MoaenupoBaHue MOBeAeHs aBTOMATOB B
JTaDMPUHTAX

FO.A. Kypena

B nocnegnue necsruiernsi 601b1110e BHUMAHNE YJIEIS€TCS U3y YEeHUI0
npobJIeMBbl TIOBEIeHNsT aBTOMATOB B jtabupunTrax [2|. Habroenue 3a 1Bu-
JKEHWEeM aBTOMATOB B JJAOMPUHTAX Jake B CJIydae, KOT/a BXOIHON ajda-
BUT, BBIXO/IHOW ajidaBuT u aadaBuT cOCTOSHUN HEOOJBINIE 0 00bEMY,
SIBJISIETCSI CJIOXKHBIM, TIO9TOMY €CTECTBEHHBIM 00Pa30M BO3HUKAET MOTPED-
HOCTH MOJEINPOBAHUA TTOBEAECHNA aBTOMATOB B .Ha6I/IpI/IHTaX TP TIOMOIIA
KoMmbioTepa. Jlist aroit mesm paspaborana mporpamma Ast/lab [4]. Dra
mporpaMMa MO3BOJISIET «BBOANTH» ABTOMATHI, MOBEJIEHNE KOTOPBIX pac-
CMATPUBAETCsI, C TIOMOIILIO0 HEDOJIBIIIOTO YNC/IA OTEPATOPOB, B KPATKON U
KOMIAKTHO# (opme. PaboTass B aBTOHOMHOM peykuMe, MporpaMMa mo3-
BOJIAET YCTAHOBUTH KOPPEKTHOCTH TAKOTO ONMUCAHUA aBTOMaTa, TO €CTh
CYIIIECTBOBAHIE COOTBETCTBYIOIIET0 ABTOMATA C JAHHON 3AIMUCHIO, a TaK-
JK€ TO3BOJISIET yCTPAHUTH HEKOPPEKTHOCTH ONUMCaHusi (B COOTBETCTBYIO-
HIeM JMaJIore ¢ Tosib3oBaresem). [IporpaMMubIii Ko, KOTOPBIH Tpu 9TOM
TTOPOXK TAETCSI, MOJIE/IUPYET MOBEJeHNe JAHHOTO aBTOMATa B JIFOOOM J1abu-
pUHTE, TPeIOCTaBJIeHHOM mporpamme. JIjist Tpon3BOIBHO 33JaHHOTO Jia-
OupuHTa 00€CIeUnBaeTCA BU3yaabHOE HAOIOIEHNE 34 [MOBEIEHUEM JIaH-
HOT'O aBTOMAaTa B HEM. HpI/I 9TOM B MHTEPAKTUBHOM DEKNME JOMTYCKaIOTCA
W3MeHeHus JIJADUPUHTOB, TAK 9TO MPOTPAMMA MOYKET OBITH UCIOJIH30BAHA
B KavuecTBe YI0OHOTO «BCIIOMOTATEIbHOTO WHCTPYMEHTa» JIJis PelreHust
po0J/IeM, CBI3aHHBIX C MOBEICHUEM aBTOMATOB B JjiabupwHTax. Tak, Ha-
npumep, ABTJ/Iab MOKeT OBITH OYEHL IMOJIE3EH B TPOIECCEe MOWCKA YHU-
BepCaIbHBIX aBTOMATOB JIJIsT 3aJJaHHOTO KJiacca JiabupuHToB. B ciyudae,
KOTJ[a, TAKUE aBTOMAThI HE CYIIECTBYIOT, OHa 00€CIeInBaeT BOZMOYKHOCTH
MyTeM SKCIEePUMEHTUPOBAHUS MOCTPOUTH JIAOUPUHT-JIOBYIIKY i Pac-
CMaTPUBAEMOr0 aBTOMAaTa M3 3aJaHHOTO KJIACCa, JaOUPWHTOB. B HaCTOSI-



82 10.A. Kypena

et pabore paccMaTPUBAETCH BasKHBINA aCIEKT MOIETUPOBAHUS TOBEIE-
HUAd aBTOMATOB B .Ha6I/IpI/IHTaX, a UMEHHO, CHCTe€Ma 3alluCh aBTOMaTOB B
nporpamme AsrJlab.

1. OcHOBHBIE IOHATUYA U 0003HAYEHUI

Iycts 21,22 = {2 € Z| 21 < z < 29} ayis MOOBIX 21,29 € Z, 21 < 2.
st iro6oro muOKecTBa X 0603HaunM ero Oysean depes B(X), a rakxe
nonoxmm, uro BY(X) = {Y C X ||Y| < n} anz mooro n € Ny =
NU{0}. ITycrs X3 u X9 — nmpousBosibHbIe MHOKeCTBa. O603HAUNM, Uepes3
pr;, ¢ € 1,2, orobpaxkeHne NpOEKTUPOBAHUS IpoU3BeleHusT X1 X X9 Ha
X; npaBunom pr;(zy,ze) = x; Mg moboit mapsl (z1,z2) € X1 X Xo.

[Tycts G — oprpad u p = (u,v) — HEKOTOpas €ro ayra. MHOKeCTBO
BepinuH oprpada G obozuaunMm depe3 VG, a MHOXKECTBO €ro Iyr — depe3
EG. Beprmsbl © 1 v 0603Ha4MM COOTBETCTBEHHO 4epe3 v1(p) u va(p).

Mycts D = {w,n,e,s}. Tomowmm, aro e ! = w, st =n, w! =e,
n~! = s Ecm v = (a,b) € R? — mponsposbHas TOYKa TLIOCKOCTH, TO
4yepes vw, vn, ve u vs oboznaunm touku (a — 1,0), (a,b+1), (a+1,b) u
(a,b — 1), coorBeTCTBEHHO.

Qukcupyem nekoropoe r € N. Csssubiii KoHeuHblt oprpad G 6e3
KPaTHBIX JyT W IeTeNIb, Y KOTOPOro JI060i yre p COMOCTABIEHA Hapa
(Ipl, < p >) € D x0,r naswisaerca (odnocmoponnum) r-aabupurmom [3],
ecm:

1) st m106w1xX p1,pe € EG, takux, ato p; # po v v1(p1) = v1(p2),
BBITIOJTHEHO, 9TO |p1| # |pal;

2) VG C Z% u p = (v1(p),v1(p)|p|) anst moboit nyrm p € EG.

3) B oprpade G Boimenenst Bepmmabl v’ u v, v' # v”; nepsyto u3 mux
HA30BEM HA4AAbHOT, BTOPYIO — 3aKA0UMEAbHOT BEPIINHOIL;

4) ecrm p = (v,u) € EG, 10 p = (u,v) € EG u |p| = |p|~*.

CuMBosBl |p| u < p > Ha3BIBAEM HaANpaBAeHUEM U ommemKol pebpa p,
coorBercTBeHHO. Ecim oprpad G Kpome Bbille JaHHBIX YCIOBUI yI0BJIE-
TBOpSIET ellle U YCAOBUIO, UTO < p >=< P > a4 Joboit ayru p € EG, To
HA3BIBAEM €r0 06YTCMOPOHHUM T-AGOUPUHINOM.

IIycts G — r-mabupunt. Beegem obosnavenns: [v] = [v]g = {p €

EG|vi(p) = v} ud(v,G) = {(lpl, <p>)|p € [v]c}-
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ITop, WHUNWAIBHBIM KOHEYHBIM aBTOMATOM TMOHMUMaeM Habop V =
(A,Q,B,p,1,q), tie A, Q n B — KoHeYHbIE MHOXKECTBA, KOTOPbIE CO-
OTBETCTBEHHO HA3BIBAEM BXOJIHBIM ajidaBUTOM, aji(haBUTOM COCTOSHUIL
U BBIXOZHBIM aJjipaBuToM; ¢ : @ X A — () — dyHKIUS TEPexoIos;
¥ :Q X A — B — QyHKINSA BBIXOJIOB, ¢y — HAYAJIBHOE COCTOSTHUE aBTO-
Mara.

Nunnpansueiii koneunsiit aromar V = (A, Q, B, ¢, 1, qo) Ha3biBaer-
Csl '-A8MOMAMOM, €CITA YIOBJIETBOPSIET CJIEIYIONAM YCIOBUSIM:

) A=BYDx0,r)\{eluB=DxT1,r;

2) |pry(a)| = |a| ans a06oro a € A;

3) pry(¢(q,a)) € pry(a) mua mobeix ¢ € Q u a € A.

Yepes M, 0603Ha4INM MHOXKECTBO BCeX r-aBTOMATOB, a depe3 M, ,, — MHO-
JKECTBO BCEX aBTOMATOB M3 M., y KOTOPBIX P COCTOSTHMIA.

Iosederuem r-asromara A = (A, Q, B, v,%,qo) € M, B r-nabupunre
G HasbIBaeM MOCJIeJ0BATEbHOCTD (U, o, Go), (v1,q1,G1), ..., Takyio,
410 vg — HadanabHas BepumHa G; Go = G; vi41 = v;pry(Y(g;, 6(vi, Gi)))
u ¢i+1 = ©(¢,0(vi, Gy)); Giy1 aBisiercs r-JTabUPUHTOM, KOTOPBIi MOJTY-
qaercst u3 jabupuaTa (G; 3aMEHON OTMETKH JyTd, KOTOpas UIET U3 U; B
Vit1, Ha Pry(1(qi, 6 (v, Gi))). IlocaegoBaTesbHOCTD BEPUINH Vg, Vg, . . . Ha-
30BeM V -mpaexmopuedi, TTOCIeI0BATEIBHOCTh COCTOAHUIA G, q1, ... — Q-
mpaexmopueti, ocaeaoBareabHoCcTh r-jgabupunros Gy, G, ... — G-mpa-
exmopueti, a TIOCIeI0BATEILHOCTD 11ap (vo, qo), (V1,41), ... — VG-mpaex-
mopueti r-asromara . Eciu V-rpaekropus r-asromara 2l comepKuT Bee
BepmMHLI MHOXKeCTBa V' G, To ToBopuM, uto 2 o6xodum nabupunt G, B
npoTuBHOM ciaydae G apngerca aosywkoti pma 2.

2. OnucaHue r-aBTOMAaTOB C TIOMOIIbIO OMIEPATO-
poB nporpaMmbl ABTJIab

BuyTpennee mpejcraBienne r-aBromMaToB B mporpamve AstJ/Iab ocy-
HTIECTBJIAETCA B BUJIE€ COOTBETCTBYIOIMUX MaCCUBOB. TaKoe IpeacTaBICHNEe
OTBEYaeT CTAHAPTHOMY NPE/ICTABICHNI0 ABTOMATOB C IIOMOIIBIO IPSIMO-
YTOJIBHBIX TAOJIUIL C JIBYMS BXOIAMHU.

IMycrs V = (A,Q, B,¢,1,qo) asromar uz M,. IIpeamnonoxkum, ato
syreMenThl MHO)KecTBa A () yHopsioueHbl B HEKOTOPYIO KOHEYHYIO I10-
cJie/I0BaTeIbHOCTL 1 0003HaunM vepe3 n(a) (n(q)) nopsiakoBblii HOMED
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snementa a € A (¢ € Q) B 3T0it TIOCIE10BATETHHOCTH.

Takxke BBezeM ciemyiomiee obosHadenne. Ilycts ¢ € A u w € D.
Torga, ecu cymecrsyer k € 0, r, yaosnersopsioniee yciosuio (w, k) € a,
TO TIOJIOKUM @, = k, & ecii TaKOTO k He CyIIeCTBYeT, TO al, = —1.

BHaveHne r XpaHUTCS B MEJOUUCTEHHON mepeMeHHoit r. MHOXKeCTBO
A B nporpamme ArrJlab 3amaeTcss IBYMEPHBIM MaCCHBOM A y KOTOPO-
TO B Ka4eCTBE TuUIlla IIE€PBOTO HWHIEKCA BbICTyHaeT OFpaHI/II‘IeHHLJﬁ THUIIL
1..(r +2)* — 1, a B KadyecTBe THIA BTOPOTO MHEKCA — IMEPEHIC/IH-
MBIl T (e,8,w,n). DJEMEHTAMU MACCHBA, A SBISIOTCA 3HAYCHUS TH-
ma 0..r 4+ 1. JlioGoe a € A mupencrasieno smementamu Al[n(a),el,
Aln(a),sl, Aln(a),w] u Aln(a),n] maccusa A tak, uro Aln(a),j]
al,, e w = (j), aist 1060r0 3HAUEHUS] BTOPOIO WHJEKCA j; 37€Ch
te) = e us) = s, w) = w u (n) = n. MakcumaspHOe 3HAUE-
HUE, KOTOpOe MOXKeT TpuHATH r B mporpamme Apt/lab, ecrs 8, mo-
9TOMY MOJ[ KOJOM OYKBBI @ € A MOXKHO TOHMMATH JIECATUIHOE UHUC-
10 A(a) = Aln(a),e]A[n(a),s]A[n(a),w]A[n(a),n], a Takke MOXKHO
npeanonokuth, 9ro Aay) < A(ag), ecim n(ay) < n(az) mis a06bIX
ay,az € A. Maccus A HA30BeM 6L00HbLM MacCMBOM aBToMara 2A; Kax
TOJIBKO OTIPEIEICHO 3HAYEeHUe T, TPOTPaMMa CaMa 3aroJIHSAeT 3TOT Mac-
CHB.

JIroboe cocrosirme g € () KOAUPYETCs TporpamMmoii aucaom n(q).

Oyuxmun @ u Y B mporpammve ArJlab 3amar0TCsT BMECTE OTHIM JIBY-
MEpPHBIM MaCCHBOM B, 3/IeMeHTaMU KOTOPOTO SIBJISIOTCS 3HAYEHUS KOMOU-
HUPOBAHHOTO THIIA

record dr: (e,s,w,n); 1lb:1..r; st:1..|Q| end;

B KaueCTBe TUIA IIEPBOr0 MHIAEKCA ITOTO JIBYMEPHOTO MAaCCABA BBICTYNAECT
orpaHudeHHblii tum 1. . (r + 2)4 — 1, a B KadecTBe THUIA BTOPOTO WHIIEK-
ca — orpaHudeHHbIil TuM 1 .. \Q\ CMBICST UHIEKCOB CJIEIYIONIUii: TTePBhIii
UHJEKC MaCCABA IIPUHUMAET 3HAYEeHNE NOPAIKOBOTO HOMEPa BXO/1a, & BTO-
poii — MOPSIIKOBOTO HOMEpA COCTOSTHUA aBToMaTa. Maccus B HazbIBaeTca
6b1z00HbLM MaccuBoM apToMaTa 2, u on onpedessem asromar 2, ecam

Bln(a),n(q)].dr = .~ (pr,(¥(g,a))),
Bln(a),n(q)].1b = pry(¥(q,a)),

Bln(a),n(q)].st =n(p(q,a))
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Just 00bIx a € A u ¢ € Q. B Huzke npuseeHHoil rabJmie JaHbl COOT-
BETCTBYIOIINE MacCUBbI /s apromara V' u3 Mg 4, KOTOPBI 00XOIUT BCe
0-1epeBbd, MO MPABUIY <«JIE€BOH PYKH».

n(q) = 2 3 4

n(a) =1 | A(a) = 0001 n04 n04 | n04 | n04
2 0010 w03 w03 w03 w03
3 0011 n04 w03 w03 | w03
4 0100 s02 s02 s02 | s02
5 0101 n04 s02 s02 | n04
6 0110 s02 s02 w03 | w03
7 0111 n04 s02 s02 | w03
8 1000 e01 e01 e01 | e0O1
9 1001 n04 e01 n04 | n04
10 1010 e01 e01 w03 | w03
11 1011 n04 e01 w03 | e01
12 1100 e01 e01 s02 e01
13 1101 n04 e01 s02 | n04
14 1110 e01 e01 s02 | w03
15 1111 n04 e01 s02 | w03

Cucrema AprJIab 1o3Bojser 3amoJHEHne MacCUuBa, B 1103/1eMEHTHO, HO
STOT MpPHEM BJISETCS TPYIOEMKHM, I03TOMY B mporpamme AsrJIab cy-
IIIECTBYET W JIPYToii, 6ojee ymaoOHBIN CIOCOO Ompese/ieHns aBTOMATOB C
[MOMOIILI0 TaK HazbiBaeMbix ABTJIab omneparopos. X HECKOJIBKO — 3TO
[IBa, OII€PATOpa HalpaBJIeHNs, OIEPATOpP COCTOSIHUS U JIBa OIEepaTopa OT-
MerTku. Huke gajuMm OmMEMCaHWe 3TUX ONEPATOPOB, HO CHAYAJa BBEJIEM
HEKOTOphIe HeoOXOanMbIe 0003HATEHNST.

Mycts a € A, w € pri(a) u k € 0,r. Obosnaunm yepes o —

IUKJITYECKYI0 TIepecTanoBKy (e, s,w,n). Torma, wt = wt(a) = 010 (w),
e ig = min{i € 1,4|c'(w) € pri(a)}, m w~ = w(a) = o1 (W),
re 47 = min{i € 1,4|07%(w) € pry(a)}. Taxxe, ecm k € prQ(a)
T0 nycrs wi = wi(a) = 0" (w), te ip = mm{z € 1,4|0'(w) €

pri(a) A (0 (w), k) € a}, nw, = w(a) = o~ (w), Tme i1 = min{i €
1,4|07%w) € pry(a) A (67 (w), k) € a}; ecmu k & pry(a), To 3HAUEHUS
w,j U w; He OTpEeJIeIeHbI.
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Cunrakcuc omneparopos mporpammbl ABr/Iab omumimem ¢ TOMOIIBIO
dbopmanbHoit cucrembl o6o3navenuit Bakyca [1] (3zech ucnosnbsyem Ba-
DPHUAHT 3TOii CUCTEMBI).

OmnepaTop HaPaBJIEHUS P UMEET CJIEIyIONINi BU;:

<OTIEPATOP HATIPABJIEHUS p> ::= p(<CIl_ YCJIOBUIT>)<CH_AENCTBUIT>

<CM_YCJIOBWIT> ::= <CIT__ YCJIOBUI1>|<CI_ YCTOBUIZ>
<CT_YCJIOBUIL> 1= <YCJIOBUEL>|<YCJIOBUEL><CIT_ YCJIOBUIIL>
<CTI_VCJIOBUIZ> ::= <YCJIOBUEZ>|<YCJIOBUEZ><CH_ YCJIOBMII1>

<YCJIOBUEL> ::= <HANP><BHAK><OTHOIIEHNUE><CMINCOK__OTM>
<YCJIOBUEZ> ::= X<OTHOLIEHUE><CII_ OTMETOK>

<HATIP> ::= e|s|w|n

<BHAK> 1= —\ + ‘<HyCTO>

<OTHOHMIEHUE> = <| > | <= |>=| =] <>

<CII_ OTMETOK> ::= CHHCOK %, 1 < ¢ < 7, Pa3/IMYHBIX 3HAUEHUN TUNA
0..r (oT™MeTKH), pa3IeI€HHbIX 3AIATHIMI

<[IYCTO> ::=

<CN_AEMCTBUID> ::= <CI__JAENCTBUNL>|<H_O_Cl>
<CTl_IEMCTBUNL> = <H_0_C>|<H_0_ C><CI_ IENCTBUIL>
<H 0 > 1= <COCT><HAINP><BHAK><OTM><COCTI>

<H_ O0_CI> 1= x<0TM><COCT1>

<OTM> = (<OTML>)|<mycTO>

<CoCTI> = [<cocT2>||<mycTo>
<COCT2> ::= 3Hauenue tuna 1..|Q)|
<OTMI> ::= 3Hadenue Tuna 1..r

Mycts a € A, w € D, ky,...,k — IpOU3BOJIbHbBIE YNC/Ia MHOKECTBA
—1,r takne, uro ¢t € 1,r +2 u k; # kj ana mobix 4,5 € 1,t, 1 # j, n
* — OJTHO M3 OTHOMIeHui <, <, =, >, # n =. Torna depe3 w * ky,...,k;
o6oznavaem dbopmyry (Ik € —1,7)(w, k) € aA(k*xkiV---Vkxk); ecn
OHa BBITIOJIHEHA, TO TOBOPUM, UTO G YIOBJIETBOPSET YCIOBHIO wiky, . . ., ki;

31ech uepes (w, —1) € a oboznaveno ycnorue w € a. Takxke vepes wt *
ki,... ke (W™ *kq,..., k) obosnauaem dopmymy ko * k1 V -+ V ko ky,
rae ko taxoe, uto (wh, ko) € a ((w™, ko) € a); ecin oHa BBITOIHEHA, TO
rOBOPHM, YTO @ Y/IOBJIETBOPAET yCaoBuio w ki, ... ki (W™ xky,... k).
Hakonen, uepes x * ki,...,k; oboznauaem cdopmyny (Vk € 0,7)(Vw €
D)(w,k) €a—kxky V- Vkx*k.
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Tenepb ACHO, KaKNM CHOCO6OM C IIOMOIIIbIO CMHTAKCHUYICCKUX KaTero-
puit <CI_VYCJIOBUNI> u <CI_YCJIOBUNZ> 33/aeM KOHbIOHKIUIO TOJILKO
YTO ONMMUCAHHBIX YCIOBUN W TAKUM 0OPA30M OTMpesesisieM HeKOTOPHIi mpe-
aukar P na muoxkecTBe A; 0603HauMM 006J1aCTh MCTUHHOCTH 3TOrO IIPe-
mukara depe3 P 4. Temeps 00bscHEM «(DyHKIMOHUPOBAHNE» OIEPATOPa
p. IIpu sTOM TIpUMeM cJieyiolee COTTIAIlenne: MOBCIOMY HUXKE, T/e B BbI-
PaKEHUAX TTOABJIACTCA MMA HeKOTOpOI;'I CUHTAKCUYIECKOM KaTeropmu, Ha
CAMOM JTeJie, UMEETCsl B BUJIY HEKOTOPBIN TEpMUHAIBLHBINA CHMBOJI, SBJIS-
OMUNACH BO3MOXKHBIM 3HA4YEHUEM 3TOI KaTeropuu.

CMBICTT «3JIEMEHTAPHOTO JMEACTBUSI», KOTOPOE 3aIaeTCA CHHTAKCHUE-
CKOil KaTeropueit <H O _ >, COCTOUT B caenytomieM. s roboro a € P 4
mporpamMma J0JIZKHA BBITIOJHATE CJIEIYIONIyIo mporeaypy. Ilycts i =
n(a) n j := <coct>. Eciu a|<ganp> = —1, To mporpamma He mpej-
IPUHUMACT HUKAKUX JCHCTBUH, a eciu a]<H armp> = 0, To:

a) B(i,j).dr:=<HATP>;

6) B(i,j) .1b:=<0T™M>, eciiu <OTM> # <ITYCTO>,
nB(i,j).1b:=A[i,<HATIP>] B NPOTHMBHOM CJIydae;

B) B(i,j).st:=<cocTl>, ecqim <COCTL> # <myCcTO>, u B(i,j).st
HE ONpeJesisgercsl B IPOTUBHOM CJIydae.

ITycts wy, ..., wy, — COUCOK Bcex OYKB u3 MHOXKecTBa {e,s,w,n}, Ko-
TOPBIE B TAKOM TOPSIIKE TOABIAIOTCA B CTPOKE, ONPEAETAIONIEeH CUHTAK-
CHYeCKYIO Kareropuio <CT_vciaoBuit>. Takxke, nycrs m(a) = max{t €
I,m|(3k € 0,7)(ws, k) € a} m k(a) € 0,7 Takoe, 910 (Wyn(e), k(a)) € a.
Torma cMBICT «37I€EMEHTAPHOTO AEHCTBUSY, KOTOPOE 331aeTCs CAHTAKCHU-
qeckoil kaTeropueit <H 0O _c1>, caenytommit. [Ins soboro a € P 4 u jro-
6oro 3HaueHUs MHJEKCA j TIporpamMmMa onpejessier i := n(a) u BbIIoJHsier
caenyonue qeicTBud:

a)B(i,j).dr:= L_l(wm(a)), eC/TH CYIECTBYeT Wy, (q), 1 B(1,j) .dr ne
OTIPEIEISIETCST B TPOTUBHOM CJIydae;

6) B(1,3) .1b := <OTMETKA>, €C/I Wy (q) B SOTMETKA> CYIIECTBYIOT,
u B(i,j).1b := k(a) B nporuBHOM Ciydae;

B) B(1,]).8t:=<COCTL>, €ClH Wy (q) U <COCTL> CyMeCTBYIOT, U
B(i,j).st He ompenensieTcs B MPOTUBHOM CJIydYae.

JlagmM HECKOJIBKO MPUMEPOB.

1) p(w=2,w+=0)1w+(1)2w. Torma P(a) = ((w,2) € a) A (w™,0) €
a), ¥ nporpaMMa BbINOJHSET caeytonme jgeiicreus: Bn(a),1] .dr:=wh,
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Bln(a),11.1b:=1, Bln(a),2] .dr:=w u B[n(a),2] .1b:=2.

2) p(x=1,e=>0)1e. Torma P(a) = (pry(a) = {1}) A (e € pry(a)),
W TIporpamMMa BbINOJHsIeT cieaytomme neiicreus: Bln(a),1].dr:=e un
B[n(a),1].1b:=1.

3) p(x=>1,n#1,e#1,s#1,s+=1)x. Torna P(a) = pry(a) C 1,7 A
(n,1)¢an(e1)gaAN(s,1)€aAn (st 1) € a, n nporpaMma BHIIOHAET
caemxytomyue geiicrsust: B[n(a),1] .dr:=w u B[n(a),1].1b:=1.

4) p(e=12,w#2)x(3). Torma P(a) = ((e,1) € aV (e,2) € a) AN(w,2) &
@, ¥ TpOrpaMMa Jijist JII060r0 3HAUeHUs] MHIEKCA j BBINOJIHSET CJIe/yOIIne
neiicreust: Bn(a),jl.dr:=w, ecim w € pry(a), wiu Bln(a),jl.dr:=e,
ecn w ¢ pry(a), m Bln(a),jl.1b:=3.

5) p(e>0,n#1)1e+(1) [2125-(2). Torma P(a) = ale > 0 A (n,1) ¢
a, ¥ TPOrpaMMa BBIMOJIHSET cjeayiomue geiicreus: Bln(a),1].dr :=
1= Y(e"), BIn(a),1] .1b:=1, B[n(a),1].st:=2, B[n(a),2] .dr := 7 1(s7)
u B[n(a),2].1b:=2.

U3 onpesiesiernst oneparopa p HENOCPEJCTBEHHO CJIEAYeT, YTO TOJBKO
C TIOMOIIIBIO HETO0 MOYKHO ONHUCATH JII000ii 7-aBTOMAT.

Omneparop HanpaBJieHUs P nmeer cieayiommumii BUI;:

<OTIEPATOP HATIPABJIEHUSI P> ::= P(<HATP3><3H>, <HATIP4><3H>)
<HATIP3> ::= e|s|w|n

<HAIIP4> ::= e|s|w|n|<mvCeTO>

B> = —|+.

OyHKIIMOHUPOBaHUE oOmeparopa P oObscHUM HA CJEAYIONUX IBYX
pUMepax:

1) P(e+,w-). Ins moboro a € A cHadana ONpeensiercs 3HAYEHNe
k(a) = a|.+, motom ompenensercsa 3uHadenue w(a) = Wi g+ TIporparma
somosager Bln(a),j]l.dr := 1 ! (w(a)) ana Beex smavenmit mHIEKCA j.

2) P(n-,-). dns soboro a € A cravana onpegensiercs k(a) = al,—,
HIOTOM OTIpE/Ie/ISIeTCsT 3HaUeHne w(a) = (n_)];(a). [Tporpamma BBINOJIHSET

B[n(a),j]l.dr := 1 (w(a)) nna Beex 3Hadenmit nHIEKCA .

OmnepaTop COCTOSIHUS S WMeeT BU:

<OIEPATOP COCTOSIHUS S> 1= S(<CTP>)
<CTP> ::= <HANP>, <30HA_OTM>, <BOHA_ _ COCT>|X, <OTM>, <COCT>
<HATIP> ::= e|s|w|n
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<BOHA_OTM> 1= <OTM>|u(<OTM1><OTMZ>)
<OTM>, <OTMI>, <OTM2> = 1..7
<BOHA__COCT> 1= <COCT>|<COCTL>, <coCcTZ>
<COCT>, <COCTI>, <cocTZ> = *|1..|Q)|

OmnepaTopom S 3amoJIHAETCSI MacCUB B TakKuM CIIOCOOGOM, UTO OIpe-
npensiercst nosie B[i,j].st s Tex 3ammceit B[i,j], y KOTOpBIX Tep-
BOE W BTOPOE TIOJsI yIKe ompesesensl. Jlemaercs 910 ciaemyommm obpa-
zom. [Ipumem ciemytortiee corarenue: eciu mumieMm, 9to B[i,j].st =
<COCTOSIHUE>, rae <COCTOSIHUE> — OJHa u3 Kareropuii <COCT>,
<COCTI> mmm <COCTZ>, mw m € m U {*} — sHauenme Kareropuu
<COCTOSTHUE>, TO, HA CAMOM jeJie, iojaraeM, 4yro B[i,j]l.st = m, ecin
m € 1,|Q|, n B[i,j].st=], eciiu m = *. Torza:

a) ecau <CTP> = X,<OTM>,<COCT>, TO JJs JIOOBbIX 3HAYEHUN WH-
JlekcoB 1 m j Takux, uro B[i,j]l.lb=<0oTM>, nporpamma BbIOJHSIET
B[i,j].st := <cocT>.

6) ecim <CTP> = <HAIP>,<OTM>,<COCT> U <HATIP> MPUHA/IEKUT
MHOYKECTBY {e,s,w,n}, TO JJIs1 JIIOOBIX 3HAYEHWI WHIEKCOB 1 M j TaKkwuXx,
aro B[i,j].dr=<HATIP> u B[i,j].1lb=<O0TM>, mporpaMMa BBIOJHSIET
B[i,j].st := <cocT>.

B) ecqim <CTP> = <HAMP>, u(<OTM1><OTMZ>),<COCTL>,<COCT2> U
B[n(a),jl.dr=<uanp>, 1o B caydae, korma Bln(a),jl.lb=<oTmM1>,
al, = <0TM2> jyist si06oro w € pry(a)\{<HAnP>} u |pry(a)\{<HATP>} >
1, mporpamma BweIIONHsieT B[i,j]l.st := <COCTI>, u BBINOJHSIET
B[i,j].st := <COCT2> B NPOTHUBHOM CJIydae.

Hanpmwep, ecim A(a) = 0211, B(n(a),1) .dr=s u B(n(a),1) .1b=1,
To oneparop S(s,u(10),=2) onpenenser neiicteue B(n(a),1) .st:=1.

OnepaTop OTMETKHU 0 UMEeT BUJI:
<OTEPATOP OTMETKHU 0> ::= 0(<OTM1>,<0TMZ>)
<OTMI>, <0TM2> i=1..71

DyHKINOHNPOBAHIE OIEPATOPA O COCTOUT B CJIETYIOIIEM: IS BCEX
a € A n Bcex 3HAaYEHWH WHJEKCA j, Y KOTOPBIX al, = <OTML>, e w =
B[n(a),jl.dr, mporpamma Beimosasier B[n(a),jl.1b := <oT™M2>.

Oneparop ormeTku 0 mMeeT CIeIyOMnil BUT:

<OTIEPATOP OTMETKH 0> ::= 0(<BAPL>)|0(<BAP2>)
<BAPI> = 0(<Cll_H_ 0>, -, <OTML>)
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<BAP2> = 0(<cm_H_ 0>,0(<0TM1I>), <OTMZ><OTM3>)
<CH_H_ 0> = <HIPL><CI_OTM1>|
<HIOPI><CH_ OTMI><HINPZ><CII_ OTMZ>
<HIIP1>, <HIIPZ> = e|s|w|n
<CI__OTMI>, <CII_OTMZ> :i= CHOHCOK ¢, 1 <7< r, Pa3MUIHbIX 3HAYCHUN THU-
na 0..r (OTMETKH), Pa3/JIeIeHHbIX 3ANATHIMU
<OTM1> ::= 3madvenme tuna 0..r
<OTM2>, <OTM3> ::= x|3nauenue tuna 0..r

QyHKIMOHUPOBaHKE orneparopa 0 COCTOWT B CAETYIOMEM: I BCEX
a € A m Bcex 3HAYEHWI WHIEKCA j, Y KOTOPBIX @ YIAOBIETBOPSIET YCJIO-
BUIO <CTI_H_ 0> (B CMBIC/Ie, TIPUBEIEHHOM MPU OIMMCAHUN OMEPATOpPa P,
IPU ITOM CUHUTAECM, YTO MeXKJy <HANPI> m <CII_OTMI>, a Tak»>Ke MexK-
oy <HATIPZ> m <CIl_OTMZ2>, HaXOJUTCA 3HAK PABEHCTBA) M Y KOTOPBIX
B[n(a),jl.dr = <HATIPL>, mporpamma MpOJIE/bIBAET CJIEIYIOIIYIO TPO-
ey py:

a) ecim <YCJIOBUE> = -, TO mporpamma Boinosaser Bln(a),jl.1b =
<OTMZ>, ecitn <OTMZ> # *, u B[n(a),j1.1b:=a|<yanp1> B TPOTHBHOM
Cydae;

6) ecmm <YCIOBUE> = o(<OTML>), TO mporpamMma BBIIOJTHSIET
Bln(a),jl.1b:=<0TM2>, eciin <OTMI> € pry(@\{(<HATIPL>, a| cpamp1>))),
u B[n(a),j].1b:=<O0TM3> B IPOTHBHOM CJIyqae.

Hanpumep, oneparop 0(el23nl,-,=) paboraer CJEIyIOIUM CIOCO-
OoM: 719 BCEX @, YAOBJIETBOPSAIOMUX yCaoBuaM € = 123 u n = 1, u gia
BCeX 3HAUeHWii mHIeKkca j Takux, uro B[n(a),jl.dr = e, mporpamma
soinosiasier Bn(a),jl.1b:=al.. Oneparop 0(siw2,0(1),12) paboraer
CTEIYIOMIUM CIIOCOOOM: I BCEX @, YIOBJIETBOPSIOMNX YCAOBUSAM § = 1
uw = 2, u i Beex 3HaveHnii uHjekca j takux, uro Bln(a),jl.dr =e,
nporpamma Bbimosasier Bln(a),jl.1b := 1, ecm 1 € pry(a\{(s,1)}), u
B[n(a),jl.1b:=2, ecim 1 & pry(a\{(s,1)}).

MCHOHBSOB&HI/IG BBITMIEOTITNCAHHBIX OIIE€PATOPOB MOXKET ITPUBECTU K IIe-
PeOTpesIe/IeHI0 BBIXOJHOTO MACCHBA: MPOTPaAMMa MPEIIPUHUMAET TI0-
TBITKY TPUCBOUTL HOBOE 3HAYEHWE HEKOTOPOMY W3 €r0 3JEMEHTOB. JTa
npobsema B nporpamme ApsrJIab mnpeojoseHa 3a cYeT UCHOIL30BAHUS
Tpex BO3MOXKHOCTEl, KOTOpPbIE MPEIOCTABISIOTCA TOJH30BATEN0 B JTHA-
JIOTOBOM DPEXKUME W COCTOST B CJIEYIONIEM:

® He BIIMCBIBATH HOBBIN BBIXOJHON KO/, TO €CTh OCTaBUTh IEPEMEHHY IO
BBLIXOJl B TOM BHJE, B KAKOM OHa ObLIA /10 JIyOJUpPOBAHNS;
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® BIINCATHh HOBBII BBIXOJHOW KOJI, TO €CTh NPUNNUCATH NEPEMEHHON
BBIXO/I TOABUBINIECECHA COYCTAHUE;

® BIINCATH TTOJTHOCTHI) HOBBIN BBIXOJHOW KOJI.

3. MoaenupoBaHue MOBeJeHNA aBTOMAaTa B MPO-
rpammve ABtJIab

MogenmupoBanue MOBEIEHUS 7-aBTOMATOB B T-J1a0UPUHTAX OCYIIECTB-
JisieTCcs B 4deThipe dramna. Ha mepBoM 3Tare 3a7aeTcs aBTOMAT C TIOMO-
mpio ABrJ/Iab omepaTopoB, Ha OCHOBAHWUU KOTOPBIX MpPOrpaMma (hopmu-
pyeT COOTBETCTBYIOIIME MACCUBBI (BHYTPEHHEE OTMMCAHWE ABTOMATA), TO
eCTh COOTBETCTRYIOIee ABT./Iab-onmcanme JaHHOTO ABTOMATA, WIH 3arpy-
JKAETCsl yKe MMEIOIIEecs OMMCAHNe W3 TTAMATH KOMIbIoTepa. Ha BToOpom
STarne 3a1aeTcsl MPOM3BOIBHbIN (OJHOCTOPOHHUIT UJIN JIBYXCTOPOHHUIA) 7-
JIAOWPUHT MJI COOTBETCTBYIOIIEE €r0 OMUCAHNE 3arPy2KAeTCd U3 3apaHee
noarorosaerHoro daitia. Ha Tperbem 3Tare g 3aaHHBIX 7r-aBTOMATA,
7 r-JabUpUHTA JTAI0TCS HAYAJIbHBIE YCJIOBUSA, TO €CTh JAETCS HaYaIbHAS
BepirHa JIAOWPUHTA W HAYAJIBHOE COCTOsIHME aBToMaTa. Ha derBepTOM
stame mporpamMmMa AsrJ/Iab mo3BoOIgET ¢ TOMOIILIO YI0OHOTO WHTEpdEii-
ca Ha MOHUTOPE KOMIIBIOTEpA CJIEIUTH 33 JABUXKEHUEM JTaHHOIO aBTOMATa
B 3aJaHHOM jJabupuaTe. PaboTast B aBTOHOMHOM PeXKNMe, OHa OTBEYIAET
Ha BOTIPOC, 00XOIUT JIU 33/ JaHHBII ABTOMAT 3a/IaHHBIN JAOUPUHT WM HET
(ecim HE 0OXOJMT, TO HA KAKOM IMAry MPOUCXOUT 3alUKIUBAHUE; €C/IU
06X0IUT, TO BBIZAET BpeMst 00xo0ja, u T.1.). [Iponstocrpupyem ckazanHoe
CTAEAYIOMNMA JIBYMSsT TIPUMEPAMU:

Vs Ve Vy i Vo V1o

Puc. 1. Puc. 2.



92 10.A. Kypena

1) Tycre /A — aBromar n3 My 4, 3aganusii B mporpamve AprJ/lab
CJIETYIOIIIAM CIIOCOOOM:

p(w+=0) lw+2n+3e+4s+; s(e,0,1); s(s,0,2); s(w,0,3); s(n,0,4).

Ecyin, manpumep, apromar 2 B HAYaJIbHBIE MOMEHT HAXOJUTCS B COCTO-
SIHUU (1 W B BepmwnHe vg Jiabupuara (7, MpenCcTaBIeHHOT0 Ha puc. 1,
10 ero V Q-TpaeKkTopueil siBIsIeTCs TOCIeI0BATEeIbHOCTE (vs, q1), (V3,q4),
(v2,q3), (vr,q2), (v11,92), (vr,qa), (v2,qa), (v1,43), (v, 1), (vs,qu),
(vs;q2); (vo,q1), (va,qa); (vs,q1), (vo,qa), (vs,q2), (v6,q1), (vs,q3),

(v4,43), (v9,42), (vi0,q1); (v9,q3), (v13,92), (vo,qa), (vs,q3), (V12 q2)-
2) Iycrs A — aBromar n3 M 2, koToperii B mporpamyve AptJIab 3a-

JTAeTCs CJIeTYIONIM 00pa3oM:
P(w-,+); 0(01,2); o(2,1); s(x,0,1); s(x,1,1); s(x,2,1).

HeprﬂHO YAOCTOBEPUTHCA, ITO 3TOT aBTOMAT ABJIACTCA YHUBEPCAJIHBHBIM
s Kaacca Beex 1-mabupmaros. Tak, manpumep, ecam apromar 2l B Ha-
YaJIbHBIA MOMEHT HaXOJUTCA B COCTOAHUN @1 U B BEPIIHUHE Vs ﬂa6I/IpI/IHTa
G, npesCTaBJIEHHOr0 HA puC. 2, TO ero V-Tpaekropneil sBaseTcs moce-
AOBATEJIBHOCTH Vs, Vg, U5, Vg, V1, V2, V1, Vs, V7, Vs, Us, Vg, V1, V2, U7, V2,
V1, Vg, U7, Vs, U7, Vg, Us, Vg, U1, V2, U7, V2, V1, Vg, U7, Us, U3, V4, U3, Vg, V9,
vs, U7, Vg, Us, Vg, U1, V2, U7, U2, VU1, Vg, U7, U8, V3, U4, Vg, V4, V3, Ug, Vg, V1Q-
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