End if




if((evt.getSource() == fitButton) && !(fitField.getText().equals("")) ) {





gf.setFitnessThreshold((Integer.valueOf(fitField.getText())).intValue());




} // End if




if((evt.getSource() == crossButton) && !(crossField.getText().equals("")) ) {





gf.setCrossoverRate((Integer.valueOf(crossField.getText())).intValue());




} // End if




if((evt.getSource() == mutButton) && !(mutField.getText().equals("")) ) {





gf.setMutationRate((Integer.valueOf(mutField.getText())).intValue());




} // End if




else if(evt.getSource() == runButton) {





gf.runGenerations();




} // End else if



} // End actionPerformed


} // End LocalActionListener

} // End EntryPanel
GeneticPanel.java
/** Panel which displays the user-specified 


values for the CECS 375 Final Project.

    @author Dan Kelly


@version 1.0

*/

import javax.swing.*;

import java.awt.*;

public class GeneticPanel extends JPanel {


private GeneticFrame gf;


/** Creates a panel which displays the user-specified values.*/


public GeneticPanel (GeneticFrame geneticFrame) {



setBackground(Color.black);



gf = geneticFrame;



Box box = Box.createVerticalBox();



box.add(Box.createRigidArea(new Dimension(258,1)));



add(box);


} // End Constructor


/** This method is invoked each time

    
the panel has to be repainted. It

    
should not be invoked directly. */


public void paintComponent (Graphics g) {



super.paintComponent(g);



g.setColor(Color.yellow);



g.drawString("Number of Members: "+gf.getNumMembers(),45,60);



g.drawString("Fitness Threshold    : "+gf.getFitnessThreshold(),45,80);



g.drawString("Crossover Rate         : "+gf.getCrossoverRate(),45,100);



g.drawString("Mutation Rate             : "+gf.getMutationRate(),45,120);


} // End paintComponent

} // End GeneticPanel

FitnessPanel.java

/** Panel in which displays values about the current 


population for the CECS 375 Final Project.

    @author Dan Kelly


@version 1.0

*/

import javax.swing.*;

import java.awt.*;

public class FitnessPanel extends JPanel {


private GeneticFrame gf;


/** Creates a panel which displays values about the current population.*/


public FitnessPanel (GeneticFrame geneticFrame) {



setBackground(Color.black);



gf = geneticFrame;



Box box = Box.createVerticalBox();



box.add(Box.createRigidArea(new Dimension(1,40)));



add(box);


} // End Constructor


/** This method is invoked each time

    
the panel has to be repainted. It

    
should not be invoked directly. */


public void paintComponent (Graphics g) {



super.paintComponent(g);



g.setColor(Color.yellow);



g.drawString("Average Population Fitness: "+gf.getPopFitness(),280,10);



g.drawString("Fitness of Strongest Member: "+gf.getStrongFit(),280,25);



g.drawString("Number of Generations: "+gf.getNumGenerations(),280,40);


} // End paintComponent

} // End FitnessPanel

ResultPanel.java
/** Panel in which displays the final results about the 


current population for the CECS 375 Final Project.

    @author Dan Kelly


@version 1.0

*/

import javax.swing.*;

import java.awt.*;

public class ResultPanel extends JPanel {


private Font font;

 
private FontMetrics fontMetrics;


private String message = "Fitness Threshold Acheived.";


private GeneticFrame gf;


/** Creates a panel which displays the final results about the current population.*/


public ResultPanel (GeneticFrame geneticFrame) {



setBackground(Color.black);



gf = geneticFrame;


} // End Constructor


/** This method is invoked each time

    
the panel has to be repainted. It

    
should not be invoked directly. */


public void paintComponent (Graphics g) {



super.paintComponent(g);



int height=getHeight();


    int width=getWidth();



font=new Font("SansSerif",Font.PLAIN,12);



fontMetrics=g.getFontMetrics(font);



g.setColor(Color.yellow);



g.setFont(font);



g.drawString(message,(width/2)-fontMetrics.stringWidth(message)/2,(height/2)-30);



String strongest = "Fitness of Strongest Member: " + gf.getStrongFit();



g.drawString(strongest,(width/2)-fontMetrics.stringWidth(strongest)/2,(height/2)-10);



String rep = (gf.getStrongestMember()).display();



g.drawString(rep,(width/2)-fontMetrics.stringWidth(rep)/2,(height/2)+10);



String gen = "Number of Generations: " + gf.getNumGenerations();



g.drawString(gen,(width/2)-fontMetrics.stringWidth(gen)/2,(height/2)+30);


} // End paintComponent

} // End ResultPanel

Member.java

/** Member class for CECS 375 Final Project

    @author Dan Kelly


@version 1.0

*/

import java.lang.Math;

public class Member {


/** The number of attributes each member has. */


public static final int NUM_OF_ATTRIBUTES = 16;


private double fit = 0.0;


private double probability = 0.0;


private boolean[] attribute = new boolean[NUM_OF_ATTRIBUTES];


/** Creates the member. */


public void Member() {} // End Constructor


/** Randomly selects a boolean value for the member. */


public void setAttributes() {



for (int i = 0; i < NUM_OF_ATTRIBUTES; i++) {




if(Math.random() >= 0.5)





attribute[i] = true;




else





attribute[i] = false;



} // End for


} // End setAttributes


/** Calculates the fitness of the member.



@return The fitness of the member.



*/


public double fitness() {



fit = 0;



for (int i = 0; i < NUM_OF_ATTRIBUTES; i++) {






if(attribute[i] == true)





fit += 1;



} // End for



fit = (fit/NUM_OF_ATTRIBUTES);



return fit;


} // End fitness


/** Sets the probability associated with the member.  It's probability if calculated in relation to other members in the population.



@param p The probability associated with the member.



*/


public void setProbability(double p) {



probability = p;


} // End setProbability


/** Returns the probability of the member.



@return The probability of the member.



*/


public double getProbability() {



return probability;


} // End getProbability


/** Returns the boolean attributes of the member.



@return The array of attributes.



*/


public boolean[] getAttributes() {



return attribute;


} // End getAttributes


/** Sets the boolean attributes <i>i</i> of the member to <i>b</i>.



@param i The attribute to be set.



@param b The boolean value.



*/


public void setAttributeAt(int i, boolean b) {



attribute[i] = b;


} // End setAttributeAt


/** Mutates the member by randomly toggling one of its attributes.*/


public void mutate() {



double r = Math.random();



double divisions = (double)(1/(double)NUM_OF_ATTRIBUTES);



double current_mark = 0;



double next_mark = divisions;



for(int i = 0; i < NUM_OF_ATTRIBUTES; i++) {




if( (r >= current_mark) && (r < next_mark) ) {





attribute[i] = !attribute[i];





break;




} // End if




current_mark = next_mark;




next_mark = current_mark + divisions;



} // End for


} // End mutate


/** Returns a binary representation of the member's attributes.



@return A string of binary values



*/


public String display() {



String rep = "<";



for (int i = 0; i < NUM_OF_ATTRIBUTES; i++) {




if(attribute[i] == true)





rep += "1";




else





rep += "0";



} // End for



rep += ">";



return rep;


} // End display

} // End Member

7. Training Data

Data is randomly generated as specified by the genetic algorithm [1].
8. Test Data

Data is randomly generated as specified by the genetic algorithm [1].
9. Results

a. Training
Given the scope of this project, there were no training results.
b. Test
Given appropriate input, as described in Section 1C, the program computes the strongest member of the population and compares its fitness, which is just an average of  its binary attributes, with the fitness threshold, as specified by the user.  If the fitness of the strongest member is greater than or equal to the fitness threshold, no more generations will be computed, and the program will display the results.  This versatile program runs very quickly and always produces a correct result, given appropriate input.  It is also very portable to specific settings.  
10. Instruction

a. Training
Given the scope of this project, there were no training instructions.
b. Test
Given the scope of this project, there were no test instructions.
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