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3.2 HemerepMuHUpPAHM Mara3mHHUA aBTOMAaTHU

Kpailitaure aBromaru ca ymoOeH MHCTPYMEHT 33 ONUCAHNAE HA
aBTOMATHUTE TPAMAaTUKU. HKCTECTBEHO € 1a ce THLPCAT CPeInCTBa
3a aBTOMATHU3UPAHO OMUCAHWE W HA OE3KOHTEKCTHUTE TPaMaTUKW,
KaKTO € eCTeCTBEHO ma MpeamoJjiaraMe, Ue TAaKMBA aBTOMATU UMAT
MO-CIHOKHA CTPYKTYypPa OT KpaWHUTE aBTOMATH.

[MIpenu ma BBLBemeM aBTOMATH, C KOUTO CE€ ONMUCBAT OE3KOH-
TEKCTHUTE TPaMaTUKM, A Pa3rielaMe enHA MUPOKO M3MOJI3yBaHA
CTPYKTYpa 3a ONUCAHUE HA NaHHU, U3BECTHA B MPOTPAMUPAHETO Ka-
to cmex. ToBa e nuHElHA CTPYKTypa C €IMHCTBEHA TOUYKA HA IOC-
T'BI 0 KOMIOHEHTUTE i, HapedeHa BpbX HA cTeka. OCHOBHUTE mPO-
menypu CbC CTEKOBe ca nobaBAHE W W3BJAMYAHE HA KOMIOHEHTA OT
cTeka. Te3u mporemypu MOraT Ia Ce OCHIECTBAT CaMO, UYpe3 BbPXa
Ha creka. OT KA3aHOTO CTaBa ACHO, Y€ HOBA KOMIOHEHTA MOXKe na
ce mobaBU CaMO BbB BbPXa HA CTEKA M KOMIOHEHTA, KOATO MOIJIe-
KU Ha, M3BJIMYAHE € CAMO KOMIOHEHTATa OT BbPXa Ha CTeKa. decTo
Ta3M MOCIeNOBATENHOCT Ha mponenypure ce Hapuda LIFO ( last in
first out)mopamm ToBa, Ue mocmemEaTa KOMIOHEHTa, KOATO IIOMANA
B CTEKa, I'bpBAa HOMAJEXM HA m3Bauuane. llopanu nuaeliHOCTTA HA
CTEeKa, CJEeBA Ye B HEIO MOTAT Ma Ce CbXPAHABAT U IYMU HAJ A3 IE-
Ha a3byka. Hedemepmunupar mazasunen aemomam (HMA) moxe na
ce CMATa HEeAETPMUHUPAH KPAEH aBTOMAT, HA KOWTO (YyHKIUATA HA
IpPeXO0J 3aBUCHU U OT ChIbP:KAHUETO HA HAKON CTEK, T.€. BbH3MOKHU-
Te chCcToAHUA Ha To3u HKA ce ompenmensar oT TeKymoTo CLCTOAHUE,
BXOMHATA AyMa U OT CUMBOJA, KOUTO € BbB BbPXa HA CTEKA.

Omnpenenenne 3.2.1 HenerepMuHUpan Mara3mHEH aBTOMAT
(HMA) ce napuua wapedena cedmopra M = (K, V,W,6,qo,20,F), 6
KOAMO:

K e kpaiino mHoxcecmeo om 8smpewt, C5CMOTHUT Ha G8MOMA-
ma;

V' e erodna asbyka;

W e kpaiino MHOMCECTNE0, HAPEUEHO CMEKOBA (Ma2a3UNKA) a3-
byxa;

d: K x (VU{e}) x W — P(K x W¥*) e pynkyus na npexodume;
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qo € K e navaarno cscmosnue;

20 € W e nauvanen mazazunen (cmexog) cumeon;

F C K e muomcecmeo om kpalinu (3aKA0%UMeEANY) CECMOTHUT
HG A8MOMAMQ.

Onpenenenne 3.2.2 Ilod xongueypayus na HMA we pasbupame scs-
ka napedena mpotra (q,a,y) € K x V* x W*.

Heka a = aqa9...05, ¥ = T1%9...Ty,. PyHEOUATA § Ompemess
OpPexXon OT eMHa KOHPUTYPalra KbM CJIEIBAIUTE KOHGUTYPATUN 110
CJIC THUA HAYUWH:

(i) 3a Bcaka msoiira (p,v') € 0(q,a1,71) Kompurypamusara (q,a,y)
npeMuHaBa B KOHpUrypamuara (p,ai,7y1), KBAETO ] = a2a3...0s,
T =¥ 23...Ty,, KOETO OTOEMA3BAME C (¢, ,y) F (p,a1,71).

(i1) 3a Bcara nsoiika (p,v') € §(q,e,21) KORPUrypanuaTa

(q,@,7y) npemunaBa B KoHQUrypamuara (p, a,y Ta...Ty,) T.€.

(qa Oé,’)’) H <p7 «, 7,$2---$m>-

Paborara Ha HemeTepMUHWPAHWUA MATAa3WHEH aBTOMAT BbPXY
oyMaTa & = a10G3...4s C€ CbCTOU B CJEITHOTO:

- OT HAYAJNHATA KOHOUTYpAmud (go, (v, 2p) Ce MOIYyUABAT CJIEI-
BamuUTe KOHGUrypamuu, upe3 GyHKIUATA HA OIPEXOnuTe 0;

- OT HOBOIOJIYUYEHUTE KOHPUTYPANUU CE MOIYyUaBAT BCUUKU
clleBalll KOHPUIYyPAIUU U T.H.

Koraro aBromMarbT mpeMuHABa OT €0HA KOHGUTYPAOUA B APY-
ra, upes OpaBuiIoTo (i7) Ka3BaMe, Ue TOW U3BLPIIBA E-NPEMECMBAHE.

Onpenenenune 3.2.3 Kaszsame, ue aemomamsm M pa3mo3masa my-
MaTa (o, Ype3 KPaiHo CECMOTHUE, AKO NPU pabomama cu 85pry o Mol
docmuzne do Kondueypayus om euda (p,e,7y), p € F.

Ila ozmauum ¢ T (M) e3uka ot mymwure, Kouto M pasmosnasa, uype3
KpaflHO C'LCTOSHUE.

Onpenenenue 3.2.4 Kaszsame, we dymama o ce pasnozuasa om ae-
momama M, upes npasen Mmazasun, axo caed pabomama cu 8sPTY
aemomama M, docmuzene do konduzypayus om suda (p,¢,¢€).
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Ia osmaunm ¢ N(M) esuxa, moponer or M mo to3u HaYWH.

Hpnmep 3.2.1 Hexa M = ({QO,Q1,Q2},{a,b},{20721},5, q07z07{q0}> e
HMA ¢ ¢yrrnus ma npexonure

(g0, a,z0) = {{q1,2120) }, 6(q1,0a,21) = {{q1,2121)},

6(q1,b,21) = {{g2, €)}, d(q2,b,21) = {{q2,€)},
3(q2,€,20) = {(qo,€) }-

Ia pasraemamve paborara my BLpxy aymure aabb u abaab.
[TocmenoBaTesHO MOJIydaBaMme

(qo,aabb, zo) + (q1,abb,z120) F (q1,bb,z12120) F

<QQab321ZO> + <q236320> + <QO3636>

<QOa abaaba ZO> + <QIa baaba 21 ZO) + (qQa a'a'ba ZO)'

OueBnauo nbpBara xyma e or T'(M) u N(M), mokaro Bropara
IoyMma He ce pa3mo3nasa oT M.

AcHO e, ue BBbpXy AyMu, 3amMOYBAIMU C b aBTOMATDLT HE € OI-
penmenen. Koraro emma myma 3amodBa ¢ ¢, aBTOMATHT IPEMUHABA B
CBHCTOSHUE (| U 33 BCAKO ¢ NOOABA B MAra3wHa IO €IHO 2] U OCTAaBa B
cberogaueTo ¢q;. Cnenm karo ce mosaBu OykBaTa b aBTOMATHT MUHABA
B CHLCTOSIHUE (2 W MOKATO yere OykBaTa b, OCTaBa B TOBa CHCTOA-
HUE, KATO HA BCAKA CTHLIOKA M3BINYA OT CTEKA MO €mHO z1. AKo ¢
n3YepuBaHeTO HA OykBUTE b Ce M3uepnu m Mara3mHa, TO aBTOMATHT
OpEeMUHABA B 3aKIIOUUTENHO CLCTOSHUE. AKO 06adye OTHOBO Ce TO-
ABUM @, WiM b-TaTa ca mOBeYe WM MO-MAJKO OTKOJKOTO € OYyKBaTa
z] B MaraswHa, TO aBTOMaTHhT € HeonpeneseH. CiemoBaTenno

T(M) = N(M) = {a"b" | n > 1}.

[Ile moraskem, ue OE3KOHTEKCTHUTE €3UIM CA TOYHO E3UIUTE,
KOWTO MOraT na 0bIAT IPUETH OT HeAeTePMUHUPAH MATCa3UHHNA aB-
tomaru. [Ipemm na ycramoBuM TO3:M ()aKT A pa3rienamMe OTHOBO
IpuMepa 33 aAPUTMETUYHUTE U3PA3U.
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Heka I' = (V,W, U, P) e Ge3KOHTEKCTHA I'DAMATHUKA 33 KOATO
V:{a’b’c’ (’)’+’_’*’/}’ W:{M’O’M} u Hpa‘BHJIa'

n—-0MnN+0U-0

O - M|O «M|O/M

M — alblc|(1).

Ila mocrpoum HMA | koiito npuema L(I'). Takbs aBroMaT Tpsab-
Ba ma "Kommpa’ BCAKA JIsIBA CXeMma Ha u3BOoA B I', upe3 omepamuu
HA I HETOBUA CTEK. 10Ba MOKEe Ia CTaHe HANIPUMED MO CJIETHUA Ha-
YMH: MOCTaBAME HAYAJHOTO ChIbp:KaHWME Ha cTeka ma e Mzy. Ha
Bcako mpasuwiio I — O, 1 - M+ O, 11 — U — O ma cbomocraBum
crnemHUTe nymu HaL cTekoBaTa a3dyka Ozg, U + Ozy u U — Oz.

[MIpu BcsAKO mpeMuHABAHE B HOBO CHLCTOSHUE HA aBTOMATa, CE
M3BJNYA 1O €IUH CUMBOJI. AKO TO3M CHMBOJI € HeTepMUHAJeH 3a [,
TO TOW Ce 3aMeHs B CTEKa C AICHATA CTpaHA HA OpaBuiara B [, B
KOﬁTO CUMBOJI'BT € JiABa CTPAaHAaA. AKO IOI'bK € TEPpMMWHAJEH CUMBOJI
3a I', TOl ce M3MON3yBa 33 BXOMEH CUMBOJ U ONPENEJIsa CJIeABAIOTO
CbCTOSAHUE HA aBTOMaTa. [la ompemenmMm ciemHUST aBTOMAT

A= (Ka Va W,a 63 q0, 20, {q2}>a
K'DIETO

K = {q07q17q2}7

W' =V UW U{z}.

dyrrknusaTa HA OpexonuTe ce NePUHUPA OO CIIeTHUS HAYUUH:

(g0, €, 20) = {(q1, Uz0)}
6(q1,, 1) = {{q1, 0), (@1, 1 + O), (q1, 1 — O)}
6(q1,¢,0) = {{q1, M), (q1, 0 * M), (¢1, O/M) }
6(q1,€, M) = {{q1, @), (q1,b), (q1,¢), (g1, (V1)) }
qr,z,z) = {(q1,¢)} 3a Bcako x € V
6(q1,¢€,20) = {(q2,€)}-
fcuo e, ye emma BXxomHA myMa e pa3mo3HaTa OT A camo, ako
uypes3 Hed CTEKLT Ha A cTaHe mpaseH m TaA OpusexIa A B ¢bLCTOIHTE
¢o. Ila pasramenmame mampumep mymata w = a+ b ¢, koaro e or L(T)
u ma mpociaemuMm paborara Ha A BLpXy Hed.
Hauannmara konpurypanus sa A e (g, w, 2p). [locnenosarenno
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OT Hesl HOJIydaBaMe KOHQUIYDAIUITe
(q1,w,20) F (q1,w,U2z) F (q1,w,1+Oz) F (q1,w,0 + Oz)

F{q,w,M+Oz) F {(qr,a+bxc,a+ Oz) F (q1,+bxc,+0z) F
(q1,bxc,02) F (q1,bx¢,0 « Mzg) F (q1,b*c, M« Mzg) F
F (q1,b*e,bxMzg) F (qu,*c,*Mz) F (q1,¢,Mz) F {(qi,¢,c20) F
= {q1,6,20) F (g2,¢,¢€).

To3u mpuMep HM HmOKa3Ba, Kak mga moctpouMm HMA, kouro ma
pa3mo3HaBa NaeH OEe3KOHTEKCTEH €3UK.

Teopema 3.2.1 3a acexu besxoumercmen ezux L cowecmeyesa nede-
mepmunupar mazazunen aemomam M maxa, we L = L(M).

JMokaszaremctBo: Heka L ce mopaskna or Oe3KOHTEKCTHATA
rpamaruka [' = (V, W, S, P). Ila nepunupame aBromara M mo cien-
aua mauna: M = (K, V, W', 4, qo, 20, {q2}), xbHeTO

K = {q0,q1,q},

W =VUWU{z}, 20¢ VUW
7 QYHKOWA HA OPEXOIUTE 0 33 KOATO:

6(qo,€,20) = {{q1,Sz0)}

d(q1,¢,A) = {(q1, @)| cbmecrByBa mpasuno A — a B P}

d(q1,a,a) = {{(q1,€)} 3a Bcako a € V

6(q1,¢,20) = {(q2,€)}-

Ta3u medwHUNUS rapaTHpa, 4e ak0 w € L, TO cbIecTByBa
asBa cxema Ha u3Box S = w B ', TOuHO TOraBa KOraTo OT KOH-
¢urypanusara (qo,w, zp) MO¥Ke Ia Ce HOCTUTHE IO KOHGUIYPAMUATA
(g2, €,¢). CnemoBaTenno

weEL <= SkEw < (g,¢) € §(qo,w, 20)- O

B cusa e u obparHara TeopemMa, HO 3a HEHHOTO HOKA3aTEJICTBO IIE
HU Obae HeoOXOoouMa CJlenHaTa JIeMa.
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Jlema 3.2.1 Hexa M = (K,V,W,§,qo, 20, F') e npouzeonen HMA. Cs-
WECMBY8a HEOEMEPMUHUPAH MAZAZUHEN GETNOMAM,
M’ = (KI, V’ W” 5,7 q67 Z(l), F,>7

Kotimo e exgusaaenmen na M, uma edurncmeeno Kpalino cscmosHue u
caed docmuzanemo my, cmexsm wa M' cmasa npasen.

Hoxrxa3zarencrBo: Heka K' = KU{q),¢,}, {qp, ¢4} NK =10,
W'=WU{z}}, 2, ¢ W n ¢ cbBuana ¢ § 3a BCUYKA CBHCTOSHUI OT
K n

6I(q6’5’z(l)) = {(CIOazOZ(I))}

8(q,e,A) = {(¢},¢e)} 3a Bcako g € F, Ae W'
8 (qy,e,A) = {(¢},e)} 3a Bcaro A e W'

F = {4,

OT IBbPBOTO PABEHCTBO CIENBA, Ue B cTeka Ha M’ ome mpemnm
aBTOMATHLT M3 3amoune paborara, ¢ KOATO U O3 € BXOAHA OyMa Ce
OCTAaBA CHUMBOJBLT 2, KOETO MapAaHTUPA, Y€ aKO ABTOMATBLT HOC-
TUTHE OO0 HAKOE CbCTOAHWE OT F, TO B CTEKa My IIe OCTAaHE MOHE
eIuH eJeMEeHT

BTOpoTO paBeHCTBO MOKA3Ba, 4€ B ¢ aBTOMATLT MOXKe Ja T0C-
TUTHE U UYpe3 £-IpeMeCcTBAaHe, aKO OpEeAW TOBA € OWJil B ChLCTOAHUE
or F. To uu rapanTtupa, ue M u M’ ca eKBUBaJIeHTHM aBTOMAaTH
T.€. PA3MO3HABAT €QUH U CHIIU €3UK. U

Teopema 3.2.2 Axo L e esux, xolimo ce pasnoznasa om Hedemepmu-
HUPGH Maza3uHen asmomam, mo L e besxkonmexcmen esux.

IMoxkaszaremcrBo: Heka M = (K,V,W,0,qo,20,{qn}) e aBTOMarT,
3a kouro L =T(M) u K ={q,q1,-.-,qn}. a nocrpoum Ge3roHTEK-
crHa rpamaruka I', 3a koaro L = L(I'). 3a Bcekn cumsBon A € W
oT mara3unHaTa a3byKa Ia BbLBEAEM HeTepMUHAJEeH cuMBOJI A(7, )
Ha [, Taka 4e OT HEro ¢ MpaBUJa Oa MOTAT JAa Ce U3BENAT BCUUKU
nymu w € V*, 3a xouro M ce mpemecTBa OT CbCTOAHUE ¢; IO (j 4
ot creka Ha M ce usBinuua cumBoant A. Heka I' = (V, W', S, P). Ila
HMOJIOKUM

W'={A(i,j) | Ae W,0 <4,5 <n}, S=2(1,n)
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[IpaBumara B I' m3raexmaT mo ciie THUA HAUUH:
Axo (qj, B1B3...By,) € 6(gi,a,A), To B P mocraBaMe IPaBUIOTO

A(i,j) = aB1(i,n1)B2(n1,n2)... By (nm—1,5)

3a BCAKA PEIUIA Ni,N2,...,Nm—1 33 KoATo 0 < np < n. Axo (gj,€) €
d(gi,a, A), To B P mocraBame npasusoro A(i,j) — a.
CiemoBaTesHO

we€T(M) < (gn,€) € 0(q0,w,20) <= 20(1,n) Fw <~
— w EL(F) n

Teopema 3.2.3 Axo L e besxonmexcmen eszux, a R e asmomamen
esux, mo LN R — beskonmexcmen esux.

JloxkaszarescTBo: Heka L ce pasmo3naBa OT HeIeTePMUHUDA-
musa marasuuen asromar M = (K, V., W, 4, qo, 29, F) n R ce pa3uno3ua-
Ba OT HENeTEPMUHUDPAHNA KpaeH asromMar M = (K,V,S,dg,F). Ila,
OOCTPpOUM CJIEOHUSA HEACTCPMUHUPAH MAara3mHEH aBTOMAT

M x M = (K X KﬂKWaéla(QOaQO)aanF X F)a
KbIeTO QyHKIUATA §' Ce OmpEenessa Mo CJIeqHUA HAYUH
(g, 9),a, A) = {((d,d),5)(d, ) € 6(q,a,A) m § € 6(g,a)},

'((g,9), e, 4) = {{(¢',q), 2)|(d', z) € d(q,¢,A) m ¢’ = ¢}

VEnykruBHO, O OpOA HA NPEMUHABAHUATA OT ChLCTOSHUE B
cberosHme Ha aBromMara M X M moske na ce nokaxke, ue w € (M x M),
TOYHO TOTaBa, Koraro w € L N R. U

KakTo npm aBTomMaTHUTE e3unu, ce MOKa3Ba, ue ako L u R ca
nBa 6eskonTexkcTHN e3unu, 10 LU R u LR ca 6e3KOHTEeKCTHU €3UIH.

Cnenpamuar npuMep moka3sa, ue L N R He BuHaru e Ge3KOH-
TEKCTEH e3uK, ako L u R ca Ge3KOHTEeKCTHU.
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IIpumep 3.2.2 Aro L = {a"b"c™|m,n > 1} u R = {a™b"c"|m,n > 1},
TO Te3W IBa €3WMKa Ca 0Ee3KOHTEKCTHU, 3ALI0TO C€ MOPaKIAT OT Ipa-
MATHUKYU C'bC CJIEIHUTE MPABUIA 33:

L — {S— AB, A— aAblab, B — ¢B|c}

R — {S— AB, B — bBc|be, A — abla}.

Ceuennero LNR e e3ukbr LNR = {a"b"c"|n > 1}. [lo-raTaTbK
e HOKasKeM, ue TON He e De3KOHTEKCTEH.

C momxomdmuy OIpUMepu MOKe O3 Ce MOKaske, uye ako L e 6es-
KOHTEKCTeH e3uK, To L = V*\ L ue Bumaru e Ge3KOHTEKCTEH e3WK.

Koraro ¢pymsknusara va npexomure § Ha equa HMA e nedunu-
pana ot K x (VU{e})xW* B maoxectBoTo K XW*, a ne B P(K xW*)
u or 0(q,&,2) #0 ma cnemsa 6(q,a,z) =) npma €V,

5(q7 a? A) = ®7

TO aBTOMATLT C€ HApUYa 0eMEePMUNUPAH MAZAZUHKEN ABTNOMAM,
(/IMA). E3uk, koiito ce pa3unosHasa ot Hakoil JIMA ce mapuua de-
MePMUHUPAH.

OueBunuo e3uksbT oT [Ipumep 3.2.1 e moponen or JIMA, Bbo-
peku ue He e aBroMareH e3uk. OT apyra cTpaHa BCEKM aBTOMATEH
e3uK Moke na ce pasunossae or JIMA. Hauctuna Bceku KpaeH aBTO-
Mar e ekBuBaJieHTeH HA JIMA, KOWTO HE M3MON3yBa CBOA Mara3uH.

OkxasBa, ce ye He BCeKM OE3KOHTEKCTEH €3UK, MOMKEe Ha Ce Pa3-
noszuae ot HAkou /IMA T.e. He BCeku OE3KOHTEKCTEH €3UK € MeTep-
MWUHUPAH.

3a meTepMUHUPAHUTE €3UNU CA B CUJIA CIEAHUTE TBLDICHUA.

(i) Axo L e merepmumuupan, To u L = V*\ L e merepMuHMpaH
€3UK.

(i) Ako L m R ca merepMUHUpDAHU €3UNM, TO HE BUHATK
LUR,LNR,L* u LR ca nerepMuHUPAHU.

3amaumn

1. IHa ce mocrpom HMA, koiiTo pasno3HaBa, 4ype3 KpailHU CbHC-
TOSHWUA, CIEIHATE €3UIN:
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a) {a"b®™ | n > 1}

6) {w € {a,b}* | B w nma pasen 6pou a-ta u b-ta };

B) {a™b"a" | n > 1}.
2. Ila ce moctpou HMA, koliTo pa3mo3HaBsa, ype3 npa3eH Mara3uH,
CIIETHUTE €3UIN:

a) {w € {a,b}* | 3a Bcako wy € {a,b}*, w# wiwi };

6) {w € {a,b}* | cbmecTByBa w; € {a,b}*, Taka ue w = wiw],

KBIETO W) € AyMara w) HANUCAHA B 0OpaTeH pem}.
3. Ila ce mokaske, ue ako L e meTepMuHUpaH €3uK, a R — aBTOoMa-
TeH, TO0 L N R e meTrepMUHUPAH €3UK.
4. ITa ce nokaxe, ue e3ukbT L = {wew'|w € {a,b}*} e nerepmununpan
e3uk Han azbykara {a,b,c}.
5. Ila ce moctpou HMA, KouTo pa3smo3HaBa e€3uKa, IMOPOILEH OT
rpaMaTuKaTa ¢ IPaBUIIa

S — aAlaBB, A — Ba|Sb, B — bAS|e.

6. la ce mocTpou HemeTEPMUHUPAH Mara3suHeH aBTOMAT, KOUTO pa3-
MO3HABA:
a) BCUYKM apUTMETUYHM W3Pa3yu HA TPU NpoMeHauBu(OyKBuM);
6) esura L = {a*b'a™b" | | u n wermn, k u m nenu meorpuma-
TEeJHN }.



