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1. ¥YBoa

Konrekcraure mpasuiia 3a 3aMecTBame ca 100pe mo3Har (GopMaInu3bM, M-
POKO WM3MOJI3BAH B MHOIO OOJIACTH HA KOMITIOTbPHATA JIMHTBUCTUKA. 33 HTPbHB
I'bT HAMHUpAT NpHIOXKeHHe B Tpynosere Ha Yomcku ([1]) u KakTO ce oka3Ba
MO-K'bCHO €A TOCTATHIHO M3PAZUTEIHH, 33 A MOIEIMPAT YCIEITHO MHOKECTBO
€3UKOBU (PEHOMEHH.

IIpes 1972r. dxkoucvu ([2]) 3abensizBa, 4de ¢ orpaHudeHuero na paborst
€JMHCTBEHO BbPXY BXO/A CU, KOHTEKCTHUTE [IPABUIIA 33 3aMECTBAHE CTABAT €K-
BUBAJIEHTHU IO U3PA3UTETHOCT HA PEryispHuUTe pejanuu. 103U 9ucTo Teoperu-
YeH pe3yJTal e MOoTBbpiaeH no-KbcHo or Kamman u Keit ([3]), konto mokassar
[MPAKTUYECKATA, TPUJIOKUMOCT HA KOHTEKCTHUTE [PABUJIA 33 3aMECTBAHE, Pea-
Ju3upaiiku ru ¢ Kpaiinu npeobpasysaresu. ToBa jjaBa TJacbK HA MHOYXKECTBO
pa3paboTKu B 00JIACTTA ¥ OCTABA €JHO OT CbINECTBEHUTE [MOCTUXKEHUSI B CbBPE-
MEHHATa KOMITIOTbDPHA JIHHTBUCTUKA.

Bumammunte, Bbeegenn or [yrientepxe ([4]), ca gerepmuancTnann abe-
TPAKTHU MAITUHU, EKBUBAJIEHTHHU 110 U3PA3UTETHOCT HA PEry/isipHuTe DyHKIUH,
KOUTO [0 €JIHA WJIK JIPYTa MPUYUHA OCTABAT CPABHUTEJHO HEU3CIICIBAHM JI0 HA-
wy gay. CrenpduyHo 3a Te3u MAllUHU €, Y& 00paboTBaT OAAIEH BXOJEH TEKCT
€HOBPEMEHHO OTJISIBO HA/IACHO U OT/IACHO HAIABO. Ha BCAKA O3UIMS CE U3BEAK-
[1a, U3XO0JI, 3aBUCEIN KAKTO OT IMPOYETEHOTO BJISIBO OT TEKYIATA, MO3UIINsI, TaKa
U OT MPOYETEHOTO BJSCHO OT Hesi. BumammuanTe paboTAaT JIMHEHHO CIPSIMO [ThJl-
JKUHATA HA BXOJHMS TEKCT, KOETO I'd IPABU OCOOEHO e(DeKTUBHY U IPUIIOKUMHU
HA [IPAKTUKA.

Hesra Ha HacroOsiiaTa padora € Ja MpejIcTaBd KOHCTPYKIHs, KOSATO [0 Jla-
JIEHO KOHTEKCTHO MPABUJIO 3a 3aMECTBAHE CTPOM AUPEKTHO OMMAIIWHA, PEAJIu-
3upala CbOTBETHATA My PeryispHaTa yHKIH.

W3BecTHu ca KOHCTPYKIWMM, CTPOSIIN KPAEGH Ipeodpa3yBaTes 33 KOHTEKC-
tHO npasuwio ([3]) u Gumammua or KpaeH npeobpasysares ([5]). IIpes 2004r.
Ckyr ([6]) u ap. noKa3BaT AUPEKTHA KOHCTPYKIMs HA OUMAIIUHA 110 O'PAHUYEHO
KOHTEKCTHO TPaBUj0. /{OKOJKOTO HU € M3BECTHO, HACTOAIIATA PAOOTa MOKA3Ba,
IbPBATA 0 MOMEHTA, JUPEKTHA KOHCTPYKIUS HA OMMAIINHA, KOATO HE HAJIAra
HUKAKBU OTPAHUYEHUS BbPXY KOHTEKCTHOTO MPABUJIO.

Juriomaara padoTa e CTpyKTypupaHa Kakto ciaeasa. B [asa 2 Bbexmame
KOHTEKCTHHUTE IIPAaBUJIA 33 3aMecTBaHe n dpopmatmsupame 3agadara. B nasu
3 u 4 upejcraBsMe HIKOU O3HAYEHUS U CBOMCTBA, CBbP3aHU C KPANHUTE ABTO-
varu. B ['maBa 5 medunupave OGumarmmaa v u3cjaegBaMe IBE€ OT Bb3MOKHHUTE
it onepamuonuu cemantuku. B ['maBa 6 onmncBaMe nupeKTHATa KOHCTPYKIMS HA
OuMaIMHA 110 KOHTEKCTHO IIPABUJIO M [IOKa3BaMe HelHaTa KopekTHocT. B ocra-
Bamure [taBu 7 u 8 uzsarame HAKOM OT U3IIOI3BAHUTE AJITOPUTMHE U U3CJIE1BAME
CJIOXKHOCTTA HA KOHCTPYKIMSTA.

IITe o3nagaBamMe KOHKATEHAIUSTA HA IBe IyMu o U J ¢ «v - 3 WU JUPEKTHO
¢ aff, KoraTo CMHUCHLIBT € siceH oT KoHTekcTa. llle o3magaBame dakra, de « €
moaayma Ha 3, mumeliku o C § unu « C 3, B ciiy4aii 9e ce JOMyCKa, PABEHCTBO.
Benuku ocranaiu o3HadeHus 11e BbBEXKAME [IPU HYKJIQ UM I1e CMATaMe 33,
JIOCTAT'BYHO HIMPOKO IIPUETH.



2. KoHTekcTu n IIpaBUJia 3a 3aMeCTBaHe
Heka dukcupame kpaitna azdyka X. [IpaBura or Buga
E—pB/L R (1)

kbaero L, E, R € RE(X) ca peryiaspuu uspasu Haj X, a 0 € X*, Hapudame
KOHTEKCTHH ITIPABUJIA 33 3aMecTBaHe. [IpHIoKeHne Ha IPaBUIOTO BbPXY JyMa
a € X cieisa Ja ce MHTeplperupa Karo eJHOBPeMeHHO 3aMecrsaHe ¢ (3 Ha
LOJJLyMUTE HA (v, KOUTO LpuHayieskar na esuka L(F) na pery/isphus uspas E
u ce Hamupar mMexkay nongyma ot L(L) u nogayma or L(R):

B
———
Q1o ... 010G ... Q105 ... Q10 ...Q1—1Q]...0p_10p

eL(L) €L(E) €L(R)

Hedbunnrus 2.1. Hexat € ¥*, a L, E, R € RE(X). Beara mpoiika (u,v,w),
maxasa, we u € L(X*L), v € L(E), w € L(RY*) u uvw = t, napuuame KoH-
mekcm 3a 3amecmeane 6 t ¢ npedurc om L, doxyc om E u cydurc om R.
Hymume u, v u W HAPURAME CBOTNGEMHO NpePukc, Pokyc U cyPukc Ha KoH-
mekxcma. Osnavasame c C(t; L, E, R)

Ct;L,E,R) = {(u,v,w)lu € LIZ*L) & v € L(E) & w € LIRE") & t = uvw}

MHOHCECTNBOMO OM 8CUYKY MaKuea xKoumekcmu. Kozamo t, L, E u R ce noo-
pasbupam, ue nuuwem camo C.

Ot m0oTyK Ka3aHOTO CTAaBA SICHO, Y€ MMPU TPUJIATAHETO Ha MPABU/IA 33 3aMEC-
TBaHE MOTAT /13 Bb3HUKHAT OMpejie]ieHn MHOro3HavYHOCTH. Hampumep, ako aBa
KOHTEKCTa MMaT eIuH U Cbinu npedurc, HO pasjaudhu (Gpokycu (M CbOTBETHO
cydukcn), 3aMeCTBAHETO HE € eIHO3HAYHO OLPEIEJICHO:

uq vl w1

U2 V2 w2

TakbB TUII MHOMO3HAYHOCTH I1I€ pa3peniaBamMe, n30upaiiku KOHTEKCTa ¢ Hali-
IbJIbr POKYC.

IIpumep 2.1. Jla paszzaedame npasusomo a™ — A [/ b_a u dymama o =
baaaab. IIopadu 663HUKHANGMA MHOZOZHAYHOCT, PESYAMAGMBM, OM NPULONHCE-
HUEMO Ha NPABUAOMO 68pTY & Mmodce da e bAaaab, bAaab uau bAab (3amec-
meatiku coomsemno 6 kowmexcm (b, a, aaab), (b, aa,aab) uau (b, aaa,ab)). Ye-
Aa8ATKY ce 06 ubupame UHARY KOHMEKCMA ¢ Hall-06462 POKYC, Pa3pewasame
MA3U MHO203HAUHOCT, U JePUHUPAME PESYAMAMG OM NPUAOHCEHUEMO HA NPG-
suaomo 6spry @ da e mouro bAab.

Hedbunnrus 2.2. Kassame, we dea xonmexcma (u;,v;, w;) € C 3a1=1,2 ce
sacmesnsam, u nuwem (U1, vy, wr) < (Ug, V2, wa), ako u; C ug C UIV].



uy v1 w1

uz V2 w2

IIpu 3acTbnBamy CE KOHTEKCTH 3aMECTBAHETO 110 KOHTEKCTHO [IPABUJIO TPsib-
Ba Jla Ce U3BBPINU B TOYHO €IWHUS OT JABara KoHrekcra. Ille paspermasame Ta-
KHBa MHOTO3HAYHOCTH, W30UpAWKM BUHATW Hali-JIeBHS Bb3MOXKEH KOHTEKCT U
UTHOPUPANKY T€3M, KOUTO CE 3aCThIBAT C HErO.

Takapa crparerus 3a pa3pelnaBaHe Hd MHOIO3HAYHOCTHTE CE HapUda 3aMec-
TBaHe Ha "Hail-J1ABO, HAl-AbLJO cpemade".

IIpumep 2.2. Ja paseaedame npasusomo xylyz — € |/ x_ z. Hpusooicenue-
mo my 6spry Jdyma Kamo Tyzzraxyzz nopaxcda kowmexcmume (T, Yz, 2rryzz),
(xyzza, vy, 22) u {ryzzex, yz, 2), emopume dea om Koumo ce sacmansam. Cmpa-
meauama "Hatl-a460, Hali-deaz20 cpeusare "onpedess nspeume dea kKowmexcma
Kamo 6aAudHU 30 3AMECTNGAHE, G DESYAMAINGIN 0T 3AMECTNEAHEMO € TMOYHO
TZX2Z.

CobiecrByBar u apyru crpareruu 3a 3amecrBane. 1lle ce KoHIEHTpUpame
BbDPXY PEATU3NPAHETO HA TOPEOITNCAHATA, CTPATErNs, 3AMIOTO CMATAME, 9€ TS €
Ha#l-eCTeCTBeHAaTa W HAR-9eCTO NPUJIOKNAMA B IPAKTAKATA.

Hexka cera nedunupame popMagHO MHOKECTBOTO OT KOHTEKCTUTE, KOUTO IIE
CMATAME 6GAUIHU 38 3AMECTBAHE CJIEJ] [IPUIAIAHETO HA IOPEONUCaHaTa CTPaTe-
rus 33 pa3pelnaBaHe Ha MHOIO3HAIHOCTHTE.

Hedbununusa 2.3. Jepunupame caednume onepamopu Had MHOACECTEA O
KOHMeKCmu.

OVER(C,C") = {{u,v,w)ec|(FW v, w")ecc) (W, v, w") < {u,v,w))}
LEFT(C) = {(u0w)ec G o, w)ee)(u’ C u)
LONG(C) = {{u,v,w)ec|(F(u, v, whec)(v CV')}

IIbpBusar oneparop OVER ompenesiss BCHYKA KOHTEKCTH OT JAAJIEHO MHOZKEC-
TBO, KOUTO Ce 3aCTblIBAaT OT IIPOU3BOJIEH KOHTEKCT, [IPUHA/IJIeKall] Ha JApyro
MHOKecTBO. Bropusar omneparop LEFT omnpeness Hali-A1e6ume KOHTEKCTHA B 1a1e-
HO MHOKECTBO.

WNwmaiiku ropante gedUHUIN MOYKEM 13 TPUCTHINM KbM (opMasiHaTa JIe-
dbunnuua va Basmuanu xkourekcru. Crpoum pemuna {C;}2,, kbaero C; C C 3a
BCAKO ¢ > 0 upe3 cieaHara WHIYKTABHA J1eDUHATS:

-Co=10
- Cit1 = C; ULEFT(C — C; — OVER(C, (;))

Buxkna ce, 4e TOBa € MOHOTOHHO PAaCTAINa PEINIa OT MHOXKECTBA, CJIEI0-
BaTeJHO UMa TO4YHA ropHa rpanuna. Osnagasame C, = U2 ,C; u napudame C,
MHOXKECTBO Ha Basuaaure kKoHTekcru. Osnagasame C; = LONG(C,) u mapmaame
C; MHOKECTBO Ha Hali-IbJI'ATE BAJUIHA KOHTEKCTH.

Tebpaenne 2.1. C, CC

Tsbpaenue 2.2. C, c606porca camo He36CMBNEBAUL Ce KOHMEKCTNU



Hokasameacmeo. Ha monycuewm, ge (u;, v;,w;) € C, 3a 1= 1,2 u (u1,v1,wy) <
(ug2,v9,we). ToraBa u; C ug C uivr. Heka k; ca naif-MaJkuTe MHAECKCH, 33 KOUTO
CHOTBETHO (Uj, Vi, w;) € Ck, (TAKWBA HEMPEMEHHO MMa, 3AIMOTO CM€ MTPUEJIH, 1€
(ui, vi,wi> cC, = U,;“;OC;C).

Heka mpuemewm, e k1 > ko. Torasa

<u2,vg,w2> €Cr, =Cpy—1 U LEFT(C —Cry—1 — DVER(C,Cszl))

Ha ozuaaum ¢ R = C — Cy,—1 — OVER(C, Ci,—1). Tbit kaTo (ug,va, wa) & Cry—1,
suaqu (ug, v2, we) € LEFT(R). Ot apyra crpana, Tbii Karo ki > ko, 10 (u1,v1,w1) €
R. Tosa um BOmM 10 mpoTHBOpedne ¢ meduHnumusaTa Ha LEFT, u ciaegoBaTeHo
k1 < ko.

Cren kaTo ycranoBuxMe, 9e ki < ko, MOXKEM Ja 3aKJIH0UUM, 9e (U, U2, W) &
Cr3ak < ky. Ipu k > ky, (u1,v1,w1) € Ck u 3uaum (usg, vy, ws) € OVER(C,Cy),
T.e. (Ug, V2, we) &€ Ci11. Taka nomyunxme nporusopedne ¢ pakra, 9e (ug, v, W) €
Cr, (k2 > k1), u cnenosarento B C, HAIMA 3aCTHIBAIIU CE KOHTEKCTH. O

Tebpaenne 2.3. Hexa (u,v,w) € C e nesaruden xowmexem ({(u,v,w) & Cy).
Tozasa uma saruden Konmerem ({ug,vo,wo) € Cy), makss, ue (ug, vy, wo) <
(u, v, w)

[oxazamencmeso. a pasriaegame pegunara {O;}52,, kpaero O; = OVER(C,C;).
JlecHo ce mpoBepsiBa, 9€ TOBa € MOHOTOHHO PACTSINA PEIUIA, IAATO TOTHA TOPHA,
rpanuia e nmeHno OVER(C, C,).

ITe nposepum, 1e C, UOVER(C, C,) = C. U mancTuHa, na 100yCHEM, b€ ChINec-
TByBa KOHTeKCT (u,v,w) € C, Takbs, ue (u, v, w) € C, u (u,v,w) ¢ OVER(C,C,),
u Ja ro usdbepem ¢ munumasieH cydukc. Tbit karo C e KpailHO MHOXKECTBO,
uma uHzgekc k, 3a koiito Cy, = C,. Ilonexe (u,v,w) & OVER(C,Cy), ciensa, ue
C —Cy —OVER(C,Ck) # 0, u cnenosarenno C,, C Cp41 HE € TOIHA FOPHA TPAHUIIA
na peaunara {C;}. Tosa e nporusopeuue, u ciaenosaresuo C, UOVER(C,C,) = C.

Cera nma ce BbpHeM Ha TBbpAenmero. Heka (u,v,w) & C,. Torasa (cmopen
TOKy IO HalpaseHuTe pascbxaenus) (u,v,w) € OVER(C,C,), u ciaepoBarenno
nmMa nanekc p (OVER(C, C,) e Touna ropHa rpanuna va {O; }), 3a Koiito (u, v, w) €
Op. Torasa no nedurunusra va {O;} crensa, e uma (ug, vo, Wo) € Cp, 33 KOKTO
(w0, vo, wo) < (u, v, w). O

Tebpaenue 2.4. Hexa (u,v;, w;) € C ca kowmexcmu (i = 1,2). Toeasa (u,v1,ws)
e saauder MowHo Mo2asa, K02amo u (U, vz, W) € 6aiuden.

Jloxasamencmeo. Heka (u, vy, w) € BAWIEH KOHTEKCT U I JIOMYCHEM, 9€ (U, Vg, Wa )
e meBayuzen. Torasa chinectByBa k > 0, 3a koero (u, vy, we) € OVER(C,Ck). Ho
TOBa O3HAYaBa, 4e uMa (ug, Vo, wo) € Ck, 3a KOiiTo ug C u C ugvg. Ciexosares-
HO (ug, Vg, wo) < (u,v1,w1). Ho cnopen Tebpaenne 2.2 B C,, HAMA 3aCTbIBAIIU
ce KOHTEKCTH, KOETO € IPOTUBOPEYNE C JIOMYCKAHETO HU. O

CuteniBa ilepuHuUIEs HA PE3yJITAT OT 3aMECTBAHETO 0 KOHTEKCTHO [IPABKIIO
B Ja/I€H BXOJIEH TEKCT.



Hedbunnrus 2.4. Hexa o € ¥* u E — 3 / L_R e xonwmexcmuo npasuio
3a 3amecmeane. Pesyamam om npunoscenuemo na E — 3 / L R sspry o
Hapuame dYmama

uy-f3- (Ulvl)_lu2 B (U2U2)_1U3 B (Uk—lvk—l)_luk B wy

ksdemo Ci(c; L, E, R) = {{u;,v;,wy)|i =1,...,k} ui<j—u; Cuy.
Twit karo Hledununus 2.4 6u yCIOKHIIA TPEKAJEHO MHOTO PA3IJIeXK TaHU-
AaTa HHU, 1€ B'bBEJIEM €KBHBaJICHTHATA Ha Hed

Hedbununusa 2.5. Hexa o = a1as...a, €X* u E — 3/ LR e xonmexcmmo
npasuao 3a 3amecmeane. Pesyamam om npuaooscenuemo na E — 3 / L R
8BPTY (v HAPUNAME OYMANA W] * W3 . . . - Wy, - Wpt1, K6demo 3a i =1,2,...,n

€ axo cowecmsyea (u,v,w) € Cy(a; L, E,R), |u] <i—1 < |uv|
8 axo cowecmsyea (u,v,w) € Cy(a; L, E,R), |u] =i —1 < |uv|
wi =1 Pa; axo ceweemsysa (u,v,w) € Cy(a; L, E,R), |u] =i—1= |uv|
u ne cowecmeyea (u, v, w'y € Cy(a; L, E, R), makss, we v’ # €
a; 6 npomueen cayali

a Wpt1 € X° e depunupana kaxmo caedsa

w [ B axo {a,e€) € Cy(a; L, E, R)
") € 6 npomusen cayuat

3a /1a OIpPOCTUM HSAKOW OT JOKA3ATEJICTBATA, Ie HAIPABHM IIPepadOTKa Ha,
Hedununus 2.5 u me u3Beaem

Hedbunnrus 2.6. Hexe o« = ajas...ap € X* uE — 3/ LR e xonmexemmo
npasuao 3a 3amecmeane. Pesyamam om npuaooscenuemo na E — 3 / L R
6Py o Hapuuame dymama (wim)-(wama) . . .«(Wpmy), K6demo w; ca dedpunupanu
xakmo 6 lepuruyus 2.5, a

S B axoi=n u{a,ee€) €Cyla;L,E,R)
7| € 6 npomusen cayuaii

JlokazarencrBoro, de dedunumun 2.4, 2.5 u 2.6 ca eKBUBAJECHTHH, € TPH-
BHAJIHO ¥ MPEKAJIEHO TEXHUYECKO, 33 Ja MPE/ICTAB/IsIBA, HHTEPEC B HACTOSIIATA,
pabora. OTTyK HATATHK 1€ U3MOI3BAME B pasriexjanusra cu camo Jledunu-
muda 2.6.



3. Kpaiiau aBTOMaTHI

Hedunurusa 3.1. Kpaen asmomam (KA) napunwame nemopra om suda
A=(3,Q,5 FA)

Kedemo X e kpating a3byka, QQ e mHoocecmeso om cocmosnus, S C Q) e mHooicec-
Me0 om HauaAIHy cecmoanus, ' C Q e mnoocecmseo om GurasHy coCmosHUA,
a A CQXXXQ epesayus Ha nperoda. Paswupssame undyxmueno A do A*

- {q,€,q) € A* 3a 6caro q € Q
- {q1,aa,q2) € A* axo uma q € Q, makosa, we {q1,x,q) € A* u {q,a,q2) €
A
Hedbunuaunus 3.2. Heka A C Q x X xQ, T C Q ua € 3. 3a ydobecmso
eseexcoame CAedHama HOMAUUA:

T 29 (| (Gair) (s a,q) € A)}

Hedbunnunus 3.3. Hexa A e KA u o € X% e dyma. Kaszseame, ue peduyama
90, q1; - - - qa| € usnsanenue na A espry o, aro q; € Q 3ai = 0...]a|, g €
S u {gi—1,,q:) € A sai = 1...|al. Edvo maKkosa usnsinerue Hapuuame
ycnewno, axo qo| € F' e unaaro. B cayuaume, xozamo usnrodxrceruemo 6u 6uno
NO-ACHO, ULE U3TIOA3BAME GAMEPHATNUESHA HOMAYUUA 3G USNTAHEHUE, 0 UMEHHO
o : [0,]a]] — Q. Kassame, we A pasnosnasa «, ako CoWecmeysa YeneusHo
usnsanenue Ha A 6spry «.

Hedbunurusa 3.4 (Esuk na KA). Hexa A e KA. Esux na A napuwame mmo-
orcecmeomo L(A) = {a|A pasnosnasa a}.

Hedbunnrua 3.5 (Exsusasenrnocr na KA)., Hexa A; o ca KA. Kaseame, e
A1 e exeusanenmen na Az (u nuwem Ay = Asz), axo L(A1) = L(A2).
Hedununusa 3.6 (Hopmanna dopwma). Hexa A = (3,Q, S, F,A) e KA. Kas-
same, we A ce Hamupa 6 HopMasna Popma, axo 3a scexu npexod (q1,a, q2) € A,
@1 € F uqa & S. Hepopmaaro nozaednamo, Hopmasrnocmma wa A ce uspass-
64 6 MO6aA, Ye He CBIBPHCA NPETO0U, USAUSGULL 0T GUHAAHY UAU GAUSGULY 6
HAYAAHY CECTNOAHUA,

Tebpaenne 3.1. 3a scexu KA A, cowecmesysa exsusarenmen A, xotimo e
8 HOpMaara dopma.

Jokasameacmso. Heka A = (,Q, S, F,A) e KA. Ille nocrpoum AN or A, npe-
MaxBalfKy IIPEXOJUTE KbM HAYAJIHNA U OT (PUHAJHKM CbCTOgHUA. [la pasriemsame

AN = (2,QN, SN, FN AN) | kbaero
QN =Q x {1}US x {2} UF x {3}
Ocrananure komuonentu na AN ca SNV = S x {2}, FN = F x {3}

AN = {<<q171>7a’7 <Q2=1>>|<Q17a7Q2>€A}U
{{q1,2),a,{(q2,1)){q1,0a,q2) € A& 1 € S}U
{{q1,1),a,{(q2,3)){q1,a,q2) € A& q2 € F}



Taka nocrpoenusar AV e ouesunno B nopmasina popma. Ocrasa 1 HOKaZKeM,
4e e eKBHBaJeHTeH Ha A.

Heka a € L(A) 1 g0, 1, - - Gja|—15 G|a| © YCTIEITHO H3MbIHEHHE Ha A BBPXY (.
Ja mposepum, e (qo, 2), (q1,1), (g2, 1), - -, (@ja]=1, 1) (q|a), 3) € ycTenTHO H3MDHJT-
nemme na AV Bbpxy a. Hait-manper (qo,2) € SV, samoro ¢o € S u (g[,3) €
FN  3am010 | € F. Ot nocrpoennero na AN e scno, e ((qi—1,1), s, (¢i, 1)) €
AN wpu i = 2...|a| — 1, zamoro (gi—1,q;,¢;) € Aupui=2...|a| — 1. Tbit
KaTo {qo, 0, q1) € A 1 qo € S, crenoparento no gedunrnmuaTa Ha AV e Bap-
no, we ((qo,2), a0, (q1,1)) € AN. Ananormano ((gja|—1,1), @ja|; (@a,3)) € AN,
Taka mOKa3axMme, ye CbIIECTBYBa ycremno m3nbinenue na AN Bbpxy a, Te.

a € L(AN).
B o6parnara 10CoKa, J0KA3aTeICTBOTO IPOTHYA AHAJIOIHYHO, ¢ KOETO IIOKa-
saxme, ue A= AV, O

Teopema 3.1 (Kuunu). 3a ecexu peeyaspen uspas £, cowecmeysa KA A, 3a
wotimo L(A) = L(E).

Apromarbr or Teopemara na KiuHu He € eUHCTBEH M UMa Pa3/JM4HU KOHC-
TPYKIMU, KOUTO AUPeKTHO 1o crposr or € (maupumep [7]). T'bit karo KoHKper-
HATa KOHCTPYKIWS HAMA 3HAYEHHUE 34 HAIWTE IIEJIW, BUHATHM, KOTATO CE HaJara
na nocrpoum KA 1o perynspen uspas &, e nuiem A(E) u e umame npeaBu/
KA B nopmasna dopuma, rakbs, e L(A(E)) = L(E).

Hedbununusa 3.7 (Ornenanes KA). Hexa A = (X,Q,S,F,A) e KA. Asmo-
mamem A= (X,Q, F,S,A), xedemo A = {{q2,a,q1)|{q1, a, ¢2) € A} napuuame
ozaedanren na A.

Tebpaenune 3.2. Hexa A= (%,Q,5, F,A) e KA u A e nezosuam ozaedanen.
Tozasa 3a 6caro o € ¥, qo,q1,...qa| € Ycnewno usnsanenue na A mowuno

mo2asa, K02amo q|a|, qa|—1,---qo € YCnewno usnsanenue na A.
Loxasameacmeo. OueBuHO OT AedpuHuUgTa HA oriegaien KA. O

Jlobpe U3BECTHO e, e KJIaChT Ha PeryIapHATE e3UIH € 3aTBOPEH OTHOCHO
KoHKareHanus. Vnave ka3ano, umaiiku esunure Ly o, pa3snosHaBaeMu ¢ KpaiHu
aBromaru A; o, CblrecTByBa KpaeH aBromar A, paznosuasam L - Lo.

Ile pasriaename JBe KOHCTPYKIMH, KOUTO CTPOAT KOHKATEHAIMATA Ha, JBa,
aBTOMATa U HMAT OCOBEHOTO CBOMCTBO, Y€ BCAKO TAXHO H3NbIHEHHE ChIbLPIKa
KATO HOAU3IbIHEHHE ChOTBETHO M3IIbJHEHHE HA I'bPBUSA MM BTOPUS aBTOMAT.
Hedbunnrus 3.8 (Konkarenanusa ornsaso). Hexa A; = (X,Q;, 5, Fi, A;), 3a
i=1,2 ca KA uQ1NQ2=0. Kazsame, ve A =(%,Q, S, F,A) e nosyuen npu
Konkamenayus orasaBo wa A ¢ A u nuwem A = Ay | Aa, ako:

-Q=0Q1UQ2

g S1USy axo S1NFy #0)
] Sk axo S1NEF =0

~F=F
- A=A 1UAU{{q1,0,42)|(3ger ) ({q1,0a,q) € A1) & g2 € Sa}



3a ma mrocrpupaMe onepanyuara KOHKGMeHaAyUs 0MAs60, HeKa Pa3TIeaaMe
upumepa or ®@ur. 1. I[Ipasu BueuyarieHue, Ye BCAKO YCIELIHO U3L'bJIHEHUE Ha
Taka mojaydenus apromar Aj - Ay ¢bbpiKa ycnenHo u3nbHenue Ha As.

®ur. 1. Koukarenanusa oT/i4BO

Tebpaenne 3.3. Hexa Aio ca KA v A = Ay - Ay. Tozasa scaxo ycnewro
usnsanenue na A 6spry T1ds ... a, € L e om 6uda

qo,---59p—1,9ps---,qn

ksdemo 3a naxoe p € [0,n], ¢p,...,qn € ycnewno usnsanenue wa Az 6spTy
Qpt1---0n U COUWECMEY6A cocmoanue ¢ € F1, makosa, we qo,...,qp—1,q € Yc-
newHo usnsarerue wa Ay 6spry i ... Gp.

Zoxasameacmeo. Heka qo, . ..,q, € TPOU3BOJHO YCIEITHO HU3IbIHEHWE Ha A
BBPXY @103 --.aG,. Clien KaTo e ycmemHo, g, 6e3 cbMHEHWE € (DUHAIHO CbhC-
TogHUe, T.e. ¢, € F = Fy (no nedununuara Ha KOHKaTeHAIMs OT/AB0). Heka
p € [0,n] e mali-mankuar MHAEKC, 3a KOHTO ¢, € (2 (curypuu cme, 4e Ta-
KOBa P CbILECTBYBA, 3a110TO0 ¢, € (2). Cera 3abess3Bame, 4e 3a LPOU3BOJIHO
i € [p,n], ¢; € Q2. ToBa e Taka, 3aIOTO AKO IOIYCHEM NPOTUBHOTO M U30epemM
Haii-MaJIKOTO § > p, 3a K0eTo ¢; € Q1 6u wznazno, 4e {(g;—1,a;,q) € A, Kb-
nero g;—1 € Q2, a q; € Q1. KakTo ce BuXa OT KOHCTPYKIUATA, HA A, ToBa e
HEBb3MOZKHO.

Cuenosarensno qo,...,¢p—1 € Q1, a gp,...,qn € Q2. Cera ako p > 0,
(gp—1,0p,qp) € A n or nebununuara na A e sacuo, 4e g, € Sa. B nporusen
ciy4aii, ako p = 0, gp € S2, 3amOTO qo, . . ., ¢n € u3nbiauenue na A. Ilopasu
ChINATa IPUIMHA Ce BUXKIA, 9€ {q;—1,ai,q;) € Ao (3a 1 € [p+ 1,n]), u ciemosa-
TEJIHO Qp, - - - , §n € YCHENTHO U3MbIHEHUE HA As BBPXY Apt1---0p.

Ako p = 0, 0 G1...a, = €. Or gedununuara na A u or daxra, ue
go € SN Sy #£ (0, cienpa, ye S N Fy # (). 3bupame IPOU3BOJIHO CbCTOSA-
Hue ¢ € S; N Fy u ro obsBsiBaMe 3a YCIEITHO U3MIbjIHEeHHe Ha A; BDBPXY €.
Hexka cera p > 0. Torasa g9 € @)1, u caemoBaresno qo € Sp. Cera, momexe
(¢i-1,0i,q;) € A3ai € (0,p) u ¢ € Q1 3a i € [0,p), BeaHara ce BUKIA,

qe (gi—1,0i,¢i) € A1 3a i € (0,p), U CIEOOBATENHO (o, . . ., §p—1 € U3L'BIHEHUE
Ha A; Bbpxy a1 ... Gp—1. Cera 1o aedununusra #a A cienpa, 4e CbIIECTBYBa
q € Fi, rakoBa, 4e <qp_1, Ap, q) € A1, ¥ CIIEJOBATEIHO (o, - - - , qp—1,4 € yCIemHo
u3IbiHeHre Ha A; BbPXY @1 ... Gp. O

10



Tebpaenne 3.4. Hexa Ay 5 ca KA. Tozasa L(A; -1 As) = L(A1) - L(A2).

Hokasameacmeo. Hexa Ay 2 = (X, Q1,2, 51,2, F1,2,A1,2) ¥ KOHKATEHAIUATA, OT-
agpona Ay c Ase A=A 1 A =(3,Q,S, F, A).

Heka o € L£(A). Tosa o3nauasa, 4e CbLIECTBYBA YCIELIHO U3IIbJIHEHUE g0, . - . , §n
Ha A Bbpxy a. Crnopen Tebpaenue 3.3 ChIIECTBYBAT yCHENTHA U3ITHJIHEHNAS HA,
Ay BBPXY @1 ...0dp W Ha Ao BBPXY Upt1---0n- ToBa moka3Ba, CHOTBETHO, 4e
a1 ap € L(A) uapr1 .- an € L(A2), 1 CIT€I0BATENHO O = AT - - - Gplpi1 - --Gn €
L(A1) - L(A2).

O6patrno, neka « € L(A1), a § € L(A2). Torasa uma ycuemHu u3wbi-

HeHUusd (i, ..., ¢, Ha A BbpXy & H Gjy,--.,qj,, Ha Az Bbpxy [. OueBuano
Qios -+ Tin_1>Gjos - - - » Gjr, 1€ € YCIEIIHO U3IbJIHEHHE Ha A BbDPXY 3, U Cie0-
sarenno af € L(A). C Tosa mokazaxme, e L(A) = L(A1) - L(Az). O

AHajlornIHO Ha OTepaNUITa KOHKATEHAI OT/IIBO AebUHUpAME U TyaHATA,
1 — KOHKaTeHamus otAsgcHo. [Ipomyckame moka3aresicTBaTa Ha TBbPIAECHUATA,
THil KaTO Te He Ce pa3andaBaT OT Bede M3JIOKEHUTE.

Hedbununusa 3.9 (Koukarenauus orascuo). Heka A; = (X, Q;, Si, Fi, A;), 3a
i=1,2 ca KA uQ1NQ2=0. Kazsame, ve A= (%,Q, S, F,A) e nosyuen npu
KoHkamenayus oTasacHo wa A ¢ Az, u nuwem A = Ay - As, axo:

-Q=0Q1UQ2

-S=5

F:{ FLUF, axo SoNEFy #0
B axo SoNFy =10

- A= Al UA? U {<q17a7q2>|(HQE52)(<Q7a7q2> € A?) & q1 € Fl}

Tebpaenne 3.5. Hexa A2 ca KA u A = A, -+ Ay. Tozasa ecaxo ycnewro
usnsanenue wa A 6spry aids ... d, € L e om euda

q0s---59p;9p+1,5---,4n

ksdemo 3a maxoe p € [0,n], qo,...,qp € ycnewno usnsanenue wa Ay 6spry
Q1 ...0Gp U COULLCTMBYBA CECMOANHUE ¢ € S2, MAKOEA, € ¢, Gpt1, - - -, (n € YCLEULHO
usnsanerue v Ao 65PLY Upyi - - . Gn-

Tebpaenue 3.6. Hexa Aj 5 ca KA. Toeasa L(A; - As) = L(A1) - L(A2).
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4. JleTepMUHNUCTUYHU KpPallHU aBTOMAaTU

Hedbunnrus 4.1. Hapuwame edun xpaen aemomam A = (5,Q, S, F,A) de-
mepmunucmusen (JKA), ako 3a ecaxo g1 € Q u a € ¥ cowecmeysa nali-
MH020 edno q2 € Q, makosa, we {q1,a,q2) € A, u oceen mosa |S| = 1. C
dpyeu dymu, 0ETNEPMUHUCTIUYEH € KPAEH ABTROMAIL ¢ €0HO HA%AAHO CECTNOSHUE
U GYRKUUOHAANA Peaayua 1a npexoda. Hmenno mesu ceéoticrnea wu dasam npa-
60O NOKAKO2G 00 3aNUCEaMe JEMEPMUHUCTIUNHUME KPATHY G8TNOMATU KATNO
A=(%,Q,q,F,0), kedemo qy € Q e Hauasno cacmosnue, a 0 : Q x 3 — Q e
PyHKUUA Ha NPeroda.

Koucrpykuusa 4.1 (derepmuansanus). Hexa A = (3,Q,S,F,A) e KA. Om
A we nocmpoum AP = (X,QP,SP, FP AP) xamo 3a ueama nopso cmpoum
napaaeano peduyume {Q; 132, u {A;}52, (kademo Q; C 29, a A; C29x L x29)
no cAedHama uHIYKMuUEHa CLeMA:

7Q0:{S}7AO:@

= Qir1 = Qi U{T|(3TLy,) Bacs)(T' 25 T)}

~ A = A U{T 0, TYT € Q; & T 25 T}

Beodnaza ce suorcda, we u dseme peduyu ca MOHOTMOHHO DACTIAWLY, U CAed06a-
MEAHO UMAM MOYHY 20pHu 2panuyu. Onpedeassme

- QP =uQ:
- 5P = (5)
~ FP = {T|T € QP & TNF # 0}
- AP =UA,;

Lle xazeame, we AP e noaywen om A wpes demepmunusayus.

Jlema 4.1. Hexa A e KA u AP e noayuen om nezo upes demepmunusayus
(Konempyryua 4.1). Tozasa AP e demepmunucmuuen.

Joxasamencmso. 1lle nposepum, ue pemamuara AP e bynxumonamna. da mo-
mycuem, we uma T/, Ty, Ty C QP na € ¥, raxusa, 9e (T7,a,T1) € AP (T, a,T,) €
AP u Ty # Ty. Twit xaro AP e Touna ropma rpammma Ha {A;}, chbmecTsypa
n > 0, takosa, 9e (T’ a,T1) € A, u (T',a,T2) € A,, u crenosaresano (ot me-
bunnmuaTa HA peauuara) e Bapuo, ue 17 La T, uT’ aa Ty. Nnade Ka3aHO
Ty = {4d|Baer)((d'sa,q) € A)} = Tp. C Koero nostyduxme HPOTHBOPEUHE K
nokazaxme, ue AP e Gynknponanna penamus.

Bes covmenne |[SP| = [{S}| = 1, ¢ koero ycmemmo mokazaxume, e AP e
JIeTePMUAHACTHYEH.

Ile oznauasame nauanuoro cberosuue na AP ¢ ¢ = QP a bynxnusara na
npexoza ¢ 07 : QP x ¥ — QP (ompenenena or rpadbuxara cu AP). O

Jlema 4.2. Hexa A e KA, a € ¥* uqo, q1,- - -, q|a| € udnsanenue na A 6spry .
Hexa owe AP e noayuwen om A upes demepmunusayus. Toeasa couwecmeyea us-
neanenue na AP : Ty, T, . .., T\a|, maxosa, we q; € T; sa scaxo i =0,1,...,|al.

Loxaszamencmeo. e nokaxkeM MCKAHOTO C WHAYKIHS MO AbJKAHATA HA (.
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— |a] = 0. Caen karo a = €, u3nbanenueTo Ha A CbIbpKa €IUHCTBEHO
cocrognue qo € S. Tbpcenoro usmbianenue na AP CbIo UMa €IUMHCTBEHO
cwverosiame Ty = g = S. Ogesuano qo € Tp.

— |a] > 0. Heka @ = o’/a. Ilo MHAYKIMOHHO NPEIIONOKEHNE TBbDICHU-
€TO Ha JIeMaTa € BAPHO 3a «, U CJIEeJOBATEIHO CbINECTBYBA U3II'bIHEHUE
To, T, - -, T ma AP Bupxy o, 3a Koero ¢; € T; nmpu Beako i = 0, . .., [/
Tnit karo |o'| = |a| =11 go,q1, - - -, Gja|-1G|a| € B3IBIHEHKE HA A BLDXY

Aa
o'a, 3Ha97 (q|/|, @, qa) € A. Caenosarenno, ako Tja — T, T0 qq € T
Hexa cera pasriesaMe B Koncrpykmuara na AP mait-masnxoro i > 0, 3a
koero Tl € Q; (rakosa 3ab/zKuTeHO MMa, 3211010 Tjo € UQ;). To-

A,
rapa Ha caeapamara crbika Qi1 = Q; U{T|(IT,q,)(Haes)(T” 2411,
A,
u monexke Tlo € Qi u Tjy| 28 T, cnensa, ue T € Qjy1. Anasorud-
Ho ce ukaa, 1€ (T, a,T) € Ajy1. Crenosaresmo 6D(ﬂa/|,a) =Tn
To,T1, ..., Tjor), T € usubiinenue na AP BbDPXy @ yIOBIETBOPSABAIIO HCKA-
HOTO CBOWCTBO.

O
Jlema 4.3. Hexa A e KA u AP e noayuen om mezo upes demepmunuszanus.
Hexa owe o € X%, Ty, T1,...,T|q| € usnsinenue na AP uq € T\ Tozasa
cowecmeyea usnsanenue na A — qo,q1,---,qa] = ¢, makosa, ue q; € T; 3a
ecaro i =0,1,..., |l

Joxazameacmeo. OTHOBO NPOBEAK TAME JOKAZATEICTBOTO [0 MHLYKIUS OTHOCHO
IbIIKUHATA HA (.

~ |a| = 0. Twit kaTo a = €, usnbanenuero na AP e peauna or exuncrseno
cberosinne Ty = q(? = S. Tnit kato q € Ty = S, peaumara OT €IUMHCTBE-
HOTO C'LCTOSIHUE ¢ € U3I'bjIHeHue Ha A, OTroBapsino Ha U3UCKBAHUATA.

— |a| > 0. Heka a = o’a. Caen karo Ty, 11, . .., Tjar|, T|a| € H3MbIHEHNE Ha
AP snaan (T, a,T)a) € AP, u cneposarenno (T, a,Tja)) € Ay 32
uakoe n > 0 (AP e Touna ropua rpanuna ma pemunara {A;}2°,). Heka
m < n e Hafi-rojeMuar HHIeKC, Takbs, 9€ (1|, a, Tja)) & A, Torasa
Ha CT'bIIKA M + 1 OT KOHCTPYKIMATA Ta3u TPOiKa e Omiia J00aBEHA KbM
Ay, 3am0t0 Tloy| it T\o)- Cera monexe q € T|,|, 3a1m nma ¢’ € Ty,
TakoBa, 9e (¢, a,q) € A. 1o HHIYKIUOHHO MPEINOIOKEHUE TBbPICHUETO
e BAPHO 33 |a'|, U CJIeIOBATENHO CHINECTBYBA M3IbJIHEHUE (0, 1, - - -]
Ha A BbpXy @, M3I'bJIHABAINO M3UCKBaHUATA. JloGaBsaMe ¢ KbM HEro u
NOJTy9aBaMe U3I'bJIHEHUETO Ha A BbPXy &, KOETO ThPCEXME.

O

Tebpaenune 4.1. Hexa A e KA u AP e noayuen om nezo upes demepmunusa-
yus. Tozasa A u AP ca exeusarenmmnu,

JHoxazameacmso. Heka o € L(A). ToraBa cbiuecrByBa yCLELIHO U3LbJAHEHUE
90,15 -+ qa) € F 12 A Bbpxy . Cnopen Jlema 4.2 cblnectsyBsa u3mbjiHeHHe
Ty, Ti, ..., Tja) Ha AP rakosa, ue ¢; € T; 3a i € [0,]a|]. Ho cien karo Qo) €
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T\a, 3nauu Tjo N F # 0, u cneposarenno T, € FP re. AP uma ycnemmno
U3IbJAHEHNe BbpXy o uiam uHade Kasano o € L(AP).

O6patHo, meka o € L(AP). Tosa o3HagaBa, 9e WMa YCIEITHO H3MbIHEHHE
Ty, T1, ..., T|s HA AP Brpxy a. Cnen xaro Tia € FP | wenpemenno e BapHo,
ge T)o) N F # 0, re. comecrBysa ¢ € T|y), K0TO € bHHAIHO CHLCTOAHHE HA
A. Usnonssaiiku Jlema 4.3 3akiiodaBame, 4e¢ uMa U3II'bJIHEHUE (o, (1, - - -, HA
A Bbpxy «, Koero ce okazpa ycuewHo (¢ € F), orkbaero Beanara cieisa, ue

a e L(A). O

Caencrue 4.1. 3a scexu kpaen asmomam A cowecmeysa demepmunucmuien
xpaen asmomam AL, maxse, we L(A) = L(AP).
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5. bumammnuan

Hedununua 5.1. Bumawuna napuuame mpotixa om euda
B = (AL, Ar,¥)

kedemo Ap r = (X, QL R, 4L R, 0L, R) €O 0EMEPMUHUCTNUYHY KDATHY GETNOMATIU
6e3 gunaany cocmosnus (Hapuvame 2u csomeemHo ané u decer), a v : Qr X
XX Qr— X* e usrodna Gyrryus.

Bumamunure ca abCTpaKTHU MAIIWHA, KOUTO PAOOTAT BBHPXY BXOIHA IIy-
Ma (B ABETE LOCOKU) U U3BEXKIAT M3XOJHA AYMa Bb3 OCHOBA HA CbCIOAHUS-
Ta, IPe3 KOUTO IPEMHUHABAT ABTOMATUTE MM, W BEY€ MPOUETEHHS BXO,. TeaX-
HATa OLEPAlMOHHA CEMAHTHKA Ce 3a/JaBa OT TPAH3UTUBHOTO 3aTBapsiHe Ha 1),
P* QL X X* X Qr — X¥, Koero neduHMpaME KAKTO CIEIBA:

— v (q1,6,q2) = €

- w*(QIu ac, QQ) = ¢(Q1 ) @y 5?%(‘]27 5‘)) ' ¢*(5L (q17 a)v «a, QQ)

Sapaju yHKIMOHAIHATA IPUPOJA HA OUMAIIMHUTE, YECTO IIe U3M0I3BAME
o3nauenuero B : X* — X* koero 3a BcaKO « € L* nedunupamve karo B(a) =
V*(qr, a, qr). e ka3Bame, e 3a npousBoOJHA AyMa « € X* Haj a30ykara Ha
Gumarunara, B(q) e pe3yararbT OT U3I'bIHEHUETO Ha B BbpXY «.

SBa mbarara gedUHALES HA PE3YJITaT OT U3I'bJHEHHE HA DUMAIUHA ce KpUe
MHTYUTUBHO mpocTa crparerus. MoxkeMm 1a cu MUCIAM, U€ OMMAIIMHATA 9eTe
BXOJHATA JyMa W 3a BCEKH CHMBOJI OT Hesd HM3BEXK/a JAyMa HaJ a30ykara CH.
PeSyJITa,T'])T OT U3IMI'bJIHEHUETO € KOHKATCHAINATA Ha BCUIKN TaKa U3BEICHU Y-
MH. Ha BCdKa CTBbIIKa U3XOJHATA d)yHKL[I/IH B3HMa pPEIIeHne KaKBO 1a U3BEJEe B
3aBUCHUMOCT OT TEKYyllud CHMBOJI U ABETE CbCTOAHHA, JO KOUTO 6I/IXa CTUI'Ha~
JIA JIEBUAT WM ACCHUAT aBTOMAT, JeTeliKn BXO/la CbOTBETHO OTJIABO Ha/JIACHO KU
OTAACHO HaJIABO HEIIOCPEACTBEHO IIPpEean da IIpoYeTaT TeKymud CHUMBOJI.

rs - - -1
|
|
|
|
T

OO~ O~0~O+D B+B~B~B~B~B~B~B~B~®

Q@ur. 2. Isnbianenne Ha OUMAIINHA

CraBa sCHO, 4e Taka BbBeleHuTe OMMAallMHU PabOTAT €JUHCTBEHO BbPXY
BxouaHara cu gyma. Cera uie pbBegeM MoAu(pUIMpPaHa BEPCUs HA Ta3u Crpa-
TEerus, KOSATO IIE CEe OTIMYaBA €IUHCTBEHO IO OMEePAIMOHHATa CeMAHTHKA Ha
OUMAaILHATA.

Heduuunrusa 5.2. (/lasa) Bumawuna, pabomewsa 6spTy udroda cu HAPULAME

B = (AL, Ar,v)
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xsdemo A, g omroeo ca aae u decen JIKA, 1 e usrodna pynkyus, a onepayuon-
nama cemarmura B na bumawunama e dedpunupana xamo B(a) = v**(qr, o, qr),
Ksdemo

- 1/)**(111, €, Q2) =€

s,k _ * ~ *ok [ Ok * ~

- w ((Z1aa047CI2) — ¢(q17a75R(q27a)) dj (5L(CI17¢(C]17aa5R(Q270<)))7047Q2)

Cuenududno 3a buMammauTe, paboTely BbPXY U3X0/IA CH, €, Y€ JIEBUAT UM
aBTOMAT He YeTe BXOJHATA JAyMa, a U3XO0/1a, OMPEIEIeH OT U3XOIHATa (DYHKITUS.
CobBceM cuMeTpudHO MOXKeM 1 nedbuHMpaMe W OuMarinmHa, padoTela BbpXy
U3X0JIA CH OTJISCHO HAJISIBO.

Cera e nokazkem, 4e BcsKa Oumarinia, paboTenia BbpXy U3X0O[a CU, MOXKE
Jla Ce CUMYJIMPA 4Pe3 eKBUBAJICHTHA KJacudecka bumaiuuna (paborema Bbpxy
BXOJIa CH).
Koucrpykius 5.1. Heka B e bumawuna, pabomewa espry usroda cu. Jepu-
nupame KA

AY =(2,Qr x Qr,{q1} x Qr, AL)

K60€mo PeAsuuAMa Ha NPeToda e onpedeseHa KaKmo ciedsa

<<p176h>7a7 <p27q2>> € AL <~ 6R(q2aa/) =qQ & 52(]91,@/1(]917@7612)) = P2

/ N
Ceza cmpoum nesus JKA A} upes demepmunuszayusa na Ay (Konempykyua
4.1). Ba decen asmomam na MepceHama KAacuvecka bumawuna saumame Ap =
Ar u onpedeasme uszodnama dynxyua ¥’ : Q' X X X Q' Kaxmo caedsa

w’(L,a,r) =p (3<p7 q> € L)(éR(Tv a) =q& ¢(p,a,r) = 6)

Taxa sasspuuzme depunuyuama wa B = (A}, AR, ).

Ba ma cme curyphu, 4e B’ e kiacudecka OuMallMHa, eKBHBAJEHTHa Ha B3,
TpsiOBa J]a IPOBEPHUM, Y€ T € KOPEKTHO jeUHUDAHA U 49e 3a BCAKO o € X*,
B'(a) = B(a). 3a KOpeKTHOCTTa €IUHCTBEHOTO, KOETO TPsAOBa /13 MOKaXKeM, €,
ge 1’ meficTBuTENHO € DYHKIHMS.

Tebpaenne 5.1. Hexa L € QF e cocmoanue na A; u (pr,qx) € L(k = 1,2).

Tozasa q1 = g2 — p1 = p2

Joxazamescmeo. Hexka Q) = UQ; e Tounara ropHa rpaHuna Ha PeAULATA

{Qi}2, or Koucrpykuua 4.1. e nposesem 10Ka3arencrBOTO C bJIHA UHIYK-

us 00 Hafl-MaJKus MHAEKC i, 38 KOWTo L € (Q; (TaKbB 33 bJIXKUTEJIHO UM,

3a1moTo ()}, e TOYHA FOPHA IPAHUIA Ha PEIUIATA).

i =0 OueBmmmo p; = pa = qr,, 3amoro L = {q.} X Qr.

i+ 1 Heka i + 1 e naii-mankusar unuexc, 3a koiiro L € Q;41. Torasa (or Kouc-
tpyknus 4.1) cviectsyBa L' € Q;, Takosa, e 07 (L', a) = L 3a uskoe a €
Y. Heka (pk,qr) € L. CnenoBarenno cwiectBysar (p;,q)) € L', Takusa,
e ((p), qk)» @, Pk, q)) € A (3a k = 1,2). Cera axo mpuemeM, 4e ¢1 = g2,
10 ¢§ = Or(q1,a) = 0r(q2,a) = ¢b. Heka i’ < i+ 1 e naii-mankuar unuexc,
3a Koiiro L' € Q. Ilo mHAyKIMOHHOTO LIpejiiojiozKeHue 3a i’ ciensa, de
p/l = p/2- Hai-nakpas p1 = 62(19/17 ¢(p'1= a,q1)) = 52(17/27 ’@[J(p/% a, Q2)) = D2,
KOETO M MCKaXMe JI TTOKAKEM.
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O
Caeacrsue 5.1. ' e xopexmno depurnupana dymruus

Hokasameacmeo. Ha nonycuem, ge ' (L, a,r) = f1,2. Ot nebununusra va 1’
6u cieasaJo, e cbinecrByBar (p;,q;) € L 3a i = 1,2, rakusa, 4e dr(r,a) = q;,
u ocser ToBa Y (p;, a,r) = ;. Ho Torasa ¢1 = dg(r,a) = g2 u or Tebpaenne 5.1
crensa, ge p; = pa. ToBa HU BOmU 1m0 M3BOMA, Ue f1 = ¥ (p1,a,r) = Y(p2,a,r) =
B2. C koero mokaszaxme, 4e ' € KOpeKTHO gedunupana GyHKIEs. O

OcraBa ga JOKaXkeM, 4e TakKa HOCTPOEHATA KJIACUYECKa OMMAIIMHA € eKBU-
BaJIEHTHA HA DuMamiuHaTa, paboTrena BbPXy U3X0/1a CH, OT KOATO TPbIHAXME.

Tebpaenne 5.2. Hexat = af € £*, 07 (¢}, ) = L. Tozasa

(6% (qr. ¥ (qr. @, 03 (qr. 5))), 65 (ar. B)) € L

Loxaszamencmeo. e mpoBeseM T0KA3aTEICTBOTO C WHAYKIHS IO (.

a = ¢ Korato a = ¢, no gedunnnuara xa 1** umame, e v**(qr, o, 05 (qr, f)) =
€, u caenosarento 07 (qr, v**(qr, o, 0% (qr, 5))) = qr. Tvit karo L = ¢}, =
{qr} x Qr, oueBunuo (qr,,05(qr, 8)) € L, ¢ KOETO IOKA3AXME HCKAHOTO.

a = a1a Heka TBBpAEHEETO € BAPHO 33 (v U Ja IO mpoBepuM 33 o = aja. Heka
omte 07 (qr, ¥**(qr, 1, 0%(qr, B))) = p1, 0r(qr, B) =7, 2 dx(r,a) = r1. 1o
UH/LyKIIMOHHO [IPE/IIOJIONKEHHE MOZKEM J1a 3aK/o4umM, de (p1,r1) € L. Or
apyra crpana L = 87 (L', a), u nonexe dr(r,a) = r1, MOKEM 13 TBHPAUM,
qe ((p1,71),a, (07 (p1,¥(p1,a,7)), 7)) € Ar. Cnenosarenno (or Koncrpyk-
mus 4.1) umame, e (07 (p1,¥(p1,a,7)),r) € L. Ho or medununusra Ha

w**a 62(1917 w(plu a, T)) = 62(‘][17 Qﬂ**(QLa «, 5}%((11%7 ﬁ)))) C KOETO TBbPJEeHUN~
€TO € JOKa3aHO.

O
CaencrBue 5.2. 3a npoussoano o € ¥, B(a) = B/ ()

Zokasameacmeo. la 3amourem cbe ciaydas, koraro « = €. Or gedunununre
Ha ¢ u ¢’ ciuensa, 1e B(a) = ¥v**(qr, €, qr) = € = V" (¢}, o, ¢) = B' ().
Koraro o = @Gz - - - Gn, mie npoBepuM, e 3a4 = 1,2, ..., nur = 0;(qr, Tnln_1-.- Git1)

1/}(52 (qLa 1/}**((1147 a1a2...04;—1, 5R(Ta ai)))? Qg T) = wl( /E(q/lﬂ apaz ... ai71)7 Qg T)

Ho ToBa e Taka, 3a1moro cropes 10Ka3aHoTo Beue TBbpaeHue 5.2 u aeduHUIm-
sTa, Ha '

(67 (qr ¥ (qr,@1a2 -~ @i—1,0r(r, a:))), 0r(r,a;)) € 67 (¢, a1az - ai—1)

Taka IpoBepuXMe, 9€ 33 BCAKA MO3UIHs OT BXOAHATA ayMa B u B ussexgar
epuaksu pesynraru. Orryk caensa, ge B(a) = B/ (a). O
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6. /IlupekTHa KOHCTPYKIHS

Heka F — 3 / L R e KOHTEKCTHO HPABUJIO 33 3aMeCTBaHe HaJ KpaiiHa
a30yka .. Crpoum kpaitaure asromaru Ar, Ap u Ag, rakupa, de

Ar = AX'L) = (8,Qr,Sr,Fr,Ar) , L(ArL)=L(X*L)
Az = A(E) (3,Qp,Sp, Fe,Ap) , L(Ap)=L(E)
AR = A(RE*) <27QR75R7FR7AR> ) E(AR) = E(RE*)

Makap 1a He cMe yKa3aju KOHKPEeTHATa KOHCTPYKIHMS HA KPAeH aBTOMAT
[0 peryJjsipeH u3pas, Ie uMame HesBHOTO m3uckBane Ap, Ap v Ag 1a ca B
HOpMaJIHa (opMa.

Qur. 3. Kpaitnu aBromaru B HOpMasHa (poOpMa, IOCTPOEHU CHOTBETHO 33 Pery-
JgpHUTE M3pasu L x, xy|yz u z3*

Cunen xkaro cme nocrpousia Ay, Ag u AR, ri KOHKaTeHUpaMe, 3a, J1a OJTy ThM

A: <27Q757F7A>:AL 'lAL 'TAR

@ur. 4. Kpaen asromar, nosyder npu koukarenauusra A = Ap -1 Ag - AR,
[IOCTPOEH 33 KOHTEKCTHOTO HPAaBUio Ty|yz — € / _ z or Ilpumvep 2.2

Or cBoiicrBara Ha Hopmasina Gpopma na KA 1 KoHkareHanust 01i1siB0O /OTAsACHO
MOZKeM Ja 3allUIleM CJIeJHUTe

CsoiictBo 6.1. Bcako yenewno usnsanenue na A espry t € X* e om euda

qlo> 41y - -~7QIM,17Qeer17-- '7QemaqT17QT25- -quw‘

xsdemo (u,v,w) € C(t; L, E,R), g, € SE , ey, € FE , qe; € Qp — Sg — Fr
sa scaxo i € (0,|v]), @, € QL 3a ecaxo i € [0,|u]), ¢, € Qr — Sr — Fr 3a
ecaro i € (luvl, luvwl), a gy, € Fr. Taxosa usnsanenue na A we napuuame
usnsanenue 3a Konwmerxcma (u,v,w). Hle beaesrcum ¢ X(t; L, E,R) = {ol|o e
usnsanenue 3a narod (u,v,w) € C(t; L,E,R)}
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CsoiictBo 6.2. 3a scexu xonmexem (u,v,w) € C(t; L, E, R) uma usnsanenue
o€ X(t;L,E,R) 3a (u,v,w).

ITe o3navaBame ¢ X, (t; L, E, R) = {o|o e usmrbanenue 3a HAKON (u, v, w) €
Cv(t; La Ev R)}

3a Ja nocTporM ThpceHaTa KJIaCuIecKa OMMallMHA, Hal-HALPEs, HIe II0CTPO-
M 6umammna B = (Ar, Ag, 1), paborema Bbpxy usxoma cu. Ta me He nocayxu
34, paspemaBaHe Ha, KOHTEKCTHATE MHOTO3HAYHOCTH.

6.1. JleBugr aBTOMAT

Heka pasmmpum Bxogmara aszbyka X no ¢ = X U {a‘|a € ¥}. Hedopmanno
HONJIe/IHATO, 2¢ pa3UIMpsaBa Y, KONUPAUKU BCEKH OT CUMBOJIATE B Y. 3a 114
[OCTPOMM JIEBHSL ABTOMAT, Hali-HAILIpes, JeduHupame

AN = (x¢,Q, S, F,AN)
kpaero AY = AU{(q1,a% @)[{q1,0,q2) € A& q2 & Sp} — Q X £° X Qr.

®ur. 5. Henerepmunupanara sepcus ALY na nesus asromar Aj, nocrpoen 3a
KOHTEKCTHOTO MPABHJIO XY|yz — € /| &z

Uuryurusno, AV ce nbpxu karo A | Ap ¢ euncTBeHATA DA3IUKA, Y€ IPU
Cpeliane Ha KJIOHUPAHUTE CHMBOJIA HE IO3BOJISIBA PEXO/IA K'bM HAYAIHHU CbC-
rosinug Ha A, KaTO 110 TO3U HAYMH [IPEJOTBPATABA U3II'bJIHEHIUS 33 KOHTEKCTH,
quiito GoKyc TembpBa npeacTon ma Obae obpadboren. Or nApyra cTpaHa U3XO.-
Hara (DYHKIUS Ha OUMAIUHATA Ie WMa TPUKATA A W3BEXKIA KJIOHHPAHUTE
CHMBOJI CAMO J0KaTO 00paboTBa (POKyCcH Ha BAJIUIHA KOHTEKCTH.

Herepmunupame AY (Koncrpykiusa 4.1) u nonydasame jiepus apromar A;
Ha TbPCEHATa OMMAIIMHA.

6.2. /lecHudaT aBTOMAT

Haii-nanpes "o6pbmame" A, 3a qa nomyuanm ornenainus my ALY = A. Cren
TOBa II0JydaBaMe JECHHUs aBTOMar Ha OumammuHara As Karo JeTepMUHUPAME
AY (Koncrpyxmus 4.1).
6.3. N3xomuara pyukIusa

Wsxoanara pyHkiys 1 Ha bumamuHara B geduHupare KakTo CJIeiBa

[ a® axkod1(L,a)NRN(Qr —Sg — Fg) #0
w(L’a’R)_{a aKoéi(L,a)ﬂRﬂ(QE—SE—FE):(7)
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®ur. 6. Jlerepymunnctrannar A, noayden 3a AY or ®@ur. 5. C nea 9eTuMocT Ha
IPUMEPA Ca MPOIYCHATH IPeX0uTe (K'bJETO HE CA YKA3AHU) OT BCAKO ChCTOSHUE
CbC BCEKH CUMBOJI OT 2° KbM {2}

C roBa 3apbpruuxme gedununuara va B = (Ar, Ag, 1) - bumamuna, pabo-
Telma BbPXy m3xoma cu. Heka mpenm 1a 3aBbpITUM KOHCTPYKIUATA, HA ThbpCe-
HaTa KJIaChu4YeCKa 6I/IMa,H_H/IHa Ja ITOKazKEeM HAKOU MHTEPECHU CBOICTBA Ha B

Jlema 6.1. Hexa t = af, 65(q2,8) = R u 07 (q1,v**(q1,, R)) = L. Hexa owe

o e usnsanenue wa A espry o, maxosa, we o(|a|) € Q. Tozasa o(|a]) € L.

Lloxaszameacmeo. llle mokaxkeM UCKAHOTO C WHAYKIHS MO AbJKAHATA HA (.

a=c¢€ OueBunno L = 07 (q1,¥v**(¢1,6, R)) = 6i(q1,¢) = ¢ = S. Orkpaero
o(la]) =0(0) e S=L.

a=da'a Caen xaro o(|al) € Qr, 3apamu CsoiicTBo 6.1 MOKeM 13 33aKIIOYUM, 1€

uo(|d/|) € Qr. Heka o3nauum R = §3(R,a) u L' = 67 (q1, ¥** (¢1, &/, R)).
Torasa N0 MHIYKIMOHHOTO MPEANOJIOKEHHE Ie cieasa, de o(|a’|) € L.
T'bit KaTO 0 € mpean BCHUIKo u3mbianenne Ha A, 3Haqau (o(|d']), a,0(|a])) €
A. Ocrasa na 3a6enexum, 1e L = 67 (L', (L, a, R)), u ocsen roBa o (|a|) &
SpUQR u or nebuannuara ma 61 MoxkeM 1a 3akmounm, 1€ o(|a|) € L.

O
Jlema 6.2. Hexat = af3 u 5§(q2,§) =R, a 67(q1,%**(q1,, R)) = L. Tozaea,
ako q € L, mo cswecmeysa o, usnsanenue na A espry o, makosa, we o|al) =
q.
IZoxasameacmso. Ille mposemeM TOKA3aTEICTBOTO ¢ UHIYKIMA MO Qv

a=¢€ Torasa L = g = S. Cera ako ¢ € L, pa3riex/jaMe U3I'bJIHEHUE T OT
eIMHCTBEHO cberosinne ¢. OueBnano o e n3nbinenue Ha A u o(|a|) = q.
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®@ur. 7. Jdecauar asromar Apg 3a npasunoro xy|yz — € / x_y. 3a acHora ca
OponycHaTy npexoaure KbMm {9}

Lo | L1 | L2 L3 Ly | Ls Lg L

{1} | {2} | {24} | {245} | {25} | {26} | {2,6,7} | {2,7}
Ro| woy | /- |/ | 7 YA 7 7
Rol o1 | /|| T T i T
R3 19,5} / / (E/LL'C (E/LL'C / / / /
Ry| forey | /- |/ | w/ye | w/y | /| -/ / /:
Rs| 011 | /- |/ | -/ 7. YA i 7
RG 19,5,4} / / / / / / / /

®@ur. 8. zxonuara dbyukuus va B 3a npasumnoro zy|yz — € / x_ z. Orbenasanu
ca caMO HeTPUBUAJIHUTE 3aMECTBAHUS

a=ca'a Hekado(R,a) = R udf(q1,v**(q1,¢/,R")) = L'. Cera L = 67 (L', (L', a, R)).
Ha o6bprem Buumanue, 1e (L', a, R) € {a,a°}, u cnenoBarenno L =
51 (le 1/)(L/7 a, R))
Heka cera q € L. Torasa uma ¢’ € L', rakosa, ue (¢/,¢(L',a, R),q) € AV,
KOeTo, 3apa u moctpoermero Ha ALY osmagasa, we (¢’,a,q) € A. Ho mo
MHIyKIIIOHHOTO NPE/IIIONIOKEHHE CIeBa, Y€ ChINEeCTBYBa 0, N3IbIHEHNE
Ha A Bbpxy o, Takosa, ue o’ (|o'|) = ¢'. dedbunupame

o(i) = { o'(t) i<l
q i=|al
JlecHO ce BMKIa, 9€ 0’ € TOYHO THPCEHOTO M3IIbJIHEHNE Ha A BbPXy .
O
=L

Tebprenne 6.1. Hexat = af € %, §5(q2,3) = R, a 07 (¢1,¥**(¢1, o, R)) .
Tozasa 36 6¢AK0 §cqy, ¢ € LN R mouno moeasa, koeamo (3ocx,)(o(|la]) = q).
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Zoxazamenacmeo. Tlpeau na 3amodHeM JOKA3aTEICTBOTO IIE IPOBEPUM, Y€ TBbP-
JIEHHETO MOXKE JIa Ce CBeJle 10 Te3u ¢ € Qp, 33 KOUTO CbIIECTBYBa U3II'bJIHEHUE
o € X, rakoBa, e o(|a|) = ¢q. I naucruna, ako ¢ € LNR, ro ¢ € L, u Torasa no
Jlema 6.2 mie ¢blIecTByBa u3l'bjHeHue oy, Ha A BbpXy «, TakoBa, ue o, (|a]) = q.
Or npyra crpana ¢ € R, u caenosarenno no Jlema 4.3 uma u3nbjaHenne or Ha
A Bbpxy 3, TakoBa, e og(|5]) = g. Torasa o, neduHEpano KaKToO creaBa:

ot = { 0 iSh

or(|t| —1) i>]a]

e yCIIeHIHO u3irbjiHenue Ha A, u ciegoBaresnso o € X
IIpoBepkara B obparHara MOCOKa € 09eBHUIHA, 3amoro X, C X.
Hexka cera nedunupamve MHOKECTBOTO

A={{,g)laCt&qe Qp & (Foex)(o(la]) =)}
u pesanus "<"B A, 3a KosgTO
(a1, q1) = (02, q2) <= a1 CaVar=a2 & q1 € (Qe — Sg) & q2 € Sg

Topa e yacruuna Hapeada B A, ¢ nomoinra Ha KoATo A craBa QyHIMPAHO MHO-
2KECTBO.

Ile nokazkeM TBBLPAEHUETO C UHIYKyuA 1o cmpykmypama e A. Ha duk-
cUpaMe eJIMH eJIeMeHT {(a,q) € A W 1a JOIMyCcHeM, 9e 33 BCEKHU MPEIXOKIAI IO
enement (o, q") € A ({¢/,¢") < {a,q)) TBbpHeHuETO € Bapuo. Ille nmokaxkem, ue
IPOBIIZKABA 4 € BAPHO | 32 (v, q).

a=¢ = Hekaqg € LNR.Ho a =¢,38auu ¢ = o(|a|) = 0(0) € SNQE, u
crepoBarento ¢ € Sg. Tosa o3HauaBa, ye uma KOHTEKCT (€, v, w) € C
u 0 e u3nbanenue 3a wero. Ho (¢,v,w) € C; (or nocrpoenuero na
C,), u cnenosarenno (e,v,w) € Cy, a 0 € X,,.
< Heka 0 € X,. Torasa ¢ = o(|a|) = 6(0) € S = ¢ = L. Or gpyra
CTpPaHa O € M3I'bJIHCHIE Ha A 1 1o JTema 4.2 q € 65(qo, B) = R, Koero
HE Boau 10 ¢ € L N R.

a = o’a Heka oznaunm R’ = 02(R,a), L' = 03 (q1,v**(q1,', R')).
= Heka ¢ € L N R. Ima 1Ba BapwaHTa 3a ¢:

q € Qg — Sg Torasa (or Koucrpykuus 4.1) cbmecrsysa ¢' € L', Takosa, de
(¢'ya,q) € A, u cneposarenno ¢’ € 62(R,a) = R’. Or Csoiicrso
6.1 MoxkeMm 1@ TBbpAUM, Y€ ¢ € Qp, u ciaenosarendo ¢ € L' N
R’ N Q. Unnykuuonnoro npeamonoxkenue 3a (o', ¢') v masa,
ge uma o’ € X, u o'(]o/]) = ¢'. Tbit karo ¢ € R, cbinecTByBa
wswbanenne ok Ha A sbpxy 3, 3a koero oi(0) € F u o(|8)) = ¢
(JTema 4.3). Cera MOkeM Ja IOCTPOUM 0 — YCLELIHO U3IIb/IHEHIE
Ha A, nedpuHUPAHO KAKTO CJIe/IBa

o(i) = { o’ (1) aKo i < |

or(|t| —i) akoi> |«
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Benmara ce Bk 2, 9e ako o’ e 6ui10 u3mbaHeHune 3a {ug, Vg, Wo) €
Cy, TO 0 € m3mbaHeHue 3a (ug, v, w) € C. Cera or Tebpaenne 2.4
cjeaBa, 9e (uo, v, w> € C, ChINO e BaJUICH KOHTEKCT, T.€. 0 € X,.
q € Sk IIbpBoTo, KOETO BeAHara 3abenassame, e, ue (L' a, R) & (3¢ —
Y) (roBa e Taka, 3al0TO B IPOTHBEH C/Iydail IIAXMe 13 UMaMe
LN Sg = (). qupektrao cnencreue ot nedunumusaTa HA 1) €, de
LNRN(Qr — Sg — Fg) = 0. Heka cera 0 € X e rakosa, 4e
o(|a]) = ¢, u ToBa e u3binenue 3a xonrekcra (u, v, w) € C. Ile
LOKAazKeM, 1€ TO3u KoHTekcT e Baauaes ((u,v,w) € Cy). I nauc-
TuHa, na gorycheM, de (u,v,w) € C,. ToraBa HenmpemMeHHO uUMa
(u', v, w') € Cy, TakbB, ue u’ C u C u'v' (Tebpaenue 2.3), u 31a-
um uma u3nbanenue o’ € X, 3a (u', v, w'), rakosa, 1e o’'(|a|) €
Qr — Sg — Fg (Csoiicrso 6.1). Torasa (o, 0'(|a])) < (@, q) u
10 uHAYKUuMOHHOTO upeanosnoxenue o’ (Jal) € L N R, orkbaero
crurame 10 LN RN (Qr — Sg — Fg) # 0, koeTo e mporusopedne
¢ momyckanero uu, de (u, v, w) & C,. CienoBaresto o € X,.
< Heka o € X, u o(|a|) = ¢. Tbit KaTo ¢ e ycnernHo u3nbiaHeHne Ha A
BHPXY @3, 3HAUM UMA M3IbAHEHHE o) Ha A Bbpxy 3 u ar(|B]) = q.
Tosa o3navasa, e ¢ € R (Jlema 4.2). Ocrasa na nokazxewm, ue g € L.
OTHOBO pasrieKJaMe JIBa, CIIydast:
q € Qg — Sg Or Csoiicrso 6.1 caenpa, 1e o(|/|) € Qp, 1 10 UHAYKUUOHHOTO
[PEJINONIOKEHNe MOXKeM J1a TBbpauM, de o(|a/|) € L' N R'. Twit
kaTo ¢ ¢ Sg U @R, KakBaTo u z1a € croiinocrra ua (L', a, R),
me nmame g € 61(L', (L' a,R)) = L.
q € Sg 3apaan Buga Ha m3mbiaHeHnsita Ha A (Csoiictso 6.1), mMame
o(]e’]) € Qr. Torasa no Jlema 6.1, o(|¢/|) € L'. Ja nouycuem, 1e
q ¢ L. Tosa 6u 6uno Bb3MOKHO, emuHCTBeHO ako (L' a, R) =
a®, KOeTO OT CBOf CTpaHa MOXKe JIa Ce CIy4H, €JUHCTBEHO aKO
51(L',a)NRN(Qr — Sg — Fg) # 0. Heka qo e cBumeren 3a ToBa
(go € 01(L',a)NRN(Qr — Sg — Fg)). Torasa go € LN R u g €
(Qe—SE—Fg). Tii karo (o, qo) < (@, q), MO2KEM Ja IPUIOKUM
WHIYKIMOHHOTO TIPEINOIOKeHne 3a (o, qo) U Ja TBLPIUM, 9e
uma og € X,, rakosa, 1e oo(|a]) = go. Or Csoiicrso 6.1 u or
dakra, 1e qo € (Qr —Sg — Fg), nanusa, 9e uma (ug, vo, wo) € C,
uuy C a C ugvy. Ho ako o e usnbinenue 3a (u,v,w) € C,,
BeJiHAra, Ce BUXK/A, Y€ o = u, U cjaegoBareyso (u,v,w) & C,
(MMa BaJMIEH KOHTEKCT, KOMTO ro 3acTbiBa W OT TBbpaenue
2.2). Tosa e uporusopeune c pouyckaHero nu, e ¢ ¢ L. Taka
mokasaxme, 9e ¢ € L N R.

O

6.4. bumammHa 3a KOHTEKCTHO IIPABUJIO

Hait-nakpas, crpoum B! - kinacmdecka GuMaimmua, paborema BbPXy BXOIA
cu, ekuBaenTHa Ha B. Bb3 ocnosa wa B! = (AL, AL 4T) crponm Guvanmimma
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3a KOHTEeKCTHOTO mpauino F — 3 / L R
B = ( /17 I27 "/Jl>

kbaero A} = Al AL = AL, u enuncreenara pasmuka ¢ B, usxonnara bynxmus
Y/, e medbmHEpPaHA KAKTO CJICIBA,

V' (L,a,R) = ¢{(L,a,R) - ¥5(L,a, R)

K'bJIETO
e ako (L',04(R,a)) € L& L' N&4(R,a)N(Qr — Sk — Fg) #0
V(L a, R) = B  ako (L',05(R,a)) € L & L' N§4(R,a) N (Sg — Fg) #0
B2 Ba o axo (L) 64(R,a)) € L& L' Né4(R,a)N (SN Fr)#0
a B LIPOTUBEH CJly4daid
(L, a, R) = B ako (L',R)y € §(L,a) & L'NRNSg #0& R = ¢}
2 G ¢ nporusen cayuait

Y,z

®@ur. 9. JleBusar asromar ua B’ 3a npasunoro xylyz — S/ x_z. 3a sacuora ca
[POIYCHATH IIpeXoanuTe KbM Lj

Jema 6.3. Hexa t = o8 € ©F, §*(¢,a) = L, 6(¢y,3) = R'. Tozasa

(L',R") € L uq € L'NR'NQg, mouwno mozasa, xozamo csuecmeyesa (u, v, w) €
Cu(t; L, E, R) u usnsanenue 3a neeo o € X,(t; L, E, R), makosa, we o(|a|) = q.
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Hoxasameacmeo. Hexa (L', R’) € Lu g € L' N R' N Qg. Torasa or Tebpaenns
5.1 m 5.2 Benmara cienga, e R = 5§(q2,§) u L' = 07(q1,¢v"*(q1,, R')). Cera
it KaTo ¢ € L' N R' N QE, or Tebpaerue 6.1 MOKeM Ja 3aKIIOYAM, 9€ ChIIeC-
TBYBa BAJUJIEH KOHTEKCT (u, v, w) € C, ¥ M3IbJIHeHne 3a Hero o € X, TAKUBA,
ue o(laf) =q.

B o6paTHaTa IMOCOKA JOKA3aTEICTBOTO € AHAJOTUIHO. O

Cera Beue cMe roTOBH Ja IIOKAZKEM, € TAKa KOHCTPyHpaHaTa OMMALINHA
HAUCTUHA PAbOTH KAKTO OYaKBAME, & UMEHHO — U3BbPIIBA 3aMECTBAHE 110 KOH-
rekctHOTO Tpasuo £ — 3/ L R.

Tebpaenue 6.2. Heka E — §/ LR e KOWmMeKCIHo npasuio 3a 3aMeCMeaHe
u B’ e bumawunama, nocmpoena 3a wezo. Hexa owe o € X* e npouseoana
dyma nad asbykama 3. Tozasa B'(a) e mouno pesyamamsm om npuiczaremo
HG KOHMEKCTMHOMO NPAEUNO 65PTY (L.

Joxazameacmeo. Axo a = ¢, no debununus 2.6, pe3yaTarbT OT IPUIATAHETO
wa E— 3/ L_R e rouno ¢ = B'(«).

Heka « = @jaz - -y, kbaero a; € X 3a 1 < i < n. Heka (wymy) - (wema) .. .-
(WpTp) € PE3YNITATHT OT MPHUJIATAHETO HA, MPABUIIOTO, OnpeeseH ot ledwurnumms
2.6. 3a mpom3BosiHO ¢ € [1,n] me mokaxkem, de ako 07 (¢}, a1az-.-a;—1) = L, a
05" (@2, @nl@n—1---@41) = R, To Y1 (L, ai, R) = w; m 3(L, a5, R) = m;.

Cuopen nedununusara Ha ] TpsabBa ga pasriaegaMe 9eTUPU CIIydas:

I cayuati Heka e Bapuo (L', 85(R,a)) € L & L' N64(R,a) N (Qe — Sg — Fr) # 0.
Torasa cropen Jlema 6.3 uma BajaumeH KOHTEKCT (u, v, w) € C, ¥ U3M'bJ-
Henme 3a Hero o € X, Takosa, ge o(i — 1) € (Qg — Sg — Fg). 3apamu
Busa Ha u3nbanenusara na A (Csoiicrso 6.1) crensa, 1e |u| < i—1 < |uv|.
Tosa cuopen, Hedununusa 2.6 o3nagasa, qe w; = e.

IT caywati Heka e Bapuo (L', 05(R,a)) € L & L' N§4(R,a) N (Sg — Fg) # 0. Torasa
cnopen Jlema 6.3 uma BasuzeH koHrTekeT (u,v,w) € C, U U3IIbJIHEHHUE
3a mero o € X,, takoBa, ue o(i — 1) € (Sg — Fg). Bapamu Buna Ha
usnbanenuara ua A (Cpoiicrso 6.1) cieasa, 1e |ul =i — 1 < |uv|. Tosa
cropen Hepununusa 2.6 o3nagasa, e w; = [3.

IIT caywati Heka e Bapuo (L', 05(R,a)) € L & L' N§5(R,a) N (Sg N Fg) # (. Tora-
Ba cnoper Jlema 6.3 uma BasmmaeH KOHTEKCT (u, v, w) € C, U U3IIbIHEHUE
3a mero o € X,, TakoBa, 4e o(i — 1) € (Sg N Fg). 3apaau Buna Ha u3-
mbaHenusTa Ha A (CpoitcrBo 6.1) ciensa, de |u| = ¢ — 1. Tbit kaTo He
cve monaauasu BbB 11 ciayuaii cienpa, ue He cbuiecrByBa (u, v, w) € C,,
TaKkbB, Y€ |v| # €, u caenosarenno (or Jdedbununusa 2.6) w; = Ba;.

1V caywat Heka He cMe monajHa d B HUTO eJuH OT Ipeanure tpu caydasd. Cera na
JIOIIyCHEM, Y€ CbIIECTBYBA BaJUAEH KOHTEKCT (u,v,w) € C,, TaKbB, e
lu| <i—1< |uww| mam |u| =i —1 = |uv|. ToraBa UMa U3MbIHEHHE 32 HETO
o € X,, rakoBa, 4e (i — 1) € Qg — Fp wiu o(|i — 1|) € Sg N Fg. Torasa
(cnopen Jlema 6.3) (L', 05(R,a)) € Luo(i—1) € L'Né(R,a)NQr — Fg
umn (i —1) € L' N64(R, a) NSk N Fg, KOeTo € npoTusopeyne, 3amoro He
CMe MOAJHAU B HUTO €JH OT I'bPBUTE TPU Caydad. Taka 3aK/Ii04aBaMe,
e w; = Q4.
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Ih VL, [ I, | L, | I, | L. | L, | I
RV 1 171717
R 717V U717 1717
Ry UV 12/l ylel| ||/
Ry | /| /| @/B | ] =B T | I |T]
Ry | /| /9B | 2| vle |/ | 1| T
R 1117117171/
Ry |/ |/ e/ =B J | /1T

@ur. 10. sxonuara Gyukius Ha B’ 3a npasmioro xylyz — 5/ ©_z

Taka nokazaxme, ge Y] (L, a;, R) = w; 381 = 1,2,...,n. OcraBa Jja HOKaxeM,
ge P4 (L,a;, R) = m; 3a Bcako i = 1,2,...,n.

Heka ¢4 (L, a;, R) = . Torasa (L', R) € §1(L,a) u L' N RN Sg # (. Cuopen
Jlema 6.3 we uma (u,v,w) € C, u usnbanenue 3a Hero o € X,, TaKuBa, e
o(i) € Sg. Or apyra crpana R = ¢4 u 3apanu nopmanaara ¢popma Ha A crensa,
ge o = t, u caepoBarento {(u, v, w) = {q, €, €) € C,. Or ToBa, pa3bupa ce cjieasa,
ge m; = .

Amanornuno nokassawme, ge ako m; = (3, 1o ¥4 (L, a;, R) = (.

C rosa 3apbpumxme gokasarenctsoro, de ' (L, a;, R) = w;m;, u cremnosa-
resqno B'(a) e Touno pesynrarbr or npusnoxenuero Ha E — [ / LR BbpXy
Q. O

IIpumep 6.1. Ja usnsanum bumewunama, nocmpoena 3¢ xylyz — B [ ©_z

espry mexcma ryzzrryzz om Ipumep 2.2. Hansanenuemo na A} we 6sde pe-

duyama Ly, Ly, Ly, Lt Ly, Ly, LYy LE, Lg, LY. dechuam aemomam A) we npe-
mune npes Ry, Ry, R}, Ri, RL, R}, R), R}, Rg, R, wemetixu mexcma omoacHo

naaaco. Cnoped Que. 10, usrodsm wa B' e mouwno xBzxBzz.
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7. Anropurmn

B rTa3u rsiasa e npeacraBuM HAKOU OT HO-MHTEPECHUTE AJITOPUTMU, HEOD-
XOJIUMU 33 KOHCTPYKIUATA HA OUMAIIMHA 10 KOHTEKCTHO MPABUIIO.

AsnropurmuTe ca u3JI0KeHH 0€3 JOKA3ATEJICTBO 33 KOPEKTHOCT, Thil KaTO
ciaeBaT 0e3 W3MEHEHUE ChbOTBETHUTE KOHCTPYKIUH, MOKA3AHU TIO-PAHO.

7.1. KoukareHanus OTJIIBO

AgnropurbMbT lconcat 3a KoHKareHalus "OTIsABO"CHOTBETCTBA HA KOHCT-
pykmuara ot ledununus 3.8.

subroutine lconcat(Automaton A, Automaton B)
let C = new Automaton

foreach state in A.states
let cloned_state = C.add_state(state)
if state.is_start then
cloned_state.set_start(true)
end if
end foreach

foreach state in B.states
let cloned_state = C.add_state(state)
if state.is_start and A.accepts("") then
cloned_state.set_start(true)
end if
if state.is_final then
cloned_state.set_final(true)
end if
end foreach

foreach trans in A.transitions
C.add_transition(trans.source, trans.char, trans.target)
if trans.target.is_final then
foreach state in B.start_states
C.add_transition(trans.source, trans.char, state)
end foreach
end if
end foreach
foreach trans in B.transitions
C.add_transition(trans.source, trans.char, trans.target)
end foreach

return C
end subroutine
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7.2. IIpeBox Ha OumariuHa, paboTera BbPXy U3X0Ja CHU

Cnenpamuar aaropuTbM output_to_input cborBercTBa Ha KoHCTpyKIHS
5.1 u mo 3amamena Oumammua B , paborema BbpXy M3XOJa CH, CTPOU €KBUBA-
JIEHTHATA KJacHu4yeckKa OMMAIIHA, padOTeIa BbPXY BXO/A CH.

subroutine output_to_input(Bimachine B)
let psi = B.output_function
let AL B.left_automaton
let AR B.right_automaton

let AN = new Automaton
let states = new Table
foreach statel in AL.states
foreach state2 in AR.states
states[statel] [state2] = AN.add_state()
end foreach
end foreach
foreach pl in AL.states
foreach ql in AR.states
foreach p2 in AL.states
foreach g2 in AR.states
foreach a in alphabet
if AR.trans_function(q2, a) = ql and
AL.trans_function(pl, psi(pl, a, g2)) = p2 then
AN.add_transition(states[pl] [ql], a, states[p2][q2])
end if
end foreach
end foreach
end foreach
end foreach
end foreach

let A1l = AN.build_deterministic()

let new_psi = new Function
foreach L in Al.states
foreach a in alphabet
foreach r in AR.states
foreach p in AL.states
foreach q in AR.states
if states[p]l[q] in L and
AR.trans_function(r, a) = q then
new_psi.define(L, a, r, psi(p, a, r))
end if
end foreach
end foreach
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end foreach
end foreach
end foreach

return new Bimachine(Al, AR, new_psi)
end subroutine

7.3. KoHcTpyKninga Ha OuMMAallnHA 110 KOHTEKCTHO MPaBUJIO

AnropurbmMbT construct_bimachine JAMpPEKTHO CHOTBETCTBA HA KOHCT-
pykuuara or [yiaBa 6 u 10 33/1a1€H0 KOHTEKCTHO IIPABUJIO 33 3aMECTBAHE CTPOU
OuMAIIHHA, KOATO 'O Peaau3upa.

subroutine construct_bimachine(L, E, R, word)
let AL = new Automaton(".*"+L)

let AE = new Automaton(E)

let AR = new Automaton(R+".*")

let A = rconcat(lconcat(AL, AE), AR)

let A2 = A.reverse().build_deterministic()
let AN = A.clone()

foreach tr in AN.trans
if tr.target in AR.states then
AN.remove_transition(tr)
else
if tr.target not in AE.start_states then
AN.add_transition(tr.source, tr.char + alphabet.size, tr.target)
end if
end if
end foreach

let Al = AN.build_deterministic()

let psi = new Function
let inter = AE.states - AE.start_states - AE.final_states
foreach L in Al.states
foreach R in A2.states
foreach a in alphabet
if Al.trans_function(L, a).intersect(R).intersect(inter) then
psi.define(L, a, R, a + alphabet.size)
else
psi.define(L, a, R, a)
end if
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end foreach
end foreach
end foreach

let B = output_to_input(new Bimachine(Al, A2, psi))

let final_psi = new Function
let intermediate AE.states - AE.start_states - AE.final_states
let startnonfinal = AE.start_states - AE.final_states
let startandfinal = AE.start_states.intersect(AE.final_states)
foreach L in B.left_automaton.states
foreach R in B.right_automaton.states
foreach a in alphabet
let result = a
foreach (p,q) in L
continue unless q = B.right_automaton.trans_function(R, a)
let common = p.intersect(q)
if common.intersect(intermediate).length > O then
result = ""
break
else if common.intersect(startnonfinal).length > O then
result = word
break
else if common.intersect(startandfinal).length > O then
result = word + a
break
end if
end foreach
if R = B.right_automaton.start_state then
foreach (p,q) in B.left_automaton.trans_function(L, a)
continue unless q = R
if p.intersect(q).intersect(AE.start_states).lenght > O then
result = result + word
end if
end foreach
end if
final_psi.define(L, a, R, result)
end foreach

end foreach
end foreach

B.output_function = final_psi

return B
end subroutine
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8. CJioKHOCT

B rasu ruasa e jajeM ropHa I'paHula 3a pa3Mepa Ha Taka KOHCTPyupaHaTa,
OMMAIITHHA.
Tebpaenne 8.1. Hera B = (A, Ag,v) e bumawuna, pabomewa 6spry us-
zoda cu, a B = (A}, AR, ¥') e exeusarenmua na Hea KaGCUECKE OUMAUWUNG,

nocmpoena ¢ Koncmpyrkuyus 5.1. Tozasa

a) |Qr| = |Qr|
6) Q| < (IQc] + 1)l@x!
Joxasamescmso.  a) Ot Koucrpykuus 5.1 Benuara ce Buxkaa, e Ap = Al
¢ xoero |Q| = |Qr| e TpuBrannO BsApHO.

6) Ilopamu Tebpaenue 5.1 MoxkeM 12 pasriexaame CbCroguuara B Q Karo
gactryann byukimu or Qg B Qr. Tosa o3HavaBa, e |} | He HaIMUHABA
Opos Ha yacTtuunuTe GyHKIMN, eduHnpanu 0T Qr B 1, U CJIETOBATEIHO

QLI < (1Qc| + 1)l9l.
O

Cera Jja npeMUHEM K'bM U3YUC/ASBAHETO HA MOPHA PAHUIA 33 CJIOKHOCTTA
Ha Oumammmuara, nocrpoesa B IaBa 6. lnadye ka3zano, 1ie oueHuM Oposi HA
CbCTOAHMATA Ha ABATA ABTOMATA Bb3 OCHOBA Ha KOHTEKCTHOTO [IPABUIIO.

Heka duxcupame e1H0 KOHTEKCTHO npaBuiio 3a 3amectane E — 3/ L Ru
osaaunm | = |L|, e = |E| u r = |R|. ToraBa 6posT Ha cbcrosuusTa Ha Af, Ap 1
Apr e e cvorBero O(1), O(e) u O(r). Orryk BegHara ciiefBa, 4e ChCTOAHUITA,
Ha Aca O(l+e+r).

Tosa nu jaBa ropua rpanuna 3a cheroguuara na As, a umenno O(21++7),

Toit kato AY ce nonyuasa or A upes mopudukamus Ha peanuaTa Ha Ipe-
X0/a, 6posAT Ha cherosiHnsATa My ocraBa cbiuaT (O(1+ e +r)). Cuexn nerepmu-
musarmua 10 A; Tasu ciokuocT HapacTsa g0 O(2!7¢HT). Haii-makpasd, criopes
Tebpaenne 8.1, Koncrpykmus 5.1 crpoun Aj ¢ O(2<l+e+r>2l+c+r) CbCTOAHHS.

Taka nosy4uxMe M KpaiHaTa OLEHKA 3a OpOsd HAa CbCTOAHUATA HA JICBUSA U
JecHus aBTOMAT Ha Gmmarmmmara — chorserno O(2"2") w O(2"), Kbaero n =
I+ e+ r e obuiara Ab/KUHA HA PErY/IAPHUTE U3DA3H B KOHTEKCTHOTO IIPABUJIO
3a 3aMeCTBaHe.
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