CDopMaAbeIe SI3BIKU

[aH KoHeYHbIn andasut T (TepMuHanbHbIN andasunT).

9 lMpumepbl: T={a, b,c, ..., z};; T={0,1}; T ={a}

Llenouka (cTpoka) — ntobaga koHe4yHas nocriegoBaTtenbHOCTb OyKB 13 T
(BO3MOXXHO, HYINIeBOW AJNHbI).

2 Tpumepesl: "a", "aacb", "babababababababa", "0000011111",
€ (nyctas uenouka).

MHoecTBO Bcex uenodek Haa T obo3Haumm T.

A3blk Hag andasutom T — noboe nogMHoXecTBO uenodek L O T*.
Bce uenoykn a [ L HasbiBaoTCA npeasioxXeHnsMn 3Toro si3blka.
Cnocobbl 3agaHusa A3blKa:

O nepeudncrieHne Bcex npennoxeHnn (npumep: A3blk IINOYKU-NIOL0EOKN);

0 nobon anropmuTtMm, NPUHMMAaKOLLNMK Ha BXoAde Lenodky Hag T u
Bo3BpaLllarowmn "ga"/"HeT" (pacno3HaBaTeslb A3blKa);

QO bopmanbHas rpammaTuka.



(I)opMaAbeIe IPAMMATUKA

dopmarnbHasa rpaMmmMaTmka onpenensaeTcsa crieayolen YHeTBepKon:
QO  TepMuHanbHbIM andasuT T,

0 HeTepmMuHanbHbIM andasnt N (andgasuT ans sanucu npasun);

Q0 npaBuna BbiBOAA LENOYeEK: Ok — Pk; Ok, Bk — uenoyvkn Hag T O N;

0 HayvanbHbLIM CMMBON (rMaBHbLIM HETEPMUHAnNbHbLIN cumBon) P.
[MpegnoxeHnamm s3bika ABMATCHA BCE TEPMUHANBHLIE LIENOYKN,

KOTOPbl€ MOXHO MNMOJN1y4YnTb U3 P, KOHe4YHoe 4ncno pa3 NpnMmeHdad
Nnpasuiia BbiBOAaA.

H.Xomckuun (N.Chomsky) B 1957 r. npeanoxun knaccmgpukaumio
dopmanbHbIX rpammaTuk: knacc 0 — nobaga rpammaTumka, knaccbol 1, 2 n
3 nocrnegoBaTesibHO cyXatoTcA. [1pakTU4ecKkn BaXHbl:

0 Knacc 2: KOHTeKCcTHo-cBoboaHble (KC) rpammaTuku;

QO knacc 3: aBToMaTHble (perynspHble) rpaMmmaTmKi.

CyLwlecTBYIOT S3blKMN, KOTOPbIE HE MOTYT ObITb ONMMCcCaHbl rPaMMaTUKON
onpeneneHHoro Knacca, Tpebys ncnosnb3oBaHunsa 6oriee odLero Krnacca.
Hanpumep:

0 "abcabcabc...abc" (N pa3) — gonyckaeT aBTOMaTHYO0 rpaMmMmaTuky;

0 "aaaa...ab...bbbb" (no N pa3 kaxgas dyksa) — TpebyeT KC-rpammaTuky;
0 "aa...ab...bc...cc" (no N pas kaxgas) — TpebyeTt rpammaTukm knacca 1.



Horanusa bakyca-Haypa (paciupennas)

Knaccunyeckasa bH-HoTauusa: npasuna BbiBO4a 3anucbiBaloTca B oOpMe:
0 <HeTepMuHan> ::= uerno4ka: | uerno4kaz | ... ueno4vkam

HeTepmMunHanbHbin andgasnt N COCTOUT N3 CNOB-NOHATUN B YIIOBbIX
ckobkax, a Takke cummsosioB "::=" un"|"

4 ":="—T0 Xe camoe, 4TO " ";

0 "|" o3HavaeT BLIOOP O4HOM N3 HECKOSbKNX anbTepHaTuMB, T.€. NO3BONsAeT
00beaNHNTL 3annUCb HECKOSTbKMX MpaBus1 C O4MHAKOBOW NTIEBOW YacTblo.

CoBpeMEHHbIN paclmMpeHHbI BapuaHT bH-HoTauun BBoanT
O0NoNHUTESNbHbIE 0603HaYeHUs, MO3BONAIOLLME B HEKOTOPbLIX CIyYasXx
PE3KO COKPaTUTb KONMYECTBO N ANMHY MpaBuIt:

Q [...]—obo3HavaeT Heobsi3aTenbHble NOALIENOYKN B NPaBOM YaCcTu nNpaBuna,;
o {...}— obosHa4aeT noBTOpeHne noauenoykm 0 unu bonee pas.
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[ Ipumeps! 3apanua a3e1k0B B bH-HOTAanmm

<CNOBO> ::= a<CJIOBO>Db | €

0 3apaert a3blK L, cocTosawmnm ns Bcex uenodvek suaa "aaa...ab...bbb" (N pas
kaxkgas 6ykea, N = 0).

<CJ10BO> ::= <CJ1OBO_A> <CJ10BO_B>

<CJIOBO_A> ::=a <CJIOBO_A> | ¢

<CJIOBO_B> ::=b <CJIOBO b>| ¢

0 3apaert a3blk B1uga "aaa...ab...bbb" (N pas byksa 'a', M pas 6ykea 'b', N,M = 0).

<VMA> ;= <BbYKBA> {<BYKBA> | <UNDPA>}
<bYKBA>:=a|b|c|d|e|f|...|x]|y]|z
<UNDPPA>::=01]1]2|3|4|5|6]|7]|8]|9
0 3apgaeT NOHATHO YTO.

<OlMNEPATOP_IF> ::= if <YCJIOBUE> then <OINEPATOP> [else
<OlMNEPATOP>]
(nrmoc npasuna ansa <YCJIOBUE> n <OMNEPATOP> )

0 3apgaeT NOHATHO YTO.



aKBMBaneHTHyw bH-HoTauuw.

[Tpmepbl:

CJ1I0OBO

Amarpammer Bupra

[MpeacTaBnsaT cobon HarnsgHyro rpadouyeckyto popmy,

— » CNOBO_A

CNOBO_B

CJIOBO_A

L{}CHOBO_A

CJIOBO_B

L{}Cnoao_s

CJ10BO

L{)CHOBO <:>J »

BYKBA >

NMA

BYKBA

LINOPA

BYKBA

)
HM¢PA4:>’
°



Crpykrypa TpaHCAATOPA
¢

CUMHTaKCUYECKUI

CXOOHBI Pe3ynbrar
TpaHcnALMH
TeKCT
aHanm3artop
,/' (napcep) \\
NeKcn4ecknn N CEMaHTUYECKNI
aHanusartop reHeparTop
(ckaHep)
[MoTok KOHCTPYKLIAV
NIEKCEM A3blKa

[Tapcep BLIMNOMHAET CUHTAKCUYEeCKUn pa3bop, T.e. ULET NyTb BbiBOAA OT
rnmaBHoro HetepmunHana <[NPOI'PAMMA> 00 KOHKPETHOro TekcTa

nporpamMmsbl. PacnosHaB o4vyepegHyr KOHCTPYKUUKO, Bbl3biBaeT
I'eHepaTop Anda co3gaHnAa BbIXOAHOINO KoAa.

CkaHep (Heobsi3aTenbHas YacTb) ynpowjaet paboty [Napcepa, pa3busas
BXOJHOW TEKCT Ha NeKceMbl — KIloueBble CIoBa, MMeHa, YMcna,
onepauun, pasgenureni.

[[eHepaTop NMMbo dopmnpyeT ABOUYHBIN KO (KOMNUnsuusa), nnbdo cpasy
BbIMOJTHAET KOMaHbl NporpamMmbl (MHTepnpeTaumsa).

Kaxxabiv n3 Tpex B npeaenax cBoen KOMneTeHUnm obHapyxmBaeT
OLLUNOKMN.




CHHTAKCHUC, ACKCHUKA ¥ CEMAHTHUKA

CUHTaKCcuC ga3blka — rpamMMaTnyeckasl CTPYKTypa npeanoxXeHus,
pacno3HaBaemMas NnporpaMmMon CUHTaKCUYeCKOro aHanuaa (napcepom)
Ha OCHOBaHWMW COMOCTaBIIEHUS TeKCTa C popMasibHOMN rpaMMaTUKOU
A3blKa.

Jlekcuka sa3blka — 4acTb CUHTaKCcUca, cBA3aHHasi ¢ pa3buBKOW NCXOAHOIO
TEeKcTa Ha HeAennMble A3blKOBble eaUHULIbI-NIEKCEMbI: KIMHOYEBbLIE CINOBA,
NMEHA MNEPEMEHHBIX, YNCINOBbLIE KOHCTaHTbI, pa3gennTenu, 3Haku
onepauumn (B TOM Yncrie coctaBHble, Kak "<=" nnn ":="). Jlekcn4yeckum
aHann3 BbINONHAETCA Ha OCHOBE PerynsapHomn rpaMMaTmKK JNTIEKCEM,
obneryaa paboTy napcepa.

CemaHTuKa si3blka — cogepkaTernbHbIA CMbICIT CUHTAKCUYECKNX
KOHCTPYKLMI: BbINOJTHEHNE OnepaTopoB, pacrnpeaeneHne naMmaTy,
BeJeHne Tabnuubl UMeH NepeMeHHbIX.

[1paKkTN4YeCckn Ha ceMaHTUKY CBanmBalrT Takke BCe OrpaHnYeHuns Aa3blika,
KOTOpbl€ TPYOAHO UMM HEBO3MOXHO OnucaTb Ha A3blke popMarbHbIX
rpamMmmaTtuk. Hanpumep, Ncnosib3oBaHMe HEOMUCAHHbIX MNEePEMEHHbIX
CYMTaeTCcs ceEMaHTUYECKOW OLLNOKOMN.
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Metoasr pazoopa ars KC-rpammatuk

CywecTtByeT anroputm pasdopa anga KC-rpammaTtmkmn obuiero suaa,
TpeOdyowmnm HedONbLLIOro NpeaBapuUTENbHOIo «NpUYeCbIBaHUS»
rpammaTtukn. Oowaa naesa anroputMa: anga Kaxgoro HetepMmuHana
nocregoBaTenbHO BbISICHAETCA, KakMe NoAgCTPOKN pa3bunpaemMoun CTPOKK
MOryT ObITb N3 HEro BbiBedeHbl, a Kakne HeT. (CM. npumep.)

TpynoemkocTtb: T(N) = O(NX), roe k 3aBUCUT OT MakcMmMmanbHOro Yymcra
HETEPMMHANOB B NMpaBoW YacTu rnpasua BbiBoga. ATO MOXET ObITb
NpUeMIIEMO AN HEKOTOPbLIX ONIMMNMAaAHbIX 3adady, HO CITULLKOM
MEONEHHO ANs TPaHCNAUMN peanbHbIX A3bIKOB MPOrpaMMnUpoBaHus, rae
N (anuHa nporpammbl) MOXeET BbITb OonbINM. TpedytoTcss anropuTMbl C
nnHenHom oueHkon O(N).

JInHenHble oueHKM MOryT BbITb MONYYEHbI 4S5 HEKOTOPbLIX NOAKNaccoB
KC-rpammaTtuk, Takux kak LL(K)-rpammatnku n LR(K)-rpammaTtuku.
[MpakTnyecku nobdon sA3blK NPorpaMMmMpoBaHNS MOXET ObITb OnucaH
rpaMmmMmaTmUKON OQHOro N3 3TUX KNnaccoB, 0CODEHHO ecnn 00 3TOM
noaymatb 3apaHee, Nnpu NPoeKTUPOBaAHUM A3bIKa.



3aaaga «CAoBapbY

[1aHo:

0 andasut: Q HeTepmuHanos {A1, Az, ... Aa}, R TepmmHanos {ti, tz, ...

tr};
0 K npasun BbiBOAA, ABYX Pa3HbIX TUMOB:
A - A Ak (HeTepMuHan — OBa HeTepMuHana);
A - { (HETEPMUHAN — TepMuHan);
0 HavanbHbIV cumBon As1;
0 penodka X = "X1 X2 ... XN".

Hantu: BeiIBOAMMA N Lenovka X B AaHHOU rpammaTuKe.
OrpannyeHuns: R <26, Q <26, K< 20, N < 50.
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Perrenue 3aaaum

HecmMoTps Ha NpoCTOTY CTPYKTYpPbl rpPaMMaTUKN, OHA MOXET BbITb
OOCTaTOYHO HEMPUATHOM, MOCKOSIbKY HE OTHOCUTCS K «XOPOLLMM»
knaccam LL(1), LR(0) n gp. N'pammaTtmnka gonyckaeT Kak neByto, Tak U
NpaBy0 PEKypCULo.

MpmeHnm obwuimm anropntm KC-pasbopa, HO NpncnocobreHHbIn K
OAaHHOMY TUMNY rpaMmMaTuUKu.

[lyctb F(k, 1, r) = 1, ecnu U3 HeTepMuHana Ax BbiBogMmMa noALenodka
X[1, 1+r—1].

[Ona noguenodvek anuHel 1 imeem: F(k, 1, 1) = 1 Torga v TonbKo Toraa,
Korga nmeetcsd npaBuno: Ax — X[i].

[na noguenodvek anuHel > 1: F(k, 1, 1) = 1 Torga n Tonbko Toraa, korga
CYLLECTBYET Takoe nNpaBusro Ax — Ap, Aq N CYLLECTBYET pa3dbueHmne
noacTpokn X[i, i+r—1] = X|[1, i+a—1] | X[1+a, i+r— 1] Takme, 41O

Ay - X[1,1+a—1] n Aq - X]1, i+r—1].

TpebyeTtcsa Hanth F(1, 1, N).

[na pacyeTa MOXHO UCMNOSb30BaTb PEKYPCUIO C 3anoMuUHaHnem nmbo
PEKYPPEHTHOE 3anofiHeHMe Tabnuubl, HA4YNMHaAA ¢ noguenoYek AnuHoel 1.



var

ArrF: arrayl[l..Q,

function F (k,

Permrenne 3apaun (2)

1..N, 1..N] of -1..1;

i, r): Boolean;

var
rl, k1, k2: Integer;
begin
if ArrF[k, i, r] = -1 then begin {Paccumrare BHaueHue}
F := False;
for rl := 1 to r-1 do begin
for k1l

:= 1 to Q do begin

if F(kl, i, rl) = 1 then

for k2 := 1 to Q do
if F(k2, i+rl, r-rl) = 1 then begin
ArrF[k, i, r] := 1;
FF := True;
Exit;
end;
end;
end;
ArrF[k, i, r] := 0;
F := False;
end

else {3nauveHme yxe paccumTaHoO}

F := (ArrcF
end;

[k, i, r] = 1);

11
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Pentenune 3apauu (3)

B ocHoBHOWM nporpamme:

NanumanmusmupoBaTe MaccuB ArrF[k, i, r] := -1; {He paccumrTaHo}

Ins Bcex npaBui Bupma A[k] -> X[1i] npumcBomres ArrF[k, i, 1] := 1;

Answer := F(A[l1l], 1, N);:

TpynoemkocTb: T(N, Q) = O(Q2N3)

BHMAHWE: anropntm B 6010 He npoBepeH!



13

LL(1)-rpammatukn

Cwmblicr 0603HaYeHUS:

0 BxogHasa uernodka npocmaTtpuBaeTcs cresa (L) Hanpago;

O npaBble YacTu rpaMmMaTUYECKMX MpaBui Toxe npocmaTtpusatoTca cnesa (L) Hanpaso;

0 pelUueHne 0 NPUMEHNUMOCTM NpaBusia NpuHMMaeTca no ogHou (1) Tekylen bykse
BXOOHOW LEMNOYKMN.

CambIn NpocTon 1 NOHATHBLIN nogknacc LL(1)-rpammatuk — S-rpammaTumkm,

KOTOpble Y40BMETBOPAIOT TAKUM YCITOBUAM:

4 npaBble YaCcTu BCEX NMpaBuil HAYMHaAKOTCA C TEPMUHANIbHONoO CUMBOSA;

4 Ana ogHoro un Toro e HeTepMunHara Bce rnpaBble YaCcTu Ha4YMHaKTCA C pa3HbIX
TepMMHaloBs.

B cnyyae LL(1)-rpammaTukmn obuwiero smga ans Kaxxgoro rnpasuna ¢

HeTepMunHanom A B fieBOM YacTu onpeaenseTcs MHOXeCTBO Bblibopa, KoTopoe

BKINOYaeT B cebs:

4 BcCe TepMUMHarbl, KOTOpPblE MOTYT ObITb nepBbiMA 6yKBaMI/I uerno4yek, BbiBOAUMbIX U3 A;

9 ecnu npasuno nmeet eug A - Ba 1 13 B BbiBognma nycrtagd Lenoyka, To Bce
TePMUHarlbl, KOTOPblE MOTYT ObITb nepsbiMA 6yKBaMI/I ueno4dek, BbIBOOUMbIX U3 .

['(pamMmaTrKa oTHOCUTCA K Krnaccy LL(1), ecnn pasHble npaBuna anst OaHoro m

TOrO XXe HeETEpMMHaNna MMeLT HenepecekarLmecss MHOXecTBa Bblbopa.

Ona rpammatuk LL(1) paboTaeT anroputm pekypcuBHOIO Cnycka, KoTopbiun
BbINOJTHAET NOCTPOEHME BbiBOAA OT HayasribHOro CMMBOJSia 40 TEPMUHASTbHOW
LenoYyku, npocMaTpueas 3Ty LLenoYKky O4UH pa3s crieBa Hanpaso.



AATOPHATM PEKYPCUBHOTO CITyCKA
s LL(1)-rpammaTtuxn

[na kaxgoro HeTepMuHana nNULIEeTCd npoueaypa, kKotopas ro
o4yepenHon BxoaHom ODyKBe BbIOMpaEeT npaByto YacTb NpaBuna,
NpoOBEPSET COOTBETCTBUE BXOAHbIX TEPMUHASIOB MpaBuiy 1 Bbl3blBaeT
(BO3MOXHO, PEKYPCMBHO) NpoLeaypbl Ans HETEPMUHANOB B NpaBou
YyacTu npaBuna.

Becb pa3bop nHMumanmsnpyeTcsa BbI30BOM NpoLeaypbl Ans rnaBHOro
HeTepMuHana.

HanncaHue npouenyp BbINOMHAETCA A4OCTAaTOYHO hopMarbHbIM
obpas3omM Ha ocHoBaHuM popmbl bakyca-Haypa nnu (ewue ny4yiie)
avarpamm BupTa.

Ecnn TpebyeTca cemaHTn4eckasi obpaboTtka (Hanpumep, noacyeT
BbIpaXXeHNs1 NN reHepauusi koga), To COOTBETCTBYHOLWME onepaTopbl
NI BbI30OBA CEMaHTUYECKMX NMpoLeayp BCTaBnATCs (K CoOXaneHuto,
HedopManbHO) B noaxoasine mecta npouenyp pasbopa
HEeTepMMHanNoB..

TpyooemkocTtb pasdopa: T(N) = O(N).

14
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3arada « XUMHUYECKUE PEAKITIID

[1aHo: rnpaBuiia 3arimCn XMuMm4ecCcKkmnx peaKLlMVIZ

o 0O 0 0 0 0 o

<ypaBHeHMe> ::= <copmyna> "=" <gpopmyna>

<thopmyna> ::= [<uncno>]<mornekyna> {"+" [<uncno>] <mornekyna>}
<mMorsekyna> ::= <afieMeHT>[<uncno>|{<anemeHT>[<4ncno>[}
<3MeMeHT> ;= <MPOoNUCHaa>[<CTpo4YHaa>]

<nponucHag> ::="A" ... "Z"

<CTpo4Hasg> :="a" ... "z
<4ymucno> ;;:="2"..."9"

TpebyeTcsa: onpeaennTb NPaBUITbHOCTb 3aMNCU PeaKkLnu,
BKI0Yasi MPOBEPKY paBeHCTBAa Yncna aToMoB crpaBa U

crieBa.

[Mpumepsi:

Q. H2S04 + 2NaOH = Na2S04 + 2H20 — NpaBuIlbHO

0 H2S04 + 2NaOH = Na2S04 - 2H20 — HapyLLleHne CMHTaKcuca
Q. 2PbO + 3Xx = 5Au — anxumMmun4yeckoe npespalleHue,

cemMaHTun4yeckas owmnoka



Perrenue 3aaaum

Ons kaxxaoro HeTepMuHana onpeaenumMm MHOXecTBo First — MHOXecTBO
OOMNYyCTUMbIX Ha4anbHbIX OYKB TepMUHanbHoOro andasuTa.

0 First(uncno) = "23456789"; First(ctpoyHagq) = "abcde...xyz";

a9 First(nponucHag) = "ABCDE... XYZ";

0 First(enemeHT) = First(monekyna) = "ABCDE...XYZ";

0 First(dpopmyna) = First(ypasHeHue) = "23456789ABCDE...XYZ";

[(nobanbHaga nepemeHHas curChar — Tekyllas 6ykBa BXOOQHOIo TEKCTA.
[(nobanbHaga nepemeHHasi curNumb — Tekylliee Yicno, HangeHHoe B TEKCTE.
[Mpouenypa GetNext: utaeT cneagytowyto OykBy B nepemMeHHyto curChar.

[Mpouenypa Check("cumponsl") — npoBepsieT NpUHaAneXxHocTb curChar K
3agaHHOMY MHOXeCTBY DyKB, 4OMYCTUMbIX B 4aHHOM no3numn. B npoTnBHOM
cny4vae npekpawaeT pa3dbop v BbldaeT OTBET "HeT".

[na kaxxgoro HeTepMuHara nuwieTcsa npouenypa pasbopa. lNpegnonaraetcs,
4YTO B MOMEHT Bbi3oBa curChar = nepson bykse pa3bnpaemoro HeTepMmmnHana, a
nocrie Bbixoda m3 npouenypbl curChar = nepson bykse, naywen nocre
pacrno3HaHHOro HeTepMuHana.

CuHuM WpudpToM B npoueaypax BblAeNEHbl CEMaHTUYECKNE OENCTBUSA (BCE
OCTaribHOE — YNCTbIN CUHTAKCUC).

16



Permmenne 3apaum (2)

procedure PEquation;
begin
HauvaTe cueT aTOMOB CJeBa;
Check (First (ypaBHeHNe) ) ;
PFormula;
Check ("=") ;
GetNext;
HavaTe cyeT aTOMOE cCHpasBa;
PFormula;
CpaBHUTE YMCJIO aTOMOE CIpaBa Hu
cJjieBa, BmpaTe ''ma'" mnam "HeT".;
end;

procedure PFormula;
begin
Check (First (popmyma) ) ;
repeat
numMolec := 1;
if curChar [ First (umcno)
then begin
PNumber;
numMolec := curNumb;
end;
PMolecula;
flag := (curChar = "+" );
if flag then
GetNext;

17

until not Flag;
end;

procedure PMolecula;
begin
Check (First (Momnekysna)) ;
repeat
PElement;
numElem := 1;
if curChar [ First(umcno) then
begin
PNumber;
numElem := curNumb;
end;
YBenuumuTeE 4YMCJIO aTOMOB HOAaHHOIO
3JIeMeHTa Ha numMolec * numElem;
until curChar [0 First (ssnemenr) ;
end;

procedure PElement;
begin
Check (First (anemenT) ) ;
PUpCase;
if curChar [ First(cTpournast) then
PLoCase;
Hammu mnm po6aBuTh: B TabauLy MMS
TeKylero 3JIeMeHTAa;
end;



Permmenne 3apaun (3)

procedure PUpCase;

begin
Check (First (nponucuas) ) ;
3anoMHNTE nepByK0 OYKBY MMEeHM;
GetNext;

end;

procedure PLoCase;

begin
Check (First (cTpounast) ) ;
3anoMHNTE BTOPYyH OYKBY MMEHM;
GetNext;

end;

procedure PNumber;

begin
Check (First (umncno) ) ;
curNumb := sBHaueHme umbps:;
GetNext;

end;

B ocHoBHOWM nporpamMmme:

GetNext;
PEquation;
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