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2.5 Kpaitauz aBTOMaTn

Hexka I' = (V,W, S, P) e aBromaTna rpamaTtuka. OCBeH ¢hC 3a-
naBarero Ha kommomenture V,W,S, P, ta3zu rpamMarumka MOOyCKa U
OpenCcTaBsHe, Upe3 OpPUEeHTUPAH rpad, Ha KouTo pebparta ce 0603-
HaYaBaT C eJeMeHTH OT V, a BbpxoBere ¢ eseMeHTH oT W.

IIpumep 2.5.1 Ila B3eMeM HampuMmep I'paMaTHUKATA
I'=({{a,b}, {S,A,B}, S, {S— aA|bB, A — aAl|a, B — bB|b}).

3a HeA MOKEM Ja MOCTPOUM CJeHHUA rpad
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B To3u rpad BBpxBbT S € HAYAJO HA BCEKWM I'bT mO rpada.
Tosa ue S e HauaJo, YCIOBHO 1€ O3HAYABAME, KATO I'O IIOJUYEPTa-
BaMe C eIHa JUHUA. Bcexku emuH oT BLpXxoBere A u B Moxe na
Obe KpaeH 3a WbTUmATa B rpada. Tasu BL3MOKHOCT € 0OTpa3eHa,
KaTO IBAaTa BbLPXa Ca MONUEPTAHU C ABOWHA JIUHUAL.

Ila pasriemaMe mpOWM3BOJIEH O'bT, 3aMOYBAIN] OT S ¥ 3aBDLP-
mBam HanpuMep BLB Bbpxa A. DByksure, ¢ Kouto ca cHabmeHu
pebpara Ha KOHKpeTHHA ObT obpasyBar myma Hanm V. Hampumep
obTaT S - A - A — A enHO3HAYHO OUpeneNsa IyMaTa aus.

JlecHo e ma ce Bumm, ye BCUYKU AyMU, TOPOJEHU OT TpDaMa-
TUKATa F MOraT fa C€ ImOoJydYaT OT BCUYKU ON'bTUIA B Fpa(ba, KOUTO
CBBLP3BAT HAYAJIOTO S ¢ KpaliauTe BbpxoBe A nau B.
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TakuBa opueHTupanu rpadu c u36paHO HAUAIO U KPAWHU BbLP-
XOB€, HPEICTABISABAT KPAUNY a8momamu bes namem.

Onpepnenenne 2.5.1 [lo0 nerepmunaupan kpaen asromar (IKA)
we pasbupame ecaxa wapedena nemopra A = (K, V,0,qo, F), xs0emo:

— V e kpatino muoxmcecmeo om exodnu bykeu (8xodna as3byka);

— K e kpaiino MHOXCECE0 0M CFCMOTHUT Ha asmomama (as-
byKka om csCmoTHUAMA);

—0: KXV = K e ¢ynkyudg na npexodume, K0AmMo o MeKYU,0MO
COCMOTHUE U BTOOHA OYKBG NPUBEHCOE ABMOMAME 8 HOBO CECMOTHUE;

— o € HAYAAHO CECMOTHUE WO GBMOMAMA;

— F C K e mMHoxcecmao om KpaliHy CECMOAHUT KA GBMOMAMA.
B cayuawuTe, KOraTo HAMa OMACHOCT OT IABYCMUCIHUE, IEe Ka3BaMe
caMO KpaeH G8moMam BMECTO IETEePMUHUPAH KpPaeH aBTOMAT 0e3
maMer.

PaGorara ma kpaiinua asromaT A ce ommcBa IO CJIEAHUA Ha-
YUH:

Heka w = aqas...as € V* e npousBoana ayma man V.

[To HAYAIHOTO CBHLCTOAHMNE ¢y WM I'bLPBUA CUMBOJ (1 HA W, Ipe3
GYHKIUATA HA IPEeXoquTe ) Ce OIPeNess CJIEeIBAIOTO CbCTOAHAE HA
aBTOMATA ¢ C PABEHCTBOTO

q1 = 0(qo, a1)-
(Ille mpemmomarame, ue ¢ e wuU300pasKeHWE U CJIEIOBATEIHO
D) =K xV.)

[To Tekymoro cbcTosnme q; Ha t + l-aTa CTBHOKA, Onpemnesisa-
M€ CJIeABAIOTO CHCTOAHUE (rt1 = 0(q¢, Gr41), 38 BCAKO t, TAKOBA, 4e
1 <t<s—1.Cuen nsuepuBaHeTo HA BCUYKMA BXOTHU CHMBOJIM, HOC-
TATaMe IO CHCTOAHUETO (s = 0(qs—1,as). AkO ¢ € F xaszsame, ue
aBTOMaTbLT A pasnoswaea mymara w, a B IPOTUBHUA CJAydail, ye w
He ce Pasnosnasa ot A.

ITpumep 2.5.2 Heka A e aBTOMATLT
A={AB,C,D,E}, {a,b}, 6, A, {D,E}).
Ilmarpamara Ha TO3M aBTOMAT € NPENCTABEHA OT Tpada HA
Pur. 2.5.1.
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dyurmuaTa Ha mpexona 0 Ha aBroMmara A e 3amameHa Tabimd-
HO IO CJI€eoHUA Ha4YUH.

cberosanue ¢ | cuMBoa x | O
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[To mpyr mauws, ¢pyHKOuATA 0 MOKE Oa C€ 3amale WM C Mar-
puna Ha npexona As. Heka eaxementure ma V m K ca HOMepupanu
no caemuusa Hauwe V = {ay,a9,...,ap} 1 K = {q1,q2,...,q}. Torasa
marpunaTta As e ¢ n pema u m crbLabdba, KaTo

A5(IL?]) =l <~ 5(‘]270’]) = qI-

3a HamuMa OpUMeEp, A3 MOJIOKAM

A=q, B=qy, C=q3, D=q4, E=qs ua=ay, b=as.
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Torasa marpunara As e

As =

(AT A L
* O W N W

[Moue:xe GynrnusaTa § HE e NehUHUPAHA HABCAKDLIE, TO U MAT-
punara As wMa HenepuHMpaHu eseMeHtu, B ciaydas Ag(4,1) u
As5(5,2), toit kato 0(D,a) n §(F,b) HE ca oupenesneHu.

dymrnUATA HA IPEXoma § MOKe a Ce ONpPEnesu BLpPXY MO-IIr-
POKO Ie(pUHUIMOHHO MHOKECTBO, KakBoTo ¢ K X V*. Tosa Moxke na
CTaHe, Upe3 CJEAHOTO WHIYKTUBHO 33 TaBAHE

5I(Q7 e)=gq

d'(q,w) = 0(d"(q, @), a),
aKo w =aa, 3a a € V¥, acV.

Ot rasu ne¢puuunus ce Bmwxna, ue Bbpxy K XV ra3m ¢pynrnusa
¢bLBIAZA ¢ 0 U 3a O3HAYABAHETO Ha 0 IMe M3IOJ3yBaMe CUMBOJA o.

KoHKpeTHO 3a pasriaexIaHus NpuUMep, MOKe Ia ITPeCMEeTHEM

d(A,aba) = 6(0(A,ab),a) =0(0(5(A,a),b),a) =
=§(6(B,b),a) = §(B,a) = D.

Onpenenenue 2.5.2 Hekxa A e demepmunupan xkpaer asmomam. Mwo-
aHcecmeomo
L(A) ={w e V* | d(q,w) € F}

ce Hapuva €3UK, Ppa3lmo3HaBaH oT aBToMmara A.

He e Tpymuo ma ce Bumm, ue L(A) ce ¢bCTOM OT BCUYKKA BXOHU
oymu w € V*, ¢ kouro aBromarbT A, 3amouBaiiku cBosTa pabora oT
HAYAJHOTO CHLCTOAHUE () HOCTUTA IO HAKOE CHLCTOsSHUE OT F.

Tosa, ue 3a HAKOUM aBTOMATK (KAKTO U B TOPHUSA IpUMED) GyH-
KOUATA HA OPEXOoaa He € nepuHmpana HABCAKDLAE B K X V (uau B
K x V*), moke ma ce m3berse, KaTto ce BbBEIE HOBO CbLCTOSHUE
A ¢ K u Ha BCaka HapeneHa asoiika (¢,v) € K X V, 3a kosTo J HE €
ompemeseHna, noJoxuM 0(q,v) = A.
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TakbB aBTOMAT, 32 KOWTO § € m300paskeHue ce HAPUYIA, HANGA-
HO OMpedeneH.

AsromarnbT ot Ilpumep 2.5.2 cera wu3riexma, KAKTO HA
dur. 2.5.3.

N3BecTHU 3aTpyNHEHWsS BBL3HUKBAT OT OPPDAHUYEHUETO 33 He-
TEePMUHUPAHOCT, T.e. U3UCKBaHeTO 0 na e ¢ynkmus B K x V. Tosa
OTPAHWYEHNE U3KIIOUBA Bb3MOKHOCTTA HA AAATPAMATA HA ABTOMA-
Ta Na MMa CbCTOsHME, OT KOETO C €IUH U CbIA BXOAEH CUMBOJI,
aBTOMATDHLT Ha MOCTUTHE B MOBEYE OT €MHO CJEABAIO CbCTOSHUE.
3a ma m3berseM TOBa OrpaHUYEHUE NOCTUTAME N0 MOHATUETO Hele-
TepMeHUpaH KpaeH aBromar. [Ipm Hero ¢yHKIuATa HA IPEXO] UMa
33 CBOM CTOWHOCTU MHOMKECTBA OT C'bCTOsHUSA. CIleOBATEIHO NpU
HEro OT eHO ChCTOSHUE MOTAT A U3JIU3AT IMOBEYE OT eHA CTPEJKA,
KOUTO MMAT €IHO U CLINO TEryo (CUMBOJ OT BXOAHATA a30yKa).

Ab T
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$ur. 2.5.3

Onpepnenenne 2.5.3 Henerepmunupan kpaen asromar (HKA) e
napederna nemopra A = (K,V,0,qo, F), ksdemo gynkyusma wa npezo-
da & e usobpamcenue na K X V e mmwomcecmeomo P(K) om ecuuku
noomuoxncecmea wa K, a V,K,qy u F ca defunupanu, xaxmo npu de-
MEPMUHUPAH KPAEH AETMOMAM.

IIpumep 2.5.3 Kpailiauar aBroMar meUHEUPAH CHC CIeAHATA TAD-
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anna 3a GYHKOUATA HA IPEXOon 0

K |w| P(K)
Slal| {A}
S|b {B}
Alal|{AC}
Alb 0

B |a 0

B |b|{B,C}
Cla 0
Clb 0

U MHOKECTBO OT Kpaiiau cberosuus F = {C'} e HemerepMuHUpaH

KpaeH aBromar. /lmarpamara My e mokazana Ha Pur. 2.5.4.
i fi , M fi

fifh tith

b a,b
fi b il
b ‘@/Jﬁ% 4
$ur. 2.5.4

Tyk 0oTHOBO ce Hajara Ia pa3mMupuM He(PUEUOUOHHOTO MHO-
’KECTBO HAa QYHKOUATA J, BLPXY MHOxkecTBoTOo P(K) X V*.
Ia onpenenum pyHKmUATA 0, Ype3 CIETHOTO PABEHCTBO

o'(K'.a) = | d(q,a),

qeK’

3a Bcako K' € P(K) u a € V. OueBunno 0 cbBmajga ¢ 4, Koraro
|K'| =1, T.e. Bbpxy MHO%KecTBOTO K X V| €TO 3310 MOKEM BMECTO
0" ma mamoasyBaMe O3HAYEHHETO 0.

Ia pasraename pynrmuara 0, onpenenena B P(K) x V*, upes
CJleJHUTE PABEHCTBA
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5”(K’,5) — K,,

¢"(K',w) = ¢'(6" (K", B), a),
3a Bcako K' € P(K) u w = fla € V*.

Tyk cbmo ce BWEKIA, 9e BLPXy MHOKecTBoTO P(K) X V' dyn-
knuara 0"’ cuBmama ¢ 0, a BLpXy MHOkecTBOTO K X V chLBmama ¢
d ¥ ciemoBaTeJIHO 3a O3HauaBaHe Ha 0 MOKe Ja ce U3I0J3yBa 0,
KOeTo Ie mpuJjaraMe Io-HaTaTbK.

3a zamanenus HKA B IIpumep 2.5.3 momyuasame

d({S, A}, ab) =6(6({S, A}, a),b) =

= 5{(8(S,a) | J 6(4,0)},0) = 6({A} | {4, C},0) =
= 0({A,C},b) = 3(A,b) | J8(C,b) = 0| JO =0

Onpenenenue 2.5.4 Muoxncecmaomo om 0ymu, KOumMo pas3nosHasd
edun nedemepmunupar kpaen aemomam A = (K,V,06,qo, F) ce onpe-
0€AT NO CACOHUT HANUH

L(A) ={w e V" [ é({a},w) N F # 0}
U ce HaPUYe €3UK, PA3I03HABAH WM MOPONeH OT A.
3a astomara ot [Ipumep 2.5.3 mymara w = ab He ce pa3mos-

HaBa OT Hero, Twit karo 0(S,ab) = 6(4(S,a),b) = 6(A,b) =0, moraro

AyMaTa W = Cl3 = aaaq Ceé pa3mo3HaBa, TLH KaTo

0(S,aaa) = 6(6(S,a),aa) = 0(A,aa) =
=0(6(A,a),a) =0({A,C},a) =
=d(4,0) J(C,a) = {A,C}H J0 ={4,C},

u{A,C}NF ={c} # 0. CaenoBarenno ab He IPUHAIEKN HA €3UKA,

Pa3m03HaBaH OT TO3W aBTOMAT, a AyMaTa Cl3 € OT HErOo.

Onpenenenune 2.5.5 /lsa kpaiinu aemomama Ay u Ay we napuvame
exBuBasieHTHH, ako L(A1) = L(As).
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Teopema 2.5.1 Popmarnusm esux L wad azdbyxama V ce pasnosnasa
om 0emepMUHUPAH KPOEH GBMOMAM MOYHO MO2080, K024MO MOXCE 00
ce PasnosHae om HAKOU HedemepMUHUPAH KPGEH aG8TMOMGM.

Jorka3zarencTso: [la orbenexum, ue 3a Bceku KA cnmect-
ByBa ekBuBaJieHTeH Ha Hero /IKA c ¢yHKnus HA mpexomn, KOATO €
nzobpaxenue sa K x V B K. Hexka A = (K,V,0,q9, F) e IIKA, karo
d e m3obpaxkenue u L(A) C V*. Ila pasraename HKA

AI = <Ka‘/a(5,aQOaF>a

3a KOWTO

d'(g,a) = {d(q,a)}.

Ouesunno L(A) = L(A").

Heka cera A = (K,V,0,qp,F) e npoussomenr HKA ma ompe-
nenum JIKA, upes pasencrsoro A’ = (K',V, ¢, q), F'), 3a roiito na
mokaskxeMm, ue L(A) = L(A’). Tosa moxe na crame, kato uszbepem
K'=P(K) un qo = {q}. Pynrnuara ma npexon ¢’ ma A’ nedpurupame
d': P(K) xV — P(K), Taka 4e na e pasmupesnue Ha 0, T.e. BbLDPXY
K xV nma cbBmama ¢ ), KaTO OTLKIECTBABAME €IHOEJIEMEHTHUTE
MHOKECTBA C €UHCTBEHUA TEXEH €JIEMEHT, T.e.

8 (M,a) = U d(q,a), 3a Bcako M C K.
qEM

Torasa L(A") = {w € V* | §'({go},w) N F # 0}

Ioxraszarenctsoro Ha pasenctBoto L(A) = L(A') npenoctapsa-
Me 32 CAMOCTOATENHO YIpasKHEeHUE. O
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Pur. 2.5.5

[IpakTuueckn 3amadaTa 3a nmocrpoasane Ha KA, ekBuBaJen-
rerm Ha HAkom HKA ce cpema MHOro decto m MoOke ma ce pelnn
C W3MOJI3YBAHETO HA MO-MAJKO HA OPOM CHCTOAHWA, OTKOJKOTO Ca,
enemenrure Ha P(K), T.e. mo-manko or 21X/, Hocrarnbumo e orma-
YaJ0 ma pasriename caMmo cbcerosHusaTa 0({qo},a), 3a Bcsako a € V,
a camen toBa kbM K' ma mo6aBum u Bcuuku cherosmusa 0(M,a) 3a
Bcsako a € V u M C K. Tosa mobaBsHe mpOIbInKaBa, JOKATO IMOIY-
YEHUTE IO TO3M HAUMH C'LCTOAHWAA 3A00YHAT Ha Ce IOBTAPAT C BeUe
C'bIIIeCTByBaIIII/ITe.

3a HKA ot [Ipumep 2.5.3, momyvaBaMe €KBUBAJEHTHUA MY
ITKA mpencrasen ma Pur. 2.5.5.

SBanmnaumn
1. Heka L e e3uk man a3bykara V = {0,1}, cbcroam ce or aymu, B
kouto ciaen 0 Bumaru crou 1. Ila ce mocrpoum /IKA, routo pasmos-
HaBa L u rpamarumkara [', KoATO TO mOpaskma.
2. Heka A = ({a,b}, {q0,91,9}, 0,90,{q2}) e HKA, xoiiTo e npenc-
raper Ha Pur. 2.5.6. [a ce mocrpou KA, ekBuBajsenTen ma A.
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3. Ia ce moctpou KA, exsuBasenten ma HKA npencrasen Ha
dur. 2.5.7.
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