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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Вихідний код програмного забезпечення 

 

 

Лістинг 1 – Файл GeneticAlgorithm.cs 

 

using GA.Core.Models; 

using GA.Core.Operations.Crossovers; 

using GA.Core.Operations.Mutations; 

using GA.Core.Operations.Selections; 

using GA.Core.Utility; 

using System; 

using System.Collections.Generic; 

using System.Linq; 

namespace GA.Core 

{ 

public class GeneticAlgorithm<TGene> 

{ 

private ISelection selection; 

private ICrossover crossover; 

private IMutation mutation; 

private IList<Individual<TGene>> population; 

Func<Individual<TGene>, double> fitnessGetter; 

Dictionary<Individual<TGene>, double> fitnesses; 

private (Individual<TGene> Individual, double Fitness) 

currentBestResult; 

private GASettings settings; 

private int iteration = 0; 

private int stagnationCounter = 0; 

private bool stopCondition = false; 

public bool StopCondition { get { return stopCondition; } } 

private FitnessSortEnum sort; 

public IList<Individual<TGene>> Population => 

population.ToList(); 

public int Iteration => iteration; 

/// <summary> 

/// Build algorithm for individuals which distinguish by order 

of genes 

/// </summary> 

/// <param name="genotype"></param> 

public GeneticAlgorithm( 

ISelection selection, 

ICrossover crossover, 

IMutation mutation, 

IList<Individual<TGene>> population, 

GASettings settings, 

Func<Individual<TGene>, double> fitnessGetter, 

FitnessSortEnum sort = FitnessSortEnum.Descending) 
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{ 

this.selection = selection; 

this.crossover = crossover; 

this.mutation = mutation; 

this.population = population; 

fitnesses = new Dictionary<Individual<TGene>, double>(); 

this.fitnessGetter = fitnessGetter; 

this.settings = settings; 

this.sort = sort; 

foreach (var individual in population) 

fitnesses.Add(individual, fitnessGetter(individual)); 

} 

public virtual (Individual<TGene> Individual, double Fitness) 

Run() 

{ 

stopCondition = false; 

if (settings.GenerationsMaxCount < 1) 

throw new ArgumentOutOfRangeException( 

nameof(settings.GenerationsMaxCount), 

settings.GenerationsMaxCount, 

$"{nameof(settings.GenerationsMaxCount)} must be greater than 

0"); 

for (iteration = 0; iteration < settings.GenerationsMaxCount; 

iteration++) 

{ 

GetNextGeneration(); 

 

if (stopCondition) 

break; 

} 

return currentBestResult; 

} 

public virtual IList<Individual<TGene>> GetNextGeneration() 

{ 

if (settings.ElitePercent.HasValue) 

{ 

if (settings.ElitePercent < 0D && settings.ElitePercent > 100D) 

throw new ArgumentOutOfRangeException( 

nameof(settings.ElitePercent), 

settings.ElitePercent.Value, 

"elite percent must be between 0 and 100"); 

var populationEliteCount = (int)Math.Ceiling(population.Count * 

(settings.ElitePercent.Value / 100)); 

fitnesses = 

(sort == FitnessSortEnum.Ascending ? 

fitnesses.OrderByDescending(x => x.Value) : fitnesses.OrderBy(x 

=> x.Value)) 

.Take(populationEliteCount) 

.ToDictionary(x => x.Key, x => x.Value); 

} 

var parentPairs = selection.GetParentPairs(fitnesses, sort); 

var children = crossover.GetNextGeneration(parentPairs); 

mutation.ProcessMutation<Individual<TGene>, TGene>(children, 
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settings.MutationProbability); 

if (settings.OnlyChildrenInNewGeneration) 

{ 

population = children; 

fitnesses = children.ToDictionary(x => x, x => 

fitnessGetter(x)); 

} 

else 

{ 

foreach (var child in children) 

fitnesses.Add(child, fitnessGetter(child)); 

fitnesses = 

(sort == FitnessSortEnum.Ascending ? 

fitnesses.OrderByDescending(x => x.Value) : fitnesses.OrderBy(x 

=> x.Value)) 

.Take(population.Count) 

.ToDictionary(x => x.Key, x => x.Value); 

population = fitnesses.Select(x => x.Key).ToList(); 

} 

var currentIterationBestResult = (sort == 

FitnessSortEnum.Ascending ? fitnesses.OrderByDescending(x => 

x.Value) : fitnesses.OrderBy(x => x.Value)).FirstOrDefault(); 

var resetStagnation = false; 

if ((sort == FitnessSortEnum.Ascending && 

currentIterationBestResult.Value > currentBestResult.Fitness || 

currentBestResult.Fitness == 0D) 

 || (sort == FitnessSortEnum.Descending && 

currentIterationBestResult.Value < currentBestResult.Fitness || 

currentBestResult.Fitness == 0D)) 

{ 

currentBestResult = (currentIterationBestResult.Key, 

currentIterationBestResult.Value); 

resetStagnation = true; 

} 

if (settings.StagnatingGenerationsLimit.HasValue && 

settings.StagnatingGenerationsLimit.Value > 0) 

{ 

if (resetStagnation) 

stagnationCounter = 0; 

else 

stagnationCounter++; 

 

if (stagnationCounter >= settings.StagnatingGenerationsLimit) 

stopCondition = true; 

} 

if (settings.DegenerationMaxPercent.HasValue && 

settings.DegenerationMaxPercent.Value > 0D) 

{ 

var degenerationCoef = population.GetDegenerationCoefficient() * 

100D; 

 

if (degenerationCoef > settings.DegenerationMaxPercent.Value) 

stopCondition = true; 
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} 

return population; 

} 

} 

} 

 

Лістинг 2 – Файл ClassicAlgorithm.cs 

 

using Algorithms.Utility; 

using AntColony.Core.Utilities; 

using System; 

using System.Collections.Generic; 

using System.Linq; 

namespace AntColony.Core 

{ 

public class ClassicAlgorithm<TNode> : BaseAlgorithm<TNode> 

where TNode : class 

{ 

public ClassicAlgorithm(IList<TNode> nodes, Func<TNode, TNode, 

double> edgeDistanceGetter, AntColonySettings settings) : 

base(nodes, edgeDistanceGetter, settings) { } 

public override IList<IList<TNode>> Run(AntPopulationSettings 

antSettings) 

{ 

var ants = TravelAllPaths(antSettings.AntCount); 

EvaporatePheromones(); 

foreach (var ant in ants) 

{ 

for (var i = 0; i < ant.TravelledPathMemory.Count - 1; i++) 

{ 

var currentPheromoneAmount = 

pheromoneMap[ant.TravelledPathMemory[i]][ant.TravelledPathMemory

[i + 1]]; 

var pheromoneDelta = settings.UseCommonAntPheromoneAmount ? 

settings.CommonAntPheromoneAmount : ant.PersonalPheromoneAmount; 

pheromoneDelta /= edgeDistanceGetter(ant.TravelledPathMemory[i], 

ant.TravelledPathMemory[i + 1]); 

pheromoneMap[ant.TravelledPathMemory[i]][ant.TravelledPathMemory

[i + 1]] = currentPheromoneAmount + pheromoneDelta; 

} 

} 

return ants.Select(x => x.TravelledPathMemory).ToList(); 

} 

protected override void EvaporatePheromones() 

{ 

for (int i = 0; i < nodes.Count; i++) 

{ 

for (int j = 0; j < nodes.Count; j++) 

{ 

if (i == j) 

continue; 
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var edgeCurrentAmount = pheromoneMap[nodes[i]][nodes[j]]; 

pheromoneMap[nodes[i]][nodes[j]] = edgeCurrentAmount * (1 - 

settings.EvaporationCoefficient); 

} 

} 

} 

private protected override void TravelPath(Ant<TNode> ant) 

{ 

//write first node to ant memory 

///TODO: always add first or random? 

var nodes = this.nodes.ToList(); 

ant.TravelledPathMemory.Add(nodes[0]); 

nodes.RemoveAt(0); 

while (nodes.Any()) 

{ 

var probabilityIntervals = new List<double>(); 

//writing intervals:  

//0: from 0 to probability[0] 

//1: from probability[0] to (probability[0] + probability[1]) 

//... 

//last: from (probability[0] + ... + probability[Count - 2]) to 

(probability[0] + ... + probability[Count - 1]) 

//(probability[0] + ... + probability[Count - 1]) == 

Σ(probabilities) 

//Example: 

//t(ι1)^α * μ(ι2)^β = 10 

//t(ι1)^α * μ(ι3)^β = 12 

//t(ι1)^α * μ(ι4)^β = 15 

//t(ι1)^α * μ(ι5)^β = 20 

//t(ι1)^α * μ(ι6)^β = 19 

//Σ(t(ι1)^α * μ(ι6)^β) = 76 

//0: from 0                       to 10                           

| 0 - 10 

//1: from (0 + 10)                to (0 + 10 + 12)                

| 10 - 22 

//2: from (0 + 10 + 12)           to (0 + 10 + 15)                

| 22 - 37 

//3: from (0 + 10 + 12 + 15)      to (0 + 10 + 12 + 15 + 20)      

| 37 - 57 

//4: from (0 + 10 + 12 + 15 + 20) to (0 + 10 + 12 + 15 + 20 + 

19) | 37 - 76 

//generating random value from 0 to 76, i.g. 53 

//53 in 37-57 interval, so ant chose "1-5" edge 

//if α and β weigths are common for each ant 

for (var i = 0; i < nodes.Count; i++) 

{ 

var travelProbabilityPart = 

GetTravelProbability(ant.TravelledPathMemory.Last(), nodes[i]); 

if (i == 0) 

probabilityIntervals.Add(travelProbabilityPart); 

else 

probabilityIntervals.Add(probabilityIntervals.Last() + 

travelProbabilityPart); 
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} 

var randomValue = Random.Shared.NextDouble() * 

probabilityIntervals.Last(); 

probabilityIntervals.Add(randomValue); 

probabilityIntervals.Sort(); 

var randomValueIndex = 

SearchHelper.BinarySearch(probabilityIntervals, randomValue); 

if (randomValueIndex != -1) 

{ 

var intervalIndex = (randomValueIndex == 

probabilityIntervals.Count - 1) 

? randomValueIndex - 1 

: randomValueIndex; 

probabilityIntervals.RemoveAt(randomValueIndex); 

ant.TravelledPathMemory.Add(nodes[intervalIndex]); 

nodes.RemoveAt(intervalIndex); 

} 

} 

} 

} 

} 

 

Лістинг 3 – Файл TwoDimensionalSOM.cs 

 

using Algorithms.SphereCovering; 

using Algorithms.Utility.StructuresLinking; 

using SOM.Configuration; 

using System; 

using System.Collections.Generic; 

using System.Diagnostics; 

using System.Linq; 

namespace SOM 

{ 

public class TwoDimensionalSOM<TPoint2D> : BaseSOM<TPoint2D> 

where TPoint2D : IVector<double> 

{ 

public TwoDimensionalSOM(SOMSettings settings, IList<TPoint2D> 

dataVectors, Topology topology) 

: base(settings, dataVectors, topology) 

{ 

} 

 

protected override void InitNetwork(Topology topology) 

{ 

switch (topology) 

{ 

case Topology.Sphere: 

default: 

InitSphereNetwork(this.dataVectors.Count); 

break; 

} 
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} 

protected override void InitNetwork(bool[,] topology) 

{ 

throw new NotImplementedException(); 

} 

protected override void InitSphereNetwork(int networkSize) 

{ 

networkSize = (int)Math.Round(networkSize * 

settings.NetworkSizeMultiplier); 

base.InitSphereNetwork(networkSize); 

var xValues = this.dataVectors.Select(v => v["x"]); 

var yValues = this.dataVectors.Select(v => v["y"]); 

var xWidth = xValues.Max() - xValues.Min(); 

var yWidth = yValues.Max() - yValues.Min(); 

var centerX = xValues.Average(); 

var centerY = yValues.Average(); 

var radius = (xWidth < yWidth) 

? xWidth / 100D * settings.NetworkRadiusPercent 

: yWidth / 100D * settings.NetworkRadiusPercent; 

this.networkVectors = new List<TPoint2D>(networkSize); 

this.networkTopologyDistances = new Dictionary<TPoint2D, 

Dictionary<TPoint2D, double>>(networkSize); 

this.networkReadiness = new Dictionary<TPoint2D, 

bool>(networkSize); 

var circlePoints = SphereTools.GetCirclePoints(networkSize, 

radius, (centerX, centerY)); 

for (int i = 0; i < networkSize; i++) 

{//creating new cell 

this.networkVectors.Add(Activator.CreateInstance<TPoint2D>()); 

this.networkVectors.Last()["x"] = circlePoints[i].X; 

this.networkVectors.Last()["y"] = circlePoints[i].Y; 

this.networkReadiness.Add(this.networkVectors[i], false); 

this.networkTopologyDistances.Add(this.networkVectors[i], new 

Dictionary<TPoint2D, double>()); 

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

{ 

if (i < networkSize / 2 + j) 

{ 

this.networkTopologyDistances[this.networkVectors[i]].Add(this.n

etworkVectors[j], i - j); 

this.networkTopologyDistances[this.networkVectors[j]].Add(this.n

etworkVectors[i], i - j); 

} 

else 

{ 

this.networkTopologyDistances[this.networkVectors[i]].Add(this.n

etworkVectors[j], networkSize - (i - j)); 

this.networkTopologyDistances[this.networkVectors[j]].Add(this.n

etworkVectors[i], networkSize - (i - j)); 

}}} 

if (settings.UseDistancePenalties) 

{ 

this.networkDistancePenalties = new Dictionary<TPoint2D, 
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double>(); 

foreach (var vector in this.networkVectors) 

this.networkDistancePenalties.Add(vector, 

networkDistancePenaltiesDefaultValue); 

} 

this.workingNetworkVectors = this.networkVectors.ToList(); 

} 

public override double GetDistance(TPoint2D first, TPoint2D 

second) 

{ 

return Math.Sqrt(Math.Pow(first["x"] - second["x"], 2) + 

Math.Pow(first["y"] - second["y"], 2)); 

} 

Func<TPoint2D, TPoint2D, double> getDistanceFunc; 

IList<TPoint2D> workingNetworkVectors; 

public override void ProcessIteration() 

{ 

if (settings.UseDistancePenalties) 

getDistanceFunc = (networkPoint, dataPoint) => 

GetDistance(networkPoint, dataPoint) * 

this.networkDistancePenalties[networkPoint]; 

else 

getDistanceFunc = (networkPoint, dataPoint) => 

GetDistance(networkPoint, dataPoint); 

foreach (var dataVector in dataVectors.Where(x => 

this.dataReadiness[x] == false)) //except matched ones 

{ 

var orderedNetworkVectors = workingNetworkVectors 

.Select(x => (x, getDistanceFunc(x, dataVector))) 

.OrderBy(x => x.Item2); 

var (closestNetworkVector, distance) = 

orderedNetworkVectors.FirstOrDefault(); 

if (closestNetworkVector != null) 

{ 

if (distance > settings.RoundPrecision) 

{ 

for (var i = 0; i < closestNetworkVector.Count; i++) 

closestNetworkVector[i] = closestNetworkVector[i] + 

settings.LearningCoefficient * (dataVector[i] - 

closestNetworkVector[i]); 

} 

else 

{ 

for (var i = 0; i < closestNetworkVector.Count; i++) 

closestNetworkVector[i] = dataVector[i]; 

this.networkReadiness[closestNetworkVector] = true; 

this.dataReadiness[dataVector] = true; 

this.workingNetworkVectors.Remove(closestNetworkVector); 

} 

if (settings.UseElasticity && settings.CooperationCoefficient > 

settings.CooperationThreshold) 

{ 

var networkVectorsToAdjust = workingNetworkVectors.ToList(); 
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networkVectorsToAdjust.Remove(closestNetworkVector); 

var elasticityCoefs = networkVectorsToAdjust.Select(x => 

GetNeighbourFunction(x, closestNetworkVector)).ToArray(); 

for (int i = 0; i < networkVectorsToAdjust.Count; i++) 

{ 

if (elasticityCoefs[i] > 0D) 

for (var j = 0; j < closestNetworkVector.Count; j++) 

networkVectorsToAdjust[i][j] = networkVectorsToAdjust[i][j] + 

settings.LearningCoefficient * 

(dataVector[j] - networkVectorsToAdjust[i][j]) * 

elasticityCoefs[i]; 

} 

settings.CooperationCoefficient *= 1D - 

settings.CooperationFading / 100D; 

} 

if (settings.UseDistancePenalties) 

this.networkDistancePenalties[closestNetworkVector] *= 1D + 

settings.PenaltiesIncreasingCoefficient / 100D; //1% -> newValue 

= oldValue * (100% - 1%) 

if (settings.LearningFadingCoefficient.HasValue) 

settings.LearningCoefficient *= 1D - 

settings.LearningFadingCoefficient.Value / 100D;}}} 

protected List<TPoint2D> data; 

protected override double GetNeighbourFunction(TPoint2D 

chosenVector, TPoint2D otherVector) 

{ 

var distance = GetDistance(chosenVector, otherVector); 

var pointsDistance = 

this.networkTopologyDistances[chosenVector][otherVector]; 

var coef = Math.Exp(-1 * Math.Pow(pointsDistance, 2) * distance 

/ settings.CooperationCoefficient); 

return coef; 

} 

public override IEnumerable<TPoint2D> BuildMap() 

{ 

var stopwatch = Stopwatch.StartNew(); 

 

while (!FinishCondition) 

{ 

Console.WriteLine($"{ProcessedVectors} - {stopwatch.Elapsed} | 

coef: {settings.LearningCoefficient} | length: {GetFullLength()} 

| n: {settings.CooperationCoefficient}"); 

ProcessIteration(); 

} 

stopwatch.Stop(); 

Console.WriteLine(stopwatch.Elapsed); 

return this.networkVectors.Where(x => 

this.networkReadiness[x]).ToList(); 

} 

} 

} 


