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Abstract. In this paper authors present a new representation of Finite State Machines as individuals of an
evolutionary algorithm. A new technology of genetic programming for automata evolving is developed.
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ABTOMaTHOe mporpammupoBanue [1] —
OBICTPOPA3BUBAIOIIIASICS napaaurma
IpOTrpaMMHUPOBAHUS, UCIOJIB3YIOLIast
IIpeJICTaBICHHUE NIPOrpaMM B BUE (popManbHOM
MOJIENH aBTOMATOB. IIpumenenue
FEHETUYECKOTO IPOrpaMMUpoOBaHus [2]  amus
reHepanuu aBTOMATOB II03BOJISET
CYLIECTBEHHO COKpPaTUTh LHKI pa3pabOTKu
ABTOMATHBIX IIPOTPAMM.

Jns  reHepauuu  aBTOMaTroB  MOTYT
OPUMEHATBCS ~ pasinyHble  MoAupUKaLUU
ABOJTFOIMOHHBIX anropuT™MoOB [3]. OxnHako, s
OOJIBLIIMHCTBA M3 O3THUX METOJOB pasMmep
XpOMOCOMBI,  TpeOyeMblil Uil  XpaHEHHs
aBTOMara, YKCIIOHEHIIMAJIbHO 3aBUCUT OT YHCIIa
BXOJIHBIX TIEPEMEHHBIX.

[lpu pemennu 3amaun  KiaccU(UKALUH
miotHoctd  Jx. Ko3zoit [4] mpumeHsioch
npezcTaBieHue (pyHKIMM Iepexol0B aBTOMaTa

c MTOMOIIIBIO JIEPEBHEB pasbopa [5],
MOPEICTaBISIIONMX  OyleBbl  (PYHKIHH. ITO
npefCTaBiIeHHe  O0JIaaeT  CYIIECTBEHHO

OoJbIlel BRIPA3UTEIBHOCTBHIO IO CPABHEHUIO C
TPAIUITUOHHBIMU TaOJUYHBIMU METOJAMH, YTO
no3BONWIO A3(PGEKTUBHO PEIIUTh  3a7ady.
OnHAKO 3TOT METOJ MOXET OBbITh NMPUMEHEH
TOIBKO K  aBTOMaTaM, WMEKIIUM  JBa
cocrosams.  llemecooOpa3Ho  paspaborarth
METOJ s dexTuBHOTO MIPEICTABIICHUS

aBTOMATOB, KOTOPBIH MOXET ObITh MPUMEHEH K
pelieHnto 0oJiee CII0KHBIX 3a/1ad.

ABTOpamu IIpeIaraeTcs croco0
IPUMEHEHHUs1 JIepeBbEB pemieHuid [6] s
NpEeICTaBICHUs aBTOMATOB C JTUCKPETHBIMHU
BXOIHBIMH  TIepeMEeHHbIMH.  [Ipom3BoauTcs
CpaBHEHHME  pa3pabOTaHHOTO  crmocoba ¢
TPaIUIIMOHHBIMH TCHETHYECKUMHU
QITOpUTMaMH Ha NpuMepe 3ajadyd 00 yMHOM
MypaBse [7].

IIpeacraBieHne aBTOMAaTa ¢ IOMOUIBIO

JAepeBbeB pelieHuit

JlepeBo  pelieHUi ABISETCS  YAOOHBIM
CcrocoOOM 3aJaHus JAMCKPETHOW (yHKIUH,
3aBUCAIIEH OT KOHEYHOrO YHCa JUCKPETHBIX
MEPEMEHHBIX.

OHO mpencTaBnsieT coOOW IOMEUYEHHOE
JIEPEBO, METKHM B KOTOPOM pacCTaBi€HbI 110
CIIEIYIOIIEMY IIPaBUITY:

* BHYTpPEHHHE Y3JIBI
CHUMBOJIAMHU [IEPEMEHHBIX;
pebpa — 3HaYEHUSIMH TIEPEMEHHBIX;

JHUCThS 3HAYEHUSIMH  MCKOMOM
GYHKIIUU.

Jns ompeneneHus 3HaYeHUS (QYHKIUH T10
3HA4YEHUSIM HEPEMEHHBIX HE00X0IMMO
CIYCTHTBCA OT KOpPHA [0 JHUCTa, |
chopMHpOBaTh 3HAYEHHUE, KOTOPHIM IOMEYEH
NOJIy4eHHBIM JUCT. IIpu 3TOM M3 BepIIUHBI,
MIOMEUECHHOM  MEepeMeHHOM X  mepexon
NPOU3BOIUTCS 1O TOMY pedpy, KOTOpoe
IIOMEYEHO TEeM K€ 3HAU€HHEM, YTO U 3HauUCHHE

IIOMCYCHBI
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nepemenHoit . Ha puc. 1 moka3zano nepeso,
peanusyroliee OyneBy GyHKIHIO oT

MepeMeHHBIX ¢, byc,

2

b C
0 1 0 1

Puc. 1.Ilpumep nepesa pereHuit

Onumem npejaracMbIi METO.I
MPEJCTABICHUS ~ aBTOMara C  IOMOIIBIO
JepeBbeB pemieHuid. s 3amaHus aBTOMaTa
HEOOXOIMMO  BBIPAa3UTh  €ro  (yHKUUH
MEPEXO0JI0OB M BBIXOJIOB C IOMOIIBIO TaKHX
JIEPEBHCB. OcymiecTBUM clenyrolee
nmpeoOpa3oBaHWE aBTOMAaTa: BMECTO 3aJIaHUS
(GYHKIUI TIEpex0/I0B U BBIXOJIOB ISl aBTOMATa
B IIEJIOM, TPEJICTaBUM OTH GYHKIUHA IS
KaX0r0 cocTosiHus. bonee QopmanbHO 3TO
BBITVISIIAT CIACAYIOIUM 00pa3oM: 3aaauM Jist
kaxgoro  cocrosuus ¢ U0 O (ynkuuro

0,:X - OxY
q © TaKyIo qT0

()= B(g.2).) (¢.) g 0x0 X

0
®yukiun 4 cooTBETCTBYIOT  (PYHKIIMSAM

MepexogoB M BHIXOAOB M3 cocTosHus 9.
Kaxngas u3 stux QyHKUMA MOXKeT ObITh
BBIpA)KEHA C IOMOLIBIO JAepeBa peuicHuil. B
OTUX JEPEBBAX IEPEMEHHBIMU  SIBISIOTCA
BXOJIHbIE [IEPEMEHHBIE aBTOMara, a
MHOXECTBOM 3HAUYE€HHH — BCE BO3MOXKHBIE
napel (HoBoe Cocrtosinue, [eiictBue). Takum
oOpa3zoMm, aBTOMaT B LEJIOM  3ajJaercs
YIOPSAJOYCHHBIM HAOOPOM JIePEBbEB PELICHUH.
I'eneTnueckue onepauuu

Jns ucnonp3oBaHMs — NIPEACTaBICHUSA
aBTOMATOB B BUJE HAOOpa JEpEeBbEB pELICHU
B TIEHETUYECKUX aIrOpUTMax OIpeAeIUM
CJIEAYIOLINE OIlEpaluu:

* Ciy4ailHO€ NOpOXJACHHE aBTOMaTra —
B KAXKJIOM COCTOSSHUM CO3JAeTCs
CIIy4aiiHOE JEPEBO PEIICHUM;

*  CKpeLIMBaHHE aBTOMAaTOB —
CKPEIMBAIOTCS I€PEBBSl PELICHUI B
COOTBETCTBYIOIIHUX COCTOSIHUSIX;

* MyTanus aBTOMara — B CIIy4allHOM
JIEpEBE  PELICHHH  MPOU3BOJIUTCS

MyTarus.

3/1ech CUMTAETCs, YTO YHMCIO COCTOSIHUH B
aBTOMaTe (buKcUpoBaHo. [TosTomy
MPOTHUBOPEUHIA npu BBITIOJIHCHUH

OTpe/IeNIEHHBIX TaKUM 00pa3oM omnepanuid He
BO3HUKHET.

Ilocne omnpeneneHus omnepanuid  Haj
HA0OpOM JIEPEBBEB  PEIICHHM, OINpeAeIIuM
TEHETUYECKHUE Olepaluyd HaJa OTIEIbHBIMHU
JIEPEBBbSIMHU pelICHU. MIX MOXKHO ONpeNeiInTh
CIIETyIOIIUM 00pazoMm:

e C(CinyyailHO€ TIOpPOXKIECHHE  JepeBa
pewenuii. Ilpu »TOM CiryyaliHBIM
o0Opa3oM BbIOMpaeTcs MeTKa: JH0o
OHO ©3 BO3MOXHEIX 3Ha4YeHUU
GyHKUIMU Tepexoa0B, JUO0 OAHA U3
nepemeHHsbIX. [locne aToro coznaercs
BEpIIIMHA, TIOMEYEHHAsl BBIOPAHHOMN
metkoi. Ecam  Opima  BeIOpaHa
NEPEMEHHAs, TO PEKYPCUBHO
TEHEPHUPYIOTCS JIETU BEPIIMHBI, HHAYE
BEpUIMHA CTAHOBUTCS JILCTOM JIEPEBa.

* Myrtauus — BeIOMpaeTcs CIydalHBIH
y3en B noanepese. Ilocie 3toro
HOJIIEPEBO, COOTBETCTBYIOIIEE
BBIOpAaHHOMY Y31y, 3aMeHseTcd Ha
CIIy4aliHO CTreéHepupoBaHHOE (puc. 2).

® CerH_[I/IBaHI/IC — B CKpCIINBACMBIX
JIEPEBBIX BBIOMpAIOTCS JBa
ciaydaiiHeix  y3ma. Ilocime  artoro
HOJIIEPEBO, COOTBETCTBYIOIEE
BbIOpAaHHOMY Y3I]Iy B MIEpBOM JEpeBe,
3aMeHsIeTCA HOJIZIEPEBOM,

COOTBETCTBYIOIIMM  y3JIy  BTOPOTO
nepesa(puc. 3).



MeToa reHeTHYEeCKOTO IMTPOorpaMMHUPOBAHUS JUIsl TEHEpAIlUi aBTOMATOB, MPECTaBICHHBIX
JIEPEBBSIMU PEIICHUIN

Puc. 3. CkpemmBanue 1epeBbeB peHICHU

OTmeTuM, YTO 3aJaHHBIE TaKUM 00pa3zoM
ornepauuy MOTyT TIOPOXKIAaTh JAEpPEBbs, B
KOTOPBIX HEKUIl aTpuOyT BCTpedaeTcs Ha MyTH
OT KOpHA JO0 JICTa JBaXJbl(HapUMep,
JIEPEBO, MOJTy4YEHHOE B pe3ynbrare
ckpeuBaHusg Ha puc. 3). Takum oOpasom,
HEOOXOJUMO BBECTH OIEpalni0 OOpe3Ku —
ylaJeHUue HEIOCTHXUMBIX BeTBed. Omnepanus
MOKET  OBITb  BBINIOJIHEHA  CJEIYIOIIUM
o0Opa3oM: y3ed, OJHAa M3 JIOYEPHUX BEPILIUH
KOTOpOTO HEIOCTHKHUMA, 3aMeHseTCs
JOCTH>KMMOW J0YepHel BepmnHo. Onepanus
00pe3KkM  JOKHA  BBIMOJHATHCA  TOCIIE
TEHETUYECKUX ONEpaluil  CKPEIIMBAHUA W
MYTallHH.

AnpobGanust

PazpabGoTtanusriit MO/IXO0/T OBLIT
IIPOTECTUPOBAH Ha 3azaqe «YMHBII
mypaBeid-2» [7]. [IpuBeaem onucaHue 3anadi.
MypaBeili HaxOAUTCA Ha CIIyYalHOM HUIPOBOM
nose. [lome mpencraBisger coboil  TOp
pasmepom 32x32 knetku. [Ipm 3TOM MypaBeit
BUJIAT nepen coboi HEKOTOPYIO
obnactb(puc. 4).

_HE

Puc. 4. Bunumast MypaBbio 00JIacTh

Ena B Kaxaoil KIETKE pacroiaraercs c

HEKOTOPOH BEPOATHOCTHIO b, 3navenne H
SBJSIETCS mapameTpoM 3anaud. Mrpa npmurcs
200 x0m0B, 3a KaXAbld U3 KOTOPBIX MypaBeu
MOXET CJeNarb OJHO W3 Tpex JeHUCTBUIA:
MOBOPOT HAJIEBO WJIM HAIMpaBoO, IIar BIEpes.
Ecniu mnocne xoma wypaBel monajaeT Ha
KIETKY, TI€é €CThb €1a, TO €la ChEeIaeTCs.
Henpto  3amaum  sBASETCS  MHOCTPOCHHE
CTpaTeTUH TOBEICHUS MYpPaBbsl, TIPU KOTOPOU
MaTE€MaTUYECKOE OXKUJIAHUE CHEACHHOU €JIbl
MaKCHUMAaJIbHO.

ABTOMAT yHpaBIIEHUS MYypaBbeM B JTOM
3a/1aye UMEET BOCEMb(UHCIIO BUAUMBIX KJIETOK)
BXOJ/IHBIX MEPEMEHHBIX — KaXKJas U3 KOTOPbIX
ompenensieT, ecTb JH eJa B  KIETKE,
COOTBETCTBYIOLIEH MepeMeHHOU. Bce BXoaHbie
MePEeMEHHBIC UMEIOT JIOTUICCKUN THII.

[IpemioxeHHblil NOAXOA CpaBHUBAJICS C
TEHETUYECKUMH AJITOPUTMAMH HaJ[ OUTOBBIMHU
CTPOKaMH, M TEHETUYECKUMH aJITOPUTMAMH,
OTICPUPYIONIUMHU HaJa TabIuIaMHU TIEPEXO0B.
OKCHEPUMEHT  3aKJIIOYaJiCA B  CPAaBHEHHUHU
MOJTYYCHHBIX 3HAYCHUN ¢dbutHecc-
dbyHkun(odbeMa  CheNEHHOW  enbl)  3a
(UKCHUPOBAHHOE YHCIIO MIATOB C OJMHAKOBBIMU
HACTpOUKaMHU. 3amyck aJIrOpUTMOB
MPOU3BOAWIICS CO CIAEAYIOIMMH HACTPOMKAMMU:
cTpateruss  oTOOpa  —  DIUTU3M,  JUIA
pa3sMHOKEHUs OTOHMparoTcs 25 % MOomyIsiuy,
UMEIOIINX HauOombllee 3HaueHue QurHecc-
¢byHKkIMKM; yactota Myrauuu — 2 %; pasmep
nomynsiuu — 200 ocobeit; uncno momynsuui —
100; dutHECC-PyHKIMS — CcpeaHee 3HAYCHUE
cheeHHOW enpl Ha 200 ciyyallHBIX KapTax,



B. P. Jlanunos, A. A. [llansito

KapTbhl BHYTPU OJHON MOMYJISAIIMU COBIAJIAOT,
KapThl PA3JIMYHbIX MTONYJSIIANA PAa3JIUYHbL.

M 0.02
duTHECC-QYyHKIUS
Uucno 2 4 8 16
COCTOSIHUM
burossie ctpoku | 7.66 | 8.38 | 7.95 | 6.98
Tabnuma 6.12 | 7.32 | 7.24 | 7.28
MIePEeX0/I0B
[Ipennoxennsi | 7.68 | 8.04 | 7.32 | 8.25
METOJ
U 0.03
duTHECC-QYyHKIUS
Uucno 2 4 8 16
COCTOSIHUM
burossie ctpoku | 14.4 | 13.81 | 13.23 | 11.93
6
Tabnuma 12.4 | 12.17 | 11.72 | 11.15
Mepexo0B 8
[Ipennoxennwrn | 14.1 | 13.86 | 13.77 | 14.18
METOJ 4
K 0.04
durHecc-hyHKIUA
Yucno 2 4 8 16
COCTOSIHUM
butossie ctpoku | 19.1 | 18.68 | 17.47 | 15.10
1
Tabmuma 17.1 |1 15.94 | 15.03 | 13.68
Mepexoa0B 8
[Ipennoxxennsni | 18.2 | 20.28 | 18.60 | 20.18
METO/ 8

Tabnwma 1.Pe3ynpTaThl SKCIEPUMEHTOB

PeSYHI)TaTBI OKCIICPpUMCHTA IIPUBCIACHLI B
tabmn. 1. Ilocnennee wu3mepenne ¢uTHECC-

(GYHKIIMM  OCYIIECTBIISUIOCh Ha  CIy4dailHOM
Habope u3 2000 kapr.

Anamms IMOKAa3bIBACT, YTO B CiIydasXx, KOrjaa
Ba)KHBI 3HAUEHUSI TIOUTH BCEX MPEIUKATOB (TIpU

b= 0'01), mpeayiaraeMblii - MeTo  paboTaer
XYK€ U3BECTHBIX. ITO MOKHO OOBSICHUTH TEM,
YTO MCKOMBIE aBTOMATHI IJIOXO OIMUCHIBAIOTCS
nepeBbsiMU perieHnil. OnHako, mpu OOJIBIIMX
3HaueHMAX P TIpeUIOKEHHBINH MeTox paGoTaeT
Jay4iie, OCOOEHHO TIpU OOJIBIIOM  YHUCIIE
cocrossHui. TakuMm 00pa3oM, BBIICHEHO, 4YTO
MeToJl paboTaeT Jydlle M3BECTHBIX B
OOJNBIIMHCTBE CIIy4aeB, 3a HCKIIOYEHUEM
CUTyaluid, Korja QYHKIOUS TIePEeXo/I0B HE
MOXeET ObITh 3()()EeKTUBHO BBIpaXKEHA JIEPEBOM
peneHui.
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