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1. BBegeHue

1.1 O6wasa nocTaHOBKa 3agaum

Llens nmabopaTopHOil pabOTHl — IPHMEHEHHE T'€HETHYECKOTO aITOPUTMA AT TOCTPOCHHS
KOHEYHOT0 aBTOMATa, PELIAIOIIEro 3a1auy 00 «yMHOM MypaBbe-3» [1].

Pemenne co3maercss B pamkax BupTyansHOW Jnaboparopun «GlOpt» («Global
Optimization»), nanucanHoii Ha s3eike C# [2]. TpeOyercs m00aBUTH IUIarMH, KOTOPBIH
peanu3yeT KOHKPETHBIA THUI T€HETUYECKOTO alrOpuTMa U KOHKPETHOE MPEJICTaBICHUE 0CO0eH-
aBTOMATOB.

1.2 3apa4ya 06 «yMHOM MypaBbe-3»

JleiicTBue 3amayu MPOUCXOAWT HA TIOBEPXHOCTH Topa pasMepoMm 32%32 kieTku. B
HEKOTOPBHIX KJIETKaX HaXouTcs ena. MypaBeil HauuWHaeT [BIKEHUE W3 (UKCUPOBAHHOMN
CTapTOBOM KJIETKH.

3a xo4 MypaBel MOXET BBINOJHUTD CIAEAYIOLIUE NEHCTBUS
— IOBEPHYTh HAJEBO;
— IOBEPHYTH HAIIPABO;
— CcJeaTh LIar BIEpe U, €CIIU B HOBOU KIIETKE €CThb €71a, CheCTh €€;
Mypageli BUIMT niepes co0oit BoceMb Ki1eToK (cM. puc. 1):

Puc. 1. ®parmeHT BU3yanuzaTopa K 3aade «yMHbIA MypaBei — 3»

MaxkcumalnbHOE 4YMCIO XOJ0B, KOTOPOE MOKET COBEPIIUTH MYpPABEH, paBHO JBYMCTaM.
Ilenbto pemeHus 3a1auM SIBJSIETCS CO3J4AHHE KOHEYHOIO aBTOMATa ¢ MUHHUMAJIBHBIM UYHCIOM
COCTOSIHUM, YNPAaBJIAIOIIET0 MYypaBbeM, KOTOPBI 32 MUHHUMAIbHOE YHCIO XOJOB CBECT Kak
MOXHO Oousbire s070k. B kadecTBe (YyHKUMM TPHCNOCOOJEHHOCTH BBICTYNAET YHCIO
CBhEJICHHBIX MypaBbeM sI0JIOK MHUHYC OTHOILIEHHE 4YHCIa XOJOB J0 MOCIETHEr0 ChEeIEeHHOIrO
g0JI0Ka K JTOIYCTUMOMY YHUCITY XOJIOB.

Ocobu 3a1aun 00 «yMHOM MypaBbe-3» MpeACTaBlIeHbl KOHEYHBIMU aBTOMaTaMu MUIIH.
BbIxoqHOE BO3/EHCTBUE B ITHX aBTOMAaTax OINPEAEISAETCS TEKYLUIUM COCTOSHUEM U BXOJHBIM
BO3JeiCTBUEM. UHCIO COCTOSIHMM aBTOMAara SIBJSIETCS HACTpaMBAaEMBbIM IIapaMETpPOM 3ajaud, a
BXOJIHBIM BO3/IEHCTBUEM SIBIISIETCS HAJTMYME WIM OTCYTCTBHE €]1bl BIIEPEAN MYPaBbsl.



2. AnropuTtm pelueHus
2.1 NpepcraBneHne aBTomara

B kawecTtBe MeTona MpenCTaBIEHUsS aBTOMATa HCIOJbB3YETCS METOHd COKPALUEHHBIX
Tadaun [3]. DTOT METOL OCHOBAH HA TOM, YTO B Ka)KJIOM COCTOSIHMM 3HAYMMBIM SIBJISCTCS JIMIIb
ompejeNneHHoe, HeOOJbIIOe TOJMHOXKECTBO MPEIUKATOB. OJTO CBOWCTBO  MO3BOJISET
CYILIECTBEHHO COKPATUTh pa3Mep OMUCAHUS COCTOSIHUM.

Peanu3zamust mpencraBneHUss aBTOMaTa BBITVIIUT CIEAyROIIUM obpa3zom. Ywmcino
3HAYUMMBIX MPEIAUKATOB OrPAHUYMBAETCS HEKOTOPOW KOHCTAaHTOM F. MHOKECTBO 3HAYMMBIX
MPEIMKATOB OMUCHIBAECTCS OUTOBBIM BEKTOPOM, B KOTOPOM ' OUT paBHBI €MHHIIAM, & OCTATbHBIC
OUTHI paBHBI HYJISIM.

X1 X X3 Xy Xs Xe X7 X
0 0 0 1 0 0 1 0

Puc. 2. BeKTOp, OHI/ICI)IBaIOHII/Iﬁ MHOXKECTBO 3HAUUMBIX IIPESAUKATOB, I = 2
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Puc. 3. Cxema tabnump! nepexozoB. Uncio 3HaYMMBIX
npeauKaToB I = 2. Yncio coctosHui aBTOMara S = 8

ABTOMAT TpEACTaBICH B BHJE TAONHUIBI MEPEeXoJ0B. MHIAEKC CTPOKH COOTBETCTBYET
HOMEpY HAuyaJIbHOTO COCTOSIHUS, @ MHJEKC CTOJOIA COOTBETCTBYET 3HAUEHHUIO MPEIUKATOB.

Yucno cro6uoB pasHo 2. B suelikax TaOGmMIbl XpaHATCS Mapbl «ICHCTBHE — IEJIEBOE
COCTOSIHUE.

2.2 MeToa myTauum

MyTauusi MHOKeCTBa 3HAYMMBbIX NMpeIuKaToB. KaxkIplil 13 3HAUUMBIX TPEUKATOB C
HEKOTOPOU BEPOSITHOCTBIO 3aMEHSIETCS PYTUM, KOTOPBIN HE MPUHAIIEKUT MHOKECTBY.

X1 X X3 Xy Xs Xe X7 X
0 1 0 1 0 0 1 0

0 1 0 1 0 1 0 0

Puc. 4. HpHMep MyTallul MHOXKECTBA 3HAYMMbIX MTPECIUKATOB



MyTauusi Ta0auMIbl aHAJOTMYHA MYTAIlMM B cliydyae MOJHBIX Tabnuu. C HEKOTOpon
BEPOSATHOCTHIO MOXKET MYTHPOBATh KaKIBIA 3JE€MEHT TaOnmuipbl. IIpu 3ToM HOMeEp IEeNeBOro
COCTOSIHUS M TUTI ISHCTBUS 3aMEHSIOTCSI Ha JII0ObIE U3 JOIYCTUMBIX.

2.3 MeTop cKkpewmBaHuUA

Peanu3oBan MeTo1, moapoOHOE OMMCaHUE KOTOPOTO MOYKHO HalTH B pabdore [3].

Bbi6op 3HAYMMBIX NMPEeJUKATOB ISl MOTOMKOB. IIpeaukarel, 3HaUYUMBIC 11 000X
poIuTeNel, HacIeayroTcss 000UMHU MOTOMKAMH, a KaXIbli M3 TeX MPEAUKAaTOB, KOTOpPbIe OBLIN
3HAYMMBbI JIMIIb AJI51 OJHOM POIAUTENHCKON 0COOHM, PABHOBEPOSTHO JIOCTAIOTCS JIIOOOMY M3 JIBYX
MIOTOMKOB.
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Puc. 5. IIpumep BBIOOpa 3HAUMMBIX TIPEUKATOB IOTOMKOB

3amosiHeHne Ta0daUML MOTOMKOB. lleneBble COCTOSIHHSA Ui KaXJIOro0 HA4aJbHOTO
COCTOSIHUSL TPU (PUKCUPOBAHHOM 3HAYCHHUH IMPEIUKATOB (T.c. MpH (UKCHPOBAHHOM CTOJIOIC)
BBIOMPAIOTCS CIIy4allHO C paclpesieliCcHHEeM BEpOATHOCTEH, 3aJaBaeMbIM 3HAYCHUSMHU B
COOTBETCTBYIOLIUX CTOJIOAX POAUTEIBCKUAX TAOIHII.

2.4 MeTon oTbopa

B kxauectBe mMeTona oTO0pa ucmosb3dyercs UTH3M [4]. dukcupoBaHHas A0S JTy4IIIX
oco0eil mepexoauT B CIEAyIOllee MOKoJeHHE Hampsmyro. OcralbHble 0COOM C HEKOTOPOil
BEPOSITHOCTBIO CKPELIMBAIOTCS WM MYTHPYIOT, M HX IOTOMKH IEPEXOJAT B CIEAYIOLIEe
IIOKOJICHUE.

2.5 Tun reHeT4YecKoro anropnutma

Peanu3oBan KJeTOUHBINH reHeTHueckuii aaroputm [4]. OcoOu pacroioXeHbl B
ayeiikax Topa. CkpeluBaHHE MPOU3BOAMUTCS C JIydlled OcoObI0 W3 TeX, YTO HAXOJIATCSA B
COCEeITHUX KJIeTKax (COCeIHHMMHU CUMTAIOTCS KJIETKH, PAaCIOJIOKEHHBIE CBEPXY, CHH3Y, ClIeBa H
crpaBa oT JaHHOM). [ToaydeHHbII MOTOMOK MOMEIIIAETCS B CBOIO STUCHKY BMECTO POIUTEIIS.



3. Pe3ynbTaTbl paboTbl anroputma

[TocTpoeH KOHEYHBIH aBTOMAaT C OJHUM COCTOSHHMEM. MypaBeil chemaeT Bce sI0JOKH 3a
147 maroB, BenuuuHa (QYHKIUH TpucnocobiseHHoctu paBHa 88,27. CKOpOCTh MOCTPOSHUS
aBTOMAaTa COCTABJISIET B CPETHEM JIBE CEKYHIBI.

Jlyumast ocoOb ObLTa BBIBEJEHA NpPU CICAYIOIIMX 3HAYCHUSAX HACTPaMBAEMBbIX
napaMeTpoB, yKa3aHHBIX B TaOIuUIE:

ITapamerp 3HauyeHnune
Hucno coctoaHuit 1

Yucio 3HaYMMBIX IPEJIMKATOB 3

[Tepuon 6osbLION MyTaUK 500
BepositHOCTB 00JIBIION MyTaltuu 0.05

Jlosst myqmmx ocobel B METoJIe SIUTHU3MA 0.1
Pa3zmep nokosnenus 100
BeposTHoCTh MyTanuu 0.1

W3 rpaduka QyHKIMM NPUCTIOCOOIEHHOCTH BHUIHO, UYTO PEATH30BAHHBIA KIECTOYHBIN
TCHETUUYECKUH aITOPUTM HMMEET HECOMHEHHBbIC TNPEUMYIIECTBA B CKOPOCTH HAXOXKICHUS
ONITUMAJILHOTO PEIICHHUS TI0 CPABHEHHIO C MOUCKOM «B JI0O» (CM. puc. 6).
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Puc. 6. I'paduk 3HaveHMiA HYHKIIUK TPUCTIOCOOICHHOCTH

4. 3aknideHue

[IpuMeHeHHe MeTo/a COKPALICHHBIX TAOJHI] MO3BOJSET YCHEIIHO PEUIMTh 337ady 00
«yMHOM MYypaBbe-3» B YCIOBHSX OOJBIIEr0, 4eM B 3ajadye 00 «yMHOM MypaBbe» [5], umcia
BXOJIHBIX NEepeMEeHHbIX. KIIeTOUHBIH T'€HEeTHYECKUI aaropuTM IO3BOJIET MOCTPOUTH aBTOMAT,
KOTOPBIH 3()(h)eKTUBHO U OBICTPO pelIaeT 3a1a4y 00 KyMHOM MypaBbe-3».
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NMpunoxeHune. UcxoaHbIn Ko
1. ®aun Automation.cs

#region Usings

using System;

using System.Collections;

using System.Collections.Generic;
using ArtificialAnt3.Probleminfo;
using NewBrain;

#endregion

namespace ArtificialAnt3.Individuallnfo
{
/// <summary>
/// ABTomaT K 3ajadve 06 "ymMHoM MypaBbe-3" (Mo mMeToAy COKpalWeHHbIX Tabnuu)
/// </summary>
public class Automation : Individual
{
public const int PRED_COUNT = 8;
/// <summary>
/// Hosbit aBTOMAT
/// </summary>
/// <param name="initialState'">HayanbHoe cocTosHue</param>
/// <param name="statesCount'>Yucno cocToaHuin</param>
/// <param name="predCount'>4Yucno npegukaTtoB</param>
public Automation(int initialState, int statesCount, int predCount)

{
InitialState = initialState;
StatesCount = statesCount;
ActualPredCount = predCount;
Predicates = new BitArray(PRED_COUNT);
InputCount = (int)Math.Pow(2, ActualPredCount);
Table = new Transition[StatesCount, InputCount];
}

/// <summary>

/// HavanbHoe cocTosiHMe aBToMaTa

/// </summary>

public int InitialState { get; set; }

/// <summary>

/// Yvcno cocToAHuit aBTOMaTa

/// </summary>

public int StatesCount { get; protected set; }

/// <summary>

/// Yncno BO3MOXHbIX KOMOMHALMIA 3HAYEHUI 3HAYMMbIX MPenMKaTOB
/// </summary>

public int InputCount { get; private set; }

/// <summary>

/// Yvcno 3HauYUMbIX NpenuMKaToB

/// </summary>

public int ActualPredCount { get; protected set; }
public Transition[,] Table { get; private set; }

/// <summary>



/// BekTop, OMNUCLIBAWWMIA MHOXECTBO NpeaukaToB
/// </summary>
public BitArray Predicates { get; private set; }

public List<int> getActualPreds()

{
List<int> list = new List<int>();
for (int 1 = 0; i1 < PRED_COUNT; i++)
if (Predicates[i])
list_Add(i);
return list;
}

#region Nested type: Transitions

/// <summary>
/// Nepexopn, cocToAwMiA U3 [eNCTBMA U KOHEYHOrO COCTOSHUSA MO BLINOJIHEHUK 3TOr0 LEeNCTBMA.
/// </summary>
public class Transition
{
public Transition(int endState, SimpleAntProblem.AntActions action)
{
EndState = endState;
Action = action;

}

/// <summary>

/// KoHe4yHoe cocTosiHue

/// </summary>

public int EndState { get; private set; }

/// <summary>

/// JleiicTBue

/// </summary>

public SimpleAntProblem.AntActions Action { get; protected set; }

public override string ToString()

{
}

return String.Format("'-{0}->{1}", Action, EndState);

}

#endregion

public Transition GetTransition(int state, BitArray input)

{
return Table[state, BitArrayTolnt(input)];
}
public Transition GetTransition(int state, int input)
i return Table[state, input];

public void SetTransition(int state, BitArray input, Transition transition)

Table[state, BitArrayTolnt(input)] = transition;
}

public void SetTransition(int state, int input, Transition transition)

Table[state, input] = transition;

}

private int BitArrayTolnt(BitArray b)
{



int size = b.Length;

int result = 0;

int k = 1;

for (int i = size - 1; i >=0; i--)
{

int digit = b[i] ? 1 : 0;
result += digit * k;
k *= 2;

}

return result;

10



2. ®aun SimpleAntProblem.cs

#region Usings

using
using
using
using
using
using
using
using
using

System;

System.Windows.Forms;
ArtificialAnt3._Internal .Mover;
ArtificialAnt3._Internal .Phenotype;
ArtificialAnt3.IndividualInfo;
ArtificialAnt3.Properties;
ArtificialAnt3_AntViewer;

NewBrain;

NewBrain.ComponentModel ;

#endregion

namespace ArtificialAnt3.Probleminfo

{

[IndividualType(typeof (Automation))]
[IndividualViewer (typeof(AntViewer))]

{

public class SimpleAntProblem : Problem

#region AntActions enum

/// <summary>

/// BO3MOXHble Tunbl AeUCTBUIA MypaBbs
/// </summary>

public enum AntActions : byte

{
Left = O,
Right,
Move

}

#endregion

/// <summary>

/// HanpaBneHue onTUMM3auUMU - MaKCUMU3aUUA GYHKLMMU

/// </summary>

public override OptimizationDirection OptimizationDirection

{

get { return OptimizationDirection.Maximize; }

}
public override string HtmlDescription
{

get

{

return Resources.artAnt;

}
}
public override string Title
{

get { return Properties.Resources.ArtAnt3Problem; }
}
public override string Description
{

get { return "; }
}

11



/// <summary>
/// Bbluncnenne Fitness-dyHkuumM Tekywein ocobu —
///4ncna cbepeHHbix AGNOK Ha TOpe 3a OrpaHUYeHHOe YUC/I0 XOAOB.-
/// </summary>
/// <param name="individual'>0cobb ana nogcyeta 3HayveHus Fitness-oyHkuun</param>
/// <returns>3HayeHue Fitness-¢yHkumnn</returns>
public override double Evaluatelndividual (Individual individual)
{
var a = individual as Automation;
if (a == null)
return double._NaN;

var mover = new SimpleMover(a);
mover .Reset();
int apples = 0;
int lastStep

=0
for (int i = 0;

i < Ant.MaxStepsCount; ++i)

{
if (mover.Move())
{
apples++;
lastStep = i;
}
if (apples == Ant.FoodCount)
break;
}
return apples - 1.0*lastStep/Ant.MaxStepsCount;
}
}
internal class AntViewer : llIndividualViewer
{

/// <summary>
/// Busyanusatop ocobu - MypaBbs
/// </summary>
/// <param name=""individual'>0cobb ana Busayanusauuun</param>
public void Viewlndividual(Individual individual)
{

Automation a = individual as Automation;

if (a == null)

throw new ArgumentException();

using (var form = new AntViewerForm())

{

form.fieldControl .Mover = new SimpleMover(a);
form.ShowDialog();



3. ®ann GeneticSearchOperatorOnAutomation.cs
#region Usings

using System;

using System.ComponentModel;

using System.Collections.Generic;
using System.Collections;

using ArtificialAnt3. IndividualInfo;
using ArtificialAnt3.Probleminfo;
using Genetic.Operators;

using NewBrain;

using NewBrain.Attributes;

#endregion
namespace Genetic

[IndividualType(typeof(Automation))]
public abstract class SearchOperatorOnAutomation3 : SearchOperator

{
public SearchOperatorOnAutomation3()

{
StatesCount = 8;
ActualPredCount = 3;
}
[Configurable]

[Description("4ucno coctoanuii')]
public int StatesCount { get; set; }

[Configurable]
[Description("4ucno 3Hauumbix npeaunkaTos'™)]
public int ActualPredCount { get; set; } //

public override Individual Create(Random random)

{

Automation automation = new Automation(0, StatesCount, ActualPredCount);
for (int 1 = 0; i < StatesCount; i++)
for (int j = 0; j < automation.InputCount; j++)

automation.SetTransition(i, j, new Automation.Transition(random.Next(StatesCount),

GetRandomAction(random)));
for (int i = 0; i < ActualPredCount; i++)

.
int index;
do
index = random.Next(automation.Predicates.Length);
while (automation.Predicates[index]);
automation.Predicates[index] = true;
}
return automation;
}
protected SimpleAntProblem.AntActions GetRandomAction(Random random)
{

SimpleAntProblem_AntActions action = SimpleAntProblem.AntActions.Left;
switch (random.Next(3))
{
case O:
action
break;
case 1:
action = SimpleAntProblem.AntActions.Move;
break;

SimpleAntProblem.AntActions.Left;

13



case 2:
action = SimpleAntProblem.AntActions.Right;
break;

}

return action;

}

[IndividualType(typeof(Automation))]
public class GeneticSearchOperatorOnAutomation3 : SearchOperatorOnAutomation3,
IGeneticSearchOperator

{ public override string Title
{ get { return Properties.Resources.GeneticOperOnAuto; }
}
public override string Description
i get { return Properties.Resources.GeneticOperOnAuto; }

#region lIGeneticSearchOperator Members

public Individual Mutate(Individual oldIndividual, Random random)

{

Automation aa = oldIndividual as Automation;
bool alreadyMutate = false;

if (aa == null)
return oldIndividual;

int p = 3; // 1\(ntation probability)

int initState = aa.lnitialState;
if (random.Next(p) == 1)

{

initState = random.Next(aa.StatesCount);
alreadyMutate = true;

}

Automation res = new Automation(initState, aa.StatesCount, aa.ActualPredCount);

for (int i = 0; 1 < Automation.PRED_COUNT; i++)

{
res.Predicates[i] = aa.Predicates[i];
}
if (random.Next(p) == 1)
{
int from, to;
do
{
from = random.Next(Automation.PRED_COUNT - 1);
to = random.Next(Automation.PRED_COUNT - 1);
while (res.Predicates[to] == res.Predicates[from]);
res.Predicates[to] = !res.Predicates[to];
res.Predicates[from] = !res.Predicates[from];
alreadyMutate = true;
}

for (int i = 0; i < aa.lnputCount; i++)



for (int j = 0; j < aa.StatesCount; j++)
{
if (random.Next(p) == 1)
{
res.Table[j, 1] =
new Automation.Transition(random.Next(aa.StatesCount),
GetRandomAction(random));
alreadyMutate = true;

}
else
res.Table[j, 1] = aa.Table[j, i];
}
if (lalreadyMutate)
{
int state = random.Next(aa.StatesCount);
int ¢ = random.Next(aa.InputCount - 1);
int es = random.Next(res.StatesCount);
res.SetTransition(state, c, new Automation.Transition(es, GetRandomAction(random)));
}
return res;
}
private Automation[] CreateAndChoosePredicates(Automation aal, Automation aa2, Random random)
{

Automation[] s = new Automation[2];
for (int i = 0; 1 < 2; i++)
s[i] = new Automation(0, aal.StatesCount, aal.ActualPredCount);

s[0].Predicates.SetAll(false);
s[1].Predicates.SetAll(false);

if (random.Next(2) == 1)

{
s[O0].InitialState = aa2.InitialState;
s[1].InitialState = aal.InitialState;
}
else
{
s[O0].InitialState = aal.lInitialState;
s[1].InitialState = aa2.InitialState;
}
int count0 = s[0].ActualPredCount;
int countl = s[1].ActualPredCount;
for (int i = 0; 1 < Automation.PRED_COUNT; i++)
{
if (aal.Predicates[i] && aa2.Predicates[i])
{
s[0].Predicates[i] = true;
s[1].Predicates[i] = true;
count0--;
countl--;
}
}

for (int i = 0; 1 < Automation.PRED_COUNT; i++)

if (aal.Predicates[i] != aa2.Predicates[i])
{
if (count0 > 0 && countl > 0)

{
if (random.Next(2) == 1)



}

s[0].Predicates[i] = true;
countO--;
}
else
{
s[1].Predicates[i] = true;
countl--;
}
}
else
{
if (count0 > 0)
s[0].Predicates[i] = true;
countO--;
}
if (countl > 0)
s[1].Predicates[i] = true;
countl--;
}
}
}
}
return s;

public Individual[] Crossover(Individual[] individuals, Random random)

{

}

Automation aal
Automation aa2

= individuals[0] as Automation;
= individuals[1] as Automation;
if (aal == null || aa2 == null)

return individuals;

Automation[] s
int crossPoint

CreateAndChoosePredicates(aal, aa2, random);
random.Next(aal. InputCount);

FillChildTable(aal, aa2, ref s[0], crossPoint, random);
FillChildTable(aal, aa2, ref s[1], crossPoint, random);

return s;

private BitArray IntegerToBitArray(int input, int size)

{

}

String str = Convert.ToString(input, 2);
BitArray res = new BitArray(size);

int len = str.Length;

for (int i = 1len - 1; i >= 0; i--)

res[i] = (str[i] == "1%);

return res;

private List<int> getLines(Automation parent, Automation parent2,

{

Automation child, int inputCh, int crossPoint, Boolean

List<int> lines = new List<int>();

List<int> actualForChild = child.getActualPreds();
List<int> actualForParent = parent.getActualPreds();
List<int> actualForParent2 = parent2.getActualPreds();

larger)
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Dictionary<int, int> indexToBeTheSame = new Dictionary<int, int>();

for (int i = 0; i < parent.ActualPredCount; i++)
if (larger && !(actualForParent2.Contains(actualForParent[i]) && inputCh >= crossPoint)
||!'larger && !(actualForParent2.Contains(actualForParent[i]) && inputCh < crossPoint))
if (actualForChild.Contains(actualForParent[i]))
indexToBeTheSame.Add(i, actualForChild. IndexOf(actualForParent[i]));

BitArray inputChArr = IntegerToBitArray(inputCh, child.ActualPredCount);

for (int i = 0; i < parent.InputCount; i++)
{
BitArray inputParArr = IntegerToBitArray(i, parent.ActualPredCount);

Boolean flag = true;

foreach (int j in indexToBeTheSame.Keys)
if (inputParArr[j] = inputChArr[indexToBeTheSame[j11)
flag = false;
if (flag)
lines.Add(i);

return lines;

}

private List<float> CalculateProbability(Automation parentl, List<int> linesl)

{
List<float> pl = new List<float>(parentl.StatesCount);

for (int i = 0; 1 < parentl.StatesCount; i++)

p1.Add(0);

foreach (int input in linesl)

{
for (int k = 0; k < parentl.StatesCount; k++)
pl[parentl.GetTransition(k, input).EndState] += 1;

int linesSize = linesl.Count;
int pSize = pl.Count;

for (int i = 0; 1 < pSize; i++)
pl[i] = p1[i] / (parentl.StatesCount*linesl.Count);

return pl;

}

private void FillChildTable(Automation parentl, Automation parent2, ref Automation child, int
crossPoint, Random random)
{
for (int i = 0; 1 < child.InputCount; i++)
{
List<int> linesl
List<int> lines2

= getLines(parentl, parent2, child, i, crossPoint, true);
= getLines(parentl, parent2, child, i, crossPoint, true);
List<float> pl = CalculateProbability(parentl, linesl);

List<float> p2 = CalculateProbability(parent2, lines2);

List<float> p = new List<float>();

for (int j = 0, len = child.StatesCount; j < len; j++)
{
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p-Add(pl[i] + p2[i1):

for (int j = 0, len = child.StatesCount; j < len; j++)
if (pi] != 0)
child.SetTransition(j, i,
new Automation.Transition(random.Next((int)(1/p[j1) % child.StatesCount),
GetRandomAction(random)));
else
child.SetTransition(j, i,
new Automation.Transition(random.Next(child.StatesCount),
GetRandomAction(random)));

}

#endregion
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4. ®aun CelluarGeneticOptimizationAlgorithm
#region Usings

using System.Collections.Generic;

using System.ComponentModel;

using System;

using Genetic;

using NewBrain;

using NewBrain.Attributes;

using SimpleGeneticOptimizationAlgorithm.Properties;

#endregion

namespace SimpleGeneticOptimizationAlgorithm
{
/// <summary>
/// KneTouyHblil reHeTU4ecKkuit anropuTm
/// </summary>
public class CelluarGeneticOptimizationAlgorithm : GeneticOptimizationAlgorithm

{
public CelluarGeneticOptimizationAlgorithm()

{
ElitePart = 0.1;
MutationProbability = 0.1;
BigMutationProbability = 0.05;

}

[Configurable]

[Description("MpoueHT 3aAUTHbIX ocobeii')]
public double ElitePart { get; set; }

[Configurable]
[Description("BepoaTHocTb mMyTauuun')]
public double MutationProbability { get; set; }

[Configurable]
[Description("BepoaTHocTb 6osbwoit myTauun')]
public double BigMutationProbability { get; set; }

public override string Title

{

get { return Properties.Resources.CelluarGenetic; }
}
public override string Description
{

get { return "; }
}
public override string HtmlDescription
{

get

{

return Resources.simple;

}

}

/// <summary>

/// HanpaBneHue onNTUMM3auUUM - MAKCUMU3UPOBATbL QYHKLMIO.

/// </summary>

protected override OptimizationDirection OptimizationDirection

{
}

get { return OptimizationDirection.Maximize; }



protected Individual[,] Torus;
protected int TorusSize;

protected override void Initialize()
{
Random = new Random();
Generation = new List<Individual>(GenerationSize);
for (int i = 0; i < GenerationSize; i++)
Generation.Add(SearchOperator.Create(Random));

TorusSize = (int)Math.Sgrt(GenerationSize);
Torus = new Individual[TorusSize, TorusSize];

FillTorus(Q;
}

private void FillTorus(Q)

{

Torus = new Individual[TorusSize, TorusSize];
for (int 1 = 0; i < TorusSize; i++)

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

{

}

Torus[i, j] = Generation[j * TorusSize + i];

}

private void FillGeneration()

{

Generation.Clear();

for (int 1 = 0; i < TorusSize; i++)
for (int j = 0; j < TorusSize; j++)
{

}

Generation[j * TorusSize + i] = Torus[i, j];

}

private Individual getBestNeighbour(int i, int j)
{

List<Individual> neighbours = new List<Individual>(Q);

int[] top, right, bottom, left; //top[0] = i, top[l] = ]
top = new int[2];

right = new int[2];

bottom = new int[2];

left = new int[2];

top[0] =1 - 1;
bottom[0] =i + 1;
right[0] = i;

left[0] = i;
if (i ==0)
{
top[0] = TorusSize - 1;
}

if (i == TorusSize - 1)

bottom[0] = O;
}

left[1] = - 1;
right[1] = J + 1;
bottom[1] = j;
top[1] = j;
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}

17/
17/
17/
17/
17/
17/
17/

if (j == 0)
{

left[1] = TorusSize - 1;
}

if (J == TorusSize - 1)

right[1] = O;

neighbours.Add(Torus[top[0], top[1]1D):;
neighbours.Add(Torus[right[0], right[1]]);
neighbours.Add(Torus[bottom[0], bottom[1]]);
neighbours.Add(Torus[left[0], left[1]]);

neighbours.Sort();

return neighbours[neighbours.Count - 1];

<summary>

FeHepauus HOBOrO MOKOJIEHUA: pacCMaTpUBAETCS OYepefHOW WHAMBUAYYM,
BbibMpaeTcA Nydwas ocobb cpeau ero cocegeil Ha Tope,

TeKyW1n WHAMBUAYYM CKpeluBaeTCsa C Hei,

W OAMH MOJyYeHHblii MOTOMOK MOMeWaeTca B Tekylyw A4veilky BMeCTO poAUTens.
lanee c BepoaTHocbi MutationProbability ocywecTBnaetca myTauuma.
</summary>

protected override void NextGeneration()

{

int gSize = Generation.Count;
var newGeneration = new List<Individual>(gSize);
int eliteSize = (int) (ElitePart*GenerationSize);

//Generation oTcopTUPOBAH MO Y6bIBAHWUIO.
newGeneration.AddRange(Generation.GetRange(0, eliteSize));

//[ob6aBnaem B HoBoe nokoneHue eliteSize nyywux u3 cTaporo
for (int 1 = 0; i < TorusSize; i++)
for (int j = 0; j < TorusSize; j++)

{
if (J * TorusSize + i >= eliteSize)
{
Individual al = getBestNeighbour(i, j);
Individual a2 = Torus[i, jl;
Individual[] children = GeneticSearchOperator.Crossover(new[] {al, a2},Random);
newGeneration.Add(children[Random.Next(2)]);
}
}

for (int i = 0; 1 < newGeneration.Count; i++)

if (Random.NextDouble() < MutationProbability)
newGeneration[i] = GeneticSearchOperator._Mutate(newGeneration[i], Random);

}

newGeneration.Sort();

newGeneration.Reverse();

Generation = newGeneration;

CurrentIndividuals = Generation;

if (Bestindividual == null || BestIndividual .CompareTo(Generation[0]) < 0)
BestiIndividual = Generation[0];

FillTorus(Q;
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protected override void BigMutation()

lock (Generation)

{
for (int i = 0; i < Generation.Count; i++)
if (Random.NextDouble() > l1-BigMutationProbability)
Generation[i] = GeneticSearchOperator.Create(Random);
Generation.Sort();
Generation.Reverse();
FillTorus(Q);
}
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