JIOJIATOK A

['padiununii matepian kBaidikaiinoi poooTu
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XapKiBCbKMIA HALLiOHANBHUIM YHIBEPCUTET PadioeeKTPOHIKM

BupiweHHA 3a4a4i KOMiBOAXKePa
33 JOMNOMOTOH reHEeTUYHOT0 a/IT0PUTMY

BuKoHaB:
cT. rp. CMm-22-2
OHunuyeHko A.O.

AKTyanbHicTb npobnemu

Ha cporommimuiit geHs 0fHA 3 HAHIONTHPEHINHK 3a7ad
Teopil Tpadis, 3amaTa KOMIBOSKEDA, 3ATHITMAETRCA AKTYATRHO
gepes il HIHPOKe 3aCTOCYBaHHA B c(pepax JIOTICTHKH, OpraHi3alii
BHPOOHHMTHX IIPOLECIB, BHpIMEHHI TeIeKOMYHIKAINHIX
mpobieM, TpH IUIAHYBAHHI MOJOPOXKei Ta B 0ararbox IHIIHX
obIacTax.

T'onoBHa MeTa 3a,naqi IIoJIATrace B ‘SHaXOIDl(eHHi

HAHBHTIHIIOTO MAPIIPYTY, SKHI MPOXOIHTE Yepe3 BCl BY3IH Y

rpadi Mo OaHOMY pa3y Ta IMOBEPTAECTECA ¥ BHXIIHY TOUKY.

HayKkoBMiA KEpIBHUK
Jou. Kad. EOM
IaweHKo I.C.
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ICHYIOYi MeToAM BUPILWWEHHA 3a4aui

v' TeHeTHTHI aTTOPHTMH

¥v" MerTos BCTaBKH N

v Meron HaibIHKY0rO cyciga ‘u !

v Meron iMitarii BimaTy : I. .

v MypaluHHii aAropHTM U . " il ‘
— [ e

[locTaHOBKa 3a4aui

Mertoro kBami(iKariifHoi poSoTH € peamizallis Ta T0CTLIKeHHS TeHeTHIHHX aJITOPHTMIB

IS BHPIIIEHHA 3a7atul KOMIBOSKepa.

ETanu gocnigmeHHsa

U mpoanami3yBaTH ICHYIOUI BApIaHTH T€HETHIHOTO ATTOPHTMY

U peanisyBaTH reHeTHUHHII anTrOpUTM TSI BHPIMIEHHS 3a4adl KOMIBOSDKEpa:

U 1ocTiUTH BIUTHE BUKOPHCTAHHA Pi3HHX BapIaHTIB KPOCOBEPA Ta HANAIMTYBAHE
napaMeTpiB I'A Ha pe3y/IbTaTH PIIIeHHS 3a7adl;

O jgocmiquTH BIUTHE BHKOPHCTAHHS TOEIHAHHA TEHETHUHOTO Ta JKaIi0HOTO

aITOPHTMIB Ha Pe3y/IbTaTH PINIeHHA 3a1adl.




[eHeTUYHi anropuTMu

TeHeTHYHI aNTOPHTMH — &JalTHBHI METOIH
MOMIYKY, IO BHKOPHCTOBYKOTBCH [JIi BHPIIIEHHS
3aBIAHE ONTHMIiZallil Ta IONIVKY. B IX OCHOBI TeXatk
tei 01070TIIHOI €BOJIOINT Ta IPHPOIHOTO BLIOOPY 1
BHKOPHCTOBYIOTBCS I 3HAXOMKEHHI HaHKpaITHX
ICHYe BenMKa KUIBKICTB

pllleHb v 3ajadax, Je

MO/THBHX BapIAHTIE.

BapiaHTu KpocoBepa

B naniii poGOTH BHKOPHCTAHO 3 BapiaHTH KPOCOBePa, TaKi K OTHOTOUKOBHIL, TBOTOUKOBHIL Ta

IHKTIYHAH KPOCOBED.

OOHOTOYKOBUIA

[le]s]d]s[*]s]

Poaurenn

JEEN 3 X T

EEIE B

MNoTonmok
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BapiaHTn Kpocosepa
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Tprrman poGOTH MHKIITHOTO KPOCOBEpa.

[epen

0 Moga mporpaMyBamis Java;

U IIrardhopma JavaFX;

O SceneBuilder:;

O Intelli] IDEA Community Edition 2023.

iK BUKOPUCTaHUX TEXHONOTI I
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Pe3ynbTaTn AocnigKeHb

JocnigxeHHs BnamBy 06paHoro BapiaHTy KpocoBepa Ha BUPIlLEHHA 3a4avi

Oamatomoumd Dworowoani Usnnbasiond

1 100 [ 300 [l 500

Ugworosoumi. Asoroumouni et

1100 [ 300 [ 500 -

Pe3ynbTaTn AocnigKeHb

JocnigxeHHA poboTM reHeTUYHOro alropUTMY Y NOEAHAHHI i3 XagibHUM anropUTMOM

30,000
21,500
15,000
2500
20,000
17.500
15,000
12500
10,000
1500
5,000
2500

100 300 500

I OnxoTounosui + KA . [lsoToukosuit + XA . Luniynui + XA
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Pe3ynbTaTh AoCNiAXKEHD

JocnigeHHA BNAMBY KiNbKOCTI iTepauii

60,000
55,000
50,000
45000
40,000
35,000
30,000
25,000
20,000
15000
10,000

5000

DpHoroukorni JAsorouros i UnnaiuHunii
I 1000 [ 2000 [ 3000

13

Pe3ynbTaTh AoCNiAXKEHD

JocnigKeHHs BNAWBY BiporigHOCTI myTau,ii

KineKicTb BEPWMH Kpocosep
T s “““_

14266
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BucHoBKU

B xom xeamdikariiigol pobot 6yI0 MpoBeeHO aHAM3 MOXKIHBOCTI BHPINIEHHA 3a1adl KOMIBOKepa
TUIAXOM BHKOPHCTAHHS PI3HHX BHIIE KPOCOBEPIE TeHETHUHOTO ANTOPHTMY TAKHX, AK OJHOTOUKOBHIAL,
JIBOTOUKOBHI T4 HHKIYHHH KpocoBep. JOCIKEHO BHKOPHCTAHHS JKami0HOIO ANrOpPHTMY y [OCIHAHHI 3
TeHeTHUHHM ATTOPHTMOM /I TIOKPAIITEHHS NTYKAHOTO PITIeHHS.

Jlnna mpoBeeHHA aHam3y epeKTHBHOCTI OOPAHHMX BapiaHTIB KPOCOBEPIB FeHETHUYHOIO AITOPHTIMY OYI0
PeanizoBaHO MPOTPAMHEIT 3aCTOCYHOK HA OCHOBI riardopmu JavaFX Ha MOBI TiporpaMyBaHHs Java.

JlocmimkeHHa TIpOBefleHI Ha Tpadax pI3HHX pOIMIPHOCTEH Ta IS PI3HHX PO3MIPIB  TIOTTYIIATIIL.
TIpoBeneHo aHa/II3 BIUIHBY KUIBKOCTI ITepaliiii Ta HMOBIPHOCTI MyTalli Ha AKICTh 3HAICHOTO PIIIEHHA.

IIpoBemeHo aHami3 OTPHMAHHX Pe3y/ILTATIE TA BH3IHAYEHHST MOMK/IHBOCTEH BHKOPHCTAHHS Peati30BAHHX
TeHeTHYHHX AITOPHTMIB [UIs TOKPAlleHHs MOMYKY e(eKTHBHOTO pIllleHHS Ta 3HHAKEHHA BHTPAT y
TIPAKTHIHHX CHEHAPLIX.

PesyasTaTu poGOTH IIPeaCTaRIeH] V paMKaX OTHHATILITO! MIKHAPOIHOI HAYKOBO-TEXHITHOI KOH(pepeHITii

«[Ipobnemu HpopMaTH3amii».
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JIOJIATOK B

BuxigHuit koa mporpaMHOro 3ade3nedeHHs

application.Application;
fxml.FXMLLoader;
scene.Parent;
scene.Scene;
stage.Stage;

import
import
import
import
import

Jjavafx.
Jjavafx.
javafx.
Jjavafx.
Jjavafx.
public class TSPGeneticAlgorithmApp extends Application {

@Override

public void start (Stage primaryStage)

FXMLLoader loader = new

FXMLLoader (getClass () .getResource ("design.fxml")) ;
Parent root = loader.load();
Scene scene = new Scene (root);
primaryStage.setScene (scene) ;
primaryStage.show () ;

throws Exception

public static void main(String[] args) {
launch(args) ;

}

import
import

Javafx.fxml.FXML;
javafx.scene.control.RadioButton;

import
import
import
import

java.awt.geom.Point2D;
java.util.ArrayList;
jJava.util.Collections;
Java.util.List;

public class TSPGeneticAlgorithmModel ({

private
private
private
private
private
private
private
private
private
private
private

List<Point2D> points;

List<Individual> population;
RadioButton onePointRadioButton;
RadioButton twoPointRadioButton;
RadioButton cycleCrossoverRadioButton;
boolean useGreedyAlgorithm;

int populationSize;

int numOfIteration;

double mutationRate;

int elitismCount = 5;

int greedyPopulationSize = 10;

public TSPGeneticAlgorithmModel (List<Point2D> points,

{

int

67



68

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; 1 < numOfIteration; i++) {
List<Individual> newPopulation = new
ArrayList<> (populationSize) ;
List<Individual> elites = getElites();
newPopulation.addAll (elites);

if (useGreedyAlgorithm) ({
List<Individual> greedyPopulation =
population.subList (0, greedyPopulationSize);



for (Individual greedyIndividual
greedyPopulation) {
List<Point2D> greedyPath =
greedyAlgorithm(greedyIndividual.getPath());
newPopulation.add (new
Individual (greedyPath)) ;
}
}

while (newPopulation.size() < populationSize) {
Individual parentl = selectParent();
Individual parent2 = selectParent();

List<Point2D> childPath;

if (onePointRadioButton.isSelected()) {
childPath = crossover (parentl, parent2);
} else if (twoPointRadioButton.isSelected()) {
childPath = twoPointCrossover (parentl,
parent?2);
} else if
(cycleCrossoverRadioButton.isSelected()) {
childPath = cycleCrossover (parentl,
parent?2);
} 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);



if (distance < minDistance) {
minDistance = distance;
nextPoint = point;

}

remainingPoints.remove (nextPoint) ;
greedyPath.add (nextPoint) ;
currentPoint = nextPoint;

}
return greedyPath;

private List<Individual> getElites() {

70

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 parentl,
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; 1 <= end; i++) {
childPath.set (i, parentl.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 parentl,
Individual parent2) {
int pointl = (int) (Math.random() * points.size());
int point2 = (int) (Math.random() * points.size());
int start = Math.min (pointl, point2);
int end = Math.max(pointl, point2);

List<Point2D> childPath = new
ArrayList<>(Collections.nCopies (points.size (), null));
for (int i = start; i <= end; i++) {
childPath.set (i, parentl.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 parentl,
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, parentl.getPath() .get (index));
visited[index] = true;
index =
parent2.getPath () .indexOf (parentl.getPath () .get (index)) ;
} while (index != cycleStart);

for (int i = 0; 1 < points.size(); i++) {
if (!'visited[i]) {
childPath.set (i, parent2.getPath().get(i));



}

return childPath;

private void mutate (List<Point2D> path) {
if (Math.random() < mutationRate) {
int indexl = (int) (Math.random() * path.size());
int index2?2 = (int) (Math.random() * path.size());
Collections.swap (path, indexl, index2);

}

public List<Point2D> getBestSolution () {
return

Collections.unmodifiablelList (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; i1 < path.size() - 1; i++) {
totalDistance += calculateDistance (path.get (i),
path.get (i + 1));

}
return 1 / totalDistance; }

private double calculateDistance (Point2D pl, Point2D p2)

double dx = pl.getX () - p2.getX();
double dy pl.getY () - p2.getY¥Y();
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return Math.sqgrt(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 pointl,
Point2D point2) {
double dx = pointl.getX() - point2.getX();
double dy = pointl.get¥Y () - point2.get¥Y();
return Math.sqgrt(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;

@QFXML
private TextField popSize;

@FXML
private TextField numOfIteration;

@FXML
private TextField mutRate;

@QFXML
private Button solveButton;

QFXML
public RadioButton onePointRadioButton;

QFXML
public RadioButton twoPointRadioButton;

@FXML
public RadioButton cycleCrossoverRadioButton;

@FXML
private Canvas canvas;

@FXML
private CheckBox greedyAlgorithm;
private Point event;

@QFXML

void initialize () {
points = new ArrayList<>();
canvas.setWidth (934.0) ;
canvas.setHeight (750.0) ;



double maxWidth = 934.0;
double maxHeight = 750.0;

canvas.widthProperty () .addListener ( (observable,

oldvalue, newValue) -> {
if (newValue.doubleValue () > maxWidth) {
canvas.setWidth (maxWidth) ;

1)

canvas.heightProperty () .addListener ( (observable,
oldvalue, newValue) -> {
if (newValue.doubleValue () > maxHeight) {
canvas.setHeight (maxHeight) ;

1)

canvas.setOnMouseClicked (this: :handleCanvasMouseClicked) ;

ToggleGroup toggleGroup = new ToggleGroup()
onePointRadioButton.setToggleGroup (toggleGroup) ;
twoPointRadioButton.setToggleGroup (toggleGroup) ;

cycleCrossoverRadioButton.setToggleGroup (toggleGroup) ;

generateButton.setOnAction (event -> {
int numPoints =
Integer.parselInt (numPointsField.getText ());
generateRandomPoints (numPoints) ;
drawPoints (canvas.getGraphicsContext2D()) ;

1)

solveButton.setOnAction (event -> solveTSP()):;

greedyAlgorithm.selectedProperty () .addListener ( (cbservable,
oldvalue, newValue) -> {

useGreedyAlgorithm = newValue;

1)
}

private void
handleCanvasMouseClicked (javafx.scene.input.MouseEvent

mouseEvent) {
double x = mouseEvent.getX();
double y = mouseEvent.getY():;

Point2D.Double point = new Point2D.Double(x, V)
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 1 = 0; i < numPoints; i++) {
double x = Math.random() * canvasWidth + 5;
double y Math.random() * canvasHeight + 5;

points.add(new Point2D.Double (x, Vy));
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, vy
- 9);

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++) {
1)

Point2D.Double pl = path.get (i),
Point2D.Double p2 = path.get (i + 1);
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gc.strokelLine (pl.getX (), pl.getY (), p2.getX(),

p2.get¥());

}

Point2D.Double firstPoint = path.get (0);

Point2D.Double lastPoint = path.get (path.size() - 1);

gc.strokelLine (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.parselInt (popSize.getText ());
int numberOfIteration=
Integer.parselnt (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/()



.map (point -> new Point2D.Double (point.getX(),
point.getY()))
.collect (Collectors.toList());
}

<?xml version="1.0" encoding="UTF-8"7?>

<?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"
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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.
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" layout¥Y="56.0"
strokeType="OUTSIDE" strokeWidth="0.0" text="Enter number of
points">

O"
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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" prefwWidth="101.0" style="-fx-background-color:
#90EEQ9Q; " text="Solve TSP" textOverrun="CLIP">
<font>
<Font name="Arial" size="12.0"
/>
</font>
</Button>
<RadioButton fx:id="onePointRadioButton"
layoutX="9.0" layout¥="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" layout¥="185.0" mnemonicParsing="false" text="Two-
point">
<font>
<Font name="Arial" size="12.0"
/>
</font>
</RadioButton>
<RadioButton
fx:id="cycleCrossoverRadioButton" layoutX="9.0" layout¥Y="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" layout¥Y="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" layout¥Y="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"
layout¥="296.0" />

</children>
</AnchorPane>
<Text layoutX="9.0" layout¥Y="291.0"
strokeType="OUTSIDE" strokeWidth="0.0" text="Enter mutation
rate">
<font>
<Font name="Arial" size="12.0" />
</font>
</Text>
</children>
</Pane>
</children>
</AnchorPane>



