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Beenenue

B nannoit naGopaTtopHoil pabore Hccienyercss MPUMEHEHHWE TeHETUYECKUX aJTOPUTMOB IS
aBTOMAaTHYECKOT'O MOCTPOCHHsI KOHEYHBIX YNPABISIONIMX aBTOMAaTtoB. PaccmaTpuBaercs 3amada o0
«YMHOM MypaBbe - 3». C IOMOIIbIO METO/a pYyJETKH IeHEpUpYyeTcs KOHEUHbIM aBTOMar Mypa,
KOTOPBIM ONMCBIBAET IIOBEICHNUE MYPaBbS.

Jnst sMynsiuyd  ACHCTBUNA MypaBbsi CTylneHTamMu Kadenapbl «KOMIBIOTEpHBIE TEXHOJIOTHW»
CIIeI'Y HUTMO Obuta coszmana mnporpamMma «BupryanpHas mnabopatopus» [1]. Pemenuem
MOCTABJICHHOW 3aJauu SBJSETCS IUIarMH Ui JIaHHOM J1abopaTOpuM, KOTOPBINH OIKCHIBAET
MIPEACTABICHUE MYpPaBbsl B BUJIE aBTOMATA, a TAKKE peau3yeT FeHETUUECKUN aJITOPUTM.



1.ITocTaHOBKA 3aa4H
Lenp naboparopHOi pabOThl — MOCTPOHUTH TakoW aBTomMar Mypa, 4yTO MypaBel, MMOBEAECHUE
KOTOPBIN UM OINHCBIBAETCS, ChEIAET KAK MOXKHO OOJIbILIE €/1bl Ha TOJIE.

1.1. 3agaya 00 «YMHOM MypaBbe - 3»

[IpuBenem omucanue 3agaun 006 «YMHOM MypaBbe - 3» [2]. Hrpa mnpoucxomuT Ha
MMOBEPXHOCTU TOpa pazmepoM 32 Ha 32 kieTku (puc.l). B HekoTopsIx kieTkax (0003HaueHbI Ha puc. |
YepHBIM IIBETOM) HAXOJATCS S0JIOKK (HE OOJbIe OJAHOTO B KieTke). KileTku mosns, B KOTOPBIX HET
ebl, 0003HAYEHBI cepbIM LBETOM. JlJisi Ka)k[0M KJIETKU BEPOSITHOCTH IMOSIBICHUS €/1bl B HEW paBHa
3apaHee OIPEIEICHHON BEIUYMHE L.
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Puc. 1. UrpoBoe none

B neBoii BepxHel KJIeTKEe B HaYaJie UTPhI HAXOAUTCS MypaBel (Ha puc.l oH 0003HaYeH KPaCHBIM
TPEYrOJIbHUKOM, KOTOPBIN IOKa3bIBa€T HAIpaBieHUE e€ro B3risAa). OH 3aHMMAeT OAHY KIETKY
CMOTPUT B OJHOM M3 YETHIpEX HalpaBJeHUU (ceBep, IOT, 3amaja, BOCTOK). B Havayie urpel MmypaBeit
CMOTPHUT Ha BOCTOK. MypaBell yMeeT OlpeAeiATh, B KAKMX KJIETKaX U3 BOCBMH HaXOIALIUXCS PAIOM
C HUM M TIOMEYEHHBIX 3€JIEHBIM IIBETOM HaxouTcs ena. Takum oOpa3om, B KaxJOH KIETKE AJIs
MypaBbsi cymiecTByeT 2° = 256 BXOJHBIX BO3JEHCTBMIL. 3a OJMH HIPOBOH X0/ MypaBel MOXKeT

COBEPIINUTH OJHO U3 TPEX JNCUCTBUM:

e cJenaTh LIar BIepea, Cheaas Ipu 3TOM €1y, eclid oHa TaM HaxoauTcst (M — move);
e mnoBepHyTh HaneBo (L — left);
e noBepHYTh Hampaso (R — right).

CweneHHast MypaBbeM €71a HE BOCIIOJHSIETCS, MypaBell HUB Ha MPOTSXKEHUU BCEH UIpBI, €1a He
ABIISICTCS HEOOXOIUMBIM PECYPCOM JISi €ro >KU3HU. MypaBeil MOXET XOAWUTH IO JIOObIM KJIeTKaM
nosst. Urpa pymurest 200 Xx010B, Ha KaXA0M U3 KOTOPBIX MypaBel COBEPILIAET OJHO U3 TPEX ACHCTBHIA.
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[To OKOHYAHWUU WUTPBHI MMOACYUTHIBACTCS YUCIO SIOJOK, ChEACHHOE MYpaBheM. JTO 3HAYCHHE U €CTh
pe3ynbTat urpsl. Llenb urpsl — co3gaTh MypaBbsi, KOTOPBIH ChECT Kak MOXKHO OoJblie easl. [Ipu sTom
OTMETHM, YTO MYpPaBbH, ChEIAIOIINE BCIO €1y, 3aKaHYMBAIOT UTPY C OJAMHAKOBBIM PE3yJIbTATOM,
KOTOPBIH HE 3aBUCUT OT TOT'0, CKOJIBKO XO/I0B UM Ha 3TO MOTPeOOBAIOCH.

1.2. ABTomatr Mypa

ABToMaT Mypa — KOHEUYHBIM aBTOMAaT, BBIXOJHOE IEHCTBHE KOTOPOTO 3aBHUCUT TOJBKO OT
TEKyIIero cocrosHus. Ilepexom B HOBOE COCTOSHME OCYIIECTBISETCS IIPU y4YeTe TEKYLIETo
COCTOSIHMS U BXOJJHOTO BO3JICHCTBHS.

dopManpHO aBTOMAT Mypa — COBOKYITHOCTh IIECTH OOBEKTOB:

A=(55,XY.4 p),
rie:
e S — MHOXECTBO COCTOSHHIA;
e S5, — CTapTOBOE COCTOSHUE;
e X — MHOXXECTBO BXOJHBIX BO3JICHCTBHII;
e Y — MHOXXECTBO BBIXOJHBIX JCHCTBUMA;
e §:S XX — S (Tabnuia nepexo/I0B MO BXOJHBIM BO3JICHCTBUSIM JIJIsl KaXJI0TO COCTOSHUS);

e u:S — Y (BbIXOAHBIC AEHCTBUS MypPaBbs JIJIsl K&XKJOTO COCTOSIHUS).



2.I'eHeTHYeCKHUH AJTOPUTM

Pa3zpaboTanHbIil aITOPUTM T€HETHIECKOTO TPOrPaMMUPOBaHUS [3] COCTOUT U3 ISITH YacTeH:

CO3JIaHUE HAYaJIbHOTO TIOKOJICHUS;
MYyTaIlus;

CKpenruBaHue (KpOCCOBED);

oTOOp 0cobeit mist HOPMUPOBAHUS CIIECIYIOIIETO MTOKOJICHUS;
BBIYHCIICHHE (PYHKITUY TPUCTIOCOOICHHOCTH ((hUTHEC-DYHKITHH).

2.1. IIpencraBiaenue ocooun

Kaxnas ocoOb npezcTaBiser co00if HEKOTOPbIM KOHEUHBIH aBTOMaT Mypa C 3aJJaHHBIM YHCIOM
COCTOSIHU, ONMUCHIBAIOIIHI TOBEICHUE MYPABBA.

B nporpammMe aBTOMAaT npeacTaBiIeH MaCCUBOM COCTOSIHUN State, KKl U3 KOTOPBIX XPaHUT
BBIXOJIHOE BO3JEHCTBHUE, a Takxke 256 Mepexo/ioB B APYrHME COCTOSHUSA MO Pa3IUYHBIM BXOIHBIM
BO3JeHCTBUAM. Taxke XpaHUTCS yKa3aTellb HA CTAPTOBOE COCTOSIHUE.

2.2. Co31aHue HAYAJILHOT0 MOKOJIeHUSA

HavansHoe mokojeHue cocTouT u3 (PUKCHpOBaHHOTO yucia (1mo ymomuanuto — 200) cmydaiiHO
CreHEepHpPOBAaHHBIX aBTOMAaTOB Mypa ¢ 3apaHee ONpe/IeICHHBIM YHUCIOM COCTOSHUM.

2.3. MyTanus

[Ipm mMyTanuu CTapTOBBIM COCTOSIHUEM CTAHOBUTCS CIy4allHOE M3 aBTOMAra, 3aTe€M CIy4ailHO
BBIOMPAETCS O/IMH U3 ABYX PAaBHOBEPOSITHBIX BapUAHTOB:

® M3MEHEHHUE JIEHCTBUSA, COBEPIIAEMOI0 MYpPaBbEM, KOTOPBIM HAXOIUTCS B HOBOM CTapTOBOM
COCTOSIHUM — CITy4aifHO ¥ PaBHOBEPOSITHO BHIOMPAETCS BBIXOTHOE BO3/ICHCTBHE U3 MHOXKECTBA Y.

® U3MEHEHHUE COCTOSHUS, B KOTOPOE BEJET MEPEXO/l — CIIy4ailHO M PaBHOBEPOSTHO BBIOMPAECTCS
nepexo. Ilocne 3Toro cocrosiuue, B KOTOpOE BENET MEPEXO/], 3aMEHSIETCs Ha CIIy4aliHO BbIOpaHHOE
COCTOSIHHE.

Taxke B TeHETHYECKOM AITOPUTME MPEAYCMOTpPEHA omepanus «OOoJbIIoi MyTarumy, KOTopas
OCYLIECTBIISICT TEHEepalyi0 IOJHOCTbIO HOBBIX CIydaliHbIX aBTOMaToB. OHa MOXeET ObITh
HCII0JIb30BaHa, KOTJa B MOMYJISALUN OBEIEHNE MypPaBbeB ITOYTU UACHTUYHO.

24. CxpemnBanue

Omepartop ckpemBaHus MOIydYaeT Ha BXOJ JABE 0COOM M BBLIAET Takxke ase ocodu. IIporecc
CKpEUIMBAHUA MPOUCXOMUT cleayromuM oOpa3oM. Co3maioTcss ABa IMOTOMKA, 3KBHUBAJIECHTHBIX
poauTensaM. 3aTeM JUIS  KaXJOTO COCTOSHHS PaBHOBEPOATHO JHMOO MPOM3BOAUTCS OOMEH
uHbopMalMel I 3TOr0 COCTOSIHMSA, JHUOO0 HEe NPOM3BOIUTCA. TakuM 0Opa3oM, COCTOSHUS
poAuTENeH MepeMEnINBaOTCS B CIICAYIONIEM HOKOJICHHH.

2.5. OT100p ocobeii 1151 GopMHUPOBAHNS CJIEAYIONIEr0 MOKOJICHUSs

FeHepaHI/Iﬂ O4YCPEAHOro IMOKOJCHUSA OCYHICCTBIIACTCA C IIOMOINBIO METOAAa «PYJICTKH». BCEM
aBTOMaTaM CTaBATCA B COOTBCTCTBUC OTPC3KH IAJIMHBI, paBHOﬁ 3HA4YCHUIO (I)I/ITHGC-(I)yHKI_[I/II/I, 3aTCM
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BbIOMpaeTCs ciy4aiiHas TOYKa, KoTopas OyaeT MpHUHAIIeKaTh OAHOMY M3 OTpe3koB. [locie storo
COOTBETCTBYIOIIMN aBTOMAT [00aBisieTcss B cleayollee MokojieHue. Bpibop ocymiecTBisercs
CTOJIBKO pa3, CKOJIBKO 0CO0€i NOKHO OBITh B MOKOJCHHU. 3aTeM IMPOM3BOJIUTCS CKpEIIUBaHHE Tap
aBTOMATOB, M, HAKOHEI[, MyTallHsl KaK/I0T0 U3 MOJYyYUBIINXCS JETEH.

2.6. Boruuciienne GpyHKOMU NPUCIOCO0JeHHOCTH ((PUTHeC-PYHKIINH)

OYHKIUS PUCTIOCOOIEHHOCTH BBIUUCIISACTCS CASAYIOIIMM 00pa3oM: IMTPOBOIUTCS SKCIIEPUMEHT C
ydactTueM MypaBbd C MTOBCACHUCM, 3aJJaHHBIM TCKYIIUM aBTOMATOM Mypa C IIOMOIIIBIO
1a00paTOPUH IMYTUPYIOTCS €ro TIEPEMEIICHHs B 3aBUCUMOCTH OT PACIOJIOKECHHS €JbI: OH MPOXOIUT
o IMOJIF0 HCCKOJIBKO pas, Ka)i(l[blﬁ pa3 mOoACYUTHLIBACTCA YHCIO CBCACHHBIX SIOJIOK. HO.HY‘-IGHHI:IG
pe3yIbTaThl YCPEIHSIOTCS (CyMMa JICITUTCS Ha YUCIIO TTOMBITOK) U BBIJJAIOTCS B KAYECTBE OTBETA.

2.7. HacrpauBaemble mapamerpbl ajaropurMa

Crnenyromue mapamMeTpsl aiIropuTMa TI'eHETHYECKOro MpOrpaMMHUPOBAaHUS MOTYT  OBITH
U3MEHEHBI:

® pa3Mep MOKOJICHHUS;

® YJCJIO COCTOSHUIM;

® YJCJIO DKCIIEPUMEHTOB HaJ| KaXIbIM MYPaBbEM;
® BEPOATHOCTH MyTallMH;

e BpeMs 10 «OOJBINOI MyTaIlMK TOKOJICHUS;

L] BepOHTHOCTB TIOSIBJICHUA €161 B Ka)KI[Oﬁ KJICTKC.

Kak moOKa3pIBalOT BBIYUCIUTEIBHBIC OSKCIICPUMEHTBHI, HM3MEHEHHE HEKOTOPBIX U3 JTHX
MapaMeTpoB MOXKET CYIIECTBEHHO BIHUSTh Ha BpeMs IMMOMCKAa aBTOMAaTa, MO3BOJISIOIIETO MYPaBBIO
cbecTh BCIO emy. OTMETHM, YTO OT paclpenieiCHUs €Abl 3aBUCUT YHUCIIO COCTOSHHUI aBTOMAra,
KOTOPBI «ChefaeT» HauOolblnee YHuciIo sS0J0K. Uem MeHbIne eapl — TeM OO0JbIle COCTOSHHIA
noTpedyeTcsi, ecIM BCE IOJIe 3allOJHEHO €lI0i, TO XBaTHT ABYX COCTOSHHH (C TIOMOIIBIO OJTHOTO
MypaBel UAET BIepea, APYroe MO3BOJSET MOBEPHYTH C MPSIMOI TPAeKTOPHH).



BreraucnurenbHbIC SKCHCPUMCHTBI MNPOBOJUIIUCH C PA3JIMYHBIMH 3HAYCHUAMHU IIapaMCTPOB

anroputMma. Jlanee mnpuBoauTcs omnucaHue rpada mepexoioB s aBTomMara Mypa C ISThIO

Action for this state=M, transitions
Action for this state=R, transitions

3. Pe3yabTaTsl
COCTOSIHUSIMH (YETBETOE COCTOSHHE SBISCTCS HadalbHBIM), 3HaYeHHE (uTHEecC-QYHKIUU IS

COOTBETCTBYIOIIETO MYpaBbsi paBHO 42. J[Jig KaXI0r0 COCTOSAHUS MOKAa3aHO BBIXOJIHOE BO3/ICHCTBHE,

3aTeM TabIuIa IePEeX0I0B MO BCEM 256 BXOIHBIM BO3/ICHCTBUSIM.
BepostHOCTh TOsIBIICHUS eAbl sl Kakaou kieTkd paBHa 0.1. [loatomy MaremaTuyeckoe OxuJaHHe

yucia 10110k Ha nojie paBHO 102.4, a BepoATHOCTh MyTallMu 0codu nocie ckpenBanus pasaa 0.02.
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3.1. I'padpuk MmakcuMaIbHOTO 3HAYEHUS (PUTHEC-PYHKIIUU

Ha puc.2 npeacrasnen rpaduk 3aBUCUMOCTH MaKCHUMaJbHOTO 3HaueHUs (pUTHEC-QPYHKIMH OT
HOMepa MOKOJICHUSI.

a1
45
3g
3z
25
19
12
6

0

1] A4 128 192 256 320 384 443 512 576 G40 ¥04 FBES 832 B8B4G
Puc. 2

W3 pucyHka cienyer, 4To CyIIECTBYET MHOTO JIOKAJIbHBIX MAaKCUMYMOB. JTO CBUJIETENBCTBYET O
TOM, YTO METOJI PYJIETKU BBIOUMpAET CpeaHne 0coOU, caMble Jy4Illne MOTYT He MOMAacTh B CIEyIOIIee

ITOKOJICHHUC.

3.2. I'paduk cpeanero 3Havenus purHec-QyHKIMH

Ha pwuc.3 npencraBneH rpaduk 3aBHCHMOCTH YCPEIHEHHOTO 3HAa4YeHUs (UTHEC-QYHKLIUU OT
HOMeEpa MOKOJICHHUS.

25
14
12
]
a

e —

0 B4 128 192 286 320 384 448 512 5TH G40 704 TBEE B32 B9
Puc. 3

CpenHee 3HaYEHHUE TIOCTATOYHO OBICTPO YCTAaHABIMBAETCS HA OINPEAEICHHON BETMYHHE.



3akiroueHue

Hcnonp3oBaHne METOAa PYJETKH IUIOXO MOAXOMUT JJIsl BBIACICHHUS HAWIYYIIUX OCOOei mpu
CKpeulMBaHud. Takoe MOBEJEHHE MOXKHO OOBACHUTH TE€M, YTO 3HAueHHUS (UTHEC-PYHKUUHU IS
oco0eil He oTanyaloTcs pazuTenbHo. [loaToMy naxe y camoil mprcrnocobIeHHOH 0COOH eCTh IaHC He
IIONAcTh B ciexyromee nokojgeHue. OCTpOBHOM alropuT™M MO3BOJISET NOIYYUTh OONbIINE 3HAYCHUS
GYHKIMH TPUCTIOCOOIEHHOCTH ISl TAKOTO )K€ MPECTaBICHUS 0COOEH.

Hcnonb3oBanue aBToMaToB Mypa A5 IpeCcTaBIeHHs MypaBbs B 3aa4de 00 «YMHOM MypaBbe -
3» ompaBiaHo, TaKk KakK IMO3BOJIIET HAaWTH MYpPaBbsl, ChE€AAIOLIET0 NOJOBUHY €/bl Ha noje. [Ipu sTom
e/1a pacrojoXkKeHa CllydaiiHbIM 00pa3oMm.

HUcTOYHUKH

1. Unctpykuus no co3nanuto plugin’oB K BUPTYaIbHOM Ja00paToOpuu.
http://svn2.assembla.com/svn/not_instrumental tool/docs/pdf/interface_manual.pdf

2. begueii 1O. [I., anbito A. A. IlpyuMeHeHHE TE€HETUYECKUX AJITOPUTMOB ISt
MTOCTPOCHHUS aBTOMATOB B 3aj1a4€ «Y MHBII MypaBei» U ee MoIu(puKaImsX.
http://is.ifmo.ru/works/ ant.pdf

3. SAmunoB b. ['eHeTHYECKHNE AT OPUTMBI.
http://rain.ifmo.ru/cat/view.php/theory/unsorted/genetic-2005

4. lapés @. H., [llaneiTo A. A. IIpuMeHeHnE reHEeTUHYECKUX aITOPUTMOB JIJISl IOCTPOEHUS
aBTOMAaTOB C MHHHMMAJbHBIM YHCJIOM COCTOSIHMM JJs 3a1aud 00 «YMHOM MYpPaBbe»

/ Te3uchl Hay4HO-TexHHUYecKoW KoH(pepeHuuu «Haydno-mporpamMmmHoe obecrieueHHe B
o0Opa3oBaHNM U HAyYHBIX UccienoBanusxy. CIIOIY ITY. 2008, c. 209-215.
http://is.ifmo.ru/download/2008-02-25 tsarev_shalyto.pdf
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IIpuaoxkenue. Hcxoanblii Ko mjaaruHa i «BupryajabHou
JadopaTopumw» Ha si3bIKe Java

IIpeacraBiieHue ocodu

®daiig SmartMover. java

package individual.smartant;

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

/**
* @author Nikolay Makarov
*/

public class SmartMover implements ExtendedAntTask.Mover {

/**
* pointer to SmartAnt which is used in move procedure
*/

public final SmartAnt automaton;

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

/**
* @see task.ant.extended.ExtendedAntTask.Mover#move ()
*/
public boolean move () {
int c¢f = this.automaton.getCf () ;
this.cs = 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 SmartAnt which is used in move procedure
* @param mu probability of food in the current cell

*/
public SmartMover (SmartAnt automaton, double mu) {
this.mu = mu;
this.automaton = automaton;

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

11



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

®daiia SmartAntFactory. java
package individual.smartant;

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

import java.util.Random;
/**
* @Qauthor Nikolay Makarov
*/
public class SmartAntFactory implements IndividualFactory {

private final Random r = new Random() ;

public static int attempts;
private final double mu;

private final int countStates;

/**
* (@see laboratory.common.ga.IndividualFactory#randomIndividual ()
*/

public SmartAnt randomIndividual () {

SmartAnt ant = new SmartAnt (this.countStates,
this.r.nextInt (this.countStates), this.mu);
for (int i = 0; 1 < this.countStates; i++) {
Ant.Action action;
byte[] endState = new byte[256];
switch (this.r.nextInt(3)) {
case 0: action = Ant.Action.L; break;
case 1l: action = Ant.Action.R; break;
default: action = Ant.Action.M; break;

for (int j = 0
J

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

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

}

return ant;

/**
* (@param countStates amount of states,
* which is written in properties file

12



* @param mu Probability of food in the current cell

*/
public SmartAntFactory(int countStates, double mu) {
this.countStates = countStates;
this.mu = mu;

®daiig SmartAnt. java

package individual.smartant;

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

import java.util.Random;

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

/**
* @author Nikolay Makarov
*/

public class SmartAnt 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;

/**
* Array with states
*/
public final State[] state;

/**
* Number of different incoming signals
*/

public final int ct = 256;

private int cf = 0;

/**
* Class which represents state in Moore automaton.
* Every state produces outgoing signal (L, R or M) and

13



* give next state for every incoming signal
*/
public static class State {

/**
* Array of states which can be reached from current state
*/

public final byte[] endState;

/**
* Outgoing signal (L, R or M)
*/

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 SmartAnt (int cs, int is, double mu) {
this.state = new State[cs];
this.initialState = 1is;
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
*/
public State move (State s, ExtendedAnt ant) {
boolean[] variables = ant.F();
int power = 0;
int index = 0;
/**
* We count id of incoming signal
*/
for (boolean v: variables) {
it (v) |
/**
* According to availability of the food in current cell
* we can add degree of two to the index
*/
index += (1 << power);
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}

power++;

Ant.Action a = s.action;

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 1if (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
* (@dsee laboratory.common.ga.Individual#fitness ()
*/
@Override
public double fitness() {
if (this.fitness == Double.NEGATIVE INFINITY) {
this.fitness = 0;
for (int j = 0; j < SmartAntFactory.attempts; j++) {
State s = this.state[this.initialState];
ExtendedAnt ant = new ExtendedAnt (this.mu);
for (int i = 0; 1 < Ant .NUMBER STEPS; i+4+) |
s = move (s, ant);
}
this.fitness += this.cf;
this.cf = 0;
}
fitness /= SmartAntFactory.attempts;
}

return this.fitness;

/**
* (@see laboratory.common.ga.Individual#mutate (java.util.Random)
*/
@Override
public SmartAnt mutate (Random r) {
int cs = this.state.length;
SmartAnt ant = new SmartAnt (
cs,
(r.nextDouble () < pmis) ? r.nextInt(cs) : this.initialState,
this.mu
);
System.arraycopy(this.state, 0, ant.state, 0, cs);
int is = r.nextInt(cs);
State s = this.statel[is];
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if (r.nextBoolean()) {
Ant.Action action;

switch (r.nextInt(3)) {
case 0O:
action = Ant.Action.L;
break;
case 1:
action = Ant.Action.R;
break;
default:
action = Ant.Action.M;
break;
}
ant.state[is] = new State(action, this.state[is].endState);

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

return ant;

/**
* (@dsee laboratory.common.ga.Individualffcrossover
* (laboratory.common.ga.Individual, java.util.Random)

*/

@Override

public SmartAnt[] crossover (Individual p, Random r) {
SmartAnt[] parent = new SmartAnt[2];
parent[0] = this;
parent[l] = (SmartAnt) p;
SmartAnt[] child = new SmartAnt[2];
int ri = r.nextInt(2);
int c¢cs = this.state.length;

for (int 1 = 0; 1 < 2; 1i++) {
child[Math.abs(ri - 1)] =
new SmartAnt (cs, parent[i].initialState, this.mu);
}
for (int j = 0; j < cs; j++) {

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

}

return child;

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

/**
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* @see java.lang.Object#toString ()
*/
@Override
public String toString () {
String res = this.state.length + " states (initial=" +
(this.initialState + 1) + ™), fitness=" + fitness() + "\n";
for (State s : this.state) {

res += "Action for this state=" + s.action + ", transitions=\n";

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

res += ", ";
}
if ((1 + 1) % 64 == 0) {
res += "\n"
}
}
res += "\n";
}
return res;
}
/**
* (@dsee laboratory.common.Visualizablef#fgetAttributes()
*/
@Override
public Object[] getAttributes () {
return new Object[] {new SmartMover (this, this.mu) };

®daiia FactoryLoader. java

package individual.smartant;
import laboratory.util.AbstractLoader;
import Jjava.util.jar.JarFile;

/**
* @author Nikolay Makarov
*/

public class FactorylLoader extends AbstractLoader<SmartAntFactory> {

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

public SmartAntFactory load(Object... args) {

SmartAntFactory.attempts = properties.getInt ("count.attempts");

return new SmartAntFactory(this.properties.getInt ("count.states"),

this.properties.getDouble ("mu"));

/**
* @param file jar-file with this project
* which contains necessary properties
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*/

public FactoryLoader (JarFile file) {
super (file, "automaton.conf");

I'eneTHyeckuil anropuTm

®daiia RouletteGALoader. java

package ga.roulette;

import
import
import
import

import
import
import
import

/**

laboratory.common.Loader;

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

java.
Jjava.
java.
java.

io.IOException;
util.Properties;
util.jar.JarEntry;
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);

/**
* (@see laboratory.common.Loader#getProperties ()
*/

public Properties getProperties() {
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return this.properties.getProperties();

®daiig RouletteGA. java

package ga.roulette;

import laboratory.common.ga.GA;
import laboratory.common.ga.Individual;
import laboratory.common.ga.IndividualFactory;

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;

/**
* (@see 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>
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 > wval) {
newGeneration.add (this.generation.get (3));
break;
}

sum += fval;

/‘k‘k
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* 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]1);

}

if (size % 2 == 1) {
// If amount of individuals is odd, we mutate last
newGeneration.set (size - 1,
newGeneration.get (size - 1) .mutate(this.r));

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

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

/**
* (@dsee 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 ArraylList<Individual>(sizeGeneration);
for (int 1 = 0; 1 < sizeGeneration; 1i++) {
this.generation.add (factory.randomIndividual ()) ;
}
Collections.sort (this.generation);
this.factory = factory;
this.r = new Random() ;

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

Collections.sort (this.generation);

/**
* @return best individual in current generation
* (@dsee laboratory.common.ga.GA#getBest ()
*/
public Individual getBest () {
return this.generation.get (0);

Cxpunr aas coOopku 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

®daiin build.xml (g KOMOUISIUAA HeoOXoauMbI aiibl util. jar, common. jar u
extended-ant. jar, KoTopble NpeacTaBIsOT «BUPTyaabHYI0 J1a00OPATOPUIO»)

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

<target name="build.individual">
<mkdir dir="${deploy}/${individual.dir}"/>
<antcall target="build.plugin">
<param name="plugin" value="${individual.src}/SmartAnt"/>
<param name="plugin.classpath" value="${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="${plugin.classpath}"
/>
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<jar destfile="${deploy}/S${plugin.dir}/S${plugin.jar}">
<fileset dir="${plugin}/${plugin.build}"/>
<fileset dir="${plugin}/S${plugin.resources}"/>
<manifest>
<attribute name="Main-Class" value="${plugin.main.class}"/>
<attribute name="Extension-Name"
value="${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}/SmartAnt"/>
</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>
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