Cankrt-IleTepOyprckuii rocy1apcTBEHHBIN YHUBEPCUTET
MH(POPMAIMOHHBIX TEXHOJIOTUM, MEXaHUKHU U ONITUKHU

Kadenpa «KommbroTepHbIe TEXHOTOTHI)

A .W. KaauHudeHKo

OT4yeT No nabopatopHoun pabote

«Acnonb3oBaHue reHeTU4YeCKunXx
anropnTtMoB AN NOCTPOeHuUs
ynpaBnAalowWmnx aBTomMmaToB»

Bapuant Nel&

Cankr-IletepOypr
2009



OrnaBneHue

BBEIIEHIIE ... ettt et e e e et e e e e e e e e e et e e e e e e et e e e e e e e et e e e e e e e e aaaaaan 3
1. TTOCTAHOBKA BAZAUM ... eeneeeeeeee e e e e e e e e e e e et e e e e e e e et e e e e e e e e e e e e e e e e e eaaeeaneeeenaeenaaaaes 4
1.1, 3amada 00 «YMHOM MYPABBE = 3% tiieeeiiiireirreiererererererereeerereeeeereeeeeeeeereeeseeseeseeesereserereseseseseseees 4
1.2, ABTOMAT MYP@.ccciiiieiiiiiiiieieeeeeeieiiteeeeeeeeeeeittateeeeeeeesesssssesessasesasaasssssansaesseasasssssnsseeesaananes 4
2. T CHOTHUCCKUI QIITODPHTM ...vvvvvvvvvveresesesesesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnes 5
2.1. Hcrnonb3yeMoe MPEACTABICHUE ABTOMATOB. .cccvvrrruuuereeeeerrersmnnnnneeeeereermsnnnssssessessenmssnnnsssssessanes 5
2.2, METOI CKPEIIHBAHMT ... eeeeeeeeeeeeerrrrrereeeeeeseessssssessssssassssssssssessssassssssssssssesssesassssssssssessssannnes 6
2.3, METOI MYTAITHIF .....evvvvvvereeeeseesannssssessseeesasassssssssessssssasssssssssessessssssssssssssesssssassssssssssesessnnnnes 6
2.4, Meton reHepalyy OUEPEIHOTO MOKOIICHIS .eevvrrrrrunereeeeereersunnanseeeeereeresnnnsssseesesssmsssnnssssssessanes 6
2.5. Cnoco0 BEIYUCICHUS (DYHKIIUN TPUCTIOCOOTICHHOCT  o.vvvvvvvvvrerererevesenesesnsssssnsssssssssnsssssssssssnnes 7
3. TIOCTPOCHHBIH ABTOMAT....ceceeruerreeeeesurrreeeasnssseseessssesesassseseeessssssessssssssesessssssessssssssessnnnnes 8
3.1. TI'paduku QYHKITHIH ITPHACTTOCOOTCHHOCTH ...veeerrrrrrnnnnrerererrrsrensneeeseesssssssnsaseessesssnsssssssesssseenes 8
3.2,  TaOnuiia Mepexo/I0B MOTYICHHOTO ABTOMATA ...ccverererererererererererererererereeerererereseeeseseseseseseseeeees 9
BAKITEOUCHIIE eeeeeeeeeueueertrteeeeeesenaauusssteeeeeessssaausseteeeeesssssaassssaaeeeeesessssassssseteeeeeessssnsssseaaaeeeeens 15
(o (01 17129 7 SR SUPRR R 15
L 18] (07 0351 (SRS 16
VICXOTHBIE TEKCTBI TIPOTPAMM .....vvvvrreeeeeeeeennssssessesseessasssssssssssssasasssssssssessessasssssssssssssssssssssssssssseas 16
KOHMUTYPAITOHHBIE (DATIITBE ..vvvvvvvvvvvevarererasaresasesasesesasesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 16



BBepeHue

[enp mabGopaTtopHOW pabOThl — M3yYeHUE TEHETUYECKUX aJTOPUTMOB JIsi MOCTPOCHUS
KOHEUYHBIX aBTOMATOB. B KauecTBe nmpuMepa paccMaTpUBaeTCsl IOCTPOEHUE KOHEYHOTO aBTOMATa
Mypa, pemaroiero 3aaa4y 06 «YMHOM MypaBbe - 3».

[Ipu BhIMOTHEHUU JTA0OpPAaTOPHOM PpabOTHl MCMOJB30BaAJIach Mporpamma «BupryanbpHas
nabopatopusi» [1], HanucanHas cryaeHTamu kKadeapsl «KommbroTepasie TexHonoruny CII6IY
NTMO, xoTopasi MO3BOJISIET PEaTM30BaTh TEHETUUECKHE aJTOPUTMBI U OCOOM I HUX B BHJIC

IIJIaTUHOB.



1. NMocTaHOBKa 3aga4u

[TocTpouTh ¢ MOMOINIBIO TEHETUYECKUX AITOPUTMOB aBTOMAT Mypa, pelaromuii 3a1aqy
00 "YMHOM MypaBbe - 3" [2]. Mcnosnb30BaTh MPEACTABICHHE aBTOMATOB C IMOMOIIBI0 OUTOBBIX
ctpok. Crnoco0 CkpemmuBaHUS BbIOpAaTh CaMOCTOATENBHO. VICIOMB30BaTh  KIIETOYHBIN
reHeTUYeCKUH AJITOPUTM U MCTOJ PYJICTKHU IJIA TCHCPALIUKU OUYCPCAHOI'O ITOKOJICHU .

1.1. 3apaya 06 «YMHOM mypaBbe - 3»

B 3amaue 06 «YMHOM MypaBbe - 3» paccMarpuBaeTCs IOJI€, pacliojararoliieecss Ha
MOBEPXHOCTU TOpa W umeroniee pasmep 32 Ha 32 kierku. Kaxkmas kieTka mojisi ¢ HEKOTOpPOH,
3apaHee OIpe/ICIEHHON, BEPOSITHOCTBIO COJEPKHT S0JIOKO.

MypaBeii BUIUT mepeq coO00i BoceMb KJIETOK (pUC. 1) W MOXET BBINOIHATH OJHO U3
CIENYIOIIUX JCHCTBUN:

® [IOBEPHYTh HaJEBO;

® TIOBEPHYTh HAIIPaBO;

e cJenarh mar Brepé, ¥ eCIU B HOBOUM KJIETKE €CTh S0JI0KO, TO CheCTh €Tr0;
® HUYEro He JIeJaTh.

Puc. 1. Bugumas o61acTh MypaBbs

MakcumanbHoe uyucio maroB — 200. Ilenp 3agaunm — co3gaTb MypaBbsi, KOTOPBIM
YIpaBJIAETCS CUCTEMOM aBTOMAaTOB C (PUKCHPOBAHHBIM YHCIOM COCTOSHUH U Cheaaer
MaKCHUMaJIbHOE YUCIIO SI0JIOK.

1.2. ABTomart Mypa

B paccmarpuBaemoM BapuaHTe aBTOMAT JJIS YIPABJICHUS MYpPaBbEM SIBISIETCS aBTOMATOM
Mypa — COBOKYIMHOCTBIO TSATH O0BEKTOB A = {S, X, Y, &, u}, rae S — MHOXECTBO
BEPIIMH, X — MHOXECTBO BXOJHBIX BO3JICHCTBUH, Y — MHOXKECTBO BBIXO/JHBIX BO3JCHCTBUIA, O —
oToOpakeHne S x X — S, u — oroOpaxkenue S — Y. [Ipumep aBromata Mypa n300pakeH Ha

puc. 2.



Puc. 2. ABTomat Mypa

2. F[eHeTUYeCKNI anNnropuTm

BuprtyanpHas 1abopatopusi COCTOUT U3 SApa W MOAKIIOYaeMbIX Moayiei. [limst permeHus
MOCTaBJIEHHOM 3aaun TpebyeTrcs co3aaTh Ba Moayis. [lepBblil — muis peanu3anuu KJIeTOYHOro
TCHCTUYCCKOTO aJITOpUTMA U MCTOZA PYJICTKHU JIA TCHCpAllU OUCPCAHOIO IMTOKOJICHU. BTOpOfI -
JUTSL pealu3aliid «0coOM» — KOHEYHOro aBToMarta Mypa, pemiaromiero 3agady o0 «YMHOM
MypaBbe - 3». JlJig «ocobm» HE0OX0MMO peau30BaTh OMEPAIH MyTAllMH U CKPEIIIMBAHMSL.

2.1. Wcnonb3yemoe npeacraBrieHUe aBToMaToB

Kaxnprit aBTOMaT mpencraBisieTcss B BHjaEe OWTOBOM cTpoku. Jlis aBTromMara u3z N
COCTOSIHMI OHAa UMEET CTPYKTYpPY, MOKa3aHHYIO Ha pUC. 3.

[cocTosinue 1][cocTosuue 2][cocTosiaue 3] ... [cocTrosanue N]

Puc. 3. Ilpencrarnenne aBToMara B BUIC OTHOMEPHOTO MacCHBa

BHyTpH KaX10ro COCTOSHUS 3aKOJAUPOBAHO JACUCTBUE, KOTOPOE BBIIOJIHAECT MypaBe Ipu
MoNaJaHuM B 3TO COCTOSIHUE, M TIEPEXO0/IbI B TIOPSJIKE BXOIHBIX BO3JACHCTBUH (puC. 4).

[deiicmeue][nepexod 0] ... [nepexod 255] ..‘L[ﬂeﬁcmsue][nepexad 0] ... [mepexod 255]

cocToRHHE 1 cocToRHHe N

Puc. 4. TlpencrarieHue cOCTOSIHUN B BUIE OJHOMEPHOTO MacCHBa

JlelicTBUE KOAUPYETCs IByMs OUTaMU:
e (00 — HuUero He JeNaTh;
e (01 —noBopoT HaneBo;
e 10— mar Buiepen;
e 11 —noBopoT Hampago.



[Tox BXOAHBIM BO3JECUCTBMEM MOHUMAETCS COCTOSIHHE TOJIsI, KOTOPOE€ BUIUT MYypaBew.
[TockonbKy OH BUIMT BOCEMb KJIETOK Iepes co00i, TO BO3SMOXKHO 256 BapUaHTOB PACIIONOKEHHS
SI0JIOK Ha TUX KJIETKaX U COOTBETCTBEHHO 256 BXOIHBIX BO3ICHCTBUIA.

Kaxnp1ii mepexo/; KoaupyeTcsi BoceMblo Outamu (puc. 5).

10100100
o I:T"‘?gg El:.-"'

Puc. 5. Ilpencrasnenue mepexosa B BUAE OUTOBOI CTPOKU

OTu BOCEMb OUT ABIAIOTCS IBOMYHBIM IIPEICTaBICHUEM HOMEpPa HOBOro cocTostHUS (0T 0
no 255). CocrosiHus KOHEYHOTO aBTOMaTa HYMEpPYIOTCA, HauuHas ¢ eauHuiel. Hymesoe
3HaYeHHe, a Tak)Ke 3HaueHue OoJblliee, YeM YHUCIO COCTOSHHUE aBTOMAaTa, O3HA4YaeT, 4TO
Iepexo/ia HeT.

2.2. MeTop cKkpewmBaHus

Jnsg  ckpemuBaHMsS ~OBYX AaBTOMAarTOB IMPUMEHSIETCS  KJIACCUYECKUH  oreparop
OJIHOTOYEUHOTO KpoccoBepa [3,4]: sl pOAMTEIBCKUX XPOMOCOM CIy4aHBIM 00Opa3oM
BBIOMpAETCsl TOYKa pas3felia, 1 OHM OOMEHHMBAIOTCS OTCEUYECHHBIMH 4acTsMmH. [lomydeHHbIe Be
CTPOKH SIBJISIFOTCS] IOTOMKamHu (puc. 6).

T 1010101010
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Puc. 6. OnHoTOUCUHBIN KpOCCOBEP

2.3. MeToa myTauumn

[Ipu MyTamuu B KaKI0M MEpexoje HOMEpP HOBOTO COCTOSHUS U JEHCTBUE MEHSIOTCS Ha
MIPOU3BOJILHBIE C BEPOSTHOCTHIO OJMH MPOIICHT.

2.4. MeToAa reHepaunm o4yepenHoOro NOKoneHus

Jlis reHepalyy OYEpEAHOr0 TOKOJEHHSI HCIOJIb3YeTCsl KJIETOYHBIH TIeHEeTHYECKUi
anroput™m (Cellular Genetic Algorithms) n meton pynerku [3,4].

Cellular Genetic Algorithms — Moaenb apaJJIeIbHBIX TEHETUYECKUX aITrOpuTMOB. [1ycTh
nano 2500 mporieccoB, pacmoyIOKEHHBIX Ha ceTke pazmepoM S50x50 syeek, 3aMKHYTOM, Kak
NOKa3aHo Ha pHC. 7 (JeBas CTOpOHA 3aMBIKAETCs C MPaBOM, a BEpXHs C HIDKHEH. B pesynbrare
IIOJIy4aeTCsl TOP).



Puc. 7. Mogenb KI€TOYHOTO FT€HETHUYECKOTO allrOpUTMAa

Kaxnpiii mpouecc MOXET B3aUMOAECHCTBOBATH TOJIBKO C YETHIPbMS CBOMMHU COCEASIMU
(cBepxy, cHHBY, CleBa, crpaBa). B Kakmoil sdeiike HAXOIUTCS POBHO onHA 0CO0b. Kaxkmwlit
nporecc OyAeT BBIOMPATH JIYUIITYIO 0COOb Cpequ CBOMX COCE/IEH, CKpelIuBaTh ¢ HEl 0co0b U3
CBOEH SYEHKU M OJHOTO MOJIyYEHHOTO peOeHKa MOMEIIATh B CBOIO SYEHKY BMECTO POJUTEIIS.

Memoo pynemku — cnoco0 otbopa HOBBIX ocoOeii. Ilycth ocobu pacmosaratorcst Ha
Kojece pyJeTKH, TaK uTO pa3Mep CeKTopa KaxJod oco0u MpOINOpLUOHANIEH ee
npucnoco0iIeHHOCTH. VM3HauanbHO MpOMEXyTOYHas MOMyJsAlus Iycra. 3amyckas pyneTtky N
pa3, BeIOEpeM Tpedyemoe Ynciao ocobOeil I 3alicH B MPOMEXKYTOUHYIO momyssiuio. Hu ogHa
BbIOpaHHas 0COOb HE yJayseTcs ¢ pyieTku. [IpoMexyTouHast momyssuusi — 3To Habop ocobeid,
KOTOpbIE MOJYYHIIH MPaBo pazMHoXkaTbed. [locne oTOopa 0coOM MPOMEKYyTOUHOW MOIMYJISIHH
ciydaiiHeIM 00pa3oM pa30uBaroTcs Ha mapbl. Kaxnaas U3 HUX ¢ BEPOSTHOCTBIO OJMH MPOLEHT
CKPEIMBAETCS METOJIOM OIIMCAaHHBIM BBIILIE.

2.5. Cnoco6 BbluncreHnsa pyHKLUN MPUCNOCOONEHHOCTH

OyHKIHS MPUCTIOCOOIEHHOCTH BBIUUCIISIETCS IO CIEAyIoei Gpopmyie:

k
f:

i=1 a;
rae k —yucio 3amyCKOB MypaBbsl, @; — YHCIIO ChEICHHBIX S0JIOK HA i-Oi TOTBITKE.

k

3



3. NMocTpoeHHbIN aBTOMAT

3.1. Ipadmkn c¢yHKUMM NPUCNOCOOBNIEHHOCTH

Ha puc. 8 mpuBenen rpaduk MakCHMaJIbHOTO 3HAYCHUS ()YHKIIMH MTPUCIIOCOOIEHHOCTH.

Fitness-function
GE

G2
28
35
21
a7
44
40
38
33
29
25
22
15
14
11

0 Index of generation
0] 35 70 105 140 175 210 245 280 315 350 385 420 455 480 525 560 585
Puc. 8. I'paduk MakcumaabHOTO 3HAYEHUS (PYHKIMK TPUCTIOCOOTICHHOCTH

Ha puc. 9 npusenen rpaduk cpegHero 3HadyeHus GyHKIUN TPUCTIOCOOIEHHOCTH.

Fitness-function
GG

G2
58
35
31
a7
44
40
38
33
29
25
22
18
14
11

0 Index of generation
0] 35 70 105 140 175 210 245 280 215 250 285 420 455 480 525 560 585
Puc. 9. I'paduk cpennero 3HaueHUs GyHKLIUHU IPUCTIOCOOIEHHOCTH

8




3.2. Tabnuua nepexonoB Nony4YeHHOro aBTomMara

[Tomy4yeHHBII KOHEYHBIM aBTOMAT MPEACTABIICH B BUJIE TAOJUIIBI IEPEXOA0B (JTUCTHUHT 1).
[To ropu3oHTaNIM PacmoNOKEHbI COCTOSHUS aBToMmarta. [1o BepTHKanu pacmoioKeHbl BXOJHbBIE
BO3JICUCTBUSL.

Hepexo/:[ 3allMCaH B BHJAC HOMEpPA HOBOI'O COCTOSIHHS. 3anuce «---» O3Hay4acrT,

Iepexo/ia Her.

l.
2.
3.

JlercTBrE MOXKET IPUHUMATh OJJHO U3 CIEAYIOIINX 3HAUYCHUN:

L — moBopoT Haneso;
M — mar Brepen;
R — moBopoT Hampaso.

JI71st KaXK0To COCTOSTHUS JIEHCTBHUE YKAa3aHO B IIANKE TAOJIUIIBI.

ABTOMAT:
HauansHoe coctosiaue — 4.
Yuciio cocToaHuit — 5.

Yuciio ceenaeMbIx 010K — 49.

JIucTunr 1. Ta6Jmua MEepeXoa0B MOJIYUCHHOI'O aBTOMATa
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3aknryeHue

B craree [5] paccmoTpeHo mocTtpoeHue aBTomara Mypa miis 3agauu «YMHBIM MypaBei». B
JAaHHOM paboTe paccMaTpUBaeTCs MOCTpOeHHE aBToMaTa Mypa aisa 3amaun «Y MHBIA MypaBe -
3», 4TO paHbllie HUTIe HE BCTPEYAIOCh.

NCcTOUYHUKM

1.

2.

[98)

Hucmpykyus o coznanuio plugin’oB K BUPTyalbHOU J1ab0paTopuu.
http://svn2.assembla.com/svn/not_instrumental tool/docs/pdf/interface _manual.pdf
beonvuit FO. /1., Llanvimo A.A. IlpumeHeHNEe TEHETUUECKUX AJITOPUTMOB JUIsI IOCTPOEHUS
aBTOMATOB B 3a/1aue «Y MHBI MypaBeii».

http://is.ifmo.ru/works/ ant.pdf

http://is.ifmo.ru/genalg/

Amunoe b. I'eHeTHUECKHUE AITOPUTMBI.
http://rain.ifmo.ru/cat/view.php/theory/unsorted/genetic-2005

Jlasvioos A. A., Cokonos /[. O., Llapee ®. H., lllaneimo A. A. IllpumeHeHne oCTpOBHOTO
TEHETUYECKOTO aITOpPUTMa JIJIsl TIOCTPOCHUSI aBTOMAaTOB Mypa u cHCTeEM
B3aMMOJICHCTBYIONIUX aBTOMATOB MUJIM HA TIpAEMeEpeE 3aadu 00 yMHOM MypaBbe /
Coopnauk noxnanoB XI MexTyHapoaAHOM KOH(PEPEHITUHU IO MITKUM BBIYHCICHUSIM 1
usmeperusm (SCM'2008). CII6.: CIIOI'DTY. 2008, c. 266-270.
http://is.ifmo.ru/genalg/ scm2008 sokolov.pdf
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MpunoxeHue
UcxoaHble TeKCTbI NporpamMmm

Mopnyab «oco0m»:

lI. Antl8FactoryLoader.java —  KIacC, pPEAIM3YIOIMUN 3arpy3Ky MOAYyJId B
BUPTYAJIbHYIO JJA0OpaTOPHIO (JIUCTHHT 2).

2. Ant18.java — KJacc, peaqusyomuid padoty ¢ aBTomatoM Mypa (JTUuCTUHT 3).

3. Antl8Mover.java — Kilacc, pealu3yllui uHTepderc padoThl C yHPABISIONIIM
00BEKTOM (JTUCTHUHT 4).

4. BitArray.java — KJacc, peau3yroumi padoTy ¢ MpeJCcTaBICHUEM aBTOMaTa B BHJIC
OUTOBOW CTPOKU (JIUCTHHT 5).

5. Antl8Factory.java — KIacc, pPEaTu3yiolIHil CO3JaHHe MPOU3BOIBHONW 0co0U
(sucTHHT 6).

MopayJib reHeTHYeCKOr0 AJIFOPUTMA:

l. CellularGA.java — KJIacC, peaIU3yIOIIMA KIETOUYHBIM TE€HETUYECKHH aIropuTM
(;muctuHr 7).

2. CellularGALoader.java — KJIacc, pealu3ylIUid 3arpy3ky MOAyls B
BUPTYAJIbHYIO JJA00OpaTOPHIO (JTUCTHHT 8).

KoHdmrypaumoHHblie channbl

Jlnst cOopku Moyiel BUPTYadbHOM JTaOopaTOpuu OBLI CO3/1aH ant-CKPHIMT, KOTOPBIA HAXOAUTCS
B ¢aitne build.xml (muctunr 9). @aiin build.properties comepXUT napameTpsl s
sTOoro ckpunta (uctuHr 10).

Jlnst Toro yToOBI BU3yalM3aTOp CTa JIOCTYIIECH IMOJIh30BaTENi0, HEOOXOIUMO M3MEHEHHE (aiina
KoH(purypanmuun Moayis Buszyanusaropa [3]. HeoOxommmo B mapamerpe filter nmomucath
Ha3BaHWE MHAMBUAyyMa «taskl8y». Busyanusarop smynupyer moBeAeHHE OJTHON M3 0COOEH,
MOJIyYEHHBIX B X0l pabOThl FTEHETUYECKOTO aJlTOPUTMA.

Mopnyab «oco0m»:
1. automaton.conf — koH¢urypamnus 3aganus (quctur 11).

e external.count.states —4HuCI0 COCTOSHUNA aBTOMATA.
e count.attempts — 4MUCIO 3aIlyCKOB MYpPaBb.
® MU — BEPOATHOCTb PACIIOJIOKECHUS €/Ibl B KJKJIOU KIIETKE.

2. plugin.properties — koHurypamus Moayias (tuctuHr 12).
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Moayab reHeTH4ecKOro ajaropuTrMa:
1. CellularGA.conf — KOH}UTypamus KJIECTOYHOTO TEHETHYECKOTO aJropuTMa
(;tuctuHT 13).

e gridHeight —4HCIO KJIETOK IO BEPTUKAIIU.
e gridwWidth —4HMCIO KJIETOK IO TOPU3OHTAIIH.
e probabilityMutation — BEpPOSATHOCTH MYyTallUH.

2. plugin.properties — koHpurypamnus Mmoaynus (Tuctuur 14).
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JIuctunr 2. @aiia Antl8FactoryLoader.java
package individual.taskl18;

import individual.taskl8.factory.Antl8Factory;
import java.util.jar.JarFile;
import laboratory.util.AbstractLoader;

/**

*

* @author Amexcannp
*/
public class Antl8FactoryLoader extends AbstractLoader<Antl8Factory> {

public Antl8FactoryLoader (JarFile jarFile) {
super (jarFile, "automaton.conf");

}

public Antl8Factory load(Object... args) {

Antl8Factory.attempts = properties.getInt ("count.attempts");
return new
Antl8Factory (properties.getlInt ("external.count.states"),
properties.getDouble ("mu")) ;
}
}

18



Jluctunr 3. ®Daiia Antl8.java
package individual.task18;

import individual.taskl8.factory.Antl8Factory;
import individual.taskl8.tools.BitArray;
import java.util.Random;

import laboratory.common.Visualizable;

import laboratory.common.ga.Individual;

import task.ant.extended.Ant;

import task.ant.extended.ExtendedAnt;

/**

*
* @author AsexcaHIp
*/

public class Antl8 implements Visualizable {

public final double mu;
private double fitness = Double.NEGATIVE INFINITY;

/**
* IlpencraBJieHMEe aBToOMAaTa.
*/
public final BitArray external;
/**
* UMCJyio COCTOSHMUM aBToMaTa.
*/
public final int externalStatesNumber;
/**
* HauaJjibHOE COCTOSHME BHENHETO aBToMaTa
*/
public final int externallnitialState;
/**
* HoMep TekylweIro COCTOSHMSA aBToMarTa.
*/
public int currentExternalStateNumber;
/**
* UpcJo BXOIOHEIX BO3IEVCTBUM.
*/

public final int ct = 256;

/**
* KOHCTPYKTOP.
* (@param externalStatesNumber Um0 COCTOSHMM BHEMNHETO aBTOoMaTa
* (@param externallnitialState HauanpHOE COCTOSHME BHENHETO
aBTOMaTa
* @param mu
*/
public Antl8 (int externalStatesNumber, int externallInitialState,
double mu) {
external = new BitArray(externalStatesNumber, ct);
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this.externalStatesNumber = externalStatesNumber;

this.externalInitialState = externallInitialState;
currentExternalStateNumber = externallInitialState;
this.mu = mu;

}
/**

* MeToz, BHIIOJIHAKOMMI IaT.
* @param ant Mmyparen
* @return true, ecyum MypaBel cwes g906JI0KO, MHauya Bo3BpamaeT false

*/
public boolean move (ExtendedAnt ant) {
boolean[] visible = ant.F();
int power = 1;
int index = 0;
for (int i = 0; 1 < visible.length; i++) {
if (visible[i]) {

index += power;
}
power *= 2;
}
int nextState =
external.getNextState (currentExternalStateNumber, index);
Ant.Action action;
i1f (nextState == -1) {
} else {
action = external.getAction (nextState);
currentExternalStateNumber = nextState;

if (action == Ant.Action.L) {
ant.L ()

} else if (action == Ant.Action.R) {
ant.R();

} else if (action == Ant.Action.M) {
ant.M() ;

if (visible[0]) {
return true;

}

return false;

public Object[] getAttributes () {
return new Object[]{new Antl8Mover (this, mu)};

}

public double fitness() {

if (fitness != Double.NEGATIVE INFINITY) {
return fitness;

}

fitness = 0;

for (int j = 0; j < Antl8Factory.attempts; j++) {
ExtendedAnt ant = new ExtendedAnt (mu) ;
for (int 1 = 0; 1 < Ant.NUMBER STEPS; i++) ({

if (move (ant)) {
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fitness++;

}
}
fitness /= (double) Antl8Factory.attempts;
return fitness;

}

public Individual mutate (Random r) {
Antl8 ant = new Antl8 (externalStatesNumber,
r.nextInt (externalStatesNumber), mu);

System.arraycopy (external.array, 0, ant.external.array, O,
external.array.length);
for (int 1 = 2; 1 < externalStatesNumber; i++) {
for (int j = 0; j < ct; Jj++) {
if (r.nextDouble() < 0.1) {
ant.external.setNextState (i, 7,

r.nextInt (externalStatesNumber + 1) - 1);
}
}
}
for (int 1 = 0; 1 < externalStatesNumber; i++) {
if (r.nextDouble() < 0.1) {
switch (r.nextInt (3)) {
case 0:
ant.external.setAction (i, Ant.Action.L);
break;
case 1:
ant.external.setAction (i, Ant.Action.M);
break;
case 2:
ant.external.setAction (i, Ant.Action.R);
break;

return ant;

public Individual[] crossover (Individual p, Random r) {
Antl8[] sons = new Antl8[2];
Antl8 parent = (Antl8) p;
sons[0] = new Antl8 (externalStatesNumber,
r.nextInt (externalStatesNumber), mu);
sons[1l] = new Antl8 (externalStatesNumber,

r.nextInt (externalStatesNumber), mu);

while (true) {
int externalNumber = r.nextInt (external.array.length);

int externalState = externalNumber / 2560, externallIndex

(externalNumber % 2560) / 10;
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System.arraycopy (external.array, O,
sons[0] .external.array, 0, externalNumber);

System.arraycopy (parent.external.array, O,
sons[1l] .external.array, 0, externalNumber);

System.arraycopy (external.array, externalNumber,
sons[l].external.array, externalNumber, external.array.length -
externalNumber) ;

System.arraycopy (parent.external.array, externalNumber,
sons[0] .external.array, externalNumber, external.array.length -
externalNumber) ;

if (sons[0].external.getAction (externalState) != null &&
sons[l] .external.getAction (externalState) != null)
{
break;

}

return sons;

public int compareTo (Individual o) {

if (fitness () > o.fitness()) {
return -1;
} else {

return 1;

public String toString () {

String res="External:";
res += "\n Start: "+externallnitialState;
res += "\n\t";
for (int 1 = 0; 1 < externalStatesNumber; i++) {
res += "(" + i+", " + external.getAction (i) + ")\t";

res += "\n";

for (int j = 0; j < ct; Jj++) {
res += J+"\t";
for (int 1 = 0; 1 < externalStatesNumber; i++) {
int nextState = external.getNextState (i, 7J):;
|

if (nextState != -1)
res += " ("+nextState+")\t";
else
res += "---\t";
}
res += "\t"; res += "\n";

}

return res;
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JInctunr 4. @aiin Antl8Mover.java
package individual.task18;

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

/**

*

* @author Anexcannp
*/
public class Antl8Mover implements ExtendedAntTask.Mover ({

private final double mu;
public final Antl8 automaton;
private ExtendedAnt ant;

public boolean move () {
return automaton.move (ant) ;

}

public void restart (Ant ant) {
this.ant = (ExtendedAnt) ant;
}

public Antl8Mover (Antl8 automaton, double mu) {
this.mu = mu;
this.automaton = automaton;

}

public double getMu() {
return mu;

}
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JIuctunr 5. @aiin BitArray.java
package individual.taskl8.tools;

import task.ant.extended.Ant;

/**
* Kjlacc, NOpencTaBJIgIMM aBTOMaT B BUIe OUTOBOM CTPOKM.
* @author Anexcannp
*/

public class BitArray {

/**
* HoMep cllemywnumero COCTOSHMUS BalMcChBaeTcsa B 8 OUT
* (HOJIb OBHauvaeT, YTO CCHUJIKM HET)
*/
public static int NUMBER LENGTH = §;
/*x B
* JleicTBUEe KOoIUpyeTCsa 2 OuUTaMu.
*/
public static int ACTION LENGTH = 2;
/**
*  Umcyo "Bxomsaumx Bo3mecTBUM"
*/
private final int ct;
/**
*  UyCcJIo COCTOSHUMN
*/
private final int countStates;
/**
*  BUTOBEM MacCuUb - NpenOCTaBJIeHME aBToOMaTa
*/

public final boolean][] array;

/**
* KOHCTPYKTOP
* @param countStates umMcJIO COCTOSHMUIM apToMaTa
* @param ct umcyo "BXOIHEIX BO3memcTBMI"
*/
public BitArray(int countStates, int ct) {
if (countStates > 254) {
throw new RuntimeException ("Maximum number of states -
2541'");
}
this.ct = ct;
this.countStates = countStates;
array = new boolean[countStates * (NUMBER LENGTH * ct +
ACTION LENGTH) ];
}

/**

* YCcTaHOBKAa HOEVMCTBUA.

* @param stateNumber HOMep cOCTOsSHUSA
* (@param action HOBOe meMcTBUE

*/
24



public void setAction (int stateNumber, Ant.Action action) {
if (stateNumber > 254) {
throw new RuntimeException ("State number out of range!"™);

}

int begin = stateNumber * ((NUMBER LENGTH ) * ct +
ACTION_LENGTH);

if (action == Ant.Action.L) {
array[begin] = false;
array[begin + 1] = true;

} else if (action == Ant.Action.M) {
array[begin] = true;
array[begin + 1] = false;

} else if (action == Ant.Action.R) {
array[begin] = true;
arrayl[begin + 1] = true;

} else {
array[begin] = false;
arrayl[begin + 1] = false;

/**
* YcTaHOBKa KOHEUHOT'O COCTOSHMSA NpM Iepexole
@param stateNumber HOMEpP coCTOHMA

@param index HOMEP BXOIHOTO BO3IEMCTBUA

@param nextState HOBEM HOMEP KOHEUYHOT'O COCTOHMS

*
*
*
*/
public void setNextState (int stateNumber, int index, int
nextState) {
if (nextState >= countStates || stateNumber >= countStates) {
throw new RuntimeException ("setNextState!");
}
nextState++;

int begin = stateNumber * (NUMBER LENGTH * ct + ACTION LENGTH)
+ NUMBER LENGTH * index + ACTION LENGTH;

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

1f (nextState % 2 == 1) {
array[begin + i] = true;
} else {
arrayl[begin + i] = false;

}
nextState /= 2;

}
/‘k‘k

* MeToI BO3BpallaeT IEMCTBME IPU IIepexole
* (@param stateNumber HOMEpP COCTOSHUA
* @return meVcTBME NPU Iepexole
*/
public Ant.Action getAction(int stateNumber) ({
if (stateNumber >= countStates) {
}

int begin = stateNumber * (NUMBER LENGTH * ct + ACTION LENGTH)

if (arrayl[begin] == true) {
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if (array[begin + 1] == true) {
return Ant.Action.R;

} else {
return Ant.Action.M;

}

} else {
if (array[begin + 1] == true) {
return Ant.Action.L;
} else {

return null;

/**
* BO3BpIAeET HOMEP KOHEUHOT'O COCTOHMS IIPpM Iepexole
* @param stateNumber HOMepP COCTOSHUS
* (@param index HOMep BXOIHOI'O BO3INENCTBUS
* @return HOMEpP KOHEUHOT'O COCTOSHUS
*/
public int getNextState (int stateNumber, int index) {
int nextState = 0;
int power = 1;
int begin = stateNumber * (NUMBER LENGTH * ct + ACTION LENGTH)
+ NUMBER LENGTH * index + ACTION LENGTH;
for (int 1 = 0; 1 < NUMBER LENGTH; i++) |
if (arrayl[begin + 1i]) {
nextState += power;

}
power *= 2;

}

if (nextState == 0 || nextState > countStates) {
return -1;

}

nextState—--;

return nextState;
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JInctunr 6. @aiin Antl8Factory.java
package individual.taskl1l8.factory;

import individual.taskl8.Antl8;

import java.util.Random;

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

/**

*

* @author Anexcannp

*/

public class Antl8Factory implements IndividualFactory {

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

private final double mu;

private final int externalStatesNumber;

public Antl8Factory(int externalStatesNumber,
this.externalStatesNumber = externalStatesNumber;

this.mu = mu;

}

public Antl8 randomIndividual () {

double mu) {

Antl8 ant = new Antl8 (externalStatesNumber,

r.nextInt (externalStatesNumber), mu);

for (int i = 0; 1 < externalStatesNumber;
switch (r.nextInt(3)) {
case 0:
ant.external.setAction (1,
break;
case 1:
ant.external.setAction (1,
break;
case 2:

ant.external.setAction (i

break;
}
for (int j = 0; j < 256; j++) {
ant.external.setNextState (i, 7,
r.nextInt (externalStatesNumber + 1) - 1);
}
}

/* for (boolean ind : ant.external.array)
System.out.print ((ind)?1:0);
//System.out.print (" ");

}
System.out.println();*/

return ant;
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JIuctunr 7. @aia CellularGA.java

package ga.cellular;

import laboratory.common.ga.GA;

import laboratory.common.ga
import laboratory.common.ga

import java

import java.
import java.

import java

public class CellularGA implements GA {

private
private

private
private

private
private

private

.util.ArrayList;
util.List;
util.Collections;
.util.Random;

.Individual;
.IndividualFactory;

Individual[][] myGeneration;
double[][] myIndivFitness;

int myWidth;
int myHeight;

final double probabilityMutation;

final IndividualFactory factory;

final Random r;

List<Individual> newGeneration;

private Individual getBestNeighbour (int i, int j)

{

List<Individual> toChoose

double[] fit = new double[4];

int[] p = new int([4];

if

}

(1 > 0) {

= new ArrayList<Individual>();

toChoose.add (myGeneration([i - 11[3]);

fit[toChoose.size ()

if (i < myHeight - 1)

{

1]

myIndivFitness[i - 1]1[7j];

toChoose.add (myGeneration([i + 1]1[3]);

fit[toChoose.size() - 1] = myIndivFitness[i + 1][j];
}
if (3 > 0) |
toChoose.add (myGeneration[i] [] - 1]);
fit[toChoose.size() - 1] = myIndivFitness[i][j - 11;

}

if (§ < myWidth - 1)

{

toChoose.add (myGeneration[i] [J + 1]);

fit[toChoose.size ()

1]
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}
for (int f1

= 0; fl1 < toChoose.size(); fl++) {
plfl] = 0;

for (int £2 = 0; f2 < toChoose.size(); f2++) {
if (fit[f1l] >= fit[f2]) {
plfl]++;

}

}
int best = 0;

for (int f1 = 0; fl < toChoose.size(); fl++) {
plfl] = r.nextInt(pl[fl]);
if (pl[fl] > plbest]) {
best = f1;

}

return toChoose.get (best);

}

public void nextGeneration () {
/* int size = generation.size();
List<Individual> newGeneration = new
ArrayList<Individual>(size);
newGeneration.addAll (generation.subList (0, sizeElite));
for (int 1 = 0; 1 < (size - sizeElite) / 2; i++) {
Individual al, a2;
al = generation.get (r.nextInt (size))
a2 = generation.get (r.nextInt (size));
Individual p = (al.compareTo(a2) < 0) ? al : a2;
al = generation.get (r.nextInt (size))
a2 = generation.get (r.nextInt (size));
Individual[] s = p.crossover((al.compareTo(az2) < 0) ? al

.
4

.
4

P

newGeneration.add (s[0]);
newGeneration.add (s [1]):;

i1f (newGeneration.size () < size) {

newGeneration.add (generation.get (r.nextInt (size)) .mutate(r));
}
for (int i = 0; 1 < size; i++) {
if (r.nextDouble () < probabilityMutation) {
newGeneration.set (i, newGeneration.get (i) .mutate(r));

}
}

generation = newGeneration;
Collections.sort (generation) ;
*/
for (int i = 0; i < myHeight; i++)
{
for (int j = 0; j < myWidth; j++)
{
Individual best = getBestNeighbour (i, 7j);
Individual[] s =
myGeneration[i] [j].crossover (best, r);
double r0O = s[0].fitness();
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double rl = s[l].fitness();
int £f0 = 0;
int £f1 = 0;
int £2 = 0;
if (x0 > rl) {

fO++;

}

else {
fl1++;

}

if (r0 > myIndivFitness[i][]J]) {
fO++;

}

else {
f2++;

}

if (rl > myIndivFitness[i][j]) {
fl++;

}

else {
f2++;

}
int p0 = r.nextInt((int) f2 + 1);
int pl = r.nextInt((int)f0 + 1);
int p2 = r.nextInt((int)fl + 1);
if (pl > p0 && pl > p2) {
newGeneration.add (s[0]);
}
else {
if (p2 > p0)
newGeneration.add(s[1]);
}
else {
newGeneration.add (myGeneration[i][]]);

}

}
int cur = 0;
for (int i = 0; i < myHeight; i++) {
for (int 7 = 0; J < myWidth; Jj++) {
if (r.nextDouble () < probabilityMutation) {
myGeneration[i] [jJ] =
newGeneration.get (cur++) .mutate (r)

}

4

else {
myGeneration[i] [j] = newGeneration.get (cur++);
}
myIndivFitness[i] []J] = myGeneration[i] [j].fitness();

}
}

newGeneration.clear () ;

}

public List<Individual> getGeneration() {
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List<Individual> gen = new ArraylList<Individual>();

for (int i = 0; i < myHeight; i++) {
for (int j = 0; Jj < myWidth; j++) {
gen.add (myGeneration[i] []]);
}
}

Collections.sort (gen);
return gen;

}

public CellularGA (int boardWidth, int boardHeight, double
probabilityMutation, IndividualFactory factory) {
this.myWidth = boardWidth;

this.myHeight = boardHeight;
this.myGeneration = new Individual [myHeight] [myWidth];
this.myIndivFitness = new double[myHeight] [myWidth];
this.probabilityMutation = probabilityMutation;
for (int i = 0; 1 < myHeight; i++) {
for (int j = 0; Jj < myWidth; j++) {
myGeneration[i] [j] = factory.randomIndividual () ;
myIndivFitness[i] [J] = myGeneration[i] [J].fitness();
}
}

newGeneration = new ArrayList<Individual> () ;

this.factory = factory;
r = new Random{() ;

}

public void bigMutation () {
for (int i = 0; 1 < myHeight; i++) {
for (int j = 0; j < myWidth; j++) {

myGeneration[i] [j] = factory.randomIndividual () ;

}

public Individual getBest () {

int ib = 0;

int jb = 0;

double bFitness = myGeneration[ib] [jb].fitness();

for (int i = 0; i < myHeight; i++) {
for (int j = 0; Jj < myWidth; j++) {
if (myIndivFitness[i][j] > bFitness) {

ib = 1i;
jb = 3;
bFitness = myIndivFitness[i][3j];

}
}

return myGeneration[ib] [jb];

}
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JIuctunr 8. Maiia CellularGALoader.java
package ga.cellular;

import laboratory.common.Loader;

import laboratory.common.ga.GA;

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

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

/**
* @author Andrey Davydov
*/
public class CellularGALoader implements Loader<GA> {

private final Parser properties;

public CellularGALoader (JarFile file) {

Properties in = new Properties{();

try {
JarEntry ent = new JarEntry("cellularGA.conf");
in.load(file.getInputStream(ent));

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

}

properties = new Parser(in);

}

public GA load(Object... args) {
return new CellularGA (properties.getInt ("gridHeight"),
properties.getInt ("gridwidth"),
properties.getDouble ("probabilityMutation"),
(IndividualFactory) args[0]);
}

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

}
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Jluctunr 9. ®aiia build.xml

<?xml version="1.0"?2>

<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="${util}/extended-ant.jar"/>
<property name="simpletask.build" value="${util}/simple-ant.jar"/>

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

<target name="build.ga">
<mkdir dir="${deploy}/S${ga.dir}"/>
<antcall target="build.plugin">
<param name="plugin" value="${ga.src}/cellular"/>
<param name="plugin.classpath" value="${common.build};
S{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="${individual.src}/taskl18"/>
<param name="plugin.classpath" value="${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="${plugin}/plugin.properties" prefix="plugin"/>
<fail unless="plugin.main.class"/>
<fail unless="plugin.extension.name"/>
<fail unless="plugin.comment"/>
<condition property="plugin.src" value="src">
<not>
<isset property="plugin.src/"/>
</not>
</condition>
<condition property="plugin.filter" value="">
<not>
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<isset property="plugin.filter"/>
</not>
</condition>
<condition property="plugin.graphic.settings" value="">
<not>
<isset property="plugin.graphic.settings"/>
</not>
</condition>
<echo message="${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="${plugin}/S${plugin.src}"
destdir="${plugin}/S${plugin.build}"
classpath="${plugin.classpath}"
/>
<jar destfile="${deploy}/${plugin.dir}/${plugin.jar}">
<fileset dir="${plugin}/${plugin.build}"/>
<fileset dir="${plugin}/${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="${ga.src}/cellular"/>
</antcall>
</target>
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<target name="clean.individual">
<antcall target="clean.plugin">
<param name="plugin" value="${individual.src}/taskl18"/>
</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>

JIuctunr 10. ®aiia build.properties

deploy=deploy
debug.val=true
util=util

ga.dir=gas
individual.dir=individuals

ga.src=ga
individual.src=individual

Jluctunr 11. daia automaton.conf

external.count.states=5
internal.count.states=0
count.attempts=1

mu=0.1

Jluctunr 12. ®aiia plugin.properties

jar=taskl8.jar
main.class=individual.taskl8.Antl8FactoryLoader
comment=Peanmu3auusa 3anaHusg, OIMCAHHOTO B BapuaHTe 18.
extension.name=Taskl8

resources=conf

filter=Extended ant

graphic.settings=70 0
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JInctunr 13. ®@aiisa CellularGA.conf

gridHeight=40
gridWidth=40
probabilityMutation=0.1

JIuctunr 14. ®aiia plugin.properties

jar=cellular.jar
main.class=ga.cellular.CellularGALoader
comment=Cellular genetic algorithm.
extension.name=cellular

resources=conf
src=src
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