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AunHoTauus. [Ipeanaraercs METOl MallIMHHOTO OOY4YEHUsI, OCHOBAHHBIM HA COBMECTHOM IpPH-
MEHEHHMU T'€HETHYECKOro MPOrpaMMHUPOBAHUS M BEpUPHUKALMUA MOJAENCH ISl IIOCTPOCHUS aB-
TOMATOB YIPABJICHUS! CUCTEMAaMH CO CJIO)KHBIM IOBEJCHHEM Ha OCHOBE O0Y4YaIOIIMX HpUMeE-
poB. IlpuBogutcs onmcaHue CTPYKTYpPbI XPOMOCOM, T€HETHYECKOTo ajropuTMa, OIeparnui
MyTallMM ¥ CKpelMBaHus. M37105KeHbl pe3ylbTaThl SKCIEPUMEHTAILHOTO WCCIEIOBAHUS Ha
3a/1aue MOCTPOCHHS KOHEYHOTO aBTOMATa YIIPABICHHs JBEPbMU JTudTa.
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checking for finite-state machine induction.

Abstract. In this paper, we describe the method of finite state machine induction using genetic
programming with fitness based on testing and model checking. The description of chromo-
some structure, of genetic algorithm, of cross-over and mutation operations is given. Experi-
mental results for the induction of elevator doors control system are given.
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1. BBeaenne. ABTOMaTHOE MPOrPaMMHUPOBAHNE — 3TO Mapaurma mpo-
rpaMMHUPOBaHKs, B paMKax KOTOPOI MPOrpaMMbl IIpeIaraeTcsi IPOeKTHPO-
BaTb B BHJC COBOKYITHOCTH BSaHMOHCﬁCTByIOIHHX ABTOMATHU3HUPOBAHHBIX
00BbeKTOB yrpasieHus [1]. B aBToMaTHBIX porpammax BBIACISIOT TPH THU-
ma OOBEKTOB: TMOCTABIIMKH COOBITHH, CHCTEMa YIPAaBICHHUS U OOBEKTHI
ynpasieHus. Cucrema ynpaBieHHUs! MPeACTaBIsieT co00i KOHEYHBIH aBTO-
MaT UJjikn CUCTEMY B3aHMOHeﬁCTByIOIHHX KOHCYHBIX aBTOMATOB. HOCTaBHH/I-
KN COOBITHH T€HEpUPYIOT COOBITHS, a CHCTEMa YIIPABICHHS MO KaKIOMY
COOBITHIO MOXKET COBEPIIUTH IEPEeX0]] M3 PaccMaTpPUBAEMOrO COCTOSHHS,
CUNTHIBasE 3HAUCHHSI BXOJHBIX IEPEMEHHBIX y OOBEKTOB YIPABICHHS IS
MIPOBEPKH YCIIOBHS NEPEX0/a B IPYroe COCTOSIHUE.

Jlnst MHOTHX 337124 aBTOMAThl Y/IaeTCsl CTPOUTD IBPUCTUYECKH, OJTHAKO
CYIIECTBYIOT 3a/1a4H, UIsl KOTOPBIX TAKOE MOCTPOCHHE 3aTPYAHUTEIBHO [2—
4]. OgHNM U3 aBTOPOB HACTOSIIEH PAbOTHI OBUT MPEIOKEH METOJT TOCTPO-
CHHU aBTOMATOB C IOMOMIBIO TCHETHYCCKOTO IPOrpaMMHUpPOBaHUs HA OCHO-
Be TecToB (0Oyuaromux npumepoB) [5]. OmHako, Kak M3BECTHO, TECTHI HE
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MOTYT ITOJTHOCTBIO OIIMCBHIBATh MOBEACHHE IPOIPaMMBI, 4 X BBIIOJTHUMOCTh
HE ABJIAETCS KPUTEPHEM €€ KOPPEKTHOCTH.

Henp HacToAmEeH pabOTHl — pacHIMpeHHe BO3MOXKHOCTEH yKa3aHHOTO
METO/la TIOCTPOCHUSI aBTOMATHBIX IPOrpaMM 3a CUET HCIOJIb30BaHMS 00y-
YAOMHKX MPUMEPOB M BepU(HUKAINHU B MpoLecce paboThl alropuTMa IreHe-
THUYECKOTO MIPOTPaMMHPOBAHNS.

2. Bepupukanus aBTOMATHBIX mporpamm. s omucaHus crienu-
($UKanuK yNpaBiSIOUIEr0 KOHEYHOro aBTOoMara OylneM IMpPUMEHSTH S3bIK
noruku nuneitHoro Bpemenn LTL (Linear Temporal Logic). Anroputm
Bepu(HKaluK OCHOBAaH Ha IMPOBEPKE IyCTOTHI S3bIKA, 331aBa€MOT0 Iepece-
YEeHHEM paccMaTpHBaeMOro KOHEYHOTrO aBToMara M aBTomara broxw, cooT-
BeTcTByIOIero orpunanuio LTL-popMynsl, npencrasisoniel TpedboBaHne
K aBromary [7, 8]. Dta mpoBepka OCYIIECCTBISAETCS C MIOMOIIBIO aIrOPHUTMA
IBOWHOTO 00X0/a B TIyOHHY.

Bepugukarop nomyuaer Ha BXOA MOJIENb aBTOMAaTHOH NMpOTrpaMMBbl 1
LTL-dpopmymny [9]. ocne npoBepku Moaenu BepudukaTop aubo coobura-
eT, 4To (OopMyJa BBIIOIHAETCS, JTUOO MPUBOIAWT KOHTPIPHMEpP — ITyTh B
MOJeINH, onpoBepraromuii yreepxxaeaue [10].

3. MocTpoeHnne ynmpapisiloIMX KOHEYHBIX aBTOMATOB HAa OCHOBE
00y4yaomux NMpUMepoB ¢ MOMOIIbI0 T'eHETHYECKOr0 MPOrpaMMHPOBa-
Hus. [Ipu ncnonb3oBaHMKM METOAA MOCTPOCHUS YNPABISIOUIMX KOHEUHBIX
ABTOMATOB Ha OCHOBE OOYYAlOIIUX NMPHUMEPOB KaXKABIH U3 HUX COIEPIKUT
MIOCJIE/IOBATENILHOCTh BXOJHBIX COOBITHI (BXOJIHAS MOCIIEI0BATENHHOCTS,
COOTBETCTBYIOIIAs i-OMy TecTy, Oyaer obo3Ha4YaThest Kak Input[i]) u coor-
BETCTBYIONIYIO €M IT0CIIeIOBATEIbHOCTh BBIXOJHBIX BO3ICHCTBHH (B Aaib-
HeiileM OyzeT 0003Hauyathes, kak Answer[i]). OTMeTM, 4TO B HACTOSIIECH
pabore B 00y4Jaromux NpruMepax He UCTIOIb3YIOTCS BXOIHBIE IepEeMEHHBIE.

@OyHKIMS TPUCHOCOOIEHHOCTH OCHOBaHA Ha PEJAKIMOHHOM paccTos-
Huu [6]. Jist 3T0it QyHKIMU BBITOJIHSAIOTCS CICAYIOLINE ISHCTBUS: HA BXOJ
aBTOMATy MOJAETCs KaKaasi u3 mocienoBatensHoctei Inputfi]. O6o3naunm
MOCJIEI0OBATENILHOCTh  BBIXOJHBIX BO3/ICHCTBUIA, KOTOPYIO CreHEpUpOBaj
aBromar Ha Bxozne Input[i] kak Output[i]. [Tocie aTOro BRIYUCISETCS PYHK-
musa FF1 supga:

Z”: a- ED(Output[i], Answerl[i])
) max(| Output[i]|,| Answer[i]|)
- .
3nece ED(A, B) — peakiimoHHOE pacCTOSIHHE MEXIY cTpokamu A u B,
a Answer[i] — sTanoHHas BBIXOAHAS MOCICIOBATEIHBHOCTD, KOTOPYIO JTOJI-
KEH TeHepHpoBaTh aBTOMAaT Ha Bxozae Input[i]. OT™MeTnM, 4TO 3HAYCHHS

FFl =
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9TOH yHKIMH nexat B npenenax ot 0 mo 1. Ilpu 3ToM dem «Iydiie» aBTo-
MaT COOTBETCTBYET TECTaM, TeM OoIbIle 3HaueHHE (YHKIHU IPHCIIOCO0-
JICHHOCTH.

OyHKOMSA TPUCTIOCOOIEHHOCTH AOKHA 3aBHCETh HE TOJIBKO OT TOTO,
HACKOJIBKO «XOPOIIIO» aBTOMAT pabOoTaeT Ha TecTaX, HO M OT YHCIA MEPEeXo-
JI0B, KOTOpBIE OH COAEPKUT. IIpemaraercst BBIYUCIATH €€ 1o popmMyIe

FF, = FFl+$-(M —cnt) .

3neck cnt — YHUCIIO MEPEXOA0B B PACCMATPHUBAEMOM KOHEYHOM aBTO-
mare, a M — Hekotopoe uncno, Gonbliee MaKCMMaILHO BO3MOKHOTO YHCIIa
NepPEeX0JI0B B aBTOMATe C 3aJaHHBIM YHUCIOM COCTOSHHHU. IIpu 3TOM oTMe-
THM, 4TO BCE paccMaTpUBaeMble B Ipolecce paboThl alropuTMa reHeTude-
CKOTO IPOrpaMMHUPOBAHUS aBTOMAThl MMEIOT OJAMHAKOBOE 3apaHee 3alaH-
HOE YHCIIO COCTOSHUH.

OyHKIMS TPUCIOCOOICHHOCTH OCTPOEHA TaK, YTO HPH OJHMHAKOBOM
3HayeHUH QyHKIHMU FFj, yduThIBaromen «mpoxokIeHHE» TECTOB aBTOMa-
TOM, TIPEUMYIIECTBO UMEET aBTOMAT, COAEPIKALIUH MEHbIIEe YHUCIIO Tepe-
X07I0B. Y4YeT 4Yuciia MepexooB B (YHKIHHU MPHUCIOCOOICHHOCTH HEO00XO0-
JIMM, TaK KaK MHHMMH3aLUs UX YHCIa TIPUBOAUT K TOMY, UYTO B PE3YJIbTH-
pYIOIIEM aBTOMaTe OTCYTCTBYIOT NEPEXO0/Ibl, HEUCIIOIb3yEeMbIE B TECTaX.

4. CoBMecTHOe NMpUMeHeHHe TeHeTHYeCKOro MpOrpaMMHPOBAHUS
u Bepupukanuu. [Ipennaraercs npu BeIMHUCICHUH (QYHKIHMU MPUCTIOCO0-
JICHHOCTH YYHUTHIBATh KaK ITOBEACHHE aBTOMATa MpU 00paboTKe TECTOB, TaK
U YHUCIIO BBIMONHSAEMBIX (BepHBIX) it aBTomMaTta LTL-popmyr, cocramms-
omux crenupukanmo. [pu 5ToM, 4YeM OOJbLIe YHCIO BBINOJIHACMBIX
(GOpMyIT U yCHEIIHO MPONACHHBIX TECTOB, TEM OOJIbLIE 3HAUYCHNE (QYHKLHH
HPUCHIOCOOICHHOCTH.

Junst Beraucnenns: GyHKIUMA NPUCTIOCOOIEHHOCTH KOHEUHBIH aBTOMAT,
3aJlaBaeMblii paccMaTpHBaeMON 0COOBIO, 3allyCKaeTcsi Ha BCEX TeCTax MU
NIPOBEPSIETCSI HA COOTBETCTBHE BCEM TEMIIOPAIBbHBIM (DOpMyIiam, COCTaBJIsI-
oM crierudukanuio. J{ng ydera ykasaHHBIX 0COOCHHOCTEH HE0OXO0 MO
W3MEHUTH BBEJICHHYIO BbILIE (DYHKIHIO PUCTIOCOOIEHHOCTH:

n 1
FF=FF-(1+—2)+-— (M —cnt).
n,” M
3neck N2 — o0lee YMUCI0 TeMIIOPANIbHBIX (opMyIl B crieliuduKanmu, a
Nl — uncno ¢Gopmys, KOTOPHIE BBIMOJHSIOTCS TSI PAaCCMaTPHUBAEMOIo KO-
HEYHOT'0 aBToMara.
5. CTpyKTypa XpoMOCOMBI B AJI'OPUTME FeHETHYECKOro Nporpam-
MupoBaHus. KoHe4YHbIi aBTOMaT B alrOpUTME T'€HETHYECKOTO IMpOrpam-
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MHUPOBaHHS MPEICTABIACTCS B BHIEC 00BEKTa, KOTOPHII COAEPKUT ONMCAHUS
MEPEXOA0B A KaKAOTO COCTOSHHS M HOMEP HA4aJbHOTO COCTOAHUA. s
KaXJIOTO COCTOSHHMSI XPaHUTCS CIHUCOK IepexofioB. B cBoro odepens, kax-
JBIA TIEPEXOA OIMHCHIBACTCA COOBITHEM, MPH MOCTYIUIEHHMH KOTOPOTO 3TOT
Mepexos BBIIONHAETCS, M YHUCIOM BBIXOIHBIX BO3JEHCTBUH, KOTOpBIE
JOJDKHBI OBITH CTEHEPUPOBAHBI IIPH BEIOOPE 3TOTO MEPEX0/a.

Taxum 00pazoM, B 0cOOM KOJUPYETCS TOJNBKO «CKEJIET» YIPaBIISIOIIe-
ro KOHEYHOI'0 aBTOMaTa, a KOHKPETHBIE BBIXOJHBIC BO3JECHCTBHS, BbIpada-
ThIBa€Mble Ha INEpexXojax, ONPeNeNloTCs ¢ MOMOIIBIO aJrOpUTMa paccTa-
HOBKH OMETOK, KOTOPBIH aHAJOTHYCH MPEAIoKeHHOMY B pabote [11].

Wnest anroputMa pacCTaHOBKU IMOMETOK COCTOHUT B TOM, YTO MOMETKH
Ha mepexogax (BeIpabaThiBacMble Ha HHX BBIXOIHBIC BO3JCHCTBHUSA) pac-
CTaBJISIIOTCS. HA OCHOBE TeCTOB. IIpy 3TOM paccTaHOBKa MOMETOK IMPOHCXO-
JUT TaKuM 00pa3oM, 4TOOBI MOyIMBIIMHCS B PE3yJIbTaTe aBTOMAT JOCTa-
TOYHO XOPOILIO COOTBETCTBOBAI TECTAM.

Omnumrem 6onee (popMaIbHO aNTOPUTM PACCTAHOBKU IIOMETOK Ha TIepe-
X0/1aX, MPUMEHAEMBIN B HacTosIel padore. [loranum Ha BXOA KOHEUHOMY
aBTOMATy IOCJICIOBATEILHOCTh COOBITHI, COOTBETCTBYIOUIYIO OZHOMY H3
TECTOB, U Oy/eM HaOJI0/1aTh 32 TeM, KaKHe MePeX0/ibl BHIIIOIHAET aBTOMAT.
3Has 3T mepexojbl ¥ MHOOPMALUIO O TOM, CKOJIBKO BBIXOJHBIX BO3JCH-
CTBHH JIOJDKHO OBITh CTEHEPHUPOBAHO HA KAXKIOM IEpexoje, MOXKHO OIpe-
JIeNTUTh, KaKHe BBIXOAHBIE BO3/ICHCTBHA TOJDKHBI BBIPaOaThIBAaThCS Ha IEpe-
X0/1aX, MCIIOJIb30BABIIUXCS NMPH 00pabOTKe BXOIHOM IOCIE0BATEIbHOCTH

(puc. 1).

M/1 T/z5 M/z3

e
Goue D o

Puc. 1. Ilpumenenue anropurMa pacCTaHOBKH MTOMETOK.

T/z5

e

Ha puc. 1 6ykBamu A, H, M u T 0603Ha4eHBI COOBITHS, TOCTYIAIOIIHE
Ha BXOJl KOHEYHOro aBToMara, a Kak Z3, z4 u z5 0003HaueHbl BBIXOIHEIE
BO3JICHCTBUS.
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Jns cimydasi HECKOJBKHX TECTOB 3TOT NPHHIMI MOXXHO 0000MHNTH
cnenyrommM obpazom. s kaxmoro mepexona Tr m Kaxmoil mociemoBa-
TENFHOCTH BBIXOIHBIX BO3JeHcTBHil zs Beruncisercs Bemmunna C[Tr][zs] —
YHCIIO pa3, Korja Npu o0paboTKe BXOAHOW ITOCIIEI0BATEIBHOCTH, COOTBET-
CTBYIOILIEH OJHOMY M3 TECTOB, Ha nepexoje TI JOKHBI ObITh BHIPAOOTAHBI
BBIXOJIHBIC BO3AEHCTBHUS, OOpasyolue IocienoBaTeabHOCTh zs. Jlanee,
KaXIbIH Mepexo]] moMevaeTcsl TOH MOcCie0BaTeNIbHOCThI0 Zs0, I KOTO-
poit Bemmuuna C[Tr][zs0] makcumanbHa.

6. Onepanuyu MyTanuu U ckpemmuBanus. Onepanust MyTaluu MOXET
BBINOJHATHCS ABYMs CIOCOOaMHM — TPaAMLHOHHBIM M YYUTBHIBAIOIIUM pe-
3ynpTar Bepupukanuu. TpaguluOHHBIA CrIOcO0 HCHONB3YEeTCsl B METOAE
MOCTPOCHHS YIPABISIONIMX aBTOMAaTOB Ha OCHOBE OOyYarolUX MPUMEPOB
[5].

Omnepaiysi CKpeIMBaHUsI MOXKET OBITh OCYLIECTBIICHA TPEMs CIIOco0a-
MH — TPaJUIHNOHHBIM, C YI€TOM TECTOB M C Y4E€TOM pe3yJibTaTa BephU(pHKa-
uuu. [lepBoie aBa criocoba Takke onucaHsl B padore [5].

OmnuireM MeToIbl MYTAIlMH M CKPCIIMBAHUS, yUUTHIBAIOIINE BepH(H-
Kanuoo. Kak oTMedanoch BbINE, aITOPUTM BepU(HKALUM OCHOBAaH HA
IBOMHOM 00Xx0/e B IIyOuMHY aBTOMAaTa, 33JaBacMOro ocoObl0, M aBTOMAara
Broxu, moctpoenHoro mo orpunanuto LTL-popmynsr. [Ipu ucnons3oBaHnn
TaKOro alropuTMa, Ta YacTh MOJIEINH, KOTOpas Oblia IocelleHa B mpolecce
nepBoro ooxoza B riyouny, ynosnersopsier LTL-popmyiie 1 MoxeT ObITh
HCIIONIb30BaHa B TPOLIECCE CKPELIMBAaHHWS TOYHO TaK e, KaKk B METO/e
CKpEIMBAHUS C YYE€TOM TeCTOB (IIOMEUEHHBIC MEPEeXOibl KOMHUPYIOTCS B
HOBBIE 0cO0H HAMpsAMYI0). MHBIMHU clI0BaMu, oarpad mepexooB, KOTOPbIe
obomren BepudukaTop B mpolecce BepUBHUKAINH, MOXKET IepeTH 0e3 m3-
MEHEHHH B HOBYIO 0COOb.

B T0 *Xe Bpems, nommkHA OBITH OOecredeHa BO3MOKHOCTH HE TOJBKO
COXpaHATh YacTh MOJIENHN, Ha KOTOPOH BBIMOJIHIETCS] TEMIIOPAILHOE CBOM-
CTBO, HO M YAAJATh TE€ IEPEXOAbl, KOTOPhIE BXOAAT B KOHTPIIPHMEp, BO3-
Bpamaemblii BepupukatopoM. Takoil KOHTpIpUMEp TMPEICTaBIsAET COOOU
nyTh B Mozienu. [1oaToMy nmpu MyTalMu MOXKHO JHOO YAaIUTh NEPEX0oi U3
9TOTO IMyTH, MO0 M3MEHHUTh €ro KOHEYHOE COCTOSHHME, YUCIIO TeHEpHpYye-
MBIX BBIXOJIHBIX BO3JICHCTBHI WM COOBITHE, MHUIUUPYIOIIEE MEPEXO/I.

7. DKCIepUMEHTAIbHOE HCCJIe0BaHUuEe. DKCIIEPUMEHTAIbHOE HC-
ClIe/IOBaHUE MPEAJaraeMoro MeToJida MAIIMHHOTO OOy4YeHHsl MPOBOIIOCH
Ha 3a7a4e MOCTPOCHUS aBTOMaTa yIpaBlieHUs ABEPbMH JTU(Ta. DTa CHUCTE-
Ma COZEPXHT IISITh BXOAHBIX cOoObITHH (€11 — HaxaTa KHONKa «OTKpPHITH
JBepu»; €12 — HaXkaTta KHOIKA «3aKpbITh ABEPU»; €2 — OTKPBITHE WJIH 3a-
KPBITHE JBEpEH YCIIEIIHO 3aBEPIICHO; €3 — MPEMsTCTBHE MEIIACT 3aKPhITh
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IBepb; €4 — IBEPh CIIOMANach) U TPH BBIXOIHBIC BO3eicTBuUs (21 — Hauath
OTKpBITUE JBEpel; z2 — HauaTh 3aKphITUE JBepell; z3 — MO3BOHUTH B aBa-

PHUHHYIO CITYXKOY).

[Ipn moCTpoCHNHU YHPaBIAIOIMIETO aBTOMATa HCIIOJIb30BAINCH JEBATH

TecToB (Tadu. 1).

Ta6muna 1. TecTsl 11 cHCTeMBI YIPaBJIeHUsT ABEPEMH JUPTA

Bxoanasi mocsie10BaTeIbHOCTH Boixoanast nocJjie10BaTe b-
HOCTh

ell, e2, el2, e2 z1l, z2

ell, e2, el2, e2, ell, e2, zl, z2, z1, z2
el2, e2

ell, e2, el2, e3, e2, el2, e2 zl, z2, zl1, z2

ell, e2, el2, e2, ell, e2, z1l, z2, z1, z2, z1, z2
el2, e3, e2, el2, e2

ell, e2, el2, e3, e2, el2, e3, zl, z2, z1, z2, zl1, z2
e2, el2, e2

ell, e4 z1l, z3

ell, e2, el2, €4 z1l, z2, z3

ell, e2, el2, e2, ell, e4 z1l, z2, z1, z3

ell, e2, el2, e3, e4 z1l, z2, z1, z3

Crienukanus yrnpapisiomero apromara cojaepxutr 11 temmnopaiib-

HBIX CBOUCTB (Tabm. 2).

Tabmuma 2. TemnopaiabHble CBOICTBA, COCTABJISIIONIME ceU(pUKANMIO cHCTe-
MBI yNpaBJeHHsl ABepbMH JUupTa

Dopmyaa Kommenrtapuii
G( wasEvent (ep.ell) => wa- Ecnm 65110 cobbITHE €11, TO OBUIO
sAction(co.zl) ) BBI3BAHO JIeiicTBIE Z 1
G( wasEvent (ep.el2) <=> wa- CoObiTHE €12 00padaThIBaeTCs TO-
sAction (co.z2) ) rga M TOIBKO TOrJa, KOTr[a BBI3BIBAETCS
z2
G( wasEvent (ep.e4d) <=> wa- CobbiTHe €4 00pabaTbiBaeTCs TO-
sAction(co.z3)) rja ¥ TOJILKO TOT/IA, KOTJa BBI3BIBAETCS
z3
G( wasEvent (ep.e3) => wasAc- Eciu 6but0 cobbiTHE €3, TO OBLIO
tion(co.zl) ) BBI3BAHO JICHCTBHUE Z 1
G( wasEvent (ep.e2) => Ecnu Ob110 coObITHE €2, TO clieny-
X (wasEvent (ep.ell) or | pomuM 00paboTaHHBIM COOBITHEM OyIeT
wasEvent (ep.el2)) ) ell wmel?2
G( wasEvent (ep.ell) => Eciu 6110 cOOBITHE €11, TO Clle-
X (wasEvent (ep.ed) or | nmyrooumMm 00paGoTaHHBIM COOBITHEM OY-

wasEvent (ep.e2)) )

ner ed unm e2
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G( wasAction (co.zl) => Ecan Obl0 BBI3BaHO neiicTBHE z 1,
X (wasEvent (ep.e2) Oor | T0 ciemyrolmUM 00pabOTaHHBIM COOBITH-
wasEvent (ep.ed)) ) em OyzeT e2 win e4

G( wasEvent (ep.el2) => Ecnu Obw10 cOOBITHE €12, TO Clle-
X (wasEvent (ep.e2) Or | myromuM 0OpabOTaHHBIM COOBITHEM OY-
wasEvent (ep.e3) Or | ner e2, wm e3, w e4
wasEvent (ep.ed)) )

G( wasAction(co.zl) => X( Ecnu ObUTO BBI3BaHO AelCTBHE z1,
U(!wasAction(co.zl), WasAC- | 1o OHO He Oyzer GoJiblie BBI3BAHO, IOKA
tion(co.z2) or wasEvent(ep.e4)) ) | me Gymer BBI3BaHO z2 WM 06paGoTaHO
) cobbITHE €4

G( wasAction(co.z2) => X( Ecnu ObUIO BBI3BAaHO AEUCTBHE Z2,
U(!wasAction(co.z2), WasAC— | To OHO He Oymer OOJbIIE BBI3BAHO, MOKA
tion(co.zl) or wasEvent(ep.e4)) ) | me Gymer Bh3BaHO z1 WIH 0GPabOTaHO
) coObITHE €4

'F (wasEvent (ep.e4) and He Bepno, uto B Oyaymem Oyzaer
X (F (wasEvent (ep.ell) or | mocne coObiTHs €4 Korma Jubo OyayT
wasEvent (ep.el2) Or | obpaboransi ell, el2, e2 wim e3 (T
wasEvent (ep.e2) I'l' | He MOXET CaMOCTOSITE/IbHO IOYHHUTHCS)
wasEvent (ep.e3))))

Llenbio SKCIIEPHMEHTATIBHOTO MCCIEIOBaHUS ObIIIO CPaBHEHUE METO-
Jla TIOCTPOEHHUS YNPABILIIONIUX KOHEYHBIX aBTOMATOB Ha OCHOBE TECTOB C
npeaaraeMbIM B HACTOSILEH paboTe METOZ0M, UCTIONB3YIOIIMM BepuprKa-
LU0 MOJIeNIeil Ha pa3sIMuHbIX CTaIusX PabOThl AJTOPUTMA T'€HETHYECKOTO
MIPOTrpaMMHpPOBaHus (BBIYMCICHHE (YHKIUH IPHCHOCOOICHHOCTH, CKpe-
IMBaHKWEe ¥ MyTawwst). J1d OlleHKH TPYAOEMKOCTH CPaBHUBAEMbIX METO/IOB
66110 TpoBeneHo no 1000 3KCTIEpUMEHTOB, W Ul Ka)KAOTO SKCIEpUMEHTa
3aIMCHIBAIIOCH YHCIIO BBIYMCICHUH (YHKIMH HMPUCIIOCOOIICHHOCTH. JKCIe-
PUMEHTHI TOKa3ajM, YTO MPU IOCTPOCHWH aBTOMAaTOB TOJBKO Ha OCHOBE
TECTOB, OYCHBb PEeIKO (Bcero B JeBaTH ciydasx u3 1000) pesympraTtom sB-
JSICA ABTOMAaT, KOTOPBIA ITOJHOCTBIO YIOBIETBOPSET CHENH(UKAIIUH.
[Tpumep aBTOMaTa, HOCTPOCHHOTO TOJBKO Ha OCHOBE TECTOB, IPUBEJCH Ha
puc. 2.
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el12 e2
ed/z3 e2
e3/z1
el12/2z2

Puc. 2. ABromar ynpaBieHHs IBepbMU TH(PTA, TOCTPOSHHBII TOIBKO Ha OCHOBE
00y4Jaronmx NpUMEpPOB.

OT0 aBTOMAT 00J1a]a€T TEM HEJOCTATKOM, YTO MOXKET OTAaTh KOMaHIY
HA 3aKpBITHE JIBEpeil Mocje TOro, KAk OHU CIIOMAIOTCS WM K€ Ha4aTh OT-
KpbIBaTh (3aKpbIBaTh) JBEPH, KOTJAa OHU YXKE OTKPBITHI (3aKpbIThI). OTMe-
TUM, YTO HEKOTOPBIC W3 MOCTPOCHHLIX B 3TOM JKCIECPUMCHTEC aBTOMATOB
o0nasany ¥ APYrUMH HEJTOCTATKAMH.

IIpu ucnonp30BaHMU TpeIaraeMoro MeToaa (¢ MpUMEHEHHEM BepH-
(HUKanuK MojeNeil) MoCTpoeHne apToMaTa (puc. 3) 3aHUMano OOJbIIE Bpe-
MCHH, HO HOCTpOCHHI:-Iﬁ aBTOMAT YAOBJICTBOPAJT BCEM Tpe6OBaHI/IHM Crienu-
¢bukanum.

Puc. 3. ABToMmaT ympaBiieHUs JBepbMH JU(TA, HOCTPOSHHBIN C HCIOIB30BaHUEM
BepHU(UKAIHH.

[Tpu mocTpoeHNH KOHEYHOTro aBTOMaTa YNpaBlieHHs JABEpbMHU Jdra
TOJIbKO Ha OCHOBE TECTOB, CpE/HEe 3HAUCHUE BBIYMCICHHH (YHKIHH TPH-
CIIOCOBIEHHOCTH 0Ka3a10Ch paBHBIM 7,479-10% (MUHMMANBHOE 9HCIO BbI-
YHCICHUN — 2,184-104, MaKCHUMaJbHOE — 2,999'105, CpelHEeKBaIpaTUUHOE
otkonenue — 2,54-10%).

[Ipn ucronbp3oBaHMM BepU(UKAMKM MOJETIel COBMECTHO C TECTaMH,
cpeiHee 3HaYCHUE YMCIIa BEIYMCICHUH (QYHKIMU MPUCTIOCOOIEHHOCTH OKa-
3a70ch paBHBIM  7.246 x 10° (MHHMMANbHOE WUHCIO BBIYHCICHHH —
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7,054-104, MaKCHMaJIbHOE — 5,492-106, CpeIHEKBaIPaTHIHOE OTKIIOHCHUE —
7,729-10°).

Takum 00pa3oM, HCIIONB30BaHHE BEpUPUKAIMHA XOTh H 3aMeIIsieT
IpoIiecC TOCTPOCHHUS YIIPABISAIOMIET0 KOHEYHOTO aBTOMATa IPUMEPHO B
JecATh pa3, HO €CIM IPUHATH BO BHUMAHHUE TO, YTO MPH IIOCTPOSHHH TOJb-
KO Ha OCHOBE TECTOB IIPOICHT MPAaBWIBHO IMOCTPOSHHBIX aBTOMAaTOB MEHb-
me 1%, TO mpUMeHeHHWe NpeajaraeMoro B HacTosled paboTe Merona
OTIpaBJBIBACT CEOs.

8. 3akmouenune. [IpennoxeH METOA MAIIMHHOTO OOYYCHHUS M IO-
CTPOCHHUS YIPABJISIONINX KOHCUHBIX aBTOMATOB HA OCHOBE OOYYaOIIMX
npumepoB. [IpeanoskeHHbIf METOJ OCHOBAaH Ha COBMECTHOM NPUMEHEHHUU
TCHETHYCCKOTO MPOTPAMMUPOBAHUS M BEepH(DHUKAIUU MOJEICH MPOrpamM.
[Ipumenenne BepuduKanuy B mporecce padboThl alrOpUTMa TeHETHIECKOTO
MIPOTPAaMMHPOBAHUS ITO3BOJISIET TOBOPUTH 00 aBTOMATH3HMPOBAHHOM IIO-
CTPOCHHHW aBTOMATOB C TAPAHTHPOBAHHBIM ITOBEICHHIEM.

UccnenoBanue mposoautca B pamkax dDenepanbHOW LENEBOl mpo-
rpammbl «HaydHple ¥ HaydHO-TIENArOTHYCCKHE KaIphbl WHHOBAIIMOHHOU
Poccun Ha 2009-2013 roxbr», a Takxke (QUHAHCHpYyeTcs No rpaHty PODU
Ne 10-01-00654a.
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PE®EPAT

Eeopos K.B., Lapes ®@.H., Llaneimo A.A. CoBMecTHOe MPpUMeHEeHHeE re-
HETHYEeCKOIro NPOrpaMMHPOBAaHUSI U BepU(HMKALMH IS NOCTPOCHUS
ABTOMATOB YNPAaBJICHUN CHCTEMaMH €O CJI0KHBLIM MOBEACHUEM.

ABTOMaTHOE NPOTPaMMHpPOBAHHE — 3TO IapagurmMa IPOrPaMMHpPOBAHHS, B
paMKax KOTOPOH HpOrpaMMbl MpeIaraeTcsi MpoeKTHPOBAaTh B BHIE COBOKYITHOCTH
B3aNMO/ICHCTBYIOINX aBTOMaTU3HUPOBAHHBIX OOBEKTOB yIpaBlieHUs. B aBToMaTHBIX
IporpaMmax BBIIEISIIOT TPH THNA OOBEKTOB: IOCTABIIMKH COOBITHH, CHCTeMa
ynpaBiieHuss 1 0OBeKTHl ymnpaBieHus. CucTeMa ymnpaBieHUS! NPEeACTaBIsIeT coOoit
KOHEUHBIH aBTOMAT WIIM CUCTEMY B3aMMOJEHCTBYIOIINX KOHEUHBIX aBTOMATOB. [lo-
CTaBIIUKH COOBITUI T'€HEPUPYIOT COOBITHS, a CHCTEMa YNpPaBIEHHSA MO KaKAOMY
COOBITHIO MOXKET COBEPIATh MEPEX0Jl, CYNTHIBAS 3HAUCHHS BXOJHBIX IEPEMCHHBIX Y
00BEKTOB yIIpaBIeHUS IJIs IPOBEPKH YCIOBHS IIEpeXoa.

OJHUM U3 aBTOPOB HACTOSAIIECH PabOTHI ObLI NMPEUIOKEH METOH MOCTPOSHUS
aBTOMATOB C ITOMOIIBIO TeHETHYECKOTO MPOrpaMMHUPOBaHUs Ha OCHOBE TecToB. O
HAKO, KaK U3BECTHO, TECTHl HE MOTYT IOJHOCTBIO ONHUCHIBATH IIOBEICHHUE IIPOrpaM-
MBI, @ UX BBITOJTHAMOCT HE MOXKET CITyXXHTh KPUTEPHEM €€ KOPPEKTHOCTH.

Lemnbro HacTosimel pabOTH ABMSAETCS PacIIMpEHHE BO3MOXKHOCTEH MeToaa 1mo-
CTPOCHNUS aBTOMATHBIX NPOTPaMM Ha OCHOBE T€HETHYECKOTO IIPOrpaMMHUPOBAHUS 3a
CYeT HCTIOIb30BAHUSA BepH(PUKAIMK Ha ITale BBIUUCICHUS (QYHKIMH NIPUCTIOCOO-
JICHHOCTH, CKPELMBAHUS U MyTallUH.

B nacrosmieit paboTe B KauecTBe BXOIHBIX JaHHBIX HCHOIb3YIOTCS HAOOp Te-
ctoB 1 LTL ¢opmyn. Kaxnslit Tect mpeacrtaBiser co0oi IOCIEIOBATEIHHOCTD
BXOJIHBIX U COOTBETCTBYIOLIYIO €if IOC/IEeOBATENbHOCTD BBIXOJHBIX BO3EHCTBUM.
IMox BXOJHBIMY BO3JIEUCTBUSIMU IIOHUMAIOTCS COOBITHUS OT IIOCTABIINKOB COOBITHI 1
YCIIOBHS IEPEXOJIOB, a I10]] BBIXOJHBIMH — BBI3BIBAEMBIC IEHCTBHS OOBEKTOB yIIPaB-
nenus. OyHKIUSA NPHUCIIOCOOICHHOCTH BBIYUCIIAETCS MCXOJS U3 YCICHNTHOCTH BBI-
TTOJTHEHUsSI TECTOB IS aBTOMaTa, unciia BepHeIx LTL gopmyn u uncna mepexonos.

OKCIepuMeHTaIbHOE HCCIIeJOBAaHUE MPEATIaraéMoro MeTo/[a MallimHHOTO 00Y-
YeHHUs NPOBOJMIIOCH Ha 3a/laue MOCTPOSHUS aBTOMATa yIpaBJeHUs JABepbMHU IUdTa.
Ha sT0i1 3aaye npuMeHeHUe MpeAIaraeéMoro MeToja TO3BOJIMIO MOCTPOUTh Mpa-
BUJIbHBIH aBTOMAT, B OTJIINYHE OT IIOCTPOCHHS TOJIBKO Ha OCHOBE TECTOB, I'JIE MOJENb
oKa3ajiach HeBepHOH B 99% ciyuasx.

PazpabotanHoe CpenCTBO IMOKA3aI0 BOZMOXHOCTD NMPUMEHEHUs BepHpUKanum
1 TEHETUYECKHX aJTOPUTMOB ISl TEHEepaIly MOJETH MporpaMMel. OHO MO3BOJISET
aBTOMATHYECKH CTPOHUTH MOJETh MporpaMMsl o Habopy tectoB u LTL dopmyn n
MO3BOJSIET B OIPEAENICHHON CTENeHH TIapaHTHPOBATh INPABIIHHOCTH ITOBEIACHHS
MOCTPOEHHOT'O aBTOMATA.
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SUMMARY

Egorov K.V., Tsarev F.N., Shalyto A.A. Application of genetic program-
ming and model checking for finite-state machine induction.

Automata-based programming is a programming paradigm in the context of
which programs should be constructed as sets of so called automated controlled
objects interacting with each other. In automata programs there are three types of
objects: event providers, control system and controlled objects. Control system is
either a finite-state machine or a system of finite-state machines. Event providers
generate events. Control system performs transition on each event reading values of
input variables of controlled objects for checking guard conditions.

One of the authors of this paper had proposed the method of finite-state ma-
chine induction with genetic programming on the base of tests. However, usage of
tests does not guarantee the correctness of program because tests do not completely
describe the behavior of the program.

The goal of this paper is to extend this method the capabilities of the method of
automata-based programs induction with genetic programming at the expense of
usage of model checking on the stages of fitness function calculation, cross-over and
mutation.

In this paper input data consist of test set and LTL formulae. Each test consists
of two sequences — the sequence of input actions and the corresponding sequence of
output actions. Input actions are events from event providers and values of input
variables, output actions are actions of controlled objects. Fitness function is calcu-
lated on the base of the number of tests which are satisfied by the finite-state ma-
chine, the number of LTL formulae which hold for the finite-state machine and the
number of transitions in it.

The method described was used to construct the finite-state machine for eleva-
tor doors controlling. For this problem the application of the method proposed made
it possible to construct the correct automaton, but in case when only tests were used
the automaton was incorrect in 99% of cases.

The developed software tool allows application of model checking and genetic
programming for finite-state machine induction. It allows automated induction of
program model on the base of tests and LTL formulae and guarantees the correct-
ness of finite-state machine behavior.
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