JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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MiHicTepcTBO OCBITK | HayKKM YKpdiHm
XApPKIBCbKMIM HQULIOHOABHMI YHIBEDCUTET PAAIOEASKTDOHIKM

Kadpeapa EOM

MeToAM PILLEHHS 30AQ4I KOMIBOSXKEPQ
HQ OCHOBI ODYUCAKDBAABHOIO IHTEAEKTY

BUKOHCB: HayKOBMIM KePIiBHUK:
ct. rp. Clm-22-3 Ao kadp. EOM
Onumuerxo O.l. Isawerko .C.

AKTYQABHICTb NPOBAEMM

= 3oaaya  Komisosxepa  (3K) noafrae B MOWYKY
HOMKOPOTLLIOTO MOXAMBOTO MAPLURYTY HQ MHOXMHI TOHOK
(MICT), WO NepeTHae KOXHE MICTC TIABKM CAMH Pa3, NICAR
YOrQ NOBEPTAETLCH B MOYATKOBY TOYKY LUAAXY.

®» 3K — OAHG 3 HamBlaomiluMx  30AC4  KOMBIHATOPHO!
ONTUMIZAL, 8K € OKTYQABHOK B CYYACHOMY CBITl Yepes
NOCTIMHE 3POCTOHHA CKAQAHOCT npouecis 1a ofcarie
AaHux y OGaramox cdoepax alsabHoct, ae 3K mae
NPAKTMNHI  30CTOCYBOHHA, CEpPEeA  AKMX  AOMCTMKA,
TEAEKOMYHIKALLT, OBYMCAOBAABH] CUCTEMU.




71

|ICHYIOHI METOAM BUPILLIEHHS 3AAQMI

Meroan gupimenns 3K

Touni Espucriani
11 it 0i hS 2
osHuii nepedip Tetox Esomonilini
Hafdamaaoro
ATTOPHTME
cycina
Merox rivtok Ta Mex
Meroa Ivivanis
imiTanil Bianaay poftoBoro iHTEIeRTY
HITyuni

Hellporni Mepexi

[TOCTOHOBKA 3QAQUYI

| teton poBoTH & ADCAIANKEHHR BMKOPMCTOHHA TaKMXY NIAXOAIE OCMMCAIOBAABHOIS [HTEASKTY, AK
| reHeTHYHI QAFOPHTMH, MYPOLWHHI GAFOPHTMH Td camoopradizauifiva kapTa KoxoHeHd and

B PILUEHHA 3aa04] KomiBORKEpa.

H0F MDOERABHHE SKCNEpHMENTIE ¥ Xoal ADCAAKEHHT HeobxiaHo Gyno CTROPWTH MPOrRasMMRA
IQCTOCYHOK, BKMIA ByAS BRAKYOATH:

= 300001 A POBOTH 3 TpOdoarK 3K, LLO BEAKCMOKDTE MOHAMBICTE X I0BQHTOKEHHE 3 BISGAICTEKH
TSPLIE, oo dhopryBOHHR BMNOAKORMK MRACDiE 13 304QHCT KIABKICTH BEDLLIMH;

= pedalaull QATODMTAIE And NOLYKY DILUEHHA HQ 30BCHTOXEHOMY YK ITSHEROBEAHOMY rpaddi;

= [HCTRYMEHT CETOMATHIAUT IONYCKY SEKCTERMMEHTIE AN ACCAIAKEHHR BNAMEY OKDEAMMWX
NapaMeTRiB HOAQWTYEGHE HA ecoekTHEHICTE DOSOTH QATORMTAIE, 13 MOBAMEICTIO NOATABLLIOND
IBEpEKEHHA PEIVALTATIE ¥ doaia.

\\
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partially-mapped (PMX), cycle [TX):
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[eHeTn4HI aaroputmm (TA)

€ ImiTowern NpHpoaHKE SECAICWMHKY Npouecls Ta
ABMLLL reHETHKM.

B OCHOBl Qaropuimy ASaTe NONyASUWR ocobuH -
MHOHMHO RILEeHE, K NOCTYNOED BADCKOHOAMKTECH,
A MeHeTHYH ONepaTopRK; CXPeULYEOHHA |KpoCoEeR),
BiAGIp (ceaskL), myTaLLls.

OcoBuHa noenyAsul — cAMH BAPIGHT MapLUPYTa, LW
I0ACBOABHAE YaroBam 3K,

MreHoTHRoM SCOBHHK & Nepealk BEPLUMH AMOpLLPYTY
B NOpRAKY Tx oGxoAy.

MNokazHue npuctocosadoct  (fitness  function) -
ACEAMHG MORLURYTY, AKMH NPEACTOBASE OCoBHHO.

[A — reHeTU4HI oNepaTopPM TA IX IHILLIAAI3ALLS

B poGotl posrasacancd HOSTYNHI pedaizaull reHeTHYHKE oneparopis:

= [pocosepu: order-based (OBX), inver-over [I0X), order [OX], single-point ordered [3pOX],

= CesskUl meTosomM PYASTEH, TYRHIPHHA meToa

= fAYTaU oSty (swap), scyey [shift) Ta iHeepell|inversion).

Aaq oneparoples nepeaboyes pianl niaxoam Ao IHiLoAzoWl Ry TRIWHIX NopameTpis:
= One fime - 3HOYSHHA I0ASIOTESH CAHODGI0RO NEDEA NONATKOM BMKOHOHHE QATSRUTAY,
= Every gensration — NOpameTpi CHOBAISKSTECE AAT KORHOM NOKSATHHA Nony sl

= Every Individual = HoBl 3HQYEHHR NapasmeTpiE BCTOHOEAKSIOTECE MPM ONROUCESIHHT KOWHST
SCOBHHM (NApK OCOGMH) HO KOHHOMY NOKOATHHI TA.

\\



AHQAI3 30IKHOCTI TA

= B npoueci poSotd FA cnoctepirasTecs NOCTYNOBS

IMEHLLIEHHA PISHOMOHITTA rSHOTMY, Nossa ocoBuH
3 OAHOKOEMAAM  AMApLUIpyTOMM  —  BlaBysaeTecd
BMPOAMKEHHE Moyl

Termny BMROAKEHHR 3QASHOTE Bla PRAY YWHHWKIE =
Klapkoctl aicT, poamipy Nonyasul, YMcad NoKSAIHb,
HmoelpHooT  myTadli, ocobBavBocTelr  peaslzaui
oneparopls FA 14 -,

3 METOKD QHOAIZY TO NOWYKY MeToalE 3anobiraHHe
nepeadacHo 3BxHOCT, 3aNponNcHOBIHD  KpHMTERIH
OUHKKM = NOoKQ3HME  BMROAMEHHR  nonyssul D,
NEeACTIRASHHA B ABOX BORICHTAX,

MypaLumHi aaropmimm (MA)

P =
N ()

'\.\_\_l_ A L Tr_)'

1
by + wE

_ i
pl‘)‘ = ﬁ
E‘fEEj(:lJ + WB}

i

K
Ty =(=plry+g

AN

= B ocHOBE gAroputsmy — NOBSAIHKG OAHORMEHHMX

KOomMax, 8K 3A0THI 30AMLLGTH TA BlAMYBATH HO CBEOSMY
LUARXY CREeUIaabHY DEHOBMHY — CReDOMOH.

Hobacewl WasxH NocTynoeo Bachontecs no  sipl
ofxoay rpaddy areHTasi TQ BMNOROBYEQHHA
hepomMoHY.

Ha eMGip HOCTYNHO BEEpLUMHKM AMORLURYTY BNAMBOE
KlapkicTe doepopoHy  HO o MEepexoal,  ADBMMHG
nepexoay T3 koediueHTd @ 1 B WS BMIHOYIKOTHE
NPICPMTET BKOZQHME BEAMYMH,

ECOekTHMEHICTE QATOPUTMY MOKE SyTH MABMLLLEHD NpM
BUKOPMCTaHHI eAlTapHMX aredris ta niaxoay Min-fax.
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CamoopraHisyto

4a kapta KoxoHeHa (SOM)

BUKSPMWCTAHHE ToNoACHl Y BMIASAl 3CMKHYTOMS Kiabus
ACIBOAE  HTEPNRETYBATHM MOBHICTI?  HOASLUTOBCHY
MEDEHY SK MOAPLLIEYT 3K,

HOBYSHHE mepexk NPoACERYETECA NOKK 2aAMLUGKTECH
HeacoWiHoBaHI HeRpOHW, A7 SEME  BlACTOHE AT
HOHGEAMAMOT BEPLWKMHK 3K NepesrLyE Nopir £

BNAaKE MOABM BlATQAYHEHE HO MODLEYTI HO NE@LIMX
iTepoulfx IMEHWYETECH 30 POXYHOK BMKORPMCTOHHA
coyHEUl oyclacTED, AKO BPOXOEYE AK BlACTOME Ak
HERPOHOMM, TAK | KIABKICTE NepeXoAlB Ml HIMAM,

AAR YHHKHEHHS BIATOAYEH: HO 3CBEPLUGARHMX STanax
HOBMGHHE,  KiabkicTE HeFpoHie ¥y smepexl  moke
3BiablLlysaTMER NponepulAHo Ao kKlaskocTi seplumH 3K,

CTpyKTypQ 30CTOCYHKY

{.-\Igcrllluusl'qul:.‘ I
— Ll
i ApCalony Cang GAOperations. |
1 o '
A A:.:{ lony.Comserke GrAConsel
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Nz  Kpocosep

CaaskLLa

MeToa

iniL.

Kiakx.

iTepawin

Kpocopep

CoaaeKLLnA

Pe3yAbTATM AOCAIAKEHb — 3ODKHICTL TA

METoa

fHiLL.

Pe3yAbTATU AOCAIAKEHBL — PILLEHHS [A

Kinb,

iTepawin

TYpHIE Every ind. 1 (L84 Fyretea  Everyind. S000 001584
I Pyaetka  Every ind. 5000 0.0201 2 ([85:9 TypHip  Everyind, S000 00343
1 TypHip  Everygen. 5000 00375 ([n}4 PyaeTkd Everygen. 5000 00396
(831 Pyagtea  Everygen. 5000 CLi24 4 ()4 TypHip  Every gen. 5000 0,1505
X TypHip  Everyind. 2534 0.83%3 Lalih ] TypHip  Everyind, 2548 0,9050
X TypHip  Everygen. 2304 08755 & oBX TypHip  Every gen. 2181 07048
i3 TypHip  One time 434 08548 7 [ PyreTka  One time 597 08318

DAR CEABKLLTMETOADM DYASTKM

LAR CEASKULITY PHIPHKHM METOATM

B Cne time
M Every generation

M Every individual
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E Every individual

: W COne time
I I M Every generation
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Pe3yAabTATH AOCAIAXKEHB — SOM

= BlaHagYaHH] KpAWOoro smHOHKKD = 3OASHHICTE OTRMMYBOHOMD AMOapLLPYTY Bla,
| KinbKOCTI HEMpPOHIB TEMMY IPOCTAHHA WTPadbHMX KoedhiieHTs

Pe3yabTaTM AOCAIAXKEHDL — [TIACYMKM

Tpadp tsp225 pchdd2 pridoz2
391 a0778 259045
4252 58074 342513

85 14,37 32,22
9 HE P44
4548 65595 341885

26,77 315 397

a az 144
4754 LLLEL] 349750
21,31 31.15 3501

] 23 127
4385 62581 J20163
11.8% 2324 23,59

a 22 137
5514 H06E JOR255
40.7 1%.5 19,38

3 & 24



BUCHOBKM

B xoal kBoslDikQUIFHGT poBoTk poaraasyT maxoak A BMRIWEHHR 30acdl komiBOfsSpa 3
EMKORMCTAOHHAM, METOAIE OSYMCAOBQARHOID [HTEASKTY, TOKWX AK FEHETHMYHI OATORMTAKM, AMYRCLWMHI
QATSPHTMM TO CAMOOPIaHIzVIoNa KapTa KoxXoHeHa.

PeaaizosaHe NPOrpasHUi 30CTOSYHOK, WO ASIBOARE 3GNYCKOTH HO BMEOHOHHR DO3rAdHyT
QAFOPHTAMKM HO Mpachax 3K, IeHSDOoBaHME BMNOAKOBEMAM YMHOM B0 30BOHTaMEHME 3 GIGAOTERM
TEPLIB. 70 QBTOMOTHIYEQTH NPOUEC NPOBEASHHA BKCNEDMAMEHTIE,

MNpopeseHE SKCNEDHUMEHTOABHE ADCAIAKEHHA EBMKODMCTOHHA  DOIARHYTHX  MIAXOAIE AAR
BMpilEHHs 3K, Mo pesyAsTaram  ADCAAKEHHA, TSHETMMHMA  QATOpWTAM  MNOKG3Gs  HORKpowl
| PEIARTATH HO Fpadeds possmiposs 225 10 442 BSDUWKHKM, AN pachy posmiposs 1002 eepLUIMHKM
HORKOROTLUMEA MORLIDYT IHOAABHD Mepexen KoxoHeHa, Takos SOM BMABMASCA HOFLEMALLMAA
| METOADKM  MOLWYKY HOGAMAEHMK PILUEHE, WO MOJE BOKAWMES IHOYEHHE NPM  NRAKTHYHOMY
BHMESPMSTAHH] 3K,

PeiyabTaTi poboty Byan onySAlKOBGH! B yPHOA CUCTEMM YADABATHHA, HABIFQLITTS 38" 43KyH.

\\
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JIOJIATOK B

Buxigauit koa mporpaMHOro 3a0e3nedeHHs

Jlictunr 1 — daiin 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.Ling;

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,



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)
=> x.Value))

.Take (population.Count)

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

fitnesses.OrderBy (x

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

81
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}
return population;
}
}
}

Jlictunr 2 — daiin ClassicAlgorithm.cs

using Algorithms.Utility;

using AntColony.Core.Utilities;

using System;

using System.Collections.Generic;

using System.Ling;

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
[1 + 1117

var pheromoneDelta = settings.UseCommonAntPheromoneAmount ?
settings.CommonAntPheromoneAmount : ant.PersonalPheromoneAmount;
pheromoneDelta /= edgeDistanceGetter (ant.TravelledPathMemoryl[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; 1 < nodes.Count; i++)

{

for (int j
{

if (1 == 3)
continue;

0; 7 < nodes.Count; Jj++)



var edgeCurrentAmount = pheromoneMap[nodes[i]] [nodes[]]];
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[O0]

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

//last: from (probability[0] + ... + probability[Count - 2]) to
(probability[0] + ... + probability[Count - 17)

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

Y (probabilities)

//Example:

//t (L * u(L2)"p = 10

/7t (L ) *u(3)tp = 12

//e (1) "o * u(Ld) "B = 15

//t (Ll )Aa * p(5)"p = 20

/7t (1) "o * u(Le)"p = 19

/7T (t (L )Aa * 1(L6)"B) = 76

//0: from 0 to 10

| 0 - 10

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

| 10 - 22

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

| 22 - 37

//3: from (0 + 10 + 12 + 15) to (0 + 10 + 12 4+ 15 + 20)
| 37 = 57

//4: from (0 + 10 + 12 + 15 + 20) to (0 + 10 + 12 + 15 + 20 +
19) | 37 - 76

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

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

//if o and B weigths are common for each ant

for (var i = 0; 1 < nodes.Count; i++)

{

var travelProbabilityPart =
GetTravelProbability(ant.TravelledPathMemory.Last (), nodes[i]);
if (i == 0)

probabilityIntervals.Add (travelProbabilityPart);

else

probabilityIntervals.Add (probabilityIntervals.Last () +
travelProbabilityPart);



84

}

var randomValue = Random.Shared.NextDouble () *
probabilityIntervals.Last ()

probabilityIntervals.Add (randomValue) ;
probabilityIntervals.Sort () ;

var randomValueIndex =

SearchHelper.BinarySearch (probabilityIntervals, randomValue);
if (randomValuelIndex != -1)

{

var intervallndex = (randomValuelIndex ==
probabilityIntervals.Count - 1)
? randomValuelIndex - 1

randomValueIndex;
probabilityIntervals.RemoveAt (randomValuelIndex) ;
ant.TravelledPathMemory.Add (nodes[intervalIndex]) ;
nodes.RemoveAt (intervalIndex) ;

v o e

Jlictunar 3 — ®aiinn TwoDimensionalSOM.cs

using Algorithms.SphereCovering;
using Algorithms.Utility.StructuresLinking;
using SOM.Configuration;
using System;
using System.Collections.Generic;
using System.Diagnostics;
using System.Ling;
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; 3 < i; Jj++)
{
if (i < networkSize / 2 + 7J)
{
this.networkTopologyDistances[this.networkVectors[i]].Add(this.n
etworkVectors([j], i - J);
this.networkTopologyDistances[this.networkVectors[j]].Add(this.n
etworkVectors([i], 1 - 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));

P}

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.Sgrt (Math.Pow (first["x"] - second["x"], 2) +
Math.Pow (first["y"] - second["y"]1, 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; 1 < 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; i1 < networkVectorsToAdjust.Count; i++)

{

if (elasticityCoefs[i] > 0D)

for (var 7 = 0; j < closestNetworkVector.Count; j++)
networkVectorsToAdjust[i] [J] = networkVectorsToAdjust[i][]j] +
settings.LearningCoefficient *

(dataVector[j] - networkVectorsToAdjustl[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 (S"{ProcessedVectors} - {stopwatch.Elapsed} |
coef: {settings.LearningCoefficient} | length: {GetFullLength()}
| n: {settings.CooperationCoefficient}");

ProcessIteration () ;

}

stopwatch.Stop () ;

Console.WritelLine (stopwatch.Elapsed);

return this.networkVectors.Where(x =>
this.networkReadiness[x]) .ToList () ;

}

}

}



