Mopenn BblYncieHum

B.A. 3axapos



Jlekuusn 9.

1. CowictBa 3amkHyTOoCcTU KC-513bIKOB

. Anroputmunyeckue npobnembl ans
KC-sa3bikoB

. ANropuTMbl CUHTAKCU4Y€eCKOro aHanmsa
KC-a3bikoB

4. JetepmunHunpoBaHHble KC-a3blkn

5. LL(k)-rpammaTtukm

6. KOHTEeKCTHO-3aBucumblie rpaMmmMmaTuku



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

3aMkHYT nun knacc KC-513bIKOB OTHOCUTENBHO
TEOPETUKO-513bIKOBbIX OnepaLuii’



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

3aMkHYT nun knacc KC-513bIKOB OTHOCUTENBHO
TEOPETUKO-513bIKOBbIX OnepaLuii’

Vr1eepxaeHue 9.1. Ecau L1 n L, — KC-s13bIKn,
0 L1 ULy — KC-a3blk.

HokasatenbcrtBo. Obbeaunnm KC-rpammatnku
A3blkoB L1 1 Ly, nobaBuM HOBbIV HaYasbHUM
HeTepMUHan Sy 1 4Ba HOBbIX FPaMMaTUYECKUX
npasuna Sop — S1 n Sg — S, . B pesynbrate
nonydynm KC-rpammaTuky ans sisbika L1 U Ly .

QED

34ech 1 ganee Mbl Nosaraem, YTo BCE A3bIKW 3a4aHbl
Hag OAHWM 1 TEM e asPaBUTOM.



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

Vr1eepxaeHune 9.2. Knacc KC-93b1koB He 3aMKHYT
OTHOCUTENILHO OMEPALLM NMEPECEHEHNS MHOXECTB.



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

Vr1eepxaeHune 9.2. Knacc KC-93b1koB He 3aMKHYT
OTHOCUTENILHO OMEPALLM NMEPECEHEHNS MHOXECTB.

Hoka3zatenbcTBO. PaccMoTprM s3bIKK
={a"b"ck:n=m k>0} un

Ly ={akb"c":n=m k >0}.

HeTpynHo BUAETb, 4TO 3TU A3bIKK SIBASIOTCS

KOHTEKCTHO-CBODOAHBIM.

HetpyaHo Bugets, uto Ly N Ly = {a"b"c" : n > 0}

— A3bIK, HE ABNAIOWMNACA KOHTEKCTHO-CBODOAHBIM.

QED



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

Vr1eepxaeHune 9.2. Knacc KC-93b1koB He 3aMKHYT
OTHOCUTENILHO OMEPALLM NMEPECEHEHNS MHOXECTB.

Hoka3zatenbcTBO. PaccMoTprM s3bIKK

Ly ={a"b"ck:n=m k>0} u

Ly ={akb"c":n=m k >0}.

HeTpynHo BUAETb, 4TO 3TU A3bIKK SIBASIOTCS
KOHTEKCTHO-CBODOAHBIM.

HetpyaHo Bugets, uto Ly N Ly = {a"b"c" : n > 0}
— A3bIK, HE ABNAIOWMNACA KOHTEKCTHO-CBODOAHBIM.

QED

Cnepcteue. Knacc KC-53bIKOB He 3aMKHYT
OTHOCUTENBHO OMepaunn JOMOJHEHUSI MHOXECTB.



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

Vr1eepxaeHune 9.3. Knacc KC-a3bikoB 3aMKHYT
OTHOCUTE/IbHO OMepaL i KOHKAaTEHALUN.



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

Vr1eepxaeHune 9.3. Knacc KC-a3bikoB 3aMKHYT
OTHOCUTE/IbHO OMepaL i KOHKAaTEHALUN.

Hoka3zatenbcTBo. CamocTosATENBHO.



CBONCTBA 3AMKHYTOCTU KC-A3blKOB

Vr1eepxaeHune 9.3. Knacc KC-a3bikoB 3aMKHYT
OTHOCUTE/IbHO OMepaL i KOHKAaTEHALUN.

Hoka3zatenbcTBo. CamocTosATENBHO.

3apaya 1.

1) Bepro nu, yto ecnu L1 — KC-a3bik, a L, —
perynapHbiii s3bik, 70 Ly M Ly — KC-s3bIK?

2) BepHo nu, yto ecnn L — KC-a3bik, TO

LR ={wF:we L} —KC-a3bk?



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Mbi y>ke yoeaunucs B ToM, 4TO npobnembl
BratodeHnss w € L(G)? n nyctotbl L(G) = &7
anroputMmuyeckn paspewunmsl gis KC-s3b1kos,
onucanHbix KC-rpammaTukamu.

A kak oOcToAT gena c gpyrumm
aJropuTMuYeckumMmm npodbnemamwu ans
KC-sa3bikoB?



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Mbi y>ke yoeaunucs B ToM, 4TO npobnembl
BratodeHnss w € L(G)? n nyctotbl L(G) = &7
anroputMmuyeckn paspewunmsl gis KC-s3b1kos,
onucanHbix KC-rpammaTukamu.

A kak obcToaT gena c gpyrumwu
anropuTMuYeckumu npobaemamm ans
KC-sa3bikoB?

Teopema 9.4. [lpobnema HenycToThbl NepeceveHus
KC-s13bikoB L(Gy) N L(Gy) # &, npeacTaBneHHbIx
KC-rpammaTikamu, anropuTMmnyeckn HepaspeLunma.



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Hoka3zatensctio. [ycts > N{a,b,c} =, un
NyCTb WMEETCS HEKOTOPbIA KOHEYHbI Habop CnoB
U= (uy,up, ..., ux) Bandasute L. Chopmupyem
KC-rpammaTuky
Gy=(XuU{a,b,c},{S} Py,S),

cofepalilyto Npasuna AByX BUIOB:

» S > uSab, 1<i<k,

» S — ujca'b, 1 <i<k.
HetpyaHo Bugets, uto a3bik L(Gy) coctouT n3 Beex
CNOB BUAa

uj U, ...u; camb...ba”ba"b



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

A Tenepb nokaxkem, 4to lNpobnema CooTBETCTBUIA
[MocTa cBOANTCS K 3a/1a4e NPOBEPKMN MYCTOTbI
nepeceverusi KC-a3bIkoB.



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

A Tenepb nokaxkem, 4to lNpobnema CooTBETCTBUIA
[MocTa cBOANTCS K 3a/1a4e NPOBEPKMN MYCTOTbI
nepeceverusi KC-a3bIkoB.

PaccMoTprM npounsBonbHOE KOHEYHOE MHOXECTBO
nap cnos B andpasute >, [X| > 2,

P — {(Ul, Vl)a (U2, V2)7 I (Uk, Vk)}v
pa3fennmM 3Ty napbl Ha ABa Habopa
U= (u,t,....,ux), V="_vi,va,. ..., v),

n noctpoum rpammatuku Gy n Gy .



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Torpa TCIN ans cuctembl nap P umeeT peluerie



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Torpa TCIN ans cuctembl nap P umeeT peluerie
<~

Up Ujy ... Uj = Vi Vi ...V [OJ9 HEKOTOPOI

NoCae10BaTENbHOCTY VIHJJ,eKCOB I, by .oy im



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Torpa TCIN ans cuctembl nap P umeeT peluerie

<
UjUj, ... U = Vi V...V, [JJ5 HEKOTOPOIi
nocnenoBaTe/lbHOCTY VIH)J,eKCOB N,y yim
<

U ...ujp camb...ba"b=vj ...v, camb...ba"b

ans TOW e nocnengoBaTe/ibHOCTN NMHAOEKCOB



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Torpa TCIN ans cuctembl nap P umeeT peluerie

<
UjUj, ... U = Vi V...V, [JJ5 HEKOTOPOIi
nocnenoBaTe/lbHOCTY VIH)J,eKCOB N,y yim
<

U ...ujp camb...ba"b=vj ...v, camb...ba"b

ans TOW »Ke nocnengoBaTe/ibHOCTN NMHAOEKCOB
<~



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Mycte U = (uy, Up, ..., Ux) — NPON3BOJLHBIN KOHEY-
HbIli Habop cnos B andpasute 2. ObpaTumcs elle pas
kK rpammatuke Gy = (X U {a, b,c},{S}, Pu,S).

VYT1BepxaeHue 9.5. Asbik

L(GU) - (Z U {37 b7 C})* \ I—(GU)

ABJIAETCA KOHTeKCTHO—CBO60}J,H bIM.



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Mycte U = (uy, Up, ..., Ux) — NPON3BOJLHBIN KOHEY-
HbIli Habop cnos B andpasute 2. ObpaTumcs elle pas
kK rpammatuke Gy = (X U {a, b,c},{S}, Pu,S).

VYT1BepxaeHue 9.5. Asbik

L(GU) - (Z U {37 b7 C})* \ I—(GU)

ABJIAETCA KOHTeKCTHO—CBO60}J,H bIM.

INoka3aTtenbcTBO. [lonpobyiiTe caenaTth 310 B
Ka4yeCcTBe YNpa>KHEHNS.



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Teopema 9.6. [Npobnema TotanbHocTu KC-a3bikoB
L(G) = X", npeacrasnennbix KC-rpammaTukamu,
aNrOPUTMUYECKN HEpa3peLInma.

HokasatenbctBo. [1pobnema cootsetcTBuii MNocTa
TaKXXe CBOANTCS K MpobsieMe TOTaNbHOCTM

KC-a3bikos. [ycte Gy u Gy — paHee NOCTpoeHHbIe
KC-rpammatuku, cootsetctaytowme [NCI P . Toraa

MCMN P ne umeet pewenns <= L(Gy)NL(Gy)=2
< L(Gy)NL(Gy)=(XU{a,b,c})
<~ L(Gy)UL(Gy) = (X U{a,b,c})"




AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Teopema 9.6. [Npobnema TotanbHocTu KC-a3bikoB
L(G) = X", npeacrasnennbix KC-rpammaTukamu,
aNrOPUTMUYECKN HEpa3peLInma.

HokasatenbctBo. [1pobnema cootsetcTBuii MNocTa
TaKXXe CBOANTCS K MpobsieMe TOTaNbHOCTM

KC-a3bikos. [ycte Gy u Gy — paHee NOCTpoeHHbIe
KC-rpammatuku, cootsetctaytowme [NCI P . Toraa

MCMN P ne umeet pewenns <= L(Gy)NL(Gy)=2

< L(Gy)NL(Gy)=(XU{a,b,c})

< L(Gy) U L(Gy) = (X U{a,b,c})*

Ocraetcst 3ametnTs, 4to L(Gy)UL(Gy) — KC-a13bIk.
QED




AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Cnepacteue. [Mpobrema sKBnBaneHTHOCTY
KC-si3bikoB L(Gy) = L(Gy), npencraBneHHbix
KC-rpammaTrkamu, anropuTMmnyeckin Hepaspewmma,



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Cnepacteue. [Mpobrema sKBnBaneHTHOCTY
KC-si3bikoB L(Gy) = L(Gy), npencraBneHHbix
KC-rpammaTrkamu, anropuTMmnyeckin Hepaspewmma,

3apava 2. FBastoTCa AU aNropuUTMUYECKN

paspewnMbIMi caegytoLne npobiemsi:

1. Ons 3apannoii KC-rpammatnkn G BbISICHUTS,
asnsietcs nnm A3slk L(G) BeckoHeuHbIM.

2. Ans 3apanHoit KC-rpammaTtuky G BbISACHUTS,
ABNSIETCS N gononHeHne sizbika L(G)
DeCKOHEeYHbIM.,

3. Ons 3apganHoit KC-rpammaTukn G BbISCHUTD,
asnsieTcs an a3bik L(G) perynsipHbim.



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

AnropntMuyeckas Hepa3pewwmnmMoCTb MHOTMX 3ajay
aHann3a KC-513bIkoB — 3TO nevasibHasi HOBOCTb AJ1S
NPaKTUKOB.

OkasbiBaetcst KC-rpammaTinki 4pe3BblHaitHO XpynKu:
HETPYAHO BHOCUTb U3MEHEHNSI B FrpamMMaThyecKue
npaBuia, CTPEMSICb YAYYLINTb FPaMMaTHKY, HO
TPYAHO YOeanTLCS B TOM, YTO 3TU U3MEHEHUS]
be30nacHsbi.



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

AnropntMuyeckas Hepa3pewwmnmMoCTb MHOTMX 3ajay
aHann3a KC-513bIkoB — 3TO nevasibHasi HOBOCTb AJ1S
NPaKTUKOB.

OkasbiBaetcst KC-rpammaTinki 4pe3BblHaitHO XpynKu:
HETPYAHO BHOCUTb U3MEHEHNSI B FrpamMMaThyecKue
npaBuia, CTPEMSICb YAYYLINTb FPaMMaTHKY, HO
TPYAHO YOeanTLCS B TOM, YTO 3TU U3MEHEHUS]
be30nacHsbi.

A Kak OBCTOUT AeN0 CO CNOXKHOCTBIO
aNIrOPUTMUYECKI pa3peLlMbIxX 3aa4 aHanm3a
KC-rpammaTuk?



AJITOPUTMUWNYHECKWE TMPOBJIEMbI ON4A
KC-A3blIKOB

Hanbonee BaxxHON ANs NpakTUYECKUX MPUTOXKEHWNA
KC-rpammaTuk siBnsieTcst 3afa4a npoBEpPKM BKItOYE-
Hus w € L(G) — 3apa4a CMHTaKCMYECKOro aHanusa.
B Tteopeme 7.13 nokasaHo, 4TO A4/1s rpaMMaTVK B
HOpMaJibHOW hopMe XOMCKOro A/IMHa rpamMaTiiyec-
KOTO BbIBOZLA C/IOBA W He MPEBOCXOAUT BENNYNHBI 2| W/ |
. [ToaTomy nepebopHbIi anropuT™M CNOCODEH pPeLLnTb
3afla4y CMHTakcmyeckoro aHanusa. OgHako ero
CJIOKHOCTb 3KCMOHEHLWaIbHAa OTHOCUTEIbHO [JINHbI
aHanusmpyemoro cnosa. MoxHo nu pewnTsb 3agady
CUHTaKcM4eckoro aHanusa gnst KC-rpammatuk
CyLecTBeHHO bonee adppeKTUBHO?



AJITOPUTM KOKA-KACAMUN-AHIEPA

Onuiem anropuTMm, pellatoLmnii 3aaady
cmHTakcmyeckoro ananusa ans KC-rpammatuk 3a
spems O(n®), roe n — AAnHa NpoBepsieMoro cnoga.

Mpegnonoxum, 4to rpammatuka G = (L, NV, P, S)
npeacTaBieHa B HopManbHoli hopme XOMCKOro u Bce
HeTepMUHANbl FPaMMaTUKN NONE3HbI.

MycTb 3afaHO CNOBO W = X1 X2 . .. X, . Anropntm
Koka-Kacamu-Anrepa (CKY-anropntm) 3anontser
Tabanuy (maTpuuy) T pasmepa n x n. B sueiikax
Tabnuubl (31eMeHTax MaTpunLibl) 3aMnChIBAOTCS
MHOXECTBa HETEPMUHANOB.



AJITOPUTM KOKA-KACAMUN-AHIEPA

Mpumep. Mycts G = ({a,b},{S,A,B,C},P,S),

roe MHOXeCTBO P COCTOUT U3 crefyouwmx npasu

— AB | BC,
— BA] a,
— CC | b,
— AB |a.

O >O0

[Myctb w = baaba .



AJITOPUTM KOKA-KACAMUN-AHIEPA

Brauane gna kaxgoro /, 1 </ < n nonaraem

Tli,i]={N: N — a; € P}.

OctanbHble sueiikn T[i,j], i # j, 3anonHeHbl & .
S — AB|BC

A — BA|a b a a b a

B—CClb 1. b |2 |@ |2 |2

C—oABla 2|9 | 2 |9 |9 |9

3 o | @ a |o | o

4l o | o | o b | @

51 9 |9 |9 | o a

1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

Brauane gna kaxgoro /, 1 </ < n nonaraem

Tli,i]={N: N — a; € P}.
OctanbHble sueiikn T[i,j], i # j, 3anonHeHbl & .
S — AB|BC

A — BA|a b a a b a
B—CClb 1 B2 |@ |2 |2
C—>AB\a 21 G AC | O 1% 1%
3l o | o |AC|o |o
Mo |o | o B | o

51 o | |9 |9 |AC
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

S — AB|BC
A — BA|a b | a | a | b | a
B—scCp 1| B|@9 |9 |9 |2
C—>AB\a 20 & AC | @ %] %]
3| @ o |AC| o %)
4| O 1) 1) B 1)
5 @ %) %) g |AC
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

S—ABlBc J—i=1l i=lj=2k=1
A — BA|a b a a b a
B—~ccp I B|A |2 |9 |2
C—>AB\a 20 & A.C| o %] %]
3| @ g |AC| o %)

4| I (%] (%] B (%]

5| @ %) %) @ |AC

1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

S —AB|BC j—i=1 i=1j=2k=1
A — BA|a b | a | a | b | a
B — CC|b 1l B |SA| o 1%} 1%}
C—>AB\a 20 O AC | o %] %]
3| @ g |AC| o %)
4| 9 1) 1) B 1)

5| @ %) %) @ |AC
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

S—ABlBC J—i=1l i=2j=3k=2
A — BA|a b | a | a | b | a
B — CC|b 1l B |SSA| o 1%} 1%}
C—>AB\a 20 & AC | B %] %]
3| @ g |AC| o %)

4| 9 1) 1) B 1)

5| @ %) %) g |AC

1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

SsABBC J—i=1 i=3j=4k=3
A — BA|a b | a | a | b | a
B — CC|b 1l B |SSA| o 1%} 1%}
C—>AB|a 20 O AC | B %] %]
3| @ g |A,C|SC | o

4l o | o | o B | @

51 9 |@ |o | @ |AC

1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

S — AB|BC j—i=1 i=4,j=5 k=4
A — BA|a b | a a b | a
B — CC|b 1l B |SSA| o 1%} 1%}
C—>AB\a 20 O AC | B %] %]
3| © g |AC|S5 C| o
4| I 102} 102} B A

51 9 |o |9 | o |AC
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,

nonaraem

Tlij]={N:N—= NN'cP,3k:i<k<]j
N' € T[i, k], N" € Tk +1,]]}.

S »AB|BC
A — BA|a
B — CC|b
C — AB|a

BN

j—i=1 i=4,j=5k=14
b a a b a
B |SSA|lo |o |o
g |AC| B |2 |go
1%} g A, 5,C | o
g |2 |o B |S A
g |o |o |2 |AC
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,)), 1 <i<j<n,
nonaraem
Tli,j]]={N:N—=>NN"ecP,Ik:i<k<j
N e Tli, k], N" € T[k+1,j]}.

S ABBC J—i=1
A — BA|a b | a | a | b | a
B — CC|b 1l B |SSA| o 1%} 1%}
C—>AB\a 20 & AC | B %] %]
3| © g |AC|S C| o
4o | o | o B |S, A
5l o |o |o | o |AC
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABBC J—i=2
A — BA|a b a a b a
B — CCl|b 1| B |SSA| o 1%} %]
C—>AB\a 21 I A C B 1) 1)
3| @ g |AC|S.C| o
4| @ & & B |S A
5 @ 1%} 1%} @ |AC
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABlBC  J—i=2 i=1j=3k=1

A — BA|a a a b a
B — CC|b SA|9 |8 |2
C — AB|a AC| B |2 |@

o |AC|SClo

B |S A

gl N =
e (e|e|gle

%
g | @ |AC
3 4

o Q|8




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABlBC  J—i=2 i=1j=3k=2

A — BA|a b a a b a
B—)CC’b 1| B |S,A| o 1% 1)
C—>AB\a 21 I A C B 1) 1)
3l o | o |AcC|sc]|o

4| O %] %] B |SA

5/ I %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABlBC  J—i=2 i=2j=4k=2

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B 1)
3| G %] AC|SC | o

41 @ %] %] B |SA

5/ & %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABlBC  J—i=2 i=2j=4k=3

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B 1)
3| G %] AC |5 C| o

41 @ %] %] B |S A

5/ & %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABlBC  J—i=2 i=3j=5k=3

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B 1)
3l o | o |AcC|sc]|o

4| O %] %] B |S,A

5/ I %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABIBC J—i=2 i=3j=5k=4

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B 1)
3l o | o |AcCl|sc] B

41 @ %] %] B |SA

5/ & %] %] %] A C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABBC J—i=3
A — BA|a b a a b a
B — CCl|b 1| B |SSA | o 1%} %]
C—>AB\a 21 I A C B B 1)
3| @ g |AC|S5 C | B
4l @ | o | o B |S A
51 o |o | @ | @ |AC
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

. o k=2
S—ABBC J—1=3 1=2j=5 4 _3

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B |S,C,A
3| @ g |AC|S5 C | B
4| @ %] %] B |SA
5/ & %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABBC J—i=3

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B |S,CA
3| @ g |AC|S5 C | B
4| @ %] %] B |SA
5/ & %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

S ABBC J—i=4

A — BA|a b a a b a
B—)CC’b 1| B |SA| © 1% 1)
C—>AB\a 21 I A C B B |SCA
3| @ g |AC|S5 C | B
4| @ %] %] B |SA
5/ & %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n
nonaraem
Tli,j]]={N:N—=NN"ecP,Ik:i<k<j
N' e T[i, k], N" € T[k +1,j]}.

- o k=1
S ABBC  J—i=4 i=1l7=5 ) _5

A — BA|a b a a b a
B—)CC’b 1| B |SA| © g |5 A (
C—>AB\a 21 I A C B B |SCA
3| @ g |AC|S5 C | B
4| @ %] %] B |SA
5/ & %] %] %] A, C
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Hanee ans kaxgon napsl (i,/), 1 <i<j<n

nonaraem

Tlij]={N:N—= NN'cP,3k:i<k<]j
N' € T[i, k|, N" € Tk +1,j]}.

S — AB|BC
A — BA|a
B — CC|b
C — AB|a

j—i=4

b a a b a

B |SSA| o g |5 A (
g |AC| B B |SCA
%) g |AC|S5 C| B
g | o | o B |S A
g |o |o |og |AC
1 2 3 4 5




AJITOPUTM KOKA-KACAMUN-AHIEPA

Ecan no okoH4aHun 3anonHequs Tabanupi
SeT[l,n], owelL(G)
baaba € L(G)

S — AB|BC
A — BA|a
B — CClb
C — AB|a

g~ 0N

b a a b a

B |SSA| o g S A(Q
g |AC| B B |S A
o) g |AC|S5 C | B
g |o |o B |S A
g | |o |o |AC
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

CeKpeT 3TOro anropnTMa, NOCTPOEHHOTO METOAOM
AVNHAMUWNYECKOrO MPOrpaMmMumnpoBaHus, npocr.

NHpykuweli no kK = j — | HeTpyAHO NokasaTb, YTO
. G
NeTli,j] <= N—,XiXit1...X;.



AJITOPUTM KOKA-KACAMUN-AHIEPA

B % cC % aCc & 2AB % 2aB - aab
S — ABJ|BC
A — BA|a b a a b a
B—)CC|b 1| B |SA| © 1% S A
C—>AB\a 21 I AC| B B S A
3| © %} AC|S,C| B
Al @ %) %) B |S A
5 @ 1%} 1%} 1%} A C
1 2 3 4 5



AJITOPUTM KOKA-KACAMUN-AHIEPA

CeKpeT 3TOro anropnTMa, NOCTPOEHHOTO METOAOM
AVNHAMUNYECKOro MporpaMmumnpoBaHus, npocr.

NHaoykuuneid no k = j — | HETpYAHO NMOKasaTb, 4TO
NeTli,j] < N i>* XiXit1 .- Xj .
Taknm obpasowm,
w=xiX...X, € L(G) <= S e T[L,n].
QED



AJITOPUTM KOKA-KACAMUN-AHIEPA

CKY-anroputm umeet cnoxnocts O(n’|G|), rae
n=|w|, a |G| — cymmapHoe 4ucno cumeosos B
npasunax rpammatuku G. Jlecnu Bennuant
NpUAyMan, Kak peasn30BaTh 3TOT aaropnuTm
NOCPEACTBOM YMHOXEHNsI OyneBbIX MaTpuL,

OfHaKo 4151 MPaKTUHECKUX MPUMeEHEHNT
CKY-anropuTm cnnuikom 3aTpaTHbIl MO BPEMEHMU.
Bonee adhbekTrBHbIE NpOLIEAYPbI CUHTAKCUYECKOTO
aHaNn3a MOXKHO MOCTPOUTL, OOPaTUBLLNCE K
AEeTEPMUHNPOBAHHBIM MarasuHHbIM aBTOMaTaM.

Ho ACTEPMUHNPOBAHHBIE MATA3NHHbIE aBTOMAThI
CyweCTBEHHO cnabee HEOETEPMUHNPOBAHHbIX.



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

KC-a3blk Ha3blBAeTCs AETEPMUHIPOBAHHBIM , €CNA
CYLLECTBYET AETEPMUHNPOBAHHbBIA MAra3uHHbI
aBTOMAT, PaCnoO3HAOWNIA 3TOT A3bIK.

VT1BepxaeHune 9.7. Knacc getepMuHnpoBaHHbIx
KC-43bIkoB 3aMKHYT OTHOCUTE/IbHO OMnepauuy
AOMOHEHNS.



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

KC-a3blk Ha3blBAeTCs AETEPMUHIPOBAHHBIM , €CNA
CYLLECTBYET AETEPMUHNPOBAHHbBIA MAra3uHHbI
aBTOMAT, PaCnoO3HAOWNIA 3TOT A3bIK.

VT1BepxaeHune 9.7. Knacc getepMuHnpoBaHHbIx
KC-43bIkoB 3aMKHYT OTHOCUTE/IbHO OMnepauuy
AOMOHEHNS.

HokazaTtenbcTBo. BcnomunTe, 4t0 netepmuntu-
POBAHHbIA MAara3nHHbIA aBTOMAT PaCcnO3HAEeT A3blK
L,LC Y ecan L(B) ={w - :w e L}.pannynoiii
MapKkep —I MOMOraeT o4WCTUTb MarasvH TOMYy
aBTOMaTy, KOTOpbI/i pacnosHaeT gonosHexne X\ L.

QED



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

Vr1BepxxaeHune 9.8. MHoxecTso cnos
L =3y*\{a"b"ck: k >0} asnaerca KC-asbikom.



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

Vr1BepxxaeHune 9.8. MHoxecTso cnos
L =3y*\{a"b"ck: k >0} asnaerca KC-asbikom.

6
HokasaTtenbctBo. L = [ Ly, rge
(=0

Lo=2X"\ L(a*b*c*),
Ly ={a'btck:i>0,j>0k>0},
L, ={abick:i>0j>0k>0},

a Kak yCTpoeHbl A3blkn L3 — Lg Bbl MOXETE

JorajaTthbCs U caMu.

Jlerko BnaeTh, 4TO A3bIK Lo — perynsipHblii, a
L1 — Lg — KC-a3bikn QED



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

N3 YTeepxaenunii 9.7 n 9.8 cnepyet

Teopema 9.9. CyuwecteytoT KC-93bIki, KOTOpbIE He
Pacno3HatoTCA AETEPMUHUPOBAHHBIMU MarasvHHbIMU

dBTOMaATaMMW.



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

O,D,HaKO ONA NPAKTUHECKNX HYXX[ NCKYCCTBEHHbIE
A3bIKKN KOHCTPYUPYHOTCA TaK, 4TODbI OHY
paCno3HaBannCb AETEPMUHNPOBAHHBIMN
Mara3amHHbIMN aBTOMATaMMU.

Kak »xe go/mkHa bbITb YCTPOEHA rpaMMaTiKa Takoro
a3blka’?



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

O,D,HaKO ONA NPAKTUHECKNX HYXX[ NCKYCCTBEHHbIE
A3bIKKN KOHCTPYUPYHOTCA TaK, 4TODbI OHY
paCno3HaBannCb AETEPMUHNPOBAHHBIMN
Mara3amHHbIMN aBTOMATaMMU.

Kak »xe go/mkHa bbITb YCTPOEHA rpaMMaTiKa Takoro
a3blka’?

3apada 3. CyuwecTByeT v anropuTm, KOTOPbIA Mo
3agaHHoli KC-rpaMmaTike pacrnosHaeT, ssBASETCS u
KC-513bIK, NOpoXxaaemMbliii 3TOR rpamMMaTuUKON,
AETEPMUHNPOBAHHBIM ?



AOETEPMNHNPOBAHHDBIE KC-A3blIKU

[MpennonoXxnm, 4TO HY>KHO MPOBEPUTL BKIIOYEHNE
w € L(G). Qns 3T0ro MOXHO nocTponTs
JIEBOCTOPOHHWI FpaMMaTNYECKNA BbIBOL

G G G G G
S— a1 —ary— - — a1 —> wW.




AOETEPMNHNPOBAHHDBIE KC-A3blIKU

[MpennonoXxnm, 4TO HY>KHO MPOBEPUTL BKIIOYEHNE
w € L(G). Qns 3T0ro MOXHO nocTponTs
JIEBOCTOPOHHWI FpaMMaTNYECKNA BbIBOL

G G G G G
S— a1 —ary— - — a1 —> wW.

YT100bI 3TOT BbIBOA MOT NMOCTPOUTL AETEPMUHUPO-
BAHHbIA MArasnMHHbIA aBTOMAT, OH LOJDKEH YMETb
BbIOUpPaTh MpaBuia rpaMmMaTuKm, UCNob3yst DYKBbI
CNoBa W KaK «NOACKasKuy», a rpaMmaTtuka G
[OJ>KHa obecneynTb OAHO3HAYHOCTb 3TOM
«NOACKA3KM Y.



LL(k)-TPAMMATUKW

KC-rpammatuka G = (X, N, P, S) Ha3bigaercs
pasfeneHHon , ecnm

1. npaBast 4acTb 1t0OOro npaBuaa Ha4MHAETCS
TEPMUHANOM,

2. npaBbl€ H4aCTh npasuna gada OgHOro n TOro »e
HETEPMUNHANA HAYUNHAKOTCA pPA3HbIMK
TEPMWHANAMMN.

MNpumep.
S — aSS | bAS | cBBa

A — aBSS | bba | cAbA
B — abc | bbB | cBbaS



LL(k)-TPAMMATUKW

Ecnn KC-rpammaTtuka siBnsieTcs pa3geneHHoit, 1o
aNropuTM, NpPeaNoXKeHHbIi B JOKa3aTeNbCTBe
Teopembl 8.2, NO3BOMSIET NOCTPOUTL AETEPMUHN-
POBAaHHbIA MAra3nHHbIA aBTOMAT, KOTOPbI pacno-
3HAET A3bIK, MOPOXKAAEMbIA 3TON rpaMMaTUNKON.



LL(k)-TPAMMATUKW

Ecnn KC-rpammaTtuka siBnsieTcs pa3geneHHoit, 1o
aNropuTM, NpPeaNoXKeHHbIi B JOKa3aTeNbCTBe
Teopembl 8.2, NO3BOMSIET NOCTPOUTL AETEPMUHN-
POBAaHHbIA MAra3nHHbIA aBTOMAT, KOTOPbI pacno-
3HAET A3bIK, MOPOXKAAEMbIA 3TON rpaMMaTUNKON.

K coxxaneHuto, Ha NpaKTuKe pa3gesieHHble
rpaMMaTUKN BO3HMKAOT HeYacTo. BoT TunuyHsbiii
npumep BH®-dopmyn, He nognagatowmx nog
onpeseneHne pasaeseHHol rpaMMaTKK:

LCMNCOK» I= LNyCTO>» | LKINEMEHT» KCMUNCOK>»

«NyCcTO» = ¢



LL(k)-TPAMMATUKW

Bonee obuiee onpegeneHne «oqHO3HAYHON
NOACKa3KM» Npu BbIDOpPE NpaBu rpaMmMaTHeCcKoro
BbIBOZA MOXHO CCDOPMY/INPOBaTL TaK.

[ns kaxporo cnosa w = x1x» ... Xy W k, k > 0,
onpefenm pyHKUNIO
X1X ... Xk, ecnum |w| > k,

Prefi(w) =
dw) w, ecan |w| < k.



LL(k)-TPAMMATUKW

[pammatuka G HaswiBaetcs LL(k)-rpammatukoit,
ecnn Ans Atobbix AByX NEBOCTOPOHHIX
rpPaMMaTUHECKUX BbIBOLOB

G G G

S =, wNa — wfla —, wt/
G G G

S —, wNa — wf'a —, wi”

paseHcTBO Prefy(u') = Prefy(u”) Bneder pasetcTso

6/ — 6//.



LL(k)-TPAMMATUKW

[pammatuka G HaswiBaetcs LL(k)-rpammatukoit,
ecnn Ans Atobbix AByX NEBOCTOPOHHIX
rpPaMMaTUHECKUX BbIBOLOB

G G G

S —,. wNa — wfa —, wt/
G G G

S —, wNa — wf'a —, wi”

paseHcTBO Prefy(u') = Prefy(u”) Bneder pasetcTso
/6/ — 6//

NHbimn cnosamm, 4Tobbl y3HaTb, KAKUM MPaBUIIOM
N — [ Bocnonb30BaThCS A1 BbIBOAA U3

HeTepMuHana /N 3aflaHHOroO CNoBa U, HY>XXHO
npoYuTaTh Nepebie kK DyKB 3TOro CNoga.



LL(k)-TPAMMATUKW

CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke

Mara3swuH:
S
CnoBo Ha neHTe:

d] d2 d3 A4 dy dg A7 dg . ..



LL(k)-FPAMMAT VKW
CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke
MaraswuH:
S

CnoBo Ha neHTe:

d] dp d3z|dg dy dg A7 4dg

YcTaHaBAMBaeTCs none 3peHNA aBTOMATA.

NpoyuThIBatOTCS nepsble k DykB cnoga.



LL(k)-TPAMMATUKW

CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke

Mara3swuH:

S

CnoBo Ha neHTe:

d] dp d3|dq dy dg A7 dg . ..

Bbluncnsercs rpaMMaTuHeCKOE NpaBuo:

Tabg x : (S, a1a2a3) = (S — a1ABas)



LL(k)-FPAMMAT VKW
CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke
MaraswuH:
alABa5

CnoBo Ha neHTe:

d] dp d3|dq dy dg A7 dg . ..

BbibpaHHoe npaBuio npriMeHsieTcs:

N3MEHAETCA COAEPKNMMOE Malra3nHa



LL(k)-FPAMMAT VKW
CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke
MaraswuH:
ABa5

CnoBo Ha neHTe:

di|dp 43 dg|dy dg A7 Ag . ..

[None 3peHNA aBTOMATa CMELLAETCA:

cABUr NO NIEHTE U yAaaneHune 6yKB N3 Mara3nHa



LL(k)-TPAMMATUKW

CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke

Mara3uH:
ABa5

CnoBo Ha neHTe:

di|dp 43 dg|dy dg A7 Ag . ..

Bbluncnsercs rpaMMaTuHeCKOE NpaBuo:

Tab: (A, ayazas) = (A — Bapas()



LL(k)-FTPAMMATVIKU
CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke
MaraswuH:
Baj,a3CBas

CnoBo Ha neHTe:

di|dp 43 dg|dy dg A7 Ag . ..

BbibpaHHoe npaBuio npriMeHsieTcs:

N3MEHAETCA COAEPKNMMOE Malra3nHa



LL(k)-TPAMMATUKW

CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke

Mara3swuH:
Baj,a3CBas

CnoBo Ha neHTe:

di|dp 43 dg|dy dg A7 Ag . ..

Bbluncnsiercs rpammaTiiieckoe npasuio:
Tabg i : (B, aazas4) = (B — ¢)



LL(k)-FTPAMMATVIKU
CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke
MaraswuH:
ara3CBas

CnoBo Ha neHTe:

di|dp 43 dg|dy dg A7 Ag . ..

BbibpaHHoe npaBuio npriMeHsieTcs:

N3MEHAETCA COAEPKNMMOE Malra3nHa



LL(k)-FPAMMAT VKW
CueHapnii paboTsl MarasuHHOro aBToMara,
cooteetctaytowero LL(k)-rpammatuke
MaraswuH:
CBa5

CnoBo Ha neHTe:

dj] dp Ad3|dg Ay dg|Ay7 Ag . ..

[lone 3peHust aBTomMaTa CMeLLaeTCs:
CABUT NO NIeHTe W yaaneHue byks us marasuna, N T. [.



LL(k)-TPAMMATUKW

Kak B1AHO 13 OMMCcaHHOro cueHapusi paboTsbi
MarasnHHOro aBTOMaTa, Y4ToDbl MOCTPOUTH TaKOiA
aBTOMaT Ans 3agaHHoii KC-rpammaTuku G, HY>KHO
yMETb

1. onpepennTb HauMeHbluee Kk, ANt KOTOPOTO
rpammatuka G npunagnexut knacca LL(k),



LL(k)-TPAMMATUKW

Kak B1AHO 13 OMMCcaHHOro cueHapusi paboTsbi
MarasnHHOro aBTOMaTa, Y4ToDbl MOCTPOUTH TaKOiA
aBTOMaT Ans 3agaHHoii KC-rpammaTuku G, HY>KHO
yMETb

1. onpepenuTb HaumeHbLiee k, Ans KOTOPOro

rpammatuka G npunagnexut knacca LL(k),
2. noctponTb Tabauuy Tabg i .
OueHnM, HaCKONbKO TPYAHO pellaTh obe 3Tu 3aga4n.



LL(k)-TPAMMATUKW

[pammatuky, npuHagnexauwyto knaccy LL(k) gns
HEKoToporo k , byaem HasbiBaTh LL-rpammaTikoii .
KC-s3bik, nopoxgaemsiii LL(k)-rpammatukoii
(LL-rpammaTtukoit), byaem Takxe HasblBaTb

LL(k)-s1361kom (cooTBeTcTBeHHO LL-s361K0OM ).



LL(k)-TPAMMATUKW

[pammatuky, npuHagnexauwyto knaccy LL(k) gns
HEKoToporo k , byaem HasbiBaTh LL-rpammaTikoii .
KC-s3bik, nopoxgaemsiii LL(k)-rpammatukoii
(LL-rpammaTtukoit), byaem Takxe HasblBaTb
LL(k)-s1361kom (cooTBeTcTBeHHO LL-s361K0OM ).

1. HekoTopble aetepmutnpoBanHble KC-s3bikun He
asnatotcs LL-a3bikamu.

3apaya 4. [Tpyanas] Jokasatb, 4to KC-s3bik
L ={a"0b":n>0}uU{a"1b*": n >0}

ABNSAETCSA AETEPMUHNPOBAHHBIM, HO HE SIBASIETCS
LL-a93bIkoM.



LL(k)-TPAMMATUKW

2. HenpocTto y3HaTb, ABASETCS NN 3aAaHHbIN
KC-53bIk LL-a3bikom.



LL(k)-TPAMMATUKW

2. HenpocTto y3HaTb, ABASETCS NN 3aAaHHbIN
KC-53bIk LL-a3bikom.

3apayva 5. [TpyaHas] JokasaTb, 4TO He
CyLeCTBYET anropuTma, CrnocobHOro Anst 3afaHHoN
rpaMmatikn G BbISICHUTb, SIBASETCS M 3Ta
rpammatuka LL(k)-rpammatunkoit gnsi Hekotoporo k.



LL(k)-TPAMMATUKW

2. HenpocTto y3HaTb, ABASETCS NN 3aAaHHbIN
KC-53bIk LL-a3bikom.

3apayva 5. [TpyaHas] JokasaTb, 4TO He
CyLeCTBYET anropuTma, CrnocobHOro Anst 3afaHHoN
rpaMmatikn G BbISICHUTb, SIBASETCS M 3Ta
rpammatuka LL(k)-rpammatunkoit gnsi Hekotoporo k.

3apaya 6. [TpyaHas]| JokasaTb, 4TO He
CYLWIeCTBYeT afNropuTMa, CnocobHOro a4sist 3afjaHHoO
rpammaTukn G BbISICHUTb, ABASIETCS NN
NOpOXKAaeMblli 3ToW rpamMaTukoli s3bik LL-s13bIkoM.



LL(k)-TPAMMATUKW

3. OpgHako He Bce Tak nioxo. CBoCTBO
KC-rpammaTuku npuHagnexatb knaccy LL ssnsetca
Noypa3peLlMbIM.

3apayva 7. [NocTpouTb anropnTm, KOTOPbIA Ans
3agaHHoit KC-rpammatukn G v 3agaHHoro k,
nposepsieT, sinsietcst am G LL(k)-rpammatukoii.



LL(k)-TPAMMATUKW

3. OpHako He Bce Tak nnoxo. CBOWCTBO
KC-rpammaTuku npuHagnexatb knaccy LL ssnsetca
Noypa3peLlMbIM.

3apayva 7. [NocTpouTb anropnTm, KOTOPbIA Ans
3agaHHoit KC-rpammatukn G v 3agaHHoro k,
nposepsieT, sinsietcst am G LL(k)-rpammatukoii.

[MocmoTpum, Kak pewaTs 3Ty 3agady Ans cay4das
k=1.

[anee bygem, He oroBapusas 3Toro ocobo, nonaratsb,
4TO pacCMaTpUBAEMbIE TPAMMATUKLM HE COLEpKaT
DecnonesHbix NpaBua, T.e. NPaBWUl, KOTOPbIE He
Y4aCTBYIOT B BblBOJAX TEPMUHAbHbIX C/IOB.



LL(k)-TPAMMATUKW

Mycts 3apana KC-rpammatnka G = (X, NV, P,S).
Beefem ABe xapakTepUCTUKN NpaBun
rpammaTnyeckoro ebioga N — «v.

Firsts(a) = {a:a€ X, « . as};
Afterc(N) = {b:be¥,S -5, BNby}.



LL(k)-TPAMMATUKW

Mycts 3apana KC-rpammatnka G = (X, NV, P,S).
Beefem ABe xapakTepUCTUKN NpaBun
rpammaTnyeckoro ebioga N — «v.

Firsts(a) = {a:a€ X, « . as};
Afterc(N) = {b:be¥,S -5, BNby}.

Firstg(c) — 3TO MHOXECTBO BCEX TEPMUHAJIOB,
KOTOPbIMU HA4YMHAIOTCS CTPOKM, BbIBOAUMbIE B
rpaMmmatuke G 13 CTPOKU v .

Afterg(N) — 3TO MHOXECTBO BCEX TEPMIUHAIOB,
KOTOPbIE MOTYT BCTPETUTHCS B CTPOKAX, BbIBOAWMbIE
B rpamMmaTuke G N3 Ha4anbHOrO HeTepMuHana S
HENoCpeaCTBEHHO crpasa oT HeTepmuHana /\ .



LL(k)-TPAMMATUKW

Mpumep. lNycts 3agana KC-rpammaTuka
G = (X,N,P,S) coctout us npasun

S — AcSdA | BdScB
A — aAle
B — bB|¢



LL(k)-TPAMMATUKW

Mpumep. lNyctb 3agana KC-rpammatirka
G = (X,N,P,S) coctout us npasun

S — AcSdA | BdScB
A — aAle

B — bB|¢
Torpa
Firstc(AcSdB) = {a,c}; Firstg(BdScB) = {b,d};
Afterg(S) = {d,c};
Firstg(aA) = {a}; Afterg(A) = {c};

Firstc(bB) = {b};  Afterg(B) = {d};



LL(k)-TPAMMATUKW

[Ins Ka>kgoro npasuia rpaMmMaTUYECKOrO BbiBOAA
N — o nonoxxum

. G
Firstc(a)UAfterg(N),ecnn o — €,

Dirg(N —«a)=
Firstc(a), mHaye .



LL(k)-TPAMMATUKW

[ns kaxxaoro npaeuia rpaMMaTUHECKOro BbIBOAA
N — « nonoxum
: G

_ Firstg(a)UAfterg(N),ecnn a— €

Dirg(N—a)= , ¢(a) 6(N). t
Firstc(a), mHaye .

Teopema 9.10. KC-rpammatuka G sasnsiercs
LL(1)-rpammaTukoii Toraa n TOAbKO TOrAa, KOrAa
nns noboro HetepmuHana N w ana noboli napsi
npasun N — a1 n N — o, BEpHO COOTHOLLEHUE

Dirg(N — a1) N Dirg(N — ap) = @.

HokasaTtenbcTBo. Cnefyer HENOCPeACTBEHHO 13
onpegenenus LL(1)-rpammatukn. QED



LL(k)-TPAMMATUKW

Mpumep. Mycte KC-rpammatuka G = (X, N, P, S)
COCTOUT U3 NpaBun

S — AcSdA
S — BdScB
A — aA

A — ¢

B — bB

B — ¢



LL(k)-TPAMMATUKW

Mpumep. Mycte KC-rpammatuka G = (X, N, P, S)

COCTONT M3 npasunn

S — AcSdA Dirg ={a,c};
S — BdScB Dirg = {b,d};
A — aA Dirc = {a};
A — ¢ Dir¢ = {c};
B — bB Dir¢ = {b};
B — ¢ Dirg = {d};

3naunt, G — LL(1)-rpammatuka.



LL(k)-TPAMMATUKW

Muoxectga Dirg(N — &) MOXHO BbIYNCANTD
MTEPALMOHHbBIM aNrOPUTMOM CPABHUTENBHO MPOCTO

3a spems O(|a||G|).

3apaya 8. lNocTpouThb anropnTMmbl s
BblYnCaeHust MHOXecTs Firstg(a) n Afterg(N) .



LL(k)-TPAMMATUKW

Muoxectga Dirg(N — &) MOXHO BbIYNCANTD
MTEPALMOHHbBIM aNrOPUTMOM CPABHUTENBHO MPOCTO

3a spems O(|a||G|).

3apaya 8. lNocTpouThb anropnTMmbl s
BblYnCaeHust MHOXecTs Firstg(a) n Afterg(N) .

Ecnan rpammatuka G sensietcs LL(1)-rpammaTukoii,
10 pacnonaras muoxecteamu Dirg(N — «) ans
KaXoro npasuia, HETPYAHO MOCTPOUTL 1 PYHKLMIO
Tab(N, x) ocCyleCTBASIOLLYIO OfHO3HAYHbIN BbIGOP
npaBui CUHTaKCUYeCKoro pasbopa.



LL(k)-TPAMMATUKW

N — a,ecnn x € Dirg(N — «),
Tabg(N,x)= 1 error,ecnun x ¢ Dirg(N — J3)
ans scex npasun N — € P .



LL(k)-TPAMMATUKW

N — a,ecnn x € Dirg(N — «),
Tabg(N,x)= 1 error,ecnun x ¢ Dirg(N — J3)
ans scex npasun N — € P .

Taknm obpasom, cnpaBennmsa

Teopema 9.11. Ecin KC-rpammaTnka G sBnseTcs
LL(1)-rpammatukoit, 1o L(G) — metepmuHmposaH-
Hblli KC-53bIK.



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

Mpasuna BbiBoAa kOHTeKCTHO-3aBUcnMol (K3)
rpammatukn G = (X, N, P, S) umetoT Bug
ONn — Oan, rae N e N, n, 0 € (EUN)*,

a € (ZUN)T. Tk |a| >0, K3-rpammatukn
TaKXKe Ha3bIBAIOT HECTMPAEMbLIMY FPaMMATKAMK.



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

Mpasuna BbiBoAa kOHTeKCTHO-3aBUcnMol (K3)
rpammatukn G = (X, N, P, S) umetoT Bug
ONn — Oan, rae N e N, n, 0 € (EUN)*,

a € (ZUN)T. Tk |a| >0, K3-rpammatukn
TaKXKe Ha3bIBAIOT HECTMPAEMbLIMY FPaMMATKAMK.

VreepxaeHne 9.12. Eciu L — KC-sa3bik n ¢ ¢ L
, 70 L — K3-a3bik.

Hoka3zatenbcTBo. Cneayet u3 Yreepxaenus 7.11
00 ycTpaHeHun ¢ -npasun n3 KC-rpammatuk.

Mpu 3Tom HekoTopble K3-s3bikn (Hanpumep,
{a"b"c" :n >0} n{ww:w e {a b}"}) ne

apnsatoTca KC-a3bikamu.



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

Vr1eepxaerHune 9.13. lMpobnema BkAtOYEHNS

w e L(G) ans K3-rpammaTnk anroputmmdeckn
paspeLunma.

[Joka3aTtenbCcTBO. JTO CieayeT U3 CBOWCTBA
«HecTnpaemocTny. [lonpobyiite camocTosaTeNnbHO .



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

Vr1eepxaerHune 9.13. lMpobnema BkAtOYEHNS
w e L(G) ans K3-rpammaTnk anroputmmdeckn
pa3peLunma.

[Joka3aTtenbCcTBO. JTO CieayeT U3 CBOWCTBA
«HecTnpaemocTny. [lonpobyiite camocTosaTeNnbHO .

Vr1eepxaeHune 9.14. Knacc K3-93bIkoB 3aMKHYT
OTHOCUTENBHO Onepaunii obbeanHeHus,
rnepeceyeHunsl, JONOMHEHNS, KOHKAaTEHALMN.

Kazanock bbl, K3-rpammaTukmn BecbMa
NepPCNeKTUBHbI ANs1 NPAaKTUYECKOro NCnosib3osaHms!



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

Mawwnra Tetopuara M Ha3biBaeTcs
JINHEHO-OTPaHNYEHHOI | ecan anst ntboro
JIEHTOYHOrO CMoBa W 1 ANs Ntoboii koHdUrypaumm o

M
BepHo 1w0 — . o = |a| = |1 wO].



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

Mawwnra Tetopuara M Ha3biBaeTcs
JINHEHO-OTPaHNYEHHOI | ecan anst ntboro
JIEHTOYHOrO CMoBa W 1 ANs Ntoboii koHdUrypaumm o

BepHo gy w0 Mo = la| = [g1wO.
Vr1eepxaeHune 9.15. [Ina noboii K3-rpammaTuku
G MOXHO MOCTPONUTbL TaKyr JIMHEAHO-OrPaHUYEHHas
MT Mg, uto L(G) = L(Mg) . Ona noboii
nuHeliHo-orpaHuydernHoii MT Mg MoxHO nocTpouTb
Takyto K3-rpammatukn Gy, 4to L(M) = L(Gpy).

Cnepcrsue. lNpobnema skntouerns w € L(G) gns
K3-rpammaTtuk PSPACE-nonHa.



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

3apava 9 [Tpygnas]. Jokaxure, 4to npobaema
nyctotel L(G) = @ ans K3-rpammatuk
aJrOPUTMNYECKN HEpa3peLlnMa.



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

3apava 9 [Tpygnas]. Jokaxure, 4to npobaema
nyctotel L(G) = @ ans K3-rpammatuk
aJrOPUTMNYECKN HEpa3peLlnMa.

DTO O3HayaeT, YTO 3ajadva CMHTAKCUYECKOro aHanm3a
ana K3-rpammatuk Henpocta. Ho umenno K3-rpawm-
MaTWKW MO3BOJISIFOT OMNCHIBATb CUHTAKCUC €CTECTBEH-
HbIX A3bIKOB. [103TOMY MHTepEeCHbI KNacChl S3bIKOB,
3aHVMAIOLLMX MPOMEXKYTOYHOE MONOXKEHUE MEXIY
KC n K3-s13bikamu.

Tak, Hanpumep, cTyaeHT 3-ro kypca p-ta BMK MI'Y
Anekcanap Oxotun B 2002 r. npuayman HOBbIA Tun
rPaMMaTUK — KOHBIOHKTVBHbLIE TPaMMaTUKNA , —
obobulatowmii knacc KC-rpammatik.



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

A ecTb nin B 3TOl 0bAacTn HepeleHHble 3aga4n?



KOHTEKCTHO-3ABNCNMBIE TPAMMATUNKW

A ecTb nin B 3TOl 0bAacTn HepeleHHble 3aga4n?
BoT ogHa u3 Hux.

Kak n3BecTHo, npobneMa 3KBMBaNEHTHOCTU
Hepa3pellrma AN HeAeTEPMUHUPOBAHHbIX
MarasuHHbix asTomatos. Ho B 1997 r. bbino
N0Ka3aHo, 4To 3Ta npobaema paspelinmMa ans
AETEPMUHUPOBAHHBIX Mara3vHHbIX aBTOMATOB.

OT1kpbiTas npobnema. KakoBa CNoXHOCTb
NpobieMbl 3KBUBANEHTHOCTY A
AETEPMUHNPOBAHHBIX Mara3uHHbIX aBTOMaTOB”?



TEXHONO0TInAa NnPUMEHEHNA

Bam nopy4unau paspabortatb
CUHTaKCUYECKMNiIA aHaNN3aTop UCKYCCTBEHHOrO Si3blKa




TEXHONO0TInAa NnPUMEHEHNA

Bam nopy4unau paspabortatb
CUHTaKCUYECKMNiIA aHaNN3aTop UCKYCCTBEHHOrO Si3blKa

Nmeet nu rpammaTtunka
atoro a3bika Tun LL(k)?




TEXHONO0TInAa NnPUMEHEHNA

Bam nopy4unau paspabortatb
CUHTaKCUYECKMNiIA aHaNN3aTop UCKYCCTBEHHOrO Si3blKa

Nmeet nu rpammaTtunka
atoro a3bika Tun LL(k)?

JA

MocTpotite hyHKUMIO
Tab(x, N)

NO34PABNYFEM!
Bbl nony4nnu 6bicTpblii

CUHTaKCcn4Yeckuii aHanusartop!



TEXHONO0TInAa NnPUMEHEHNA

Bam nopy4unau paspabortatb
CUHTaKCUYECKMNiIA aHaNN3aTop UCKYCCTBEHHOrO Si3blKa

Nmeet nu rpammaTtunka
atoro a3bika Tun LL(k)?

HET

MocTapaiiTecb npuBecTu
npasuaa rpaMMaTuKu
k copme LL(k)




TEXHONO0TInAa NnPUMEHEHNA

Bam nopy4unau paspabortatb
CUHTaKCUYECKMNiIA aHaNN3aTop UCKYCCTBEHHOrO Si3blKa

NmeeTt nu rpammaTuka HET | MocTapaiiTtecb npuBecTu
atoro a3bika Tun LL(k)? npaswsa rpaMmmMaTukm
k copme LL(k)
VOANOCH!
MocTpotite hyHKUMIO
Tab(x, N)
NO34PABNYFEM!

Bbi nony4nnun ObicTpbiii
CUHTaKCcn4Yeckuii aHanusartop!



TEXHONO0TInAa NnPUMEHEHNA

Bam nopy4unau paspabortatb

CUHTAKCM4ecKnii dHANN3aTOP NCKYCCTBEHHOIO sAA3blKa

NmeeTt nu rpammaTuka HET | MocTapaiiTtecb npuBecTu
atoro a3bika Tun LL(k)? npaswsa rpaMmmMaTukm
k copme LL(k)
HE YOAJIOCb
Bocnonb3yiTechb

anroputmom CKY

VBbl, Baw cuHtakcnyecknii aHanusatop
uHorga Oygert paboTaTb 04YeHb MEANEHHO.
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