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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Вихідний код програмного забезпечення 

 

 

import javafx.application.Application; 
import javafx.fxml.FXMLLoader; 
import javafx.scene.Parent; 
import javafx.scene.Scene; 
import javafx.stage.Stage; 
 
public class TSPGeneticAlgorithmApp extends Application { 
 
    @Override 
    public void start(Stage primaryStage) throws Exception { 
        FXMLLoader loader = new 
FXMLLoader(getClass().getResource("design.fxml")); 
        Parent root = loader.load(); 
        Scene scene = new Scene(root); 
        primaryStage.setScene(scene); 
        primaryStage.show(); 
    } 
 
    public static void main(String[] args) { 
        launch(args); 
    } 
} 

 

import javafx.fxml.FXML; 
import javafx.scene.control.RadioButton; 
 
import java.awt.geom.Point2D; 
import java.util.ArrayList; 
import java.util.Collections; 
import java.util.List; 
 
public class TSPGeneticAlgorithmModel { 
    private List<Point2D> points; 
    private List<Individual> population; 
    private RadioButton onePointRadioButton; 
    private RadioButton twoPointRadioButton; 
    private RadioButton cycleCrossoverRadioButton; 
    private boolean useGreedyAlgorithm; 
    private int populationSize; 
    private int numOfIteration; 
    private double mutationRate; 
    private int elitismCount = 5; 
    private int greedyPopulationSize = 10;  
 
    public TSPGeneticAlgorithmModel(List<Point2D> points, int 
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populationSize,int numOfIteration, double mutationRate, 
RadioButton onePointRadioButton, RadioButton 
twoPointRadioButton, RadioButton cycleCrossoverRadioButton, 
boolean useGreedyAlgorithm) { 
        this.points = points; 
        this.populationSize=populationSize; 
        this.numOfIteration=numOfIteration; 
        this.mutationRate=mutationRate; 
        this.population = initializePopulation(points.size()); 
        this.onePointRadioButton = onePointRadioButton; 
        this.twoPointRadioButton = twoPointRadioButton; 
        this.cycleCrossoverRadioButton = 
cycleCrossoverRadioButton; 
        this.useGreedyAlgorithm = useGreedyAlgorithm; 
    } 
 
 
    private List<Individual> initializePopulation(int size) { 
        List<Individual> population = new ArrayList<>(); 
        for (int i = 0; i < populationSize; i++) { 
            List<Point2D> randomPath = new ArrayList<>(points); 
            Collections.shuffle(randomPath); 
            population.add(new Individual(randomPath)); 
        } 
        return population; 
    } 
 
    public void evolve() { 
        if (onePointRadioButton.isSelected()) { 
            System.out.println("One-point"); 
        } else if (twoPointRadioButton.isSelected()) { 
            System.out.println("Two-point"); 
        } else if (cycleCrossoverRadioButton.isSelected()) { 
            System.out.println("Uniform"); 
        } else { 
            throw new IllegalStateException("No crossover option 
selected"); 
        } 
        System.out.println("Number of 
iteration"+numOfIteration); 
        System.out.println("Mutation Rate"+mutationRate); 
        if(useGreedyAlgorithm){ 
            System.out.println("with Greedy Algorithm"); 
        } 
        for (int i = 0; i < numOfIteration; i++) {             
List<Individual> newPopulation = new 
ArrayList<>(populationSize); 
            List<Individual> elites = getElites(); 
            newPopulation.addAll(elites); 
 
            if (useGreedyAlgorithm) {  
                List<Individual> greedyPopulation = 
population.subList(0, greedyPopulationSize); 
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                for (Individual greedyIndividual : 
greedyPopulation) { 
                    List<Point2D> greedyPath = 
greedyAlgorithm(greedyIndividual.getPath()); 
                    newPopulation.add(new 
Individual(greedyPath)); 
                } 
            } 
 
            while (newPopulation.size() < populationSize) { 
                Individual parent1 = selectParent(); 
                Individual parent2 = selectParent(); 
                List<Point2D> childPath; 
 
                if (onePointRadioButton.isSelected()) { 
                    childPath = crossover(parent1, parent2); 
                } else if (twoPointRadioButton.isSelected()) { 
                    childPath = twoPointCrossover(parent1, 
parent2); 
                } else if 
(cycleCrossoverRadioButton.isSelected()) { 
                    childPath = cycleCrossover(parent1, 
parent2); 
                } else { 
                    throw new IllegalStateException("No 
crossover option selected"); 
                } 
 
                mutate(childPath); 
                newPopulation.add(new Individual(childPath)); 
            } 
 
            population = newPopulation; 
        } 
    } 
 
    public List<Point2D> greedyAlgorithm(List<Point2D> 
initialPath) { 
        List<Point2D> remainingPoints = new 
ArrayList<>(initialPath); 
        List<Point2D> greedyPath = new ArrayList<>(); 
 
        Point2D currentPoint = remainingPoints.remove((int) 
(Math.random() * remainingPoints.size())); 
        greedyPath.add(currentPoint); 
 
        while (!remainingPoints.isEmpty()) { 
            double minDistance = Double.MAX_VALUE; 
            Point2D nextPoint = null; 
 
            for (Point2D point : remainingPoints) { 
                double distance = 
TSPUtils.calculateDistance(currentPoint, point); 
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                if (distance < minDistance) { 
                    minDistance = distance; 
                    nextPoint = point; 
                } 
            } 
 
            remainingPoints.remove(nextPoint); 
            greedyPath.add(nextPoint); 
            currentPoint = nextPoint; 
        } 
        return greedyPath; 
    } 
 
 
    private List<Individual> getElites() { 
        List<Individual> elites = new ArrayList<>(elitismCount); 
        population.sort(Individual::compareTo); 
        elites.addAll(population.subList(0, elitismCount)); 
        return elites; 
    } 
 
    private Individual selectParent() { 
        return population.get((int) (Math.random() * 
populationSize)); 
    } 
 
    private List<Point2D> crossover(Individual parent1, 
Individual parent2) { 
        int start = (int) (Math.random() * points.size()); 
        int end = (int) (Math.random() * points.size()); 
        if (start > end) { 
            int temp = start; 
            start = end; 
            end = temp; 
        } 
 
        List<Point2D> childPath = new 
ArrayList<>(Collections.nCopies(points.size(), null)); 
        for (int i = start; i <= end; i++) { 
            childPath.set(i, parent1.getPath().get(i)); 
        } 
 
        int currentIndex = 0; 
        for (Point2D point : parent2.getPath()) { 
            if (!childPath.contains(point)) { 
                while (childPath.get(currentIndex) != null) { 
                    currentIndex = (currentIndex + 1) % 
points.size(); 
                } 
                childPath.set(currentIndex, point); 
                currentIndex = (currentIndex + 1) % 
points.size(); 
            } 
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        } 
 
        return childPath; 
    } 
 
    private List<Point2D> twoPointCrossover(Individual parent1, 
Individual parent2) { 
        int point1 = (int) (Math.random() * points.size()); 
        int point2 = (int) (Math.random() * points.size()); 
        int start = Math.min(point1, point2); 
        int end = Math.max(point1, point2); 
 
        List<Point2D> childPath = new 
ArrayList<>(Collections.nCopies(points.size(), null)); 
        for (int i = start; i <= end; i++) { 
            childPath.set(i, parent1.getPath().get(i)); 
        } 
 
        int currentIndex = 0; 
        for (Point2D point : parent2.getPath()) { 
            if (!childPath.contains(point)) { 
                while (childPath.get(currentIndex) != null) { 
                    currentIndex = (currentIndex + 1) % 
points.size(); 
                } 
                childPath.set(currentIndex, point); 
                currentIndex = (currentIndex + 1) % 
points.size(); 
            } 
        } 
 
        return childPath; 
    } 
 
    private List<Point2D> cycleCrossover(Individual parent1, 
Individual parent2) { 
        List<Point2D> childPath = new 
ArrayList<>(Collections.nCopies(points.size(), null)); 
        boolean[] visited = new boolean[points.size()]; 
 
        int cycleStart = (int) (Math.random() * points.size()); 
        int index = cycleStart; 
 
        do { 
            childPath.set(index, parent1.getPath().get(index)); 
            visited[index] = true; 
            index = 
parent2.getPath().indexOf(parent1.getPath().get(index)); 
        } while (index != cycleStart); 
 
        for (int i = 0; i < points.size(); i++) { 
            if (!visited[i]) { 
                childPath.set(i, parent2.getPath().get(i)); 
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            } 
        } 
 
        return childPath; 
    } 
 
 
    private void mutate(List<Point2D> path) { 
        if (Math.random() < mutationRate) { 
            int index1 = (int) (Math.random() * path.size()); 
            int index2 = (int) (Math.random() * path.size()); 
            Collections.swap(path, index1, index2); 
        } 
    } 
 
    public List<Point2D> getBestSolution() { 
        return 
Collections.unmodifiableList(getElites().get(0).getPath()); 
    } 
 
    private static class Individual implements 
Comparable<Individual> { 
        private List<Point2D> path; 
        private double fitness = -1; 
 
        public Individual(List<Point2D> path) { 
            this.path = path; 
        } 
 
        public List<Point2D> getPath() { 
            return path; 
        } 
 
        public double getFitness() { 
            if (fitness == -1) { 
                fitness = calculateFitness(); 
            } 
            return fitness; 
        } 
 
        private double calculateFitness() { 
            double totalDistance = 0; 
            for (int i = 0; i < path.size() - 1; i++) { 
                totalDistance += calculateDistance(path.get(i), 
path.get(i + 1)); 
            } 
 
            return 1 / totalDistance;        } 
 
        private double calculateDistance(Point2D p1, Point2D p2) 
{ 
            double dx = p1.getX() - p2.getX(); 
            double dy = p1.getY() - p2.getY(); 
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            return Math.sqrt(dx * dx + dy * dy); 
        } 
 
 
        @Override 
        public int compareTo(Individual o) { 
            return Double.compare(o.getFitness(), getFitness()); 
        } 
    } 
 
    public static class TSPUtils { 
        private static double calculateDistance(Point2D point1, 
Point2D point2) { 
            double dx = point1.getX() - point2.getX(); 
            double dy = point1.getY() - point2.getY(); 
            return Math.sqrt(dx * dx + dy * dy); 
        } 
        public static double 
calculateRouteDistance(List<Point2D.Double> route) { 
            double distance = 0.0; 
 
            for (int i = 0; i < route.size() - 1; i++) { 
                Point2D.Double currentPoint = route.get(i); 
                Point2D.Double nextPoint = route.get(i + 1); 
                distance += calculateDistance(currentPoint, 
nextPoint); 
            } 
 
            Point2D.Double firstPoint = route.get(0); 
            Point2D.Double lastPoint = route.get(route.size() - 
1); 
            distance += calculateDistance(lastPoint, 
firstPoint); 
 
            return distance;  
        } 
    } 
} 

 

import java.awt.*; 
import java.awt.event.MouseEvent; 
import java.awt.geom.Point2D; 
import java.util.ArrayList; 
import java.util.Collections; 
import java.util.List; 
import java.util.stream.Collectors; 
import javafx.fxml.FXML; 
import javafx.scene.canvas.GraphicsContext; 
import javafx.scene.control.Button; 
import javafx.scene.control.TextField; 
import javafx.scene.canvas.Canvas; 
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import javafx.scene.paint.Color; 
import javafx.scene.control.RadioButton; 
import javafx.scene.control.ToggleGroup; 
import javafx.scene.control.CheckBox; 
 
 
 
public class Controller { 
 
    private List<Point2D.Double> points; 
    private List<Integer> pointNumbers = new ArrayList<>(); 
    private TSPGeneticAlgorithmModel tspGeneticAlgorithm; 
    public static boolean useGreedyAlgorithm = false;  
 
    @FXML 
    private Button generateButton; 
 
    @FXML 
    private TextField numPointsField; 
 
    @FXML 
    private TextField popSize; 
 
    @FXML 
    private TextField numOfIteration; 
 
    @FXML 
    private TextField mutRate; 
 
    @FXML 
    private Button solveButton; 
 
    @FXML 
    public RadioButton onePointRadioButton; 
 
    @FXML 
    public RadioButton twoPointRadioButton; 
 
    @FXML 
    public RadioButton cycleCrossoverRadioButton; 
 
    @FXML 
    private Canvas canvas; 
 
    @FXML 
    private CheckBox greedyAlgorithm; 
    private Point event; 
 
    @FXML 
    void initialize() { 
        points = new ArrayList<>(); 
        canvas.setWidth(934.0); 
        canvas.setHeight(750.0); 
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        double maxWidth = 934.0; 
        double maxHeight = 750.0; 
 
 
        canvas.widthProperty().addListener((observable, 
oldValue, newValue) -> { 
            if (newValue.doubleValue() > maxWidth) { 
                canvas.setWidth(maxWidth); 
            } 
        }); 
 
        canvas.heightProperty().addListener((observable, 
oldValue, newValue) -> { 
            if (newValue.doubleValue() > maxHeight) { 
                canvas.setHeight(maxHeight); 
            } 
        }); 
 
        
canvas.setOnMouseClicked(this::handleCanvasMouseClicked); 
 
        ToggleGroup toggleGroup = new ToggleGroup(); 
        onePointRadioButton.setToggleGroup(toggleGroup); 
        twoPointRadioButton.setToggleGroup(toggleGroup); 
        cycleCrossoverRadioButton.setToggleGroup(toggleGroup); 
 
        generateButton.setOnAction(event -> { 
            int numPoints = 
Integer.parseInt(numPointsField.getText()); 
            generateRandomPoints(numPoints); 
            drawPoints(canvas.getGraphicsContext2D()); 
        }); 
 
        solveButton.setOnAction(event -> solveTSP()); 
        
greedyAlgorithm.selectedProperty().addListener((observable, 
oldValue, newValue) -> { 
             
            useGreedyAlgorithm = newValue; 
        }); 
    } 
 
    private void 
handleCanvasMouseClicked(javafx.scene.input.MouseEvent 
mouseEvent) { 
        double x = mouseEvent.getX(); 
        double y = mouseEvent.getY(); 
 
        Point2D.Double point = new Point2D.Double(x, y); 
        points.add(point); 
        pointNumbers.add(points.size()); 
 
        drawPoints(canvas.getGraphicsContext2D()); 
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    } 
 
    private void generateRandomPoints(int numPoints) { 
        points.clear(); 
        pointNumbers.clear(); 
        double canvasWidth = canvas.getWidth() - 10;          
double canvasHeight = canvas.getHeight() - 10;  
        for (int i = 0; i < numPoints; i++) { 
            double x = Math.random() * canvasWidth + 5;    
            double y = Math.random() * canvasHeight + 5;  
 
            points.add(new Point2D.Double(x, y)); 
            pointNumbers.add(points.size());        } 
 
 
    } 
 
 
    private void drawPoints(GraphicsContext gc) { 
        gc.clearRect(0, 0, gc.getCanvas().getWidth(), 
gc.getCanvas().getHeight()); 
        int index = 0; 
 
        for (Point2D.Double point : points) { 
            double x = point.getX(); 
            double y = point.getY(); 
            double radius = 1;            
gc.setFill(Color.BLACK); 
            gc.fillOval(x - radius, y - radius, 2 * radius, 2 * 
radius); 
 
            gc.setFill(Color.RED);  
            
gc.fillText(Integer.toString(pointNumbers.get(index)), x + 5, y 
- 5); 
 
            index++; 
        } 
    } 
 
    private void drawPath(List<Point2D.Double> path) { 
        GraphicsContext gc = canvas.getGraphicsContext2D(); 
 
        if (path == null || path.size() < 2) { 
            System.out.println("Invalid path. Unable to draw."); 
            return; 
        } 
 
        drawPoints(gc);  
 
        for (int i = 0; i < path.size() - 1; i++) { 
            Point2D.Double p1 = path.get(i); 
            Point2D.Double p2 = path.get(i + 1); 



77 

            gc.strokeLine(p1.getX(), p1.getY(), p2.getX(), 
p2.getY()); 
        } 
        Point2D.Double firstPoint = path.get(0); 
        Point2D.Double lastPoint = path.get(path.size() - 1); 
        gc.strokeLine(lastPoint.getX(), lastPoint.getY(), 
firstPoint.getX(), firstPoint.getY()); 
    } 
 
    private void solveTSP() { 
        if (points.size() < 2) { 
            System.out.println("Add at least two points before 
solving TSP."); 
            return; 
        } 
 
        int populationSize = 
Integer.parseInt(popSize.getText()); 
        int numberOfIteration= 
Integer.parseInt(numOfIteration.getText()); 
        double 
mutationRate=Double.parseDouble(mutRate.getText()); 
 
        tspGeneticAlgorithm = new TSPGeneticAlgorithmModel(new 
ArrayList<>(points), populationSize, numberOfIteration, 
mutationRate, onePointRadioButton, twoPointRadioButton, 
cycleCrossoverRadioButton, useGreedyAlgorithm); 
        long startTime = System.currentTimeMillis(); 
        tspGeneticAlgorithm.evolve(); 
        long endTime = System.currentTimeMillis(); 
 
        List<Point2D.Double> bestSolution = 
convertToPoint2D(tspGeneticAlgorithm.getBestSolution()); 
 
        System.out.println("Best Solution: " + bestSolution); 
        for (Point2D.Double point : bestSolution) { 
            int index = points.indexOf(point); 
            System.out.print(index + " "); 
        } 
        System.out.println("\nTime taken: " + (endTime - 
startTime) + " milliseconds"); 
 
        double distance = 
TSPGeneticAlgorithmModel.TSPUtils.calculateRouteDistance(bestSol
ution); 
        System.out.println("Route Distance: " + distance); 
 
        drawPath(bestSolution); 
    } 
 
    private List<Point2D.Double> convertToPoint2D(List<Point2D> 
points) { 
        return points.stream() 
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                .map(point -> new Point2D.Double(point.getX(), 
point.getY())) 
                .collect(Collectors.toList()); 
    } 
} 

 

<?xml version="1.0" encoding="UTF-8"?> 
 
<?import javafx.scene.canvas.Canvas?> 
<?import javafx.scene.control.Button?> 
<?import javafx.scene.control.CheckBox?> 
<?import javafx.scene.control.RadioButton?> 
<?import javafx.scene.control.TextField?> 
<?import javafx.scene.effect.DropShadow?> 
<?import javafx.scene.layout.AnchorPane?> 
<?import javafx.scene.layout.Pane?> 
<?import javafx.scene.text.Font?> 
<?import javafx.scene.text.Text?> 
 
<AnchorPane prefHeight="750.0" prefWidth="1100.0" 
xmlns="http://javafx.com/javafx/21" 
xmlns:fx="http://javafx.com/fxml/1" fx:controller="Controller"> 
    <children> 
        <Canvas fx:id="canvas" height="750.0" width="934.0" 
AnchorPane.leftAnchor="0.0" AnchorPane.topAnchor="0.0" /> 
        <Pane maxHeight="750.0" maxWidth="166.0" 
prefHeight="400.0" prefWidth="166.0" 
AnchorPane.rightAnchor="0.0" AnchorPane.topAnchor="0.0"> 
            <effect> 
                <DropShadow /> 
            </effect> 
            <children> 
                <AnchorPane prefHeight="450.0" prefWidth="166.0" 
style="-fx-background-color: #696969;"> 
                    <effect> 
                        <DropShadow /> 
                    </effect> 
                    <children> 
                        <Text fill="WHITE" layoutX="60.0" 
layoutY="27.0" strokeType="OUTSIDE" strokeWidth="0.0" 
text="TSP"> 
                            <font> 
                                <Font name="Algerian" 
size="30.0" /> 
                            </font> 
                            <effect> 
                                <DropShadow /> 
                            </effect> 
                        </Text> 
                        <Text layoutX="9.0" layoutY="56.0" 
strokeType="OUTSIDE" strokeWidth="0.0" text="Enter number of 
points"> 
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                            <font> 
                                <Font name="Arial" size="12.0" 
/> 
                            </font> 
                        </Text> 
                        <TextField fx:id="numPointsField" 
layoutX="8.0" layoutY="66.0" /> 
                        <Button fx:id="generateButton" 
layoutX="35.0" layoutY="373.0" mnemonicParsing="false" 
text="Generate Points" /> 
                        <Button fx:id="solveButton" 
layoutX="35.0" layoutY="409.0" mnemonicParsing="false" 
prefHeight="26.0" prefWidth="101.0" style="-fx-background-color: 
#90EE90;" text="Solve TSP" textOverrun="CLIP"> 
                            <font> 
                                <Font name="Arial" size="12.0" 
/> 
                            </font> 
                        </Button> 
                        <RadioButton fx:id="onePointRadioButton" 
layoutX="9.0" layoutY="161.0" mnemonicParsing="false" 
selected="true" text="One-point"> 
                            <font> 
                                <Font name="Arial" size="12.0" 
/> 
                            </font> 
                        </RadioButton> 
                        <RadioButton fx:id="twoPointRadioButton" 
layoutX="9.0" layoutY="185.0" mnemonicParsing="false" text="Two-
point"> 
                            <font> 
                                <Font name="Arial" size="12.0" 
/> 
                            </font> 
                        </RadioButton> 
                        <RadioButton 
fx:id="cycleCrossoverRadioButton" layoutX="9.0" layoutY="209.0" 
mnemonicParsing="false" text="Cycle crossover"> 
                            <font> 
                                <Font name="Arial" size="12.0" 
/> 
                            </font> 
                        </RadioButton> 
                        <CheckBox fx:id="greedyAlgorithm" 
layoutX="10.0" layoutY="345.0" mnemonicParsing="false" 
text="with Greedy algorithm" /> 
                  <TextField fx:id="popSize" layoutX="8.0" 
layoutY="118.0" /> 
                  <Text layoutX="9.0" layoutY="112.0" 
strokeType="OUTSIDE" strokeWidth="0.0" text="Enter population 
size"> 
                     <font> 
                        <Font name="Arial" size="12.0" /> 
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                     </font> 
                  </Text> 
                  <TextField fx:id="numOfIteration" 
layoutX="9.0" layoutY="251.0" /> 
                  <Text layoutX="9.0" layoutY="245.0" 
strokeType="OUTSIDE" strokeWidth="0.0" text="Enter number of 
iteration"> 
                     <font> 
                        <Font name="Arial" size="12.0" /> 
                     </font> 
                  </Text> 
                  <TextField fx:id="mutRate" layoutX="9.0" 
layoutY="296.0" /> 
 
                    </children> 
                </AnchorPane> 
            <Text layoutX="9.0" layoutY="291.0" 
strokeType="OUTSIDE" strokeWidth="0.0" text="Enter mutation 
rate"> 
               <font> 
                  <Font name="Arial" size="12.0" /> 
               </font> 
            </Text> 
            </children> 
        </Pane> 
    </children> 
</AnchorPane> 


