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BBenenne
B nannoii naGoparopHoil paboTe wuccienyercss NMPUMEHEHHE TeHETUYECKUX aJIrOPUTMOB JIJIs
MOCTPOCHHSI KOHEUHBIX YIPaBIAIONIMX aBTOMaTOB. PaccmaTpuBaercs 3aaya 06 «YMHOM MypaBbe
— 3». C IOMOIIbI0 METO/Ia PYJIETKH F€HEPUPYETCS KOHEUHbIN aBTOMAaT Mypa, KOTOPBbIN ONHUCHIBAET
IIOBEJICHUE MYPABbSI.

Jlnst sMynsiuuu 1eiicTBU MypaBbsl cTyAeHTaMu Kadeapsl «Kommnbrorepasie TexHomorum» CII6IY
NTMO O6b1a co3nana nporpamma «BuprtyanbHast naGopatopus» [1]. Pemenunem mocraBieHHOM
3a]1auu SIBJIAETCS IJIaruH JUIsl JaHHOHM 1Tab0paTOpHH, KOTOPBI ONHMCHIBAET NPEACTABICHUE MYPaBbsI
B BHJIE ABTOMATa, a TAK)KE PEeaIn3yeT FCHETUUECKUN aITOPUTM.



1. IlocraHoBKa 3agauun

Llens manHOW nabopaTtopHOi pabOThI — MOCTPOMTH TaKOM aBTOMaT Mwuim, 4TO Mypaseil,
MOBEJICHHE KOTOPOT'O MM OIHCHIBACTCS, ChEAaeT KaK MOYKHO OOJIbIIIE €/1bI Ha TI0JIE.

1.1. 3apauya 00 «YMHOM MypaBbe - 3»

[IpuBenem onucanue 3amaun 00 «YMHOM MypaBbe — 3» [2]. HWrpa mnpoucxomut Ha
MMOBEPXHOCTU Topa pazmepoM 32 Ha 32 kietku (puc. 1). B HekoTopsIx KieTkax (0003HAYEHBI Ha
puc. 1 depHbIM 1IBeTOM) HaxoauTcs ena. KieTku mossi, B KOTOPBIX HET ellbl, 0003HAYEeHBI CEPhIM
uBeToM. J[ms KaxIOM KIETKHM BEPOSITHOCTh TOSIBJICHWS €Ibl B HEH paBHA 3apaHee
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B neBoii BepxHeil kiieTke B Havaie UTpbl HaxoauTcs Mypaseil. Ha puc.l o 0003HaueH KpacHBIM
TPEYroJIbHUKOM, KOTOPBIM TAKXKE MTOKA3bIBAET HAIIPABJICHHE €ro B30pa. OH 3aHUMAET OJIHY KIIETKY
U CMOTPUT B OJHOM M3 4YEThIpeX HamNpaBJIeHWH (ceBep, IOT, 3amaj, BOCTOK). B Hawane urpsl
MYypaBeil CMOTPUT Ha BOCTOK. MypaBell yMeeT ONnpenesnarh, B KaKUX KJIETKaX W3 8 HaXOIAIIUXCS
PSIOM C HUM U TIOMEYEHHBIX 3€JICHBIM I[BETOM HAaXOIUTCS efa. TakuM o0pa3oM, B KaXKIION KIETKe
Uil MypaBbsl CYIIECTBYET 2% = 256 BXOAHBIX BO3ciicTBHil. 3a OoauH WTPOBOM XOJ MypaBeul

MOYET COBEPIIUTH OJTHO U3 TPEX ICUCTBUIA:

° CeNaTh LIar BIepe, Cheas Mpu 3TOM €1y, €ClIu oHa TaMm HaxoauTcs (M — move);
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o noBepHyTh HazieBo (L — left);
o noBepHYTh Hampaso (R — right).

CpeneHHass MypaBbeM €/1a HE BOCIIOJHSETCS, MypaBel >KMB Ha MPOTSHKEHUM BCEM UIpHI, €1a He
SIBISIETCSI HEOOXOIMMBIM PECYpPCOM ISl €ro KU3HU. MypaBel MOXKET XOIUTh IO JIOOBIM KJIETKaM
nosig. Mrpa aonutcs 200 Xx010B, HA KaKJOM M3 KOTOPBIX MypaBell COBEPILAET OJHO U3 YETHIPEX
nerictBuid. [1o OKOHYaHUM WTPBHI MOJACUYUTHIBAETCA KOJIMYECTBO €bl, ChEIEHHON MYypaBbEM. DTO
3HAYECHHE U €CTh PE3YNIbTAT UTPHI.

Lenb Urpsl — cO31aTh MypaBbsi, KOTOPBIM ChECT Kak MOXKHO Ooubiie easl. [Ipu 3ToM oTMeTHM, 4TO
MYpaBbH, CHEAAIOIINE BCIO €11y, 3aKaHYMBAIOT UIPYy C OJUHAKOBBIM PE3YJIBTaTOM, KOTOPBIA HE
3aBUCHUT OT TOT'0, CKOJIBKO XOJI0OB UM Ha 3TO NOTPeOOBAIOCH.

1.2. AsBTomatr Muin

ABTOMaT Muiam — 3TO KOHEUYHBIA aBTOMAT, TE€HEPUPYIOUIUNA CBOM BBIXOJIHBbIC BO3JICHCTBHUS B
3aBUCHUMOCTH OT TeKyH_IeI‘O COCTOAHHUA U BXOIJHOT'O BOB,Z[@ﬁCTBHH. HpHMep I[I/IanaMMBI HepeXOI[OB
aBTOMaTra My npuBeAeH Ha puc.2.
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Kak BUIHO M3 NpUBENEHHON auarpaMMbl, HaJ KaXIOW AYrod pacrojiokKeHa mapa 3HAYeHUUd —
BXOJHOC U BBIXOIHOC BO3,Z[€I>'ICTBI/IC — BBIXOJHOC B03,Z[€I>'ICTBI/IC 3aBHCHUT HEC TOJIBKO OT COCTOAHHA, B
KOTOpOM HaxXxo4UTbCA aBTOMAT, HO U OT BXOJHOI'O BOSHGﬁCTBHH.



2. T'eHeTM4ecKUH AJITOPUTM

Pazpa®oTaHHBIN aITOPUTM I€HETUYECKOTO IPOrPaMMHUPOBaHUS [3] COCTOUT U3 MATH YaCTEH:

CO3JJaHME HAYaIbHOTO TIOKOJICHNS;
MyTalus;

CKpeluBaHue (KpoccoBep);

oT00p 0cobeit st POPMUPOBAHUS CIECTYIONIETO TOKOJICHUS;
BBIYHUCIICHHE (DYHKIIMH MPUCTIOCO0IeHHOCTH ((PpuTHEC-DYHKITNHN).

2.1. IlpeacraBjienune ocoou

Kaxxnas ocobp mpencTaBisieT co00if HEKOTOPBI KOHEUHBI aBTOMAaT MUK ¢ 3aJJaHHBIM YHCIIOM
COCTOSIHUM, 3aJ1aBa€MbIX JIEPEBBIMU pelIeHUM [4].

B nporpammMe aBTOMar IpencTaBIeH MaCCUBOM COCTOSHUN State, KaXAbld U3 KOTOPBIX XPaHUT
256 nepexoAoB B IPYrHe€ COCTOSHUS IPEICTABICHHBIE B BUJE COOTBETCTBUS {BXOJHOI CUTHAI;
peaknus (L, R, M); HOMEp COCTOSIHHE B KOTOpoe repeiTu}. Takxke XpaHUTCS HOMEP CTapTOBOTO
COCTOSIHUSL.

2.2. Co3xaHune HAYAJIBHOT0 MOKOJICHUSA

HauanpHOe moOKOJIEHHE COCTOMT W3 (DUKCUPOBAHHOTO dYHCIa ocoOeil (mo ymomdanumio — 200)
CITy4aifHO CreHepUpPOBAaHHBIX aBTOMAaTOB MUK C 3apaHee ONpeIeIEHHBIM YHCIIOM COCTOSTHHIH.

2.3. Myranus

IIpn mMyranuu CTapTOBBIM COCTOSSHUEM CTAHOBUTCS CIIy4allHOE W3 aBTOMAra, 3aTeM CIIy4anHO
BBIOMPAETCS O/IMH U3 ABYX PABHOBEPOSTHBIX BApUAHTOB:

o U3MEHEHUE JIEHCTBUM, COBEPIIAEMOT0 MyPaBbEeM, KOTOPBIM HaXOIUTCS B HOBOM CTapTOBOM
COCTOSIHUH — CITy4aifHO M PaBHOBEPOSITHO BHIOMPAETCS BBIXOJHON CHTHAJ U3 MHOXKECTBa Y.
o U3MEHEHHE COCTOSHHsA, B KOTOPOE€ BEIET IEpPEXOJ — CIy4alHO M PaBHOBEPOSTHO

BbIOMpaeTcst mepexon. I[locime 3TOro cocrosiHWe, B KOTOPOE BEAET TEpeXoj, 3aMeHsieTCs Ha
CITy4aifHO BBIOpaHHOE COCTOSIHUE.

Taxke B T€HETHYECKOM AITOPUTME IMPEIyCMOTpEHa orepanus «OOJbIIOW MyTaluu», KOTOpas
OCYLIECTBIISICT TE€HEPALMI0 IOJHOCTbIO HOBBIX CllydaiiHbIX aBTOMaToB. OHa MOXET OBITh
UCIOJIb30BaHAa, KOT'/1a B MOMYJISILIMY IOBEJJCHUE MYPaBbEB MTOUTH UJICHTUYHO.

2.4. Cxkpemuanue (Kpoccosep)

Omneparnusi CKpenuBaHusl MOJTy4YaeT Ha BXOJ JBE OCOOM W BBIJAET Takxke aBe ocoow. Ilpomecc
CerH_II/IBaHI/ISI HpOI/ICXOI[I/IT CH@I[YIOH_II/IM 06p3.30M. COSI[aIOTC}I JABa IIOTOMKa, 3KBHBAJICHTHBIC
poautensaM. Jlanee i1 KakJI0ro COCTOSIHUSI TOTOMKA ¢ BEPOATHOCTHIO 50% MpOW3BOIUTCS OOMEH
BXOJIHBIMHU 158 BBIXOIHBIMHA BOB,Z[GﬁCTBHHMH. Taxkum 06pa30M, COCTOAHUA pOI[I/ITeJ'IeI\/’I
HepeMeLHI/IBaIOTCH B CJIG,Z[YIOH_IGM IIOKOJICHHUH.

2.5. OT100p ocobeit 1151 GOPMUPOBAHUSA CJIEAYIONIET0 MOKOJIECHUS

I'enepanusi ouepeqHOrO TMOKOJEHUS OCYIIECTBISIETCS C MOMOMIBIO METOJA «PYJIETKH»: BCEM
aBTOMaTaM CTaBSITCSI B COOTBETCTBHE OTPE3KH JUIMHBI, PAaBHOH 3HaUYEHUIO (PUTHEC-PYHKIUH, 3aTEM
BbIOMpaeTCsl cllydailHasg Todka, KoOTopass OyaeT TMpuHAANIekKaTb OJHOMY U3 OTPE3KOB,
COOTBETCTBYIOLIMI aBTOMar Jo0aBisieTcss B cCielnyollee MOoKosieHue. Bwibop ocymiecTBisercs



CTOJIBKO pa3, CKOJIBKO OCO0€H JO0JKHO OBITh B MOKOJEHHHU. 3aTe€M MPOU3BOAUTCS CKpEIIMBAaHHE
Iap aBTOMaToOB, U, HAKOHEL, MyTalus Ka)KA0r0 U3 MOJIyYUBIINXCS IETEN.

2.6. Bpbiuuciaenue QyHKIMA NPUCIOCO0JIeHHOCTH (puTHEC-PYyHKIIUM)

OyHKIUSA TPUCTIOCOOIEHHOCTH BBIYHMCISETCS CIEAYIOUIMM 00pa3oM: MPOBOJIUTCS SKCIIEPUMEHT C
y4acTHEM MYpaBbs C IOBENCHHEM, 3aJaHHBIM TeKymuM asromMaroM Mwumm. C nomounipro
na0opaTopuu SMYJIHMPYIOTCS €ro NepeMelIeHHs B 3aBUCHMOCTH OT pAaCIOJIOKEHHUS €lbl: OH
IPOXOAUT IO MOJII0O HECKOJBKO pa3, KaXAbli pa3 MOACUYUTHIBAETCS UYHUCIO CHEIEHHBIX S0JIOK.
IlonydyeHHbIE pe3ysbTaThl YCPEOHSIOTCSA (CyMMa JAEIUTCS Ha YHUCIO IOMNBITOK) U BBIAAIOTCS B
KaueCTBE OTBETA.

2.7. HacrpaumBaemble nmapamMerpbl ajJropurma

Crenyromue napaMeTpbl aropuTMa reHeTHIEeCKOro MPOrpaMMHUPOBAHUS MOT'YT OBITh U3MEHEHBI:

° pa3Mep MOKOJICHHUS;

° YHCJI0 COCTOSHUM;

° YHUCIIO YKCIIEPUMEHTOB HaJl KaXKJbIM MYPaBbEM;
. BEPOSATHOCTH MyTallUU;

° BEPOSATHOCTH NOSIBJICHUS €/bl B KAKJIOW KIIETKE.



3. PE3VYJIbTATHI

BoruncnuTenbHble  SKCIIEPUMEHTHl MPOBOJAWIINCH C Pa3IMYHBIMU 3HAUCHUSIMH [apaMeTpoOB
anroput™Ma. Jlamee HpUBOAMTCS OMHUCaHue rpada MepexoloB Uisi aBToMara MMM C TATHIO
COCTOSIHHSIMU (TIEPBOE SIBIISIETCS HAYAJIBHBIM), 3HaUeHUE (PUTHECC-PYHKITUN IS JTYUIIIETO MyPaBbsi
noyiyueHHoro B 67513 mnokonenun paBHO 52. [ KakIOro COCTOSIHMSI IOKa3aHO BBIXOIHOE
JeiicTBHe, 3aTeM TabIuIa ePEX0/I0B MO BCEM 256 BXOIHBIM BO3ICHCTBUSIM.

Jlyumme ocobu mpencrasieHsl Ha puc.3. CrneBa 3HaueHHe PUTHECC-QYHKIIUU TSI JTydIei ocoowu,
MOJIYYEHHOM JIJIsl ITOKOJICHHSI ¢ HOMEPOM HaXOISAIINMCSI CIIpaBa.

Fithess Generation
2d -
27 a1
28 16
32 18
34 28
38 Ell
38 70
40 B2
H 195
42 8T
43 1694
44 3708|=
45 6223
46 8513
47 11136
49 19441
50 #1075
51 517490
52 B7513|w
Puc.3

BeposTHOCTh TOsIBIEHMS €nIbl A KaxJIou kiueTku paBHa 0.1 — maTemMaTHyeckoe OKUIAHHE
KOJIMYEeCTBa €/l Ha Tosie paBHO 102.4, BEpOSITHOCTh MyTaIlMd OCOOHU TOCJIe CKPEIMBAHKS paBHA
0.02.



[IaTh cocrostauii (HauansHOe = 1); fitness-pyukimsa=52.0
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3.1. TI'papuk MakcMMaJbLHOrO 3HaYeHUs puTHec-GpyHKIUN
Ha puc.4 npencraBineHn rpaduk 3aBUCHMOCTH MaKCHMaJIbHOTO 3HAUY€HUS (PUTHEC-QYHKIUHU OT
HOMepa MOKOJICHUS.

i
57
47
" e A
28
14
8
0
0 B0Z 120415062408 301036124214 481664186020 BE22 7234

Puc. 4

Ha pucyHke BHAHO, YTO CYyILECTBYET MHOTO JIOKAJIbHBIX MAaKCUMYMOB. DTO CBUAETEIHCTBYET O
TOM, YTO METOJI pyJIETKH BbIOMpaeT cpeqnue ocodu. [Ipu 3ToM camble sydire MOTYT HE MOMAcTh
B CJIeJlyIOIIIee MTOKOJICHHUE.

3.2. TI'pajuk cpeaHero 3Ha4YeHUs (PUTHeC-PYHKIUH
Ha puc.5 npencrasieH rpaduk 3aBUCHMOCTH YCPETHEHHOTO 3HAYeHHsI (uUTHEC-QYHKIHH OT
HOMepa MOKOJICHHUS.

a1
57
47
38
28

19
g

1] GO2 120418062408 301036124214 48165418 602066227224

Puc. 5

3akiouenue

Hcnonp3oBaHne MeTona pyJaeTKU IJIOXO MOAXOAMT IS BBIAEICHHS HAWIydlIMX ocoOed mpu
CKpellMBaHUU. Takoe MoBeAeHHE MOXHO OOBSCHUTH T€M, YTO 3HAYeHUS (UTHEC-PYHKUUU IS
0co0el He CHIIBHO JAPYT OT Jpyra oTiauvaroTcs. [loaTomy maxke y camoil mprucrocoOJIeHHOM 0co0n
€CTh HEIJIOXOW IIaHC HE MOMNacTh B cleayloilee MmokojeHue. OCTpOBHOW aJITOPUTM IO3BOJISET
MOJYyYUTh OOJbININE 3HAUYEHHUS (YHKLIHUU HPUCHOCOOJEHHOCTH MJIsi TaKOrO e IPeICTaBIICHUS
0co0eii 3a Topa3I0 MEHBIIIEEe YUCIIO TTOKOJICHUH.

Hcnonp3oBanre aBTOMaToB Muiu 715 IpeACTaBIEHUSI MypaBhs B 3a7aue 00 «YMHOM MypaBbe —
3» ompaBIaHO, TaK KaK IIO3BOJISIET HAUTH MYypaBbsl, ChENAIOLIETO MOJOBUHY €bl Ha nose. Ilpu
3TOM €]1a pacIoyIoKeHa CIy4aifHBIM 00pa3oM.
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IMpuiaoxenne.

HUcxoanbll KOA IJIaruHa A

JadopaTopum» Ha si3bike Java.

IIpeacraBienue ocodu

®daiin AntToTask25Mover.java

«BupryajbHou

package individual.smartant;
package individual.anttotask25;

import task.ant
import task.ant
import task.ant

/**
* @author Yuri

*/

.extended.ExtendedAntTask;
.extended.ExtendedAnt;
.extended.Ant;

Konoplev

public class AntToTask25Mover implements ExtendedAntTask.Mover {

/**

* pointer to AntToTask25 which is used in move procedure

*/
public final

AntToTask25 automaton;

private final double mu;
private AntToTask25.State cs;
private ExtendedAnt ant;

/**

* @see task.ant.extended.ExtendedAntTask.Mover#move ()

*/

public boolean move () {

int cf =
this.cs

this.automaton.getCf () ;

= this.automaton.move (this.cs, this.ant);

return cf != this.automaton.getCf ();

/**

* (@see

task.ant.extended.ExtendedAntTask.Mover#restart (task.ant.extended.Ant)

*/

public void restart (Ant a) {

this.ant

/**

= (ExtendedAnt) a;

* @param automaton pointer to AntToTask25 which is used in move

procedure
* @param mu

*/

probability of food in the current cell
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public AntToTask25Mover (AntToTask25 automaton, double mu) {

this.mu = mu;
this.automaton = automaton;
this.cs = automaton.state[automaton.initialState];

/**
* @return probability of food in the current cell
* @see task.ant.extended.ExtendedAntTask.Mover#getMu ()
*/
public double getMu () {
return this.mu;

---end

®daiia AntToTask25Factory.java

package individual.anttotask25;

import laboratory.common.ga.IndividualFactory;
import task.ant.extended.Ant;

import Jjava.util.Random;

/**
* @author Yuri Konoplev
*/
public class AntToTask25Factory implements IndividualFactory ({

private final Random r = new Random() ;
public static int attempts;

private final double mu;

private final int countStates;

/**
* (@dsee laboratory.common.ga.IndividualFactory#randomIndividual ()
*/
public AntToTask25 randomIndividual () {
AntToTask25 ant = new AntToTask25 (this.countStates,
this.r.nextInt (this.countStates), this.mu);
for (int i = 0; 1 < this.countStates; i++) {
Ant.Action[] action = new Ant.Action[256];
byte[] endState = new byte[256];
for (int k = 0; k < 256; k++) {
switch (this.r.nextInt(3)) {

case 0:
action[k] = Ant.Action.L;
break;

case 1:
action[k] = Ant.Action.R;
break;

default:
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action[k] = Ant.Action.M;
break;

}
for (int j = 0
J

J < 256; Jjt++) |
endState | =

] (byte) this.r.nextInt (this.countStates);
}
ant.state[i] = new AntToTask25.State (action, endState);

}

return ant;

/ * %
* @param countStates amount of states, which is written in properties
file
* @param mu Probability of food in the current cell
*/
public AntToTask25Factory(int countStates, double mu) {
this.countStates = countStates;
this.mu = mu;
}
}
---end

®aiia AntToTask25.java

package individual.anttotask25;

import laboratory.common.ga.Individual;
import laboratory.common.Visualizable;

import Jjava.util.Random;

import task.ant.extended.Ant;
import task.ant.extended.ExtendedAnt;

/**
* @author Yuri Konoplev
*/

public class AntToTask25 implements Visualizable {

/**
* Probability of changing initial state during mutation
*/
public static double pmis = 0.66;
/**
* Probability of food in the current cell
*/
public final double mu;
private double fitness = Double.NEGATIVE INFINITY;
/**
* Initial state of Moore automaton
*/

public final int initialState;
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/**

* Array with states

*/
public final State[] state;
/**
* Number of different incoming signals
*/
public final int MaxSignals = 256;
private int cf = 0;
/**

* Class which represents state in Moore automaton.
* Every state produces outgoing signal (L, R or M) and
* give next state for every incoming signal
*/
// this State meanes State with array of Edges from It
public static class State {

/**
* Array of states which can be reached from current state
*/
public final byte[] endState;
/**
* Outgoing signal (L, R or M)
*/
//MILI addon
public final Ant.Action[] action;

/**
* @param action Outgoing signal (L, R or M)
* (@param endState Array of states which can be reached from
current state
*/
public State(Ant.Action[] action, byte[] endState) {
this.endState = endState;
this.action = action;

/**
* @param cs amount of states in Moore automaton
* (@param is initial state
* @param mu Probability of food in the current cell
*/
public AntToTask25(int c¢s, int is, double mu) {
this.state = new Statel[cs];
this.initialState = is;
this.mu = mu;

/**
* @param s current state
* @param ant Ant which can see 8 cells around itself, it gave us

information about them
* @return next state, which will be obtained after proceeding

information
*/
16



public State move (State s, ExtendedAnt ant) {

boolean[] variables = ant.F();
int index = 0;
/**
* do from signals one byte
5
4 7
>0 1
2 6
3
example: if everwhere is food the output if 11111111
*/
for (int i = 0; 1 < 8; i++) {
if (variables[1i]) {
index = (index << 1);
index++;
} else {
index = (index << 1);
}
}
Ant.Action a = s.action[index]; // s.action[act it];
if ((a == Ant.Action.M) && variables[0]) {
this.cf++;
}
if (a == Ant.Action.L) {
ant.L();
} else if (a == Ant.Action.R) {
ant.R();
} else if (a == Ant.Action.M) {
ant.M();

}

return this.state[s.endState[index]];

/**
* @return amount of food which was eaten
*/
public int getCf () {
return this.cf;

/**
* Fitness function value
* @see laboratory.common.ga.Individual#fitness()
*/
@Override
public double fitness () {
if (this.fitness == Double .NEGATIVE INFINITY) {
this.fitness = 0;
for (int j = 0; j < AntToTask2bFactory.attempts; Jj++) {
State s = this.state[this.initialState];
ExtendedAnt ant = new ExtendedAnt (this.mu);
for (int i = 0; i < Ant.NUMBER STEPS; i++) {
s = move (s, ant);
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}
this.fitness += this.cf;
this.cf = 0;
}
fitness /= AntToTask25Factory.attempts;

}

return this.fitness;

/**
* @see laboratory.common.ga.Individual#mutate (java.util.Random)
*/
@Override
public AntToTask25 mutate (Random r) {
int c¢cs = this.state.length;
AntToTask25 ant = new AntToTask25 (
cs,
(r.nextDouble () < pmis) ? r.nextInt(cs)
this.initialState,
this.mu) ;
System.arraycopy(this.state, 0, ant.state, 0, cs);

int i1s = r.nextInt(cs);
State s = this.state[is];
if (r.nextBoolean()) {

Ant.Action[] action = new Ant.Action[MaxSignals];
for (int i = 0; i<MaxSignals; 1i++) {

switch (r.nextInt (3)) {
case 0O:
action[i] = Ant.Action.L;
break;
case 1:

action[i] Ant.Action.R;

break;
default:
action[i] = Ant.Action.M;
break;
}
}
ant.state[is] = new State(action, this.state[is].endState);

} else {
byte[] endState = new byte[this.MaxSignals];
System.arraycopy(s.endState, 0, endState, 0, this.MaxSignals);
endState[r.nextInt (this.MaxSignals)] = (byte) r.nextInt(cs);
ant.state[is] = new State(this.state[is].action, endState);

}

return ant;

/**

* (@see
laboratory.common.ga.Individual#crossover (laboratory.common.ga.Individual,
java.util.Random)

*/
@Override
public AntToTask25[] crossover (Individual p, Random r) {
AntToTask25[] parent = new AntToTask25[2];
parent[0] = this;
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parent[1l] = (AntToTask25) p;

AntToTask25[] child = new AntToTask25([2];

int ri = r.nextInt(2);

int c¢cs = this.state.length;

for (int 1 = 0; 1 < 2; 1i++) {

child[Math.abs(ri - i)] = new AntToTask25(cs,

parent[i].initialState, this.mu);

}

for (int j = 0; j < cs; j++) |

ri = r.nextInt (2);
for (int i = 0; i < 2; 1i++) {
child[Math.abs(ri - 1i)].state[]j] = parent[i].statel[j];

}

return child;

/**
* @see java.lang.Comparablef#fcompareTo (java.lang.Object)
*/
@Override
public int compareTo (Individual individual) {
return Double.compare (individual.fitness (), fitness{());

/**
* (@see java.lang.Object#toString /()
*/
@Override
public String toString () {
String res = this.state.length + " states (initial=" +
(this.initialState + 1) +

"), fitness=" + fitness() + "\n";
int num st = 1;
for (State s : this.state) {
res += "State number=" + num st + "\n";

num_st++;

for (int 1 = 0; 1 < this.MaxSignals; i++) {
res += s.endState[i] + 1;

Ant.Action a = s.action[i];
if (a == Ant.Action.L) {
res += " L";
} else if (a == Ant.Action.R) {
res += " R";
} else 1if (a == Ant.Action.M) {
res += " M";

if (i < this.MaxSignals - 1) {
res += ", ";

}

if ((1 + 1) % 64 == 0) {
res += "\n"
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res += "\n";

}

return res;

/**
* (@see laboratory.common.Visualizablef#fgetAttributes()
*/
@Override
public Object[] getAttributes () {
return new Object[] {new AntToTask25Mover (this, this.mu) };

}
---end

®daiia FactoryLoader.java

package individual.anttotask25;

import laboratory.util.AbstractLoader;
import Jjava.util.jar.JarFile;

public class Factoryloader extends AbstractLoader<AntToTask25Factory> {

/**
* (@dsee laboratory.common.Loader#load(java.lang.Object[])
*/

public AntToTask25Factory load(Object... args) {

AntToTask25Factory.attempts = properties.getInt ("count.attempts");
return new

AntToTask25Factory(this.properties.getInt ("count.states"),
this.properties.getDouble ("mu")) ;

/**
* @param file jar-file with this project which contains necessary
properties
*/
public FactoryLoader (JarFile file) {
super (file, "automaton.conf");

I'eHeTHYeCKUH aJITOPUTM

®daiia RouletteGALoader.java

package ga.roulette;

import laboratory.common.Loader;
import laboratory.common.ga.GA;
import laboratory.common.ga.IndividualFactory;
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import laboratory.util.Parser;

import java.io.IOException;
import java.util.Properties;
import Jjava.util.jar.JarEntry;
import java.util.jar.JarFile;

/**
* Qauthor Nikolay Makarov
*/
public class RouletteGALoader implements Loader<GA>

private final Parser properties;

/**
* @see laboratory.common.Loader#load(java.lang.Object[])
*/

public GA load(Object... args) {

return new RouletteGA (this.properties.getInt ("sizeGeneration"),
this.properties.getDouble ("probabilityMutation"),

(IndividualFactory) argsl[0]);

/**

* Creates Parser object which will be used for reading properties

* @param file jar-file with this project

*/
public RouletteGALoader (JarFile file) {
Properties in = new Properties();
try {

JarEntry ent = new JarEntry("rouletteGA.conf");
in.load(file.getInputStream(ent));

} catch (IOException e) {
e.printStackTrace () ;

}

this.properties = new Parser (in);

/**
* (@dsee laboratory.common.Loaderf#getProperties ()
*/
public Properties getProperties() {
return this.properties.getProperties();

---end

®daiia RouletteGA.java

package ga.roulette;
import laboratory.common.ga.GA;

import laboratory.common.ga.Individual;
import laboratory.common.ga.IndividualFactory;
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import Jjava.util.ArrayList;
import java.util.Collections;
import java.util.List;

import Jjava.util.Random;

/**
* Qauthor Nikolay Makarov
*/
public class RouletteGA implements GA {
private List<Individual> generation;
private final double probabilityMutation;

private final IndividualFactory factory;

private final Random r;

/**
* (@dsee laboratory.common.ga.GA#nextGeneration ()
*/
public void nextGeneration () {
int size = this.generation.size();

// Sum of individuals' fitness values

double totalFitness = 0.0;

for (Individual individual : this.generation) {

totalFitness += individual.fitness();

}

List<Individual> newGeneration = new ArrayList<Individual> (size);

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

// random position on roulette

double val = this.r.nextDouble () * totalFitness;

// individual which corresponds to this position

double sum = 0.0;

for (int j = 0; Jj < size; Jj++) {

double fval = this.generation.get(j).fitness();
if (sum + fval > val) {
newGeneration.add (this.generation.get (j));
break;
}
sum += fval;

}

}

/**

* We can crossover neighbour individuals,

* because we chose them at random positions earlier

*/

for (int 1 = 0; 1 < size; 1 += 2) {

Individual father = newGeneration.get(i);

Individual mother = newGeneration.get (i + 1);
Individual[] s = father.crossover (mother, this.r);
newGeneration.set (i, s[0]);
newGeneration.set (i + 1, s[1]);

}

if (size % 2 == 1) { // If amount of individuals is odd, we mutate

last
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newGeneration.set (size - 1, newGeneration.get (size -
1) .mutate(this.r));
}
// We mutate all of them
for (int 1 = 0; 1 < size; 1i++) {
if (this.r.nextDouble () < this.probabilityMutation) {
newGeneration.set (i, newGeneration.get (i) .mutate(this.r));

}
this.generation = newGeneration;
Collections.sort (this.generation);

/**
* (@see laboratory.common.ga.GA#getGeneration ()
*/
public List<Individual> getGeneration() {
return this.generation;

/**
* (@param sizeGeneration constant generation size
* (@param probabilityMutation probability of mutation after crossover
* @param factory pointer to the individual factory
*/
public RouletteGA (int sizeGeneration, double probabilityMutation,
IndividualFactory factory) {
this.probabilityMutation = probabilityMutation;
// Creating new generation
this.generation = new ArrayList<Individual>(sizeGeneration);
for (int 1 = 0; 1 < sizeGeneration; i++) {
this.generation.add(factory.randomIndividual ()) ;
}
Collections.sort (this.generation);
this.factory = factory;
this.r = new Random() ;

/**
* Creates new generation
* @see laboratory.common.ga.GA#bigMutation ()
*/
public void bigMutation () {
for (int 1 = 0; i1 < this.generation.size(); i++) {
this.generation.set (i, this.factory.randomIndividual());
}

Collections.sort (this.generation);

/**
* @return best individual in current generation
* (@dsee laboratory.common.ga.GA#getBest ()
*/
public Individual getBest () {
return this.generation.get (0);
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Cxpunr aast cOopku miiaruHa Kk «BupryanbHoi 1adboparopum»

®aiia build.properties

deploy=deploy
debug.val=true
util=util

ga.dir=gas
individual.dir=individuals

ga.src=ga
individual.src=individual

project.name=Virtual Laboratory
main.class=laboratory.core.Main
---end

®aiia build.xml (1 koMnuasiun HeodOXxoaumMbl ¢aiibl util.jar, common.jar u
extended-ant.jar, koTopble NpeacTaBiasiioOT «BUpPTyanbHy10 J1a00paTOPUIO»)

<?xml version="1.0"7?>
<project name="visualizer" default="build">
<property file="build.properties"/>

<target name="build" depends="build.main, build.GA, build.individual"
/>

<property name="common.build" value="${util}/common.jar"/>
<property name="util.build" value="S${util}/util.jar"/>
<property name="exttask.build" value="${util}/extended-ant.jar"/>

<target name="build.main">
<mkdir dir="${deploy}"/>
</target>

<target name="build.GA">
<mkdir dir="${deploy}/${ga.dir}"/>
<antcall target="build.plugin">
<param name="plugin" value="${ga.src}/roulette"/>
<param name="plugin.classpath" value="${common.build};
${util.build}"/>
<param name="plugin.dir" value="${ga.dir}"/>
</antcall>
</target>

<target name="build.individual">
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<mkdir dir="${deploy}/${individual.dir}"/>

<antcall target="build.plugin">
<param name="plugin" value="${individual.src}/AntToTask25"/>
<param name="plugin.classpath" value="${common.build};

S{util.build}; S${exttask.build}"/>

<param name="plugin.dir" value="${individual.dir}"/>

</antcall>

</target>

<target name="build.plugin">
<echo message="${plugin}"/>
<echo message="${plugin.classpath}"/>
<fail unless="plugin"/>
<property file="${plugin}/plugin.properties" prefix="plugin"/>
<fail unless="plugin.main.class"/>
<fail unless="plugin.extension.name"/>
<fail unless="plugin.comment"/>
<condition property="plugin.src" value="src">
<not>
<isset property="plugin.src/"/>
</not>
</condition>
<condition property="plugin.filter" value="">
<not>
<isset property="plugin.filter"/>
</not>
</condition>
<condition property="plugin.graphic.settings" value="">
<not>
<isset property="plugin.graphic.settings"/>
</not>
</condition>
<echo message="${plugin.filter}"/>
<echo message="${plugin.graphic.settings}"/>
<condition property="plugin.build" value="classes">
<not>
<isset property="plugin.build"/>
</not>
</condition>
<condition property="plugin.jar"
value="${plugin.extension.name}.jar">

<not>
<isset property="plugin.jar"/>
</not>
</condition>
<mkdir dir="${plugin}/${plugin.build}"/>
<javac

srcdir="${plugin}/${plugin.src}"
destdir="${plugin}/S${plugin.build}"
classpath="${plugin.classpath}"
/>
<jar destfile="${deploy}/S${plugin.dir}/${plugin.jar}">

<fileset dir="${plugin}/${plugin.build}"/>

<fileset dir="${plugin}/S${plugin.resources}"/>

<manifest>
<attribute name="Main-Class" value="${plugin.main.class}"/>

25



<attribute name="Extension-Name"
value="${plugin.extension.name}"/>
<attribute name="Comment" value="${plugin.comment}"/>
<attribute name="Filter" value="${plugin.filter}"/>
<attribute name="GraphicSettings"
value="${plugin.graphic.settings}"/>
</manifest>
</jar>
</target>

<target name="clean" depends="clean.ga, clean.individual">
<delete quiet="true" includeEmptyDirs="true">
<fileset dir="${build}"/>
<fileset dir="${deploy}"/>
</delete>
</target>

<target name="clean.ga'">
<antcall target="clean.plugin">
<param name="plugin" value="${ga.src}/roulette"/>
</antcall>
</target>

<target name="clean.individual">
<antcall target="clean.plugin">
<param name="plugin" value="${individual.src}/AntToTask25"/>
</antcall>
</target>

<target name="clean.plugin">
<fail unless="plugin"/>
<echo message="${plugin}"/>
<property file="${plugin}/plugin.properties" prefix="plugin"/>
<condition property="plugin.build" value="classes">
<not>
<isset property="plugin.build"/>
</not>
</condition>
<delete quiet="true" includeEmptyDirs="true">
<fileset dir="${plugin}/${plugin.build}"/>
</delete>
</target>

</project>

---end
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