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BBepeHue

[lenr maGopatopHOi pabOTHl — MPUMEHEHHUE TEHETUYECKHX aJITOPUTMOB [IJIS
MMOCTPOCHUSI KOHEYHBIX aBTOMATOB. B KauecTBe nmpruMepa paccCMaTpPUBAETCS MOCTPOEHUE
KOHEYHOTr0 aBToMara Muiiy, penaroiiero 3ajgaqy o0 « Y MHOM MypaBbe».

[Ipu BeIMONHEHHH JA0OpPaTOpPHONW pabOThl  HMCMOJB30BANACh Mporpamma
«Bupryanbnas naboparopusi» [1], HanucanHas ctyneHTamu kadenpsl «KomnprorepHabie
texHojorun» CIIGI'Y HWTMO wu mno3BojismOIIas peaju30BbIBaTh TI'€HETUUECKHE
QJITOPUTMBI U OCOOM ISl HUX B BUJI€ MOJYJIEH.

1.MocTaHOBKa 3agaumn

3aiada qaHHOM J1abopaTOpHOU PabOTHl — MOCTPOUTH aBTOMAT MUIIH, periaronui
3amauy 00 «YMHOM mypaBbe». [Ipu mocTpoeHuu cienyeT CTPEMUTHCA K TOMY, YTOOBI
aBToOMaT ObLI OJIM30K K onTuMaibHOMY. KpuTepuil OleHKHM pelieHusi 3aKjIto4yaeTcsl B
TOM, YTO aBTOMAT, UMes (PUKCHPOBAHHOE YHUCIIO COCTOSIHHM, JOJKEH MPUBOIUTH K
TOMY, YTO MYpaBE€H, YIPaBIIEMBIM aBTOMATOM, CBENAET BCK €1y Ha MOoJie 3a
OTPAaHUYEHHOE YHMCJIO IIAr0B.



1.1. ABTomaT Munm

ABTOMar Tuna MuiaM — KOHEUYHBIM aBTOMAT, KOTOPBIA T'€HEPUPYET BBIXOIHbBIC
BO3/ICICTBUSI B 3aBUCUMOCTH OT TEKYIIETO COCTOSIHUS W BXOJHOTO BO3JIECHUCTBUSI.

[Tpumep npencraBieHust aBTomaTta Muinu B BUE JUarpaMMbl EPEXOA0B MPUBEACH Ha
pucyske (puc. 1).

Puc. 1

Han xaxmon nmyrom pacnosjokeHa napa 3HA4eHUHM — BXOAHOE M BBIXOJHOE
Bo3zeicTBUs. [Ipy 3TOM BBIXOAHOE BO3/AEUCTBHUE 3aBUCUT OT COCTOSIHMSI aBTOMaTa U OT
BXOJJTHOTO BO3/ICHCTBUSI.

1.2. 3apaya 06 «YMHOM MypaBbLe»

Hrpa nporcxoAuT Ha MOBEPXHOCTU Topa pazmepoM 32x32 kieTku. B HEeKOTOphIX

KJIIETKax HaxoauTcs ena. MypaBed HauMHAET JBWKEHUE W3 KIIETKH, ITOMEYEHHOU
«Starty.

3a X0J1 MypaBeil MOKET BBINOJIHUTD CJICIYIOIINE I€UCTBUS:

. MIOBEPHYTH HAJIEBO;

. MIOBEPHYThH HAIPABO;

. cAenaTh 1ar BIEpe U, €CIIM B HOBOU KJIETKE €CTh €/1a, ChECTh €€;

. HUYETO HE JIEATh.

Urpa pmurcs 200 xomoB. llenp wurpel — co3gaTh MypaBbsl, KOTOpPBIA 3a

MHWHHMAJIBHOC YHCJIO XOO0B CHCCT KaK MOXXHO OoublIIe SI0JI0K.



2. Peanunsauus

BuptyanbHas nabopaTtopus COCTOUT M3 sJipa U MOJKIIOYAeMbIX MoOAyJen. Jlis
pelIeHusl MOCTaBICHHOW 3a7aud Tpedyercsl co3aaTh ABa Moayis. IlepBbiil Momynb —
MOJIyJlb TE€HETUYECKOTO allfOPUTMA, HWCHOJB3YKOIIMA OCTPOBHOM T'€HETHYECKHUI
AJTOPUTM U METOJ PYJETKH IS T€HEPALMU OYEPEIHOTO MOKOJECHUs. BTOpor MOayIb
JIOJDKEH PEaM30BBIBATh «0CO0B» — KOHEYHBIM aBTOMAaT Mwmn, permaromui 3aaaqy o0
«YMHOM MypaBbe». s «ocoOm» HEOOXOIWMO peann30BaTh OMEPAMA MYTAllUd U
CKpPEIIMBAHUA.

2.1. NpeacraBneHme aBToMmaToB

Kaxxnplii aBTOMAT MpECTABISIETCS B BUJIE OMTOBOM CTPOKH, peaii30BaHHOM Ha
OCHOBE KJlacca BitSet u3 cranmapTHou Oubnmoteku Java. IlpeacraBineHue aBTomara
u3 N COCTOSIHUM M300pa’keHo Ha puc. 2.

CraproBoe Coctosinne 1 CocTosinme 2 Cocrosinne N
COCTOsSIHHE

Puc. 2

B omucaHum Ka)xaoro COCTOSIHUS IS KaXJA0TO0 U3 JIBYX BXOJHBIX BO3JICUCTBUI
(«ecTh ema», «HET elIbl») 3aKOJAMPOBAHO CHAYala COCTOSHHE, Kyda OyIeT mepexo,
3aTeM JelicTBUe Mpu mnepexone. Ha puc. 3 mnpencraBieH mNpuMep KOJAUPOBAHUS
NepexoJIoB U3 COCTOSHUSA. B JaHHOM ciiydae mpu BXOJHOM BO3JICUCTBUU «ECTh €1a»
aBTOMAT IMEPEXOJAUT B TPEThE COCTOSIHUE, COBEpINas IpPU 3TOM IOBOPOT HAJIEBO
(meiicTBue 1), IPU BXOJHOM BO3JICUCTBUU «HET €JIb» — MEPEXO] B CEIbBMOE COCTOSIHHUE C
marom Brepe (aeiicteue M).

Cocrosinue 3 L Cocrosinme 7 M

Puc. 3

BrixomHOE BO3MEHCTBHE, COBEPIIAEMOE aBTOMATOM IIPHU MEPEXoe, KOAUPYETCS IBYMS
outamu (puc. 4).
01

Oeticmeue

Puc. 4



Otu aBa OWTa MPEACTABISIIOT JACUCTBUE clieayronum obdpazoM: 01 — MoOBOpOT HaIEBO
(L), 10 — mar Brepexn (M), 11 — moBopot Hampaso (R).

BxomgHoe BO3AEHUCTBUE — 3TO COCTOSIHUE TOJIs, KOTOPOE BUAUT MypaBer. Mypaseu
BUJUT OJHY KJIETKY Briepeau cedsi. Ha puc. 5 nuzobpaxkeH npumep KOAUPOBaAHUS HOBOTO
COCTOSIHUSA MOCTIE NEPEXO/IA.

10100100
—

HOoB0e COCMOAHUE

Puc. 5

OTH BOCeMb OHUT SBISIIOTCS JBOUYHBIM TMPEACTABICHHEM HOMEpPA HOBOIO
coctossaust (0T 0 g0 255). CocTOsIHMS KOHEYHOTO aBTOMATa HyMEPYIOTCS, HAUMHAs C

HYJIS.

Yucno Owut A IIPEACTAaBJICHUA HOMEpPa COCTOAHHA BBIYHMCIIACTCA KakK

HaMEHbINas CTENEHb JBOWKHM OOJbINAasl WM paBHAs YUCITY COCTOSHUI B aBTOMAaTe
(4uciio OUT B MPECTABICHUH COCTOSIHUS C HAUOOJIBIITUM HOMEPOM ).

2.2. MeTtop cKkpewmBaHus

OmnepaTop CKpenuBaHUs TMOJy4YaeT Ha BXOJ JBE OCOOM M BBIAACT TAKXKE JBE

ocobu. Yucno aBromMaToB (UKCUPOBAHO MU OJUHAKOBO Aisi Bcex ocoOei. IIpouecc

CKpENIMBaHUS MPOUCXOAUT CIETYIOIINM 00pa3oMm:

l.

Co3znaeM 1Ba HOBBIX aBTOMATa C TEM K€ YUCIIO COCTOSIHUI B KaXKIOM.
CnyyaitHpiM 00pa3oM JMOO MEpBbI ChIH MOJy4YaeT HOMEP HAYallbHOTO
COCTOSIHUSI OT MEPBOT0 POJUTENS, BTOPOH — OT BTOPOTO, JIMOO MEpPBbIA — OT
BTOPOTO POJIUTENISI, BTOPOH — OT MEPBOTO.

PaccmoTpuMm cocTositHue ¢ HOMEpPOM I B KaxaoMm poautene. g Kaxaoro
coCcTOsiHUA ecTh JiBa anemeHTa Transition (uuaexcor [i][0] u [i][1]). Takum
o0pa3om, OT ABYX poAuTeseH moiayyaeM dyetoipe diaeMenta Transition: p10 —
HYJIEBOM 3JIeMeHT mepBoro ponutens, pll — mnepBblid 3lEMEHT MEepBOro
ponutens, p20 — HyJEBOH 3JIEMEHT BTOporo poautens, p21 — mnepBblid
AJIEMEHT BTOPOIO POAMUTENSA. AHAIOTMYHO JJIA TOTO K€ I I JeTed NMEEM:
s10, s11, s20, s21. Tenepr BpiOMpaeM Ciy4yallHO OJUH HAOOp U3 YETHIPEX:
(p10, p01, p00, p11) (p00, p11, p10, p01) (p10, p11, p00, p01) (p00, p01,
pl10, pll), u npucBanBaeM COOTBETCTBYIOIME BbIOpAaHHOMY HaOOpPy
Transitions poaureneil.

[ToBTOpsiem miar 3 jj1st BCEX COCTOSIHUIA.



2.3. MeToa myTauum

[Ipn MyTanum ¢ HEKOTOPOM BEPOSITHOCTBED CTAPTOBBIM COCTOSIHUEM CTAHOBUTCS
CIIy4ailHOE€ COCTOSIHHE W3 CO3JIaHHOTO aBTOMAaTa. 3aTeM H3MEHSETCS JIMOO BBIXOIAHOE
BO3JICUCTBHE DJTOTO COCTOSIHUS, JHOO TIEepexoJ 1O KaKOMY-THOO BXOJHOMY
BO3JEUCTBHIO.

2.4. Mogenb reHeTU4YeCKOro anroputma

OcTpoBHast Mozielib [3] - 3TO MOJIENb NapAJJIEIbBHOTO TeHETUUECKOTO alrOpuTM™Ma.
OnHa 3akirouaercst B CleayrolieM: MycTh uMmeroTcs 16 mpormeccoB u 1600 ocobei.
PazobreM ux Ha 16 mognonyssnuii mo 100 ocobeit. Kaxxnast ux Hux OyaeT pa3BUBAThCS
OTJIETIbHO C MOMOIIBI0 HEKOTO TeHETUYECKOro anroputma. Takum o0pa3om, MOMKHO
CKa3aTh, YTO OCOOM paccesieHbl Mo 16-TH N30IMPOBAHHBIM OCTPOBAM.

N3penka (Hampumep, KaKaple MATh TOKOJICHH ) TIPOIIECCHI (MM OCTPOBa) OYyIyT
O0OMEHHMBATHCS HECKOJIBKUMH XOPOIIMMH OCOOsiMH. DTO HasbiBaeTcs murpamnus. OHa
MO3BOJISIET OCTPOBAM OOMEHHBATHCS TEHETHIECKUM MaTepHraioM (puc. 6).

Puc. 6
Tak Kak HACEJICHHOCTh OCTPOBOB OOBIYHO OBIBAET HEBEJWKA, MOIIMOMYJISIIAN

OyInyT CKJIOHHBI K MPEKIACBPEMEHHOW CXOAMMOCTH. [loaTOMy BaXXHO TPABUIHHO

YCTAHOBUTH YACTOTY MUTpaluu. Yepecuyp yactas MUrpanus (MiId MUTpAIUs CIUIIKOM

OonpIOro uymciia ocoleil) MpuBENeT K CMEUICHUI0 BCEX MOANOMYJSUUNA, U TOrjaa

OCTpOBHAs MOJielib OyJeT HECHWIbHO OTJIMYaThCd OT OOBIYHOTO TE€HETHYECKOTrO
7



anroput™ma. Ecnm ke wmurpauus OyJIeT CIMIIKOM PEIKOW, TO OHa HE CMOXET
IPEAOTBPATUTD IIPEKACBPEMEHHOIO CXOXKACHHUS TOIOIYIISALUN.

2.5. MeTop reHepaunn o4yepenHOro NOKoNeHus

HavanbHoe TOKOJIEHHE COCTOMT U3 (UKCHUPOBAHHOIO YHCIA CIy4ailHO
CT€HEpPHPOBAaHHBIX aBTOMAaTOB. Bce aBTOMaThl B MOKOJEHUH HMEIOT OJMHAKOBOE
Hanepe] 3aJaHHOE YHUCII0 COCTOSTHUM.

JIns reHepanu 04EpPEAHOTO MOKOJIEHUS UCIIONIB3YETC OCTPOBHOM M'€HETHUYECKUN
QJIITOPUTM U METOJI PYJICTKH.

[Ilar anropuT™Ma COCTOMT M3 TpeX CTaaui: TeHepaluus MPOMEKYTOUHON
NOMyJIsiiMKM ~ MyTeM  OoTOOpa  TEKYIIero IOKOJIEHWs, CKpelluBaHue  ocolei
IPOMEKYTOUYHON MOMYJSLUM TYTeM KpoccoBepa. IDTO NPUBOJIUT K (POPMUPOBAHUIO
HOBOTO MoKoJieHus. [locie 3Toro mporucxoauT MyTalus HOBOTO MOKOJICHUSI.

[IpoMexyTouHas MOMyJSIUS — 3TO HAOOp OocoOel, KOTOpbIE MOIMYYHJIA IPABO
pa3MHoxatbes. [Iprucnocobnennbie 0coOu MOTYT OBITH 3allMCaHbl TyJa HECKOJIBKO pPas.
«IImoxue» ocobu ¢ 0OJIBIIONH BEPOSITHOCTBIO Ty/1a BOOOIE HE MOMAIYT.

B kiaccuueckoM reHETUYECKOM aJlfOPUTME BEPOSITHOCTh KaKJI0M 0cOOM MONacTh
B MPOMEXYTOUYHYIO MOMYJISINIO NPONOPLHHUOHATIbHA €€ PUCIOCOOIEHHOCTH — paboTaeT
IPOINOPILHOHANIbHEIN 0TOOp. B AaHHOI paboTe OH peann3oBaH CIEAYIOIUM 00pa3oM:
MyCThb OCOOM pAacCIoyiararoTCsl Ha KOJIeCe PYJIETKH, TaK UTO pa3Mep CEKTopa KaKIou
0coOM TPOMOPIHMOHATIEH €€ MPHUCIOCOONEHHOCTH. B Hawame mpoMeKyTouHas
nomyssitus mycrta. [locie sToro N pas, 3amyckasi pyJeTKy, BeiOepeM TpeOyemMoe 4ncio
oco0elt IS 3amrMcy B MPOMEXYTOUHYIO TomyJssinuio. Hu onHa BeIOpaHHast 0coOb He
yAasieTCs C PYJIETKH.

PyneTtouHslil anropuT™M NOJCTaBISETCS B KadecTBE 0a30BOro MJisi OCTPOBHOM
MOJIeNIM. JTa MOJIeJIb UCIIOJIb3YETCs B JAHHOM MOJIYJIE.

2.6. Cnoco06 BbluMcneHns pyHKLUN NPUCNOCOONEHHOCTHU

OMynupyeM MOBEACHUE MYpPaBbsl 10 T€X TOp, MOKa OH, TUOO HE CHECT BCIO €1y,
aub0 HEe TMPEeBBICUT JOMyCTHMOE 4YHclo ImaroB. Jlamee 3HaueHue (QyHKUUU
npucnocobnerHoctu (Fitness) cunraercs no hopmyre:

Fitness = Apples - Steps /200,
Apples — YHUCIO ChEACHHBIX MypaBbeM s10J10K 3a 200 maroB, Steps — X0, Ha

KOTOPOM MYpaBeil chell oCIeHUN pa3 0JI0KO.



3. PeaynbraTbl paboTbl MOAyns

B pesynbrare paboThl T€HETUUECKOTO aNropuTMa ObUI MOJy4eH aBToMaT Muiiu,
KOTOPBIN pemiaer 3agayy 00 «YMHOM MypaBbe». ABTOMAT COCTOUT U3 MATH COCTOSIHUM,
3HaYeHUEe (QYHKIMHM TpHUCIIOcOOIeHHOCTH paBHO 82,04. MypaBeil, ynpaBiasieMblid
JTaHHBIM aBTOMAaTOM, cheaaeT 83 s0o0ka 3a 192 miara.

3.1. N'pachuk MakcMmanbHOro aHa4eHus PyHKUUN
NPUCNOCOONEeHHOCTH

Ha puc. 7 npuseaeH rpaduk 3aBUCUMOCTA MAaKCUMaJIbHOTO 3HAYeHUS QYHKLIUU
PUCIIOCOOJIEHHOCTH Cpeld 0COOeH MOKOJICHHUS.

Fithess-functian

g4
a0
TG
72
67
63
54
55
a0
46
42
a8
33
29
25
21
16
12

i Index of generation
1] 17 34 &1 B8 85 102 119 136 153 170 187 204 221 238 255 272 284

Puc. 7



3.2. N'padhuk cpepgHero sHavyeHUA hyHKLUU MPUCNOCOONEHHOCTHU

Ha puc. 8 mpuBeneH rpaduk 3aBUCHMOCTH CpPEAHETO 3HAa4YeHUs (QyHKIUN

HpI/ICHOCO6HCHHOCTI/I cpeau 0co0eH TOKOJICHHUS.

g4
a0
TG
72
67
63
54
55
a0
46
42
a8
33
29
25
21
16
12

Fithess-functian

Index of generation

1]

17 34 51 GB 85 102 119 136 153 170 187 204 221 238 2585 272 289
Puc. &
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3.3. 'pah nepexona nosiy4yeHHOro aBromarta

[TonyueHHBIM KOHEUHBINM aBTOMAT MUK MpeacTaBieH B BUjE Ipada MmepexoioB.
Bepmunbel rpada — cocrosiHus aBTomaTta. PeOpa rpada — mepexodbl MexIay
coctossHusIMHU. Ha pebpax HammucaHO BXOJHOE U BBIXOJIHOE BO3ICHCTBUS MPHU MEPEXO0JIC

(puc. 9).

Puc. 9

BxomHoe Bo31eiicTBHE MOXKET OBITh:
1. F — «BHOepenu mycroy.
2. T — «BIOEPEIH €CTh €a».

JleificTBUE TIpH Mepexo/ie MOKET UMETh OJTHO U3 CIEIYIOLIUX 3HAYCHUH:
I. L —noBopoT HaJEBO;

2. M —1ar BIepen;

3. R — IOBOPOT HAMpaBo.

Yucno creaeMbIxX 010K — 83

3akntoyeHue

Pesynbrarel nabopaTopHOi paOOThl TMOKA3aJd, 4YTO MCIHOJIb3yeMble METOJIbI
10CcTaToYHO A((EKTUBHBI NJIi TOCTPOEHUS] aBToMata MMM C MSAThIO COCTOSIHUSMH,
KOTOPBIN pemaeT 3aaady 00 « YMHOM MypaBbe», chefas 83 s0o0Ka, Tak KakK TOJHBIMN
nepedop MO3BOJISIET CTPOUTH AaBTOMAT C TaKUM e pe3yibTatoM. Kpome Toro, kak
MOKAa3bIBAIOT TpapuKkd (PYHKIMH MPHUCIOCOOICHHOCTH, JOCTATOYHO HEIUIOXHE

pe3ynbTaThl TOJYYCHBI YK€ HaA TEPBBIX TIOKOJEHUSAX O0C00ei, YTO TOBOPUT 00
11



3¢ (HEeKTUBHOCTH TPEICTaBICHUS aBTOMaTa M JCMCTBEHHOCTH OCTPOBHOHN monenu [3].
[Ipu 5TOM CTOUT 3aMETUTh, YTO M3BECTEH aBTOMAT, MOCTPOCHHBIA IJI 3TOW 3aJauu
BPYYHYIO, KOTOPBIH yMpaBiseT MypaBbeM, cbenaronmM 81 somoko [2]. K HegocTtaTkam
MOXXHO OTHECTH OO0JbIIOEe BpeMs CO3JIaHUS OYEpPEAHOrO0 TMOKOJICHHS, HO 3TO
KOMIIEHCHPYETCSI TEM, UYTO B PE3YyJIbTAaTE MOJYy4YEH aBTOMAT, KOTOPBIM Kak pa3 Hauboiiee
ObICTPO 1 3()P(PEKTUBHO BHITOIHSAET MOCTABJICHHYIO 33]a4y.

NCcTOUYHUKM

1. MucTpykius o co3nanuio plugin’oB K BUPTyanbHOU 1TaOOpaTOpUU.

http://svn2.assembla.com/svn/not_instrumental tool/docs/pdf/interface_manual.p
df

2. Beonwvui 1O./[., Lllaneimo A.A. llpuMeHeHne TeHeTUYECKIX alrOpUTMOB JIJIs
IIOCTPOECHUS aBTOMATOB B 3a/1a4€ «Y MHBIA MypaBeu».
http://is.ifmo.ru/works/_ant.pdf

3. Amunoe b. I'eneTnyeckue aaropuTMsl.
http://rain.ifmo.ru/cat/view.php/theory/unsorted/genetic-2005
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MNMpunoxeHue

KoHdurypaumoHHsblie cannbl

Jiist cOopku Moaysel BUPTyaibHOM JJabopaTopun ObLIT UCIIOJIB30BAH ant-CKPUIT,
KOTOPBIM HaxoauTes B daine build.xml, umnakeT NetBeans 6.5.

Moy «ocobm»:

l. automaton.conf — koHbUrypalus 3aaaHus:
* external — YHUCIO COCTOSHUM aBTOMATA.

2. plugin.properties — KOH(pUTypaLUS MOTYJIA.

Moynp TEHETUYECKOTO AJITOPUTMA:
1. islandrouletteGA.conf — KOH(pUTypays OCTPOBHOTO FT€HETUIECKOTO
aJropuT™Ma, ¢ METOAOM PYJIETKH I T€HEPALIMU OYEPETHOTO ITIOKOJICHUS:

* numberIslands — 4HCJIO0 OCTPOBOB.

* sizeIsland — ODOMyJALKSA OCTPOBA.

* sizeElite — YHCIO «3JUTHBIX» 0COOEH B MOKOJICHUHU.
* probabilityMutation — BEPOATHOCTH MyTallWH.

* numberSwap — YUCJIO MUTPALIHM.

* periodSwap —4acTOTa MUTPALUU.

* periodBigMutation - HNEPUOAMYHOCTH MYTAalLUH.

2. plugin.properties — KOH(}pUTypalus MOTYJIS.
HacTpoiiku MoayJisi TEHETUYECKOTO alrOpUTMa COBIALAIOT C TAKOBBIMU IS
CTaHAAPTHOTO OCTPOBHOTO ['A, peann30BaHHOTO B BUPTyaJIbHOM J1ab0paTopumu.

UcxoaHble TeKCTbl NporpamMmm

Monynb ocobu:
I. Task3IndividualFactoryLoader.java — Kjlacc, pealu3yrolnii
3arpy3Ky MOJyJsl B BUPTYaJIbHYIO Ja00paTOpHIO.

13



Task3Automaton.java — Kiacc, peaausyomuil paboTy ¢ KOHEUYHBIM
apToMaToM Mwum.

BitArray.java — Kiacc, pealu3yroiuil paboTy ¢ npeacTaBiIeHUEM
aBTOMaTa B BUJIE OMTOBOW CTPOKH.

Task3AutomatonFactory.java — KIacC, pECUIM3YIOIINN CO3aHue
MPOU3BOJIBHON 0COOH.

MO,Z[YJII) IFCHCTUYCCKOI'O aJlropuTMa.:

l.

RouletteGA.java — KJIacc, peau3yIOMNui METO PYJIETKH IS
reHepaluy 04epeIHOr0 MOKOJIECHUS.

IslandGA. java — KJacc pealn3yroui OCTPOBHON
TE€HETUYECKUH aJITOPUTM.

IslandGALoader. java — KJIacc, peaIM3yIOIUN 3arpy3Ky MOIYJIS B
BUPTYaJIbHYIO J1a00PATOPHUIO.

JlmeruHr Task3IndividualFactoryLoader. java:

package individual.task3;

import
import

import

import
import
import

import

public

laboratory.common.Loader;

laboratory.common.ga.IndividualFactory;

laboratory.util.Parser;

java.
java.
java.

java.

util.jar.JarFile;
util.jar.JarEntry;
util.Properties;

io.I0Exception;

class Task3IndividualFactoryLoader implements

Loader<IndividualFactory> {
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private final Parser properties;

public Task3IndividualFactoryLoader (JarFile file) {

Properties in = new Properties();
try {
JarEntry ent = new JarEntry("task3Automaton.conf");

in.load(file.getInputStream(ent));
} catch (IOException e) {

e.printStackTrace () ;

properties = new Parser (in);

public IndividualFactory load(Object... args) {

return new Task3AutomatonFactory (properties.getInt ("external"));

public Properties getProperties() {

return properties.getProperties();

Juectuar Task3Automaton.java:

package individual.task3;
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import
import

import

import
import

import

public

laboratory.common.ga.Individual;
task.ant.simple.individual.Automaton;

task.ant.simple.Ant;

java.util.Random;
task.ant.simple.SimpleAnt;

task.ant.simple.individual.SimpleMover;

class Task3Automaton implements Automaton {

private final int numStates;

private BitArray bitArr;

private double fitness = Double.NEGATIVE INFINITY;

public Task3Automaton (int initState, int numStates)

this.numStates = numStates;
this.bitArr = new BitArray(numStates, 2);

setInitialState (initState);

private void setInitialState(int is) {

bitArr.setInitialState(is);
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public int getInitialState() {

return bitArr.getInitialState();

public Transition getTransition(int index, int condition) {
char act = bitArr.getAction(index, condition);
int nextState = bitArr.getNextState (index, condition) $numStates;

return new Task3Automaton.Transition (nextState, act);

public void setTransition(int index, int condition,

Automaton.Transition t) {
bitArr.setAction(index, condition, t.getAction());

bitArr.setNextState (index, condition, t.getEndState());

public int getNumberStates () {

return numStates;

public Automaton getNestedAutomaton () {

return null;
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public String getStateString(int i)

return (i+1)+"";

public Object[] getAttributes () {

return new Object[] {this};

public double fitness () {

{

//1if (fitness == Double.NEGATIVE INFINITY)

// fitness = new

SimpleAntTask (null,null,null) .standardFitnessFunction (new

SimpleMover (this));

//return fitness;

if (fitness == Double.NEGATIVE INFINITY) {
SimpleMover mover = new SimpleMover (this);
mover.restart (new SimpleAnt());
int count = 0;

int lem = 0;

for (int i1 = 0; 1 < Ant.NUMBER STEPS; i++) {

if (mover.move()) {
count++;

lem = 1;
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if (count == Ant.NUMBER FOOD) ({

break;

fitness = (count - lem * 1.0 / Ant.NUMBER STEPS);

return fitness;

public Individual mutate (Random r) {

int state = r.nextInt (numStates);

Task3Automaton mutant = new Task3Automaton(getInitialState(),

numStates) ;
mutant.bitArr = this.bitArr.clone () ;
int ¢ = r.nextBoolean() 2 1 : 0;
int es = r.nextInt (numStates);

mutant.setTransition(state, ¢, new Transition (es,

Ant .ACTION VALUES[r.nextInt (Ant.ACTION VALUES.length)]));

if (r.nextDouble () < 0.2)
mutant.setInitialState (r.nextInt (numStates));

return mutant;
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public Individual[] crossover (Individual p, Random r) {
Task3Automaton[] s = new Task3Automaton|[2];

for (int 1 = 0; 1 < 2; 1i++4) {

s[i] = new Task3Automaton (0, getNumberStates()):
}
Task3Automaton pp = (Task3Automaton)p;
if (r.nextBoolean()) {

s[0].setInitialState(pp.getInitialState());
s[l].setInitialState(getInitialState());

} else {
s[l].setInitialState(pp.getInitialState());

s[0].setInitialState(getInitialState());

for (int 1 = 0; i < getNumberStates(); i++) {
int flag = r.nextInt (4);
switch (flag) {
case O:

s[0] .bitArr.setNextState (i, O,
pp.bitArr.getNextState (i, 0));

s[0] .bitArr.setAction (i, 0, pp.bitArr.getAction (i,

s[0] .bitArr.setNextState (i, 1,
20



pp.bitArr.getNextState (i, 1))

s[0].bitArr.setAction(i, 1,

s[l].bitArr.
bitArr.getNextState (i, 0));

setNextState (i,

s[l].bitArr.setAction (i, O,

s[l].bitArr.
bitArr.getNextState (i, 1))

setNextState (i,

s[l].bitArr.setAction (i, 1,
break;
case 1:

s[0] .bitArr.
bitArr.getNextState (i, 0));

setNextState (i,

s[0] .bitArr.setAction (i, O,

s[0] .bitArr.
bitArr.getNextState (i, 1))

setNextState (i,

s[0] .bitArr.setAction (i, 1,

s[l].bitArr.setNextState (i,

pp.bitArr.getNextState (i, 0));

s[l].bitArr.setAction (i, O,

s[1l].bitArr.setNextState (i,

pp.bitArr.getNextState (i, 1))

s[1l].bitArr.setAction(i, 1,

break;

case 2:

21

pp.bitArr.getAction (i,

bitArr.getAction (i,

1,

bitArr.getAction (i,

bitArr.getAction (i,

1,

bitArr.getAction (i,

0,

pp.bitArr.getAction (i,

pp.bitArr.getAction (i,



s[0] .bitArr.setNextState (i,
pp.bitArr.getNextState (i, 0));

s[0].bitArr.setAction (i, O,

s[0] .bitArr.setNextState (i,
bitArr.getNextState (i, 1))

s[0] .bitArr.setAction (i, 1,

s[l].bitArr.setNextState (i,
pp.bitArr.getNextState (i, 0));

s[l].bitArr.setAction (i, O,

s[l].bitArr.setNextState (i,
bitArr.getNextState (i, 1))

s[l].bitArr.setAction (i, 1,
break;
case 3:

s[0] .bitArr.setNextState (i,
bitArr.getNextState (i, 0));

s[0] .bitArr.setAction (i, O,

s[0] .bitArr.setNextState (i,
pp.bitArr.getNextState (i, 1))

s[0].bitArr.setAction(i, 1,

s[l].bitArr.setNextState (i,
bitArr.getNextState (i, 0));

s[l].bitArr.setAction (i, O,

s[1l].bitArr.setNextState (i,
pp.bitArr.getNextState (i, 1))
22

pp.bitArr.getAction (i,

bitArr.getAction (i,

0,

1))

pp.bitArr.getAction (i,

bitArr.getAction (i,

bitArr.getAction (i,

1,

1))z

0)):

pp.bitArr.getAction (i,

bitArr.getAction (i,

1,

0))7



s[1l].bitArr.setAction (i, 1, pp.bitArr.getAction (i,

break;

return s;

public int compareTo (Individual o) {

return Double.compare(o.fitness (), fitness());

public static class Transition implements Automaton.Transition {

private final char action;

private final int endState;

public Transition (int endState, char action) {
this.endState = endState;

this.action = action;

public char getAction() {
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return action;

@Override
public String toString() {

return "" + action;

public int getEndState() {

return endState;

Juctuar BitArray.java:

package individual.task3;

import java.util.BitSet;

public class BitArray {

Il
©
~e

public static int NUMBER LENGTH

Il
N
~e

public static int ACTION LENGTH
private final int countInput;

private final int countStates;
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public BitSet bitarray;

public BitArray(int countStates, int countInput) {

this.countInput = countInput;
this.countStates = countStates;
int pow = 0;

while (countStates > 0) {
countStates = countStates >> 1;

pow++;

NUMBER LENGTH = pow;

bitarray = new BitSet (countStates * (NUMBER LENGTH +
ACTION_LENGTH) * countInput + NUMBER_LENGTH);

@QOverride

public BitArray clone () {

BitArray copy = new BitArray(this.countStates, this.countInput);

copy.bitarray (BitSet)this.bitarray.clone () ;

return copy;

public void setAction (int stateNumber, int inputNumber, char action)

{

int begin = stateNumber * (NUMBER LENGTH + ACTION LENGTH) *
25



countInput;
begin += NUMBER LENGTH;
begin += NUMBER LENGTH;
begin += (NUMBER LENGTH + ACTION LENGTH) * inputNumber;
if (action == 'L'") {
bitarray.set (begin, false);
bitarray.set (begin + 1, true);
} else if (action == 'M') {
bitarray.set (begin, true);
bitarray.set (begin + 1, false);
} else if (action == 'R') {
bitarray.set (begin, true);
bitarray.set (begin + 1, true);
} else {
bitarray.set (begin, false);

bitarray.set (begin + 1, false);

public void setInitialState(int initState) {
int begin = 0;
for (int i = 0; 1 < NUMBER LENGTH; i++) {
if ((initState & 1) == 1) {

bitarray.set (begin + i, true);
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} else {

bitarray.set (begin + i, false);

initState = initState >> 1;

public int getInitialState() {

int

int

int

for

power = 1;

initst = 0;

begin = 0;

(int 1 = 0; 1 < NUMBER LENGTH; 1i++)
if (bitarray.get (begin + i)) {

initSt += power;

power *= 2;

return 1nitSt;

public void setNextState (int stateNumber,

nextState) {

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

countInput;

begin += NUMBER LENGTH;

begin +=

27

(NUMBER LENGTH + ACTION LENGTH)
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for (int i = 0; 1 < NUMBER LENGTH; i++) {
if ((nextState & 1) == 1) {
bitarray.set (begin + i, true);
} else {

bitarray.set (begin + i, false);

nextState = nextState >> 1;

public char getAction(int stateNumber, int inputNumber) ({

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

countInput;

begin += NUMBER LENGTH;
begin += NUMBER LENGTH;
begin += (NUMBER LENGTH + ACTION LENGTH) * inputNumber;
if (bitarray.get(begin)) {

if (bitarray.get(begin + 1)) {

return 'R';
} else {

return 'M';

} else {

if (bitarray.get(begin + 1)) {
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return 'L';
} else {

return ' ';

public int getNextState (int

int nextState = 0;

int power = 1;
int begin = stateNumber
countInput;

begin += NUMBER LENGTH;

stateNumber, int inputNumber) ({

* (NUMBER LENGTH + ACTION LENGTH)

begin += (NUMBER LENGTH + ACTION LENGTH) * inputNumber;

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

if (bitarray.get (beg

in + 1)) |

nextState += power;

power *= 2;

return nextState;

Jmectuar Task3AutomatonFactory

.Java:
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package individual.task3;

import task.ant.simple.Ant;

import task.ant.simple.individual.factory.AutomatonFactory;

public class Task3AutomatonFactory extends

AutomatonFactory<Task3Automaton>{

public Task3AutomatonFactory(int numStates) {

super (numStates, 0);

protected Task3Automaton fullRandomAutomaton (int numStates) {

Task3Automaton a = new Task3Automaton (r.nextInt (numStates),
numStates) ;
for (int i = 0; 1 < numStates; i++) {

a.setTransition(i, 1, new
Task3Automaton.Transition (r.nextInt (numStates),

Ant .ACTION VALUES[r.nextInt(3)1]));

a.setTransition(i, 0, new
Task3Automaton.Transition (r.nextInt (numStates),

Ant .ACTION VALUES[r.nextInt(3)1]));

return a;
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protected Task3Automaton randomAutomatonWN (int

Task3Automaton na) {

return fullRandomAutomaton (numStates);

JlmetuHr RouletteGA.java:

package ga.islandroulette;

import laboratory.common.ga.GA;

import laboratory.common.ga.Individual;

import laboratory.common.ga.IndividualFactory;

import java.util.ArrayList;

import java.util.Collections;

import java.util.List;

import java.util.Random;

public class RouletteGA implements GA {

private List<Individual> generation;

private final double probabilityMutation;
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private final int sizeElite;

private final IndividualFactory factory;

private final Random r;

public void nextGeneration () {
int size = generation.size();
List<Individual> intGeneration = new

ArrayList<Individual>(size);
double roulette][] = new double[size]:;
double totalFitness = 0.0;
for (Individual individual : this.generation) {

totalFitness += individual.fitness{();

roulette[0] = generation.get (0).fitness() / totalFitness;
for (int i = 1; 1 < size; i++) {
roulette[i] = roulette[i - 1] + generation.get (i) .fitness/()

/ totalFitness;

double arrow;

for (int 1 = 0; i < size; i++) {
arrow = r.nextDouble();
for (int j = 0; j < size; j++) |
if (arrow <= roulette[]]) {
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intGeneration.add (generation.get (j));

break;

List<Individual> newGeneration = new

ArrayList<Individual>(size);

for (int i = 0; 1 < size; i += 2) {
Individual father = intGeneration.get(i);
Individual mother = intGeneration.get(i + 1);
Individual[] s = father.crossover (mother, this.r);

newGeneration.add (s[0]) ;

newGeneration.add(s[1]) ;

if (newGeneration.size () < size) {

newGeneration.add (intGeneration.get (r.nextInt (size)) .mutate (r)):;

for (int 1 = 0; 1 < size; 1++) {
if (this.r.nextDouble() < this.probabilityMutation) {

newGeneration.set (i,

newGeneration.get (i) .mutate (this.r));

Collections.sort (intGeneration) ;
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for (int 1 = 0; 1 < sizeElite; i++) {

newGeneration.set (i, intGeneration.get(i));

this.generation = newGeneration;

Collections.sort (generation);

public List<Individual> getGeneration () {

return this.generation;

public RouletteGA (int sizeGeneration, double sizeElite, double

probabilityMutation, IndividualFactory factory) {
this.probabilityMutation = probabilityMutation;
this.sizeElite = (int) (sizeElite * sizeGeneration);
// Creating new generation
this.generation = new ArraylList<Individual> (sizeGeneration);
for (int i = 0; 1 < sizeGeneration; i++) {

this.generation.add (factory.randomIndividual());

Collections.sort (this.generation);

this.factory = factory;

this.r = new Random() ;
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public void bigMutation () {
for (int i = 0; i < this.generation.size(); 1i++) {

this.generation.set (i, this.factory.randomIndividual ());

Collections.sort (this.generation);

public Individual getBest () {

return this.generation.get (0);

JvetuHr IslandGA.java:

package ga.islandroulette;

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

import laboratory.common.ga.IndividualFactory;

import java.util.ArrayList;
import java.util.Collections;
import java.util.List;

import java.util.Random;
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public class IslandGA implements GA {

private final RouletteGA[] islands;

private int indexGeneration;

private final int numberSwap;

private final int periodSwap;

private final int sizeElite;

private final int periodBigMutation;

private final double percentKilledIslands;

private Random r;

public List<Individual> getGeneration () {

List<Individual> gen = new ArrayList<Individual>();

for (GA ga : islands) {

gen.addAll (ga.getGeneration () ) ;

Collections.sort (gen);
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return gen;

public IslandGA (int numberIslands, int sizelIsland, double sizeElite,

double probabilityMutations,

IndividualFactory factory, double numberSwap, int

periodSwap, int periodBigMutation,
double percentKilledIslands) {
indexGeneration = 0;
islands = new RouletteGA[numberIslands];
for (int i = 0; i1 < numberIslands; i++) {

islands[i] = new RouletteGA (sizelsland, sizeElite,

probabilityMutations, factory);

this.numberSwap = (int) (numberSwap * sizelsland);

this.periodSwap = periodSwap;

this.sizeElite = (int) (sizeElite * sizelIsland);
this.periodBigMutation = periodBigMutation;
this.percentKilledIslands = percentKilledIslands;

r = new Random() ;

public void nextGeneration () {
indexGeneration++;

for (GA ga : islands) {
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ga.nextGeneration () ;
if (indexGeneration % periodSwap == 0) {
int ni = islands.length;
List<Individual>[] generation = new List[ni];
for (int i = 0; 1 < ni; i++) {

generation[i] = islands[i].getGeneration();

int size = generation[0].size();
for (int i = 0; 1 < ni; i++) {
for (int j = 0; J < numberSwap; Jj++) {

generation([i] .set(size - 7 - 1,

generation[r.nextInt(ni)].get(r.nextInt (sizeElite)));

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

Collections.sort (generation([i]);

} else if (indexGeneration % periodBigMutation == 0) {

bigMutation () ;

public void bigMutation () {
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for (GA ga : islands) {

if (r.nextDouble() < percentKilledIslands) {

ga.bigMutation () ;

public Individual getBest () {
Individual best = islands[0].getBest();
for (int 1 = 1; i < islands.length; i++) {
Individual b = islands[i].getBest();
if (b.fitness () > best.fitness()) {

best = b;

return best;

Juctuar IslandGALoader.java:

package ga.islandroulette;

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 java.util.jar.JarEntry;

import java.util.jar.JarFile;

public class IslandGALoader implements Loader<GA> {

private final Parser properties;

public IslandGALoader (JarFile file) {

Properties in = new Properties();
try {
JarEntry ent = new JarEntry("islandrouletteGA.conf");

in.load(file.getInputStream(ent));
} catch (IOException e) {

e.printStackTrace () ;

properties = new Parser (in);

public GA load (Object... args) {

return new IslandGA (properties.getInt ("numberIslands"),
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properties.getInt ("sizelIsland"),

properties.getDouble ("sizeElite"),

properties.getDouble ("probabilityMutation"),

(IndividualFactory) args[0],

properties.getDouble ("numberSwap"), properties.getInt ("periodSwap"),

properties.getInt ("periodBigMutation™),
properties.getDouble ("percentKillIsland"));

public Properties getProperties () {

return properties.getProperties();
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