Opnecbkuil HalioHANBHUN yHIBepcuTeT imMeHi . [. MeunnkoBa
IHCTUTYT MaTeMaTHKHU, EKOHOMIKH | MeXaHiKHU

Metoau MateMaTH4IHOT (h13UKH

Aunaomua podora

OakanaBpa

Ha TeMy: «[ €HEeTHYHI AITOPUTMHU Y HAaBYAHH1 HEYITKUX HEUPOHHUX MEPEIHK»

«Genetic algorithms for learning fuzzy neural networks»

BukoHaB: cTyleHT JeHHOiI OpMHU HaBYAHHS
Hanpsamy miarotosku 6.040301 [IpuknagHa maTemaTuka

3acimaBcekuil JIMmutpo BoiomuMupoBuY

KepiBHuk: kaHauaat ¢is.-maT. Hayk, goueHT Llymuxun C. A.

PenieH3enT kaHamaaT ¢is.-mat. Hayk, aoueHT MoiiceeHok O. I1.

PexoMeH0BaHO 10 3aXUCTY: 3axuieHo Ha 3aciganal EK Ne
[IpoToxou 3acimanus Kadeapu npoTokoJ No BiJl
Ne BiX p. Omninka / /

(3a HarioHaIBHOO mIKajoro, mkajgow ECTS, 6amm)

3aBigyBau kadheapu
Y derp I'omosa EK

(migmuc) (npi3Bu1Le, iHiIiaTH)
(mimmic) (mpi3Bue, iHimiamm)

Opneca — 2017



ILi1an

Beryn

. llITyuHi HEWpOHHI Mepexi

2.1
2.2
2.3

[Tapanemni 3 6iosorii
BusHaueHHsS HEUPOHHOI Mepexi
MartematnuHe OOTPpYHTYBaHHS MOXIJIMBOCTEH HEUPOHHUX

MepexK

. CrucTemMu HEUITKOTO BUBOTY

. I'eHeTn4H1 anropurmMu

4.1
4.2
4.3
4.4

IcTopist Ta 3B’A30K 3 HEUPOHHUMU MEPEKAMU
[TopiBHSIHHS 3 TPAAUIIMHUMHU METOJaMU ONITUMI3aIlli
OcHOBHI NOHATTH

KiacnuHUi reHETUYHHUMN aIrOPUTM

. HaBuaHHSI HEUITKOI HEMPOHHOI MEPEXkK1 3a JOMOMOIO0 TOPUIHUX

aJIrOPUTMIB

5.1
5.2

HepBiCHC HaB4YadHHJA 34 JOIIOMOI'OKO I'CHECTHYHHNX aJ'IFOpI/ITMiB

[TigBUILIEHHS YiTKOCTI HEMPOHHOI MEPEXKI

. [Ipuknagu BUKOpUCTaHHS

6.1 HaByaHHs reHETUYHUMHU AJITOPUTMAMHU
6.2 [lopiBHSHHS 3 IHIIUMH ICHYIOUUMH QJITOPUTMaMU HaBYaHHS
BucnoBku

CrOucok BUKOPHUCTAHO1 JIITEpaTypHu

Jlonatku



Beryn

B nanwuit yac, konu o0csaru iHpopmariii, 1o 30MpaeThes MBUAKO HAOUPAIOTh
3pOCTaHHs 1 BX&E HEMOXKIIMBO BPY4HY orepaTuBHO O0pobisiTu 310paHi qaHi,
1ICTOTHO - Ba)KJIMBUMH €JIEMEHTAMH COLIIaIBLHOTO JKUTTS JIIOJUHH CTA€
aBTOMATH3aIlis iX 00pOOKH 1 aHATI3Y.

Heo0xiaHO BUBYATH MOXKIIMBOCTI 1 €PEKTUBHICTH p13HUX (HOPM 1 METOIB
MIPOJIaXKy TOBApiB, BUPOOIIATH POOOTY 1O OPMYBAHHIO 3AIMUTIB HACEIICHHS,
M1BUIICHHIO MIPECTHXKY TOProBesibHOT Gipmu. [lepceKTHBHUM 3 IIi€T TOUKHU 30py
€ 3aCTOCYBaHHS 1H(POpMAIITHUX TEXHOJIOT1H ITpH 00CIyTrOBYBaHH1 MOKYIIIIIB.
ABTOMaTH3aIlisl IEPBUHHOI JIarHOCTUKH Ta MepeBipKa KOPEKTHOCTI JiarHo3y i
NnpU3HAUYeHUX JiKyBaHHs. [Iponienypa po3risay 3asB Mpo KopucTyBaya 3
ypaxyBaHHSM HETOYHHMX MUTAHHSAM 1 0COOJMBOCTEN MOBH.

Ha nanuit MoMeHT, B 001aCcTi aHa3 IaHUX, YCIIIIHAUMU IHCTPYMEHTaMHU €
METO/IM MAIlIMHHOTO HAaBYaHHA. Y AaHiil poboTi OyyTh Po3rissHyTo ouH 3
HAWIMOTYKHIIIKX IHCTPYMEHTIB - HEUPOHHI MEPEXKI.

MeTor TUIUIOMHOI pOOOTH €:

e BuBUYEHHS MITYYHUX HEHPOHHUX MEPEK;

e BuBUYCHHS ICHYIOUHX aITOPUTMIB iX HABYaHHS,

e BuBuYeHHS CHCTEM HEYITKOTO BHBO/IA;

e BuBYCHHS r€éHETUYHUX AJTOPUTMIB;

e Cnpoba ¢popMyBaHHS aNTOPUTMY HaBYAHHS HEUITKOI HEMPOHHOI MEpexKi
3aco0aMu T€HETUYHUX aJITOPUTMIB.



BucnoBku

1. IcHye MaTeMaTU4He OOTPYHTYBaHHS BUKOPUCTAHHS HEMPOHHUX CHUCTEM 3a
teopemamu Konmaroposa ta ['opOaHi.

2. Illo xoua HEHPOHHI CUCTEMH HE JOCSTIIN PIBHS JIOJUHU, BOHU BCE — TAKU
MO’KYTh BUKOHYBATH JIOCUTh IIMPOKHUMA CIIEKTp 3a/1a4.

3. OcCkiJbKH B HAILIOMY CBITI HE ICHY€ a0COJIFOTHO TOYHOI 1H(OpMaIlii, TO HeUiTKa
JIOTiKa, a OT)KE 1 HEYITKI HEMPOHHI CUCTEMU OyAYTh PO3BUBATHUCS 1 aKTUBHO
BUKOPUCTOBYBATHUCS. | X04a BCe 111e ICHYIOTh HEBHPIIIEHI TPOOJIEMU y
BU3HAYCHHI Ta 3pYYHICTh peasi3allii omnepailii B HeUITKUX 0e3Jiyl, Ha JaHUH
MOMEHT, SIK 1 B MalOyTHBOMY 1€ OyJIe CEpHO3HUM IHCTPYMEHTOM JJIsl PO3BUTKY
B 00s1acTi 00p0oOKHU 1HpOpMAaITii.

4. TeHeTHUYH1 aJrOPUTMHU MOKa3au cede TOCUTh ePEKTUBHUM 3aCO00M JIJIst
HABYaHHS HEYITKUX MEPEXK, OJIHAK ICHYIOTh OUIbII e(DEKTUBHI aJITOPUTMHU
HaBYaHHS.
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HomaTku

Kon nporpamu:
1) HediTKe TPUKYTHE YHUCIIO

class FuzzyDouble
{
double mediana;
double fuzzyL eft;
double fuzzyRigth;
public FuzzyDouble() { }
public FuzzyDouble(double A)
{
mediana = A;
fuzzylLeft = 0;
fuzzyRigth = 0;
¥
public FuzzyDouble(double FuzzyLeft, double Mediana, double
FuzzyRigth)
{
mediana = Mediana;
/[fuzzyl eft = Mediana - FuzzyL eft;
/[fuzzyRigth = FuzzyRigth - Mediana;
fuzzyleft = FuzzylL eft;
fuzzyRigth = FuzzyRigth;
}
public static FuzzyDouble operator +(FuzzyDouble objl, FuzzyDouble
obj2)
{
FuzzyDouble result = new FuzzyDouble();
result.mediana = objl.mediana + obj2.mediana;
result.fuzzyLeft = objl.mediana + obj2.mediana-objl.fuzzyLeft -
obj2.fuzzyL eft;
result.fuzzyRigth = obj1.fuzzyRigth + obj2.fuzzyRigth;
return result;
by
public static FuzzyDouble operator -(FuzzyDouble objl, FuzzyDouble
obj2)
{
FuzzyDouble result = new FuzzyDouble();
result.mediana = objl.mediana - obj2.mediana;
result.fuzzyLeft = objl.fuzzyLeft - obj2.fuzzyL eft;
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result.fuzzyRigth = obj1.fuzzyRigth - obj2.fuzzyRigth;
return result;
¥
public static FuzzyDouble operator *(FuzzyDouble objl, FuzzyDouble
0bj2)
{
FuzzyDouble result = new FuzzyDouble();
result.mediana = objl.mediana * obj2.mediana,;
result.fuzzyLeft = obj1.fuzzyLeft * obj2.fuzzyL eft;
result.fuzzyRigth = obj1.fuzzyRigth * obj2.fuzzyRigth;
return result;
}
public static FuzzyDouble operator /(FuzzyDouble obj1, FuzzyDouble
obj2)
{
FuzzyDouble result = new FuzzyDouble();
result.mediana = objl.mediana / obj2.mediana;
result.fuzzyLeft = obj1.fuzzyLeft / obj2.fuzzyRigth;
result.fuzzyRigth = obj1.fuzzyRigth / obj2.fuzzyL eft;
return result;

public double Mediana
{

get { return mediana; }
set { mediana = value; }

¥
public override string ToString()

{
return String.Format("({0}, {1}, {2})", mediana - fuzzyLeft, mediana,

mediana + fuzzyRigth);

k
¥

2) Heiipon

public interface INeuron<T>

{

/Il <summary>

/I ' Weights of the neuron

/Il <[summary>

List<double> Weights { get; }

/Il <summary>
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/] Offset/bias of neuron (default is 0)
/Il </summary>
double Bias { get; set; }

/Il <summary>

/Il Last calculated state in Activate
Il <[summary>

T LastState { get; set; }

/Il <summary>

/Il Last calculated NET in NET
/Il </summary>

T WeightedSum { get; set; }

IList<INeuron<T>> Children { get; }
IList<INeuron<T>> Parents { get; }
IFunction ActivationFunction { get; set; }
double ActivationFunctionDerivative { get; }
double ErrorDerivative { get; set; }

/Il <summary>

/[l Compute NET of the neuron by input vector

/Il <[summary>

/Il <param name="inputVector">input vector (must be the same dimension
as was set in SetDimension)</param>

/Il <returns>NET of neuron</returns>

T computeWeightedSum(T[] inputVector);

/Il <summary>

/Il Compute state of neuron

/Il </[summary>

/Il <param name="inputVector">input vector (must be the same dimension
as was set in SetDimension)</param>

/Il <returns>State of neuron</returns>

T Activate(T[] inputVector);

b
3) Llap HEHpPOHHOT MepexKi

public interface |Layer<T>

{

/Il <summary>
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/Il Get last output of the layer
/Il </[summary>
T[] LastOutput { get; }

/[l <summary>

/Il Get neurons of the layer

/Il </[summary>

INeuron<T>[] Neurons { get; }

/Il <summary>

/Il Get input dimension of neurons
/Il </summary>

int InputDimension { get; }

Il <summary>

/Il Compute output of the layer

/Il <[summary>

/] <param name="inputVector">Input vector</param=>
/Il <returns>Output vector</returns>

T[] Compute(double[] inputVector);

4) HeuiTka HelpOHHA Mepexa

public class MultiLayerNetwork:IMultilayerNeuralNetwork
{
Layer[] layers;
ILearningStrategy<IMultilayerNeuralNetwork> learnStrategy;
int inputDimension=0;
int conectionsCount = 0;

public MultiLayerNetwork(int[] NeuronsinLayers, int InputDimension)
{

Random rnd = new Random();

inputDimension = InputDimension;

layers = new Layer[NeuronsinLayers.Length];

layers[0] = new Layer(NeuronsinLayers[0], InputDimension);

double[] weights = new double[InputDimension];

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

{

weights[i] = 1;
¥
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for (int 1 =0; i < NeuronsInLayers[0]; i++)
{
layers[0].AddNeuron(new MLNeuron(weights.ToL.ist()));
conectionsCount += weights.Length;
by
for (int 1 =1; i < NeuronslnLayers.Length; i++)
{
layers[i] = new Layer(NeuronsinLayers[i], NeuronsinLayers[i - 1]);
for (int j = 0; j < NeuronslInLayers[i]; j++)
layers[i]. AddNeuron(new MLNeuron(NeuronsinLayers[i - 1],
rnd));
conectionsCount += NeuronsinLayers[i - 1];
¥
LearningConfig config = new LearningConfig();
config.BatchSize = -1;
config.MaxEpoches = 1000;
config.MinError = 0.000001;
config.MinErrorChange = 0.0000000001;
learnStrategy = new GeneticLearning(this, config);

public ILayer<double>[] Layers
{

get { return layers; }

¥

public int InputDimension

{

get { return inputDimension; }

¥

public int ConectionsCount

{

get { return conectionsCount; }

}
public FuzzyDouble [] ComputeQutput(FuzzyDouble [] inputVector)

{
FuzzyDouble [] outputVector = layers[0].Compute(inputVector);

for (int1=1; i < layers.Length; i++)

{

outputVector = layers[i].Compute(outputVector);
¥
return outputVector;
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public void Train(IList< FuzzyDouble > Data)

{
learnStrategy.train(Data);

¥

public void Train(IList< FuzzyDouble > Train, IList< FuzzyDouble >
Validate, |List< FuzzyDouble > Check)

{
learnStrategy.train(Train,Validate,Check);

¥
5) Omnepatop KpocciHroBepa

public class Crossingover

{
public MultiLayerNetwork[] copulation(IMultilayerNeuralNetwork N1,

IMultilayerNeuralNetwork N2, int k)
{
MultiLayerNetwork[] childs = new MultiLayerNetwork[2];
int[] neurons = new int[N1.Layers.Length];
for (int j = 0; j < N1.Layers.Length; j++)

¢ neurons[j] = N1.Layers[j].Neurons.Length;

%or (int j = 0; j < childs.Length; j++)

¢ childs[j] = new MultiLayerNetwork(neurons, N1.InputDimension);
¥

inti=0;

for (int layer = 0; layer < N1.Layers.Length; layer++)

{
for (int j = 0; j < N1.Layers[layer].Neurons.Length; j++)
{
for (int n = 0; n < N1.Layers[layer].Neurons[j].Weights.Count;
n++, i++)
{
if (i<k)
{

double a = N1.Layers[layer].Neurons[j].Weights[n], b =
N2.Layers[layer].Neurons[j].Weights[n];
childs[0].Layers[layer].Neurons[j].Weights[n] = a;
childs[1].Layers[layer].Neurons[j].Weights[n] = b;
by
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else

{

double a = N1.Layers[layer].Neurons[j].Weights[n], b =
N2.Layers[layer].Neurons[j].Weights[n];

childs[0].Layers[layer].Neurons[j].Weights[n] = b;
childs[1].Layers[layer].Neurons[j].Weights[n] = a;

}

}
}
}

return childs;

¥

6) Omnepatop MyTaiiii

internal class Mutation : IMutation
{
List<double> mutationsRange;
Random _rnd;
int maxMutations;
internal Mutation(Random rnd, List<double> MutationsRange, int
MaxMutations)
{
_rnd =rnd;
mutationsRange = MutationsRange;
maxMutations = MaxMutations;

¥

public void mutate(IMultilayerNeuralNetwork network)
{
int mutations = _rnd.Next(1, maxMutations);
for (int 1 = 0; i < mutations; i++)
{
double rate = _rnd.NextDouble();
if (rate < 0.2)
{
int layer = _rnd.Next(0, network.Layers.Length);
int neuron = _rnd.Next(0, network.Layers[layer].Neurons.Length);
int weigth = _rnd.Next(0,
network.Layers[layer].Neurons[neuron].Weights.Count);
network.Layers[layer].Neurons[neuron].Weights[weigth] =
mutationsRange[_rnd.Next(0, mutationsRange.Count)];

k
}
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¥
¥

7) Omneparop cenexiii

int[] selectParents(double[] errors)

{

int[] parentsindexes = new int[2];
double random = rnd.NextDouble();
for(int i=0;i<errors.Length;i++)

{

if (random < errors[i])

{

parentsindexes[0] = i;
break;

do
{

random = rnd.NextDouble();
for (int i = 0; i < errors.Length; i++)

{
if (random < errors]i])

{

parentsindexes[1] = i;
break;

k
¥

} while (parentsindexes[1] == parentsindexes[0]);
return parentsindexes;

¥

8) AuropuT™ HaBYaHHS HEWPOHHOI MEPEXKIi 3 3aCTOCYBAHHSIM IeHETUYHHUX
AITOPUTMIB

class GeneticLearning: ILearningStrategy<IMultilayerNeuralNetwork>
{
private LearningConfig config;
private Random rnd,;

private static Logger logger = LogManager.GetCurrentClassLogger();

34



private IMultilayerNeuralNetwork network;
List<double> weigthesRange;

private double currentTrainError = Single.MaxValue;
private double lastTrainError = 0;

private double currentValidateError = Single.MaxValue;
private double lastValidateErrorl = 0;

private double lastValidateError2 = 0;

private double lastValidateError3 = 0;

private double currentCheckError = 0;

Crossingover crossingover;

Mutation mutation;

int elite = 2;

private IMultilayerNeuralNetwork networkL1;
private IMultilayerNeuralNetwork networkL2;

internal GeneticLearning(IMultilayerNeuralNetwork Network,
LearningConfig Config)

{
config = Config;
network = Network;
/l_random = new Random(Helper.GetSeed());
rnd = new Random();

¥

public void train(IList<DoubleData> train, IList<DoubleData> validate,
IList<DoubleData> check)

{

int epochNumber = 0;
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logger.Info("Start learning...");
MultiLayerNetwork[] population = Initialize(128);
string Train = @"E:\/Tmuma\NeuralNetworks\result.txt";
System.10.StreamWriter srT = new System.lO.StreamWriter(Train, false);
do
{

lastTrainError = currentTrainError;

DateTime dtStart = DateTime.Now;

population=Iteration(population,train);

/lrecalculating error on all train

currentTrainError = 0;

for (inti=0; i <train.Count; i++)

{

double[] realOutput = population[0].ComputeQutput(train[i].Input);

currentTrainError += config.ErrorFunction.Calculate(train[i].Output,
realOutput);

¥

currentTrainError /= train.Count;
lastValidateError3 = lastValidateError2;
lastVValidateError2 = lastValidateErrorl;
lastValidateErrorl = currentValidateError;
/lrecalculating error on all validate
currentValidateError = 0;

for (inti=0; i < validate.Count; i++)

{
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double[] realOutput =
population[0].ComputeOutput(validate[i].Input);

currentValidateError +=
config.ErrorFunction.Calculate(validate[i].Output, realOutput);

}
currentValidateError /= validate.Count;
currentCheckError = 0;
for (int1=0; i < check.Count; i++)
{
double[] realOutput = population[0]. ComputeQutput(check]i].Input);

currentCheckError +=
config.ErrorFunction.Calculate(check][i].Output, realOutput);

}

currentCheckError /= check.Count;

epochNumber++;

Console.WriteLine("Eposh #" + epochNumber.ToString() +

" finished; current error is ' + currentTrainError. ToString()

+
", it takes: " +
(DateTime.Now - dtStart).Duration(). ToString());
logger.Trace("Eposh #" + epochNumber.ToString() +
" finished; current error is " + currentTrainError.ToString()
+
", it takes: " +
(DateTime.Now - dtStart).Duration(). ToString());
string ss = epochNumber.ToString() + "," +
currentTrainError.ToString().Replace(”,", ".") + "," +
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currentValidateError.ToString().Replace(","”, ".") + "," +
currentCheckError. ToString().Replace(",", ".");

srT.WriteLine(ss);

} while (epochNumber < config.MaxEpoches &&
currentTrainError > config.MinError);

srT.Close();
UpdateWeightes(population[0]);
}

public void train(IList<DoubleData> train)
{
int epochNumber = 0;
logger.Info("Start learning...");
MultiLayerNetwork[] population = Initialize(128);
string Train = @"E:\/Iluma\NeuralNetworks\train.txt";
System.lO.StreamWriter srT = new System.lO.StreamWriter(Train, false);
do
{
lastTrainError = currentTrainError;
DateTime dtStart = DateTime.Now;
population = Iteration(population, train);
/Irecalculating error on all train
currentTrainError = 0;
for (inti = 0; i < train.Count; i++)
{
double[] realOutput = population[0].ComputeOutput(train[i].Input);
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currentTrainError += config.ErrorFunction.Calculate(train[i].Output,

realOutput);

¥

currentTrainError /= train.Count;
epochNumber++;
Console.WriteLine("Eposh #" + epochNumber.ToString() +

" finished; current error is " + currentTrainError. ToString()

", it takes: " +
(DateTime.Now - dtStart).Duration().ToString());
logger.Trace("Eposh #" + epochNumber.ToString() +

" finished; current error is ' + currentTrainError. ToString()

" it takes: " +

(DateTime.Now - dtStart).Duration(). ToString());

srT.WriteLine(epochNumber.ToString() + "," +

currentTrainError. ToString().Replace(",", "."));

} while (epochNumber < config.MaxEpoches && currentTrainError >

config.MinError);

srT.Close();
UpdateWeightes(population[0]);
}

public void UpdateWeightes(MultiLayerNetwork newNetwork)

{
// Update weights and bias

for (int layerindex = O; layerIndex < network.Layers.Length; layerIndex++)

39



for (int neuronindex = 0; neuronlindex <
network.Layers[layerIndex].Neurons.Length; neuronindex++)

{

network.Layers[layerIndex].Neurons[neuronindex].Bias =
newNetwork.Layers[layerIndex].Neurons[neuronindex].Bias;

for (int weightindex = 0; weightindex <
network.Layers[layerIndex].Neurons[neuronindex].Weights.Count;
weightindex++)

{

network.Layers[layerIndex].Neurons[neuronindex].Weights[weightindex] =
newNetwork.Layers[layerindex].Neurons[neuronindex].Weights[weightindex];

¥

¥

public MultiLayerNetwork[] Iteration(MultiLayerNetwork[] population,
IList<DoubleData> data)

{

MultiLayerNetwork[] childs = new
MultiLayerNetwork[population.Length];

double[] errors = new double[population.Length];
for (int n = 0; n < population.Length; n++)
{

for (inti = 0; i < data.Count; i++)

{

double[] realOutput = population[n].ComputeQutput(data[i].Input);
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errors[n] += config.ErrorFunction.Calculate(data[i].Output,
realOutput);

¥

errors[n] /= data.Count;
by
Array.Sort(errors, population);
double sum = Sum(errors);

for (int i=0;i< errors.Length ; i++)

{
errors[i] = errors[i] / sum;
by
for (inti =0; i <errors.Length; i++)
{
errors[i] = 1/ errors[i];
by

sum = Sum(errors);

for (int1=0; i <errors.Length; i++)

{
errors[i] = errors[i] / sum;
b
for (inti=1;i<errors.Length; i++)
{
errors[i] += errors[i-1];
by
for (int1=0; 1< elite; i++)
{
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childs[i] = population[i];
by
for (int 1 = elite; i < population.Length; i+=2)
{

int[] indexes= selectParents(errors);

MultiLayerNetwork][] temp =
crossingover.copulation(population[indexes[0]],
population[indexes[1]],rnd.Next(0,network.ConectionsCount));

foreach(MultiLayerNetwork n in temp)

{

mutation.mutate(n);
b
childs[i] = temp[0];
childs[i + 1] = temp[1];
by

return childs;

}
MultiLayerNetwork[] Initialize(int N)

{
MultiLayerNetwork[] population = new MultiLayerNetwork[N];

crossingover = new Crossingover();

weigthesRange = new List<double>();
int M = 1000000;

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

{
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weigthesRange.Add(((double)i / M) * 2 - 1);
by
mutation = new Mutation(rnd, weigthesRange,10);
int[] neurons = new int[network.Layers.Length];

for (int ] = 0; j < network.Layers.Length; j++)

{
neurons(j] = network.Layers[j].Neurons.Length;
by
for (int j = 0; j < population.Length; j++)
{

population[j] = new MultiLayerNetwork(neurons,
network.InputDimension);

}

for (int layer = 0; layer < network.Layers.Length; layer++)

{

for (int j = 0; j < network.Layers[layer].Neurons.Length; j++)

{

for (int n = 0; n < network.Layers[layer].Neurons[j]. Weights.Count;
n++)

for (int k =0; k < N; k++)

{
double A = weigthesRange[rnd.Next(0, M)];

population[k].Layers[layer].Neurons[j]. Weights[n] = A;
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}

return population;
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