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Mepesipus BeskoposaliHuti B.B. 14.12.21 MPOEKMHUX PillueHb 3 PEIHXUHIpUHaY
H. koHmpornb beskoposatiHuli B.B. 14.12.21 KopropamusHUX KOMITIOMEPHUX MEPEX
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Pospobue Jtackoska 5.1 141221 LocnidxeHHss memodie nidmpumKu rnpuliHAmMmsi
Mepesipus BeskopoealiHuli B.B. 14.12.21 MPOEKMHUX PillueHb 3 PEIHXUHIpUHaY
H. koHmpornb beskoposatiHuli B.B. 14.12.21 KOPMOPaMUBHUX KOMITI0MEePHUX MEPex
Cl1Pm-20-1 Apkyw 1
3ameepdue IpebenHik I.B. Kagbedpa cucmemomexHiku Apkywie 1
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EkpaHHi hopmu BBOAY AaHUX
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Pospobus Jlackoeka 51.1 141220 nocnidwernHs memodie nidmpumku npuiiHamms
lNepesipus GeskoposatiHuti B.B. 14.12.21 MPOEKMHUX PilleHb 3 PEeiHXUHIpUH2Y
H. koHmpornb beskoposatiHuli B.B. 14.12.21 KOpnopamueHUX KOMITIOMEPHUX MEpex

Cl1Pm-20-1 Apkyw 1

3ameepdus IpebenHik I.B. Kaghedpa cucmemomexHiku Apkywie 1
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Cxema po6oTu goaartky 3a apxitektyporw MVC
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Pospobus JrcKoska 1.1 14.12.21 HocnidxeHHs.memodie nidmpumMKu NputHIMmMS

lMepesipus BeskopoesatiHuti B.B. 14.12.21 MPOEKMHUX PillueHb 3 PeIHXUHIpUHaY

H. kKoHmporsb beskoposatiHuli B.B. 14.12.21 KOPMOPaMUBHUX KOMIT10MePHUX MEPex
ClriPm-20-1 Apkyw 1

3ameepdus IpebenHik I.B. Kaghedpa cucmemomexHiku Apkywie 1
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Pospobus Jlackoeka 5.1 141220 nocnidwerHs memodie nidmpumku nputiHamMms
lMepesipus BeskoposatiHuti B.B. 14.12.21 MPOEKMHUX PillueHb 3 PeIHXUHIpUHaYy
H. kKoHmporsb beskoposatiHuli B.B. 14.12.21 KOpMopamueHUX KOMIToMEPHUX MEPEX
ClriPm-20-1 Apkyw 1
3ameepdue pebenHik I.B. Kaghedpa cucmemomexHiku Apkywie 1
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Pospobue Jisckoexa 41.1. 14.12.21 | MocnidxeHHs memodie nidmpumku npuiiHImmsi
lNepesipus EeskoposaliHull B.B. 14.12.21 MPOEKMHUX PillueHb 3 PeIHXUHIpUHaYy
H. koHmporb Beskoposalinuti B.B. 14.12.21 KOPIIopamusHUX KOMITIOMePHUX Mepex
ClriPm-20-1 Apkyw 1
3ameepdus pebenHik I.B. Kaghedpa cucmemomexHiku Apkywie 1
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package ua.nure.gaserver.entities;

import java.util.*;

import static ua.nure.gaserver.configurations.Configuration.*;

public class Individual implements Cloneable {
private List<Integer> chromosome;

private double fitness;

private List<Integer> nodePositions;

public Individual() {
chromosome = new ArraylList<>(CHROMOSOME_LENGTH);
for (int i = @; i < CHROMOSOME_LENGTH; i++) {

int val;
if (i == MAIN_NODE_INDEX) {
val = 1;
} else {
val = RANDOM.nextInt(2);
}
chromosome.add(val);
}
}
@Override

public Individual clone() {
Individual individual = new Individual();
individual.setChromosome(new ArraylList<>(chromosome));
individual.setNodePositions(new ArraylList<>(nodePositions));
individual.setFitness(fitness);

return individual;

@0verride
public boolean equals(Object o) {
if (this == o) return true;
if (o == null || getClass() != o.getClass()) return false;
Individual that = (Individual) o;
return chromosome.equals(that.chromosome);

@0verride
public int hashCode() {

return Objects.hash(chromosome);

@Override
public String toString() {
return chromosome.toString();
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public void calcFitness() {
double fitness = MAIN_NODE_COST;
nodePositions = new ArraylList<>();
for (int i = @; i < chromosome.size(); i++) {
if (chromosome.get(i) == 1) nodePositions.add(i);
}
int numberOfAdditionalNodes = nodePositions.size() - 1;
fitness += numberOfAdditionalNodes * COST_PER_1_NODE;
fitness += (CHROMOSOME_LENGTH - 1) * ADDITIONAL_NODE_COST;

Map<Integer, Integer> connections = getConnections(nodePositions);

for (Map.Entry<Integer, Integer> entry : connections.entrySet()) {
Integer i = entry.getKey();
Integer j = entry.getValue();
fitness += ADJACENCY MATRIX[i][j] * COST_PER_1_KM_OF_CANAL;

}

this.fitness = fitness;

public static Map<Integer, Integer> getConnections(List<Integer> nodePositions) {
Map<Integer, Integer> connections = new HashMap<>();
setNodeEdgesWithMinWeight(nodePositions, connections);
for (int i = @; i < CHROMOSOME_LENGTH; i++) {
if (connections.containsKey(i)) continue;
setAdditionalNodeEdgesWithMinWeight (i, nodePositions, connections);

}

return connections;

public static void setNodeEdgesWithMinWeight(List<Integer> nodePositions, Map<Integer,
Integer> connections) {
for (int 1 = @; i < nodePositions.size(); i++) {
Integer source = nodePositions.get(i);
int minIndex = ©;
double minWeight = Double.MAX_VALUE;
for (int j = i+1; j < nodePositions.size(); j++) {
Integer destination = nodePositions.get(j);
if (connections.containsValue(source) || connections.containsValue(destination))
continue;
double weight = ADJACENCY_MATRIX[source][destination];
if (weight < minWeight) {
minIndex = destination;

minWeight = weight;

}

connections.put(source, minIndex);
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}

public static void setAdditionalNodeEdgesWithMinWeight(Integer i, List<Integer> nodePositions,

Map<Integer, Integer> connections) {

int minIndex = 9;
double minWeight = Double.MAX_VALUE;
for (int j = @; j < nodePositions.size(); j++) {
Integer destination = nodePositions.get(j);
if (i.equals(destination)) continue;
double weight = ADJACENCY_MATRIX[i][destination];
if (weight < minWeight) {
minIndex = destination;
minWeight = weight;

}

connections.put(i, minIndex);

public double getFitness() {
return fitness;

public void setFitness(double fitness) {
this.fitness = fitness;

public List<Integer> getChromosome() {
return chromosome;

public void setChromosome(List<Integer> chromosome) {

this.chromosome = chromosome;

public List<Integer> getNodePositions() {
return nodePositions;

public void setNodePositions(List<Integer> nodePositions) {

this.nodePositions = nodePositions;

package ua.nure.gaserver.entities;

import ua.nure.gaserver.crossing.Crossover;

import ua.nure.gaserver.json.Statistic;

import ua.nure.gaserver.mutators.Mutator;

import ua.nure.gaserver.selections.Selector;

import java.util.*;

import java.util.stream.Collectors;

import java.util.stream.Stream;
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import static ua.nure.gaserver.configurations.Configuration.*;
public class Population {

private List<Individual> individuals;

private List<Individual> hallOfFame;

public Population() {
this.individuals = Stream.generate(Individual: :new)
.1imit(POPULATION_SIZE)
.collect(Collectors.toList());

public Statistic run(Selector selector, Crossover crossover, Mutator mutator) {
long 1 = System.currentTimeMillis();
double previousMinFitness;
int duplicateFitnessCounter = 0;
int generationCounter = 0;
doRestriction();
calcFitness();

System.out.println("Generation " + generationCounter);

previousMinFitness = getMinFitness();
System.out.println("Min fitness "
while (generationCounter < MAX_GENERATIONS /*&& duplicateFitnessCounter <
MAX_DUPLICATE_FITNESS COUNTER*/) {

generationCounter++;

+ previousMinFitness);

selector.doSelection(this);
crossover.doCrossing(this);
mutator.mutate(this);
doRestriction();
calcFitness();

System.out.println("Generation " + generationCounter);

double minFitness = getMinFitness();

if (previousMinFitness == minFitness) {
duplicateFitnessCounter++;

} else {
previousMinFitness = minFitness;
duplicateFitnessCounter = 0;

}

System.out.println("Min fitness

+ previousMinFitness);

}

return new Statistic(previousMinFitness, System.currentTimeMillis() - 1,
getIndividualWithMinFitness());

}

private void doRestriction() {
if (MAX_NUMBER_OF_NODES != @) {
individuals.forEach(individual -> {
List<Integer> nodePositions = new ArrayList<>();
for (int i = @; i < CHROMOSOME_LENGTH; i++) {
if (individual.getChromosome().get(i) == 1) nodePositions.add(i);
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int size = nodePositions.size();
if (size > MAX_NUMBER_OF_NODES) {
Set<Integer> pointsSet = new HashSet<>();
while (pointsSet.size() < size - MAX_NUMBER_OF_NODES) {
int point = RANDOM.ints(1, 1, size).findFirst().orElse(9);
pointsSet.add(point);
}
pointsSet.forEach(value -> {
individual.getChromosome().set(nodePositions.get(value), 0);

1)

individual.calcFitness();

1)

public void calcFitness() {
individuals.forEach(Individual::calcFitness);

public double getMinFitness() {
return individuals
.stream()
.map(Individual::getFitness)
.min(Double: :compareTo)
.orElse(ed);

public Individual getIndividualWithMinFitness() {
return individuals
.stream()
.min(Comparator.comparingDouble(Individual::getFitness))
.orElse(null);

public List<Individual> getIndividuals() {
return individuals;

public List<Individual> getHallOfFame() {
return hallOfFame;

public void setHallOfFame(List<Individual> hallOfFame) {
this.hallOfFame = hallOfFame;

public void setIndividuals(List<Individual> individuals) {
this.individuals = individuals;
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package ua.nure.gaserver.selections;

import ua.nure.gaserver.entities.Individual;

import ua.nure.gaserver.entities.Population;

import java.util.*;

import java.util.stream.Collectors;

import static ua.nure.gaserver.configurations.Configuration.*;

bublic class TournamentSelector implements Selector {
@Override
public void doSelection(Population population) {
List<Individual> individuals = population.getIndividuals();
List<Individual> offspring = new ArraylList<>(POPULATION_SIZE);
int i = 9;
if (ENABLE_ELITISM) {
i += HALL_OF_FAME_SIZE;
List<Individual> hallOfFame = individuals.stream()

.limit(HALL_OF_FAME_SIZE)
.peek(Individual::clone)
.collect(Collectors.toList());
offspring.addAll(hallOfFame);
population.setHallOfFame(hallOfFame);
}
for (; i < POPULATION_SIZE; i++) {
Set<Integer> indexes = new HashSet<>();
while (indexes.size() < 3) {
int point = RANDOM.nextInt(POPULATION_SIZE);

indexes.add(point);

Individual individual = indexes
.stream()
.map(individuals::get)

.orkElse(null);
offspring.add(individual.clone());

}

population.setIndividuals(offspring);

}

package ua.nure.gaserver.crossing;

import ua.nure.gaserver.entities.Individual;
import ua.nure.gaserver.entities.Population;

.sorted(Comparator.comparingDouble(Individual: :getFitness))

.min(Comparator.comparingDouble(Individual::getFitness))
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import java.util.Llist;

import static ua.nure.gaserver.configurations.Configuration.*;
public class SinglePointCrossover implements Crossover {
@Override
public void doCrossing(Population population) {
for (int i = @; i < POPULATION_SIZE; i += 2) {
Individual individual = population.getIndividuals().get(i);
Individual individuall = population.getIndividuals().get(i + 1);
if (ENABLE_ELITISM && (population.getHallOfFame().contains(individual) ||
population.getHallOfFame().contains(individuall)))
continue;
if (RANDOM.nextDouble() < P_CROSSOVER) {
int point = RANDOM.ints(1, 1, CHROMOSOME_LENGTH)
.findFirst()
.0rklse(0);
List<Integer> tail = individuall.getChromosome().subList(point,
CHROMOSOME_LENGTH) ;
for (int j = point; j < CHROMOSOME_LENGTH; j++) {
individuall.getChromosome().set(j, individual.getChromosome().get(j));

individual.getChromosome().set(j, tail.get(j - point));

I

package ua.nure.gaserver.mutators;

import ua.nure.gaserver.entities.Population;

import java.util.List;

import static ua.nure.gaserver.configurations.Configuration.*;

public class BitInversionMutator implements Mutator {
@Override
public void mutate(Population population) {
population.getIndividuals().forEach(individual -> {
if (ENABLE_ELITISM && population.getHallOfFame().contains(individual)) return;
if (RANDOM.nextDouble() < P_MUTATION) {
List<Integer> chromosome = individual.getChromosome();
for (int i = @; i < chromosome.size(); i++) {
if (MAIN_NODE_INDEX == i) continue;
if (RANDOM.nextDouble() < P_MUTATION OF GEN) {
chromosome.set(i, chromosome.get(i) == 0 ? 1 : 9);

s
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}

package ua.nure.gaserver.services;

import org.springframework.stereotype.Service;

import ua.nure.gaserver.crossing.Crossover;

import ua.nure.gaserver.crossing.SinglePointCrossover;
import ua.nure.gaserver.entities.Population;

import ua.nure.gaserver.json.GraphRequest;

import ua.nure.gaserver.json.Statistic;

import ua.nure.gaserver.mutators.BitInversionMutator;
import ua.nure.gaserver.mutators.Mutator;

import ua.nure.gaserver.selections.Selector;

import ua.nure.gaserver.selections.TournamentSelector;

import ua.nure.gaserver.utils.DrawGraph;

import java.util.Arraylist;
import java.util.List;

import java.util.Map;

import java.util.stream.Stream;

import static ua.nure.gaserver.configurations.Configuration.*;

[@Service
public class GraphService {
public Map<String, String> getGraph(GraphRequest graphRequest) {
long 1 = System.currentTimeMillis();
COORDINATES = new double[50][2];
for (int i = 0; 1 < 50; i++) {
COORDINATES[i][@] 80.0 + (360.0 - 80.0) * RANDOM.nextDouble();
COORDINATES[1][1] = 80.0 + (360.0 - 80.0) * RANDOM.nextDouble();

}
initAdjacencyMatrix();
List<Statistic> statistics = new ArrayList<>();
Population population = new Population();
/ MAX_NUMBER_OF_NODES = 0;
/ population.run(new TournamentSelector(), new SinglePointCrossover(), new

BitInversionMutator());

/ for (int i = @; i < CHROMOSOME_LENGTH; i++) {

/ MAX_NUMBER_OF_NODES +=i+1;

/ population = new Population();

/ Statistic statistic = population.run(new TournamentSelector(), new

SinglePointCrossover(), new BitInversionMutator());

/ statistics.add(statistic);

/ System.out.println("Solution found with min fitness " + statistic.getMinFitness());

/ System.out.println("Method execution took " + statistic.getExecutionTime() + " ms
with max nodes " + MAX_NUMBER_OF_NODES);

/ }

for (int 1 =0; i < 6; i++) {
CHROMOSOME_LENGTH = 25;
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CHROMOSOME_LENGTH += 1i*5;
population = new Population();
Statistic statistic = population.run(new TournamentSelector(), new
SinglePointCrossover(), new BitInversionMutator());
statistics.add(statistic);

// statistics.clear();

// for (int j = ©; j < CHROMOSOME_LENGTH; j++) {

// MAX_NUMBER_OF_NODES +=i+1;

// population = new Population();

// Statistic statistic = population.run(new TournamentSelector(), new

SinglePointCrossover(), new BitInversionMutator());

// statistics.add(statistic);
// System.out.println("Solution found with min fitness " +
statistic.getMinFitness());
// System.out.println("Method execution took " + statistic.getExecutionTime() + "
ms with max nodes " + MAX_NUMBER_OF_NODES);
// }

}

System.out.println("Method execution took " + (System.currentTimeMillis() - 1) + " ms");

return DrawGraph.draw(population.getIndividualWithMinFitness());

private static void initAdjacencyMatrix() {
for (int i = @; i < COORDINATES.length; i++) {
for (int j = i; j < COORDINATES.length; j++) {
double[] a = COORDINATES[i];
double[] b = COORDINATES[j];
double distance = Math.sqrt(Math.pow(b[@] - a[@], 2) + Math.pow(b[1] - a[1], 2));
distance *= SCALE;
distance *= COEFFICIENT_TO_CONVERT DISTANCE_IN KM;
ADJACENCY_MATRIX[1i][j] = distance;
ADJACENCY_MATRIX[Jj][i] = distance;




100

Honarok B

3asBa 1M0710 CAaMOCTIHHOCTI BUKOHAHHS pOOOTH Ta MOXKJIMBOCTI 1i ImyOikaii






102

Jonarok I'
[TpoTOKOI MMEPEBIPKH TEKCTY MOSICHIOBAJILHOI 3aITUCKHU €JIEKTPOHHOIO CUCTEMOIO Ha

riariat



103

U) UNICHECK

WmsA nonb3oBaTensa: ID npoBepKHU:

Kicenb TeTtaHa IsaHiBHa kad. CT 1009709904

DaTa npoBepKu: Tun npoBepKu:
17.12.2021 22:32:27 EET Doc vs Internet + Library
DaTa oTtyera: ID nonb30BaTens:
17.12.2021 22:33:30 EET 94940

Hassaunue daina: 2021_M_CT_CNPMm-20-1_JlackoBka_fi_|

Konu4yectBo cTpaHul: 66 KonuuyecTBo cnoB: 12466 KonuuectBo cuMBOnoB: 91668 Pasmep cdaina: 1.68 MB 1D cdbainna: 1009708358

9.59%
CoBnapneHusn

Haunbonblee coBnapgeHue: 5.02% c UHTepHeT-UCTOYHMKOM (http://www.economy.nayka.com.ua/?op=18&z=943)

6.81% UcTouHuku u3 UHTepHeTa B ................................................................................................ CTpaHmMua 68
3.41% VCTOYHUKN M3 BubnnoTekn | 67 uuuuuu s r oo oo e our s s RO RSO O UORRPORPPTO CrpaHu1ua 68

0.4% UuTaT
m- ....................................................................................................................................... Crpanuua 69

WckniovyeHne cnucka 6u6nuorpa¢nqeckux CCbINOK BbIKNKO4Y€eHO

0% NcCKNoUYeHun

HeT UCKNI0YEHHbIX UCTOYHUKOB

Moaudukauum

ObHapy>xeHbl Mogudukaumuu Tekcta. MoapobHasa nHdopMauna BoOCTyNHa B OHNaWH-OTYETE.

3ameHeHHbIe CHMBOLI n
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Jonarok /]

BinomicTte kBamidikaiiitnoi poooTu

['fONK.401210.007 13

(mo3HaYeHHS JOKYMEHTA)
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Ne [No3HayeHHs HalimeHysaHHs . Hoo. .
gidomocmi
Tekcmosi dokymMeHmu
1. | THOMK.401210.007 713 [NosicHoearnbHa 3arnucka 77 c.
2. | TOMK.401210.007-01 12 01 | Tekcm npozpamu 9c.
lpagpiyHi doKymeHmu
3. Cxema 38's13Ky kameezopiu "ennemeHmu",
"giOHoweHHs", "mononoeis" ma
"enacmusocmi’ 1 apkyw
4. Cxema eeHemu4Ho20 anzopummy 1 apkyw
5. Liazpama eapiaHmie sukopucmaHHs
cucmemu 1 apkyw
6. Liazpama knacie cucmemu 1 apkyw
7. EkpaHHi cbopmu 8800y daHuUX 1 apkyw
8. Cxema pobomu do0amKy 3a
apximekmypor MVC 1 apkyw
9. EkpaHHa chopma eusody pe3yribmamis 1 apkyw
10. 3anexHicmb sumpam 8i0 KirlbKocmi
8y3rlig 8 Mepexi 1 apkyw
11. 3anexHicme Yacy po3e’ssaHHs 3adadi
8i0 KirlbKocmi 8y3r1ie Mepexi 1 apryw
3mit. | Apkyw Ne dokymerma Midnuc | Jama ['tOMK.401210.007 3
Pospobus Tsckoeka 51.1. 14.12.21| fjocnidwenns memodie niompumku | Jlimepa | Apkyw | ApKywig
Mepesipus BesxoposaliHuil B.B. 14.12.21 nz :g_::ﬂgz’_’l_’e@ Ofgg%;gj Z;i’;’fxa ‘ y ‘ 1 1
H. koHmporb Be3skoposatiHuli B.B. 1412.21 KOMITIOMEPHUX MEPEX XHYPE
3ameepdue pe6ernir I.B. Bidomicmb amecmauitiHoi po6omu Kagbedpa CT




