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OMUCAHME NPEOMETHOW OBNACTU

NMpepmeTHasa obnacTtb

Mporpamma sBnsieTcs pesynsratoM paboTbl B 06nacty goopmarbHbIX rpaMmMaTmk
N NeKCn4eCckKoro aHanmsa.
NocTaHOBKa 3aaaum

CospgaTb nporpammy, KoTopasi NI03BOMUT CTPOUTb KOHEYHbIE aBTOMaTbl HA OCHOBE

perynapHoro BbipaxxeHud, npoBoANTb AanbHenwune npeo6pasoBaH|/|9| M noJjiyvyatb
perynapHble BblpaXXeHna Ha OCHOBE nodoro n3 Nnosy4YeHHbIX aBTOMATOB.

Bbicwas wkona akoHomukn, Mocksa, 2015



\\/j LR(1) rpammaTuika

HALMOHA

LR

LR — 910 NoaBMA KOHTEKCTHO-CBOBOAHOM rpaMmMaTuKK.

LR B AaHHOM criy4ae 3HayuT, YTO aHanuM3aTop rpaMMaTUKM Takoro Buaa YMTaeT CTPOKY
cneBa (Left) HanpaBo, cTapasicb 06paboTaTb Kak MOXHO 6onbLLe CMMBOSIOB Cnpasa
(Rightmost).

LR(1)

HekoTtopoe yucno k B 3anucu LR(K) 3Ha4uT, 4TO aHanmM3aTop Takon rpammatukm oyaet
cYnTbIBaTh K CMMBONOB A58 NMPUHATUSA pelleHns. To ecTb, LR(1) aHanusatop
ncrnonb3yeT ToNbKo 1 cMmBOn.

Bbicwas wkona akoHomukn, Mocksa, 2015
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bubnuoteka LR(1) aHanunsaTtopa

OnucaHne 6MbnnoTekn

Bubnuoteka npegocrtaBnsieT BO3MoXHOCTU LR(1) aHanun3atopa. C noMoLLlbio Heé
MO>HO NPOBEPUTL CTPOKY Ha NPUHAAMNEXHOCTb TON UM MHOW rpammaTtumke. B cny4ae,
€CInn CTpoKa NpuHaanexuT en, bnubnmoTeka Bo3BpaLLAET B Ka4eCTBe pe3ynbraTa CBOEW
paboTbl AepeBo pasbopa.

Bbicwas wkona akoHomukn, Mocksa, 2015



[Mporpamma anga paboTtbl ¢ OMbnmMoTekon

OnucaHune nporpammsbl

MNporpamma npegocTaBnseT BCe BO3MOXHOCTU And paboTbl ¢ 6ubnuoTtekon: cosgaHune
(MMnNOpT) COBCTBEHHBIX FPaMMaTUK (C MPOBEPKOM KaXKAOW rpaMMaTmKM Ha
NPUHaANEeXHOCTb K Krnaccy LR(1), npoBepka CTPOKN Ha BbIGpaHHYHO rpaMmMaTmky,
oTobpaxeHue gepesa pasbopa CTPOKM.

MmaBHOE OKHO NporpamMmbl

o Form1 - O

[oGaEMTE NpaBMno TexcToERIA EBOL HabGope!:
R p= () Ceoit Habop
gdHdlleHdA dr.CHomMd -
(®) PerynapHele BEIDEXEHAR
Al — |B = I [es
() ¥NpowéHHsle perynApHEIE BEIDEXEHINA
Al — |B|A = () ApUbMETMECKME BEIDEXEHWA
Bl — ¢ _ () Creofirm
B| — |C.B = MocTpouTe BCE
cC| — |D -

KaHoHWYECKaR CHCTEME NEPEXDOOE

c| — |p* -
Tabnuua aHanmzaTopa

Bbicwas wkona akoHomukn, Mocksa, 2015



[MpeobpasoBaHne perynsapHoro Bblpa)KeHusi B HeAeTEPMUHNUPOBAHHbIN

KOHEeYHbIX aBTOMaT

OnucaHue anroputma

Ha BXO4 anroput™m nosny4yaet gepeso pa36opa perynapHoro Bblipa>keHu4. ,D,J'IFI K8)K,D,OI7I
BEPLUNHbI aJlfTOPUTM «CKJienBaeT» AOYEPHNE BEPLUNHDI. AJ‘IFOpI/ITM npoxoanTcAa no
AepeBY NOUCKOM B rnyObuHy. AnNropuTm 3akaH4MBaeT CBOKO paboTy B KOpHe AepeBa.

BbluncnutenbHasa CNoOXHOCTb
AnropuTM™ BbINOMHAETCSA 3@ NONMHOMUaNbHOe Bpemsl.

Bbicwas wkona akoHomukn, Mocksa, 2015



\ [Mpeobpa3oBaHne perynsapHoro Bbipa)KeHusi B AETEPMUHUPOBAHHbIN

KOHEeYHbIX aBTOMaT

OnucaHue anroputma
Ha Bxog anropuTm nony4aet gepeBo pasbopa perynspHoro

Brauane () u [J nycTel. Benonante marn 1-6:

(1) INocTpOMTE CHETAKCHYECKOE JEepeB0 AJA NONOJIHEHHOTO PervIApHOTO

BblpaxkeHus. KaxxgoMmy nucTy gepesa npucBamMBaeTcsl YUCHO-MO3ULNA. sirpacesa (7).

3atem Ons Kaxaoro fimcTa BbIYUCIISTCS (OYHKUNKN, 3HAYEHUS KOTOPbIX (2) Ofxona cummaxcumecxoe Aepeso, mMmETNTS SmAuemEs dymKimh
3aBUCAT OT NO3ULMM ITUX NUCTLEB B Aepese. B Tom uncne, ogHa u3 nullable, firstpos, lastpos u followpos.

dyHKLMI 3aaHa Ha MHOXeCTBe no3uumin. NonyyeHHoe MHOXeCTBO (3) Onpegennts gy = firstpos(root), TAe roof — KOPEHE CHETAKCHMECKOrO
3HaYeHU 3TON PYHKLUUN €CTb MHOXECTBO NO3ULIMIA NOMYyYEHHbIX Aepena

COCTOQHMM . (4) MobaBnTh gy B () KAK HENOMEYEHHOE COCTORHHE,

(3) BDOMTHHTE CASIVIOLIVID HPOLELYPY:
while (B () ecTs HenomeyexHoe cocTontne K){

BbluncnurensHas CrnoxHocTb e

ANropuTM BLIMNOMHAETCS 3a 3KCMOHEHUManbHas Bpems. for (XaX0ro BXORHOrO cHMBONa @ € T, TAKOro, ¥TO
B 7 MMeeTCA MO3WUNA, KOTOPO COOTEETCTBYET a){

MYCTh CUMBON o B R COOTBETCTBYET O3MUMAM
Plee P uOyete S = | followpos(p);
1<i<n

if (5 # 2){

if(5¢Q)
RoBaEuTs S B () HAK HETOMEMEHHOE COCTOAHME;

onpepenuts DR, a) = S;

}

}
}

(6) OnpegennTs [’ KAK MEHOMECTEO BCEX COCTOAHMH B3 (), CONEPMRALIHX 0=
SHINH, CEA3AHHEIE C CHMBOJIOM .

Bbicwas wkona akoHomukn, Mocksa, 2015
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/B\ [MpeobpaszoBaHne HeaeTEPMNHMPOBAHHOIO KOHEYHOrO aBTomMara B

\\% AETePMUHUPOBAHHbIA KOHEYHbIN aBTOMaT

OnucaHue anroputma

Ha BXO4 anroputM nony4yaert Heﬂ,eTepMVIHI/IpOBaHHbIIZ KOHEYHbIN
aBTomar. B ocHoBe pa6OTbI anropuTtma nexart ase (byHKLI,I/IVIZ e-closure n
move. I'IepBaﬂ HaxoauT MHOXXeCTBO COCTOFIHVIVI, B KOTOPblE MOXHO
nepel7|T|/| no nyctomMmy CMmMBOIy. BTOpaFI nony4yaet MHOXeCTBO
COCTOFIHI/IIZ, B KOTOPbIE MOXHO nepe|7|T|/| no 3afjaHHOMY CMMBOI1Y.
Anroputm nomeyaet 06paboTaHHble COCTOSAHNA. ANfOPUTM 3aBepLuaeT
CBOKO pa60Ty, Korga BO BXOAHOM aBTOMAarte HETY HEMNOMEYEHHbIX
COCTOSIHUM.

BbluncnurenbHas CIOXHOCTb
ANropuTM BbIMOSHAETCS 3@ 3KCMOHEHUNanLHoe Bpems.

Bbicwas wkona akoHomukn, Mocksa, 2015

Brauane (}' u D' nycrsl. BunoasauTs marn 1-4:
(1) Onpegennts qf, = e-closure({q}).
(2) HNobasuts g, B (}' KAK HENOMETEHHOE COCTOTHHE.

(3) BrnoaHNTS CHeIyIOMVID IPOLegypy:
while (8 )’ ecTs Henomevensoe coctonnune RB){
noMeTurs f;
for (vamporo exopHoro cumsona a £ T){
S = e-closure(move( R, a));
if (5 # 2)(
if (5 ¢ Q)
poBasnTe S B ()’ KaK HeNoMeveHHOEe COCTOAHME;
onpegenurs D'( R, a) = 5;

}
}
}

(4) Onpepenure F' = {5|S e Q. SNF # &}



\\I.I)/j MuWHMMU3aLNA AETEPMUHMPOBAHHOIO KOHEYHOIO aBToMaTa

=T

(1) IocTponTh HavankHOE pastnenne [ MHOMKECTBA COCTOAHHE M3 IBYX

O n M Ca H M e an ro p MTM a TPV S3AKTIOMHTE ILHEE COCTOAHMA () i ocTansaste (J—F, r.e. IT = {F, (J—

Ha Bxoa nporpamma nony4yaer 4eTEPMUHUPOBAHHbBIA KOHEYHbIN Fr

aBTOMaT. ANropuTM pasaenseT MHOXECTBO BCEX COCTOAHUI Ha 2 @ Ef:_‘:“‘*“““““"‘“‘“"”“’ HPOISAYPY B EQIyIHTS 20806 pastuesime
rpynnbl. 3aTem, rpynnsl pasaensioTcs Ha 6onee Menkue 4o Tex for (kaxnof rpynms G 5 TI){

Mop, NMoka 3TO BO3MOXHO. pasbuts (G Ha NOATpYNIH TaK, 4TO6H

COCTOAHMA 5 W W3 (7 OKA3ANUCE

B OLHOM MOATPYIINE TOTKA W TONLKO TOFAA,

BbluncnurenbHas CIOXHOCTb KOTJl2 A% KEXGIOTO BXOTKOTO CHMBONa 1
AnropuTM BbIMNOSHAETCSA 3a NONMHOMMUaNbHOE BPEMS. COCTORNMA 5 M { UMEIOT epeXORK 1o

B COCTOAHMA W3 OAHORA 1 TOM we rpynnut & IT;

3aMenunts (7 & 11, Ha MHOMECTEO BCRX
MONYYeHHEX TOACPYI;

}

(3) Ecnm I, = I, monaraem Il,.. = [ 1 nepexoauy g mary 4, paage
nosropaem mar 2 ¢ 1 := I,,.,.

(4

—

yers i = {G1. ... , Gn}. Onpegenam:
@ ={G1....Gn}h

’ + y ' v
gy = G, rae rpynna G € €)' Taxosa, urto gy € G
F={GIGe@uGnF#a}
Dp'.a)=q,ecim D(p.a) =g, raepep ngeq.

Taxum ofpazom, Kamgan rpynna & [1,.. CTAHOBATCA COCTOAHHEM HO-
Boro asromara M. EcI rpynna cofep:iuT HAYAILHOE COCTOAHIE AB-
TomaTa M, 8Ta rpynna CTAHOEHTCH HAYATRHEIM COCTOAHHEM AETOMA-
1a M'. Ecnn rpynna cofilepssHT sakIO4MHTeNbHoe cocToaHne M, oHa
CTAHOBMTCH AKIHYHTENRHEM cocToaEnem M. OTMeTHNM, 4TO Kaxgaa

rpynna II,.. muio cocTORT TOMLKO H3 COCTOAHME na F, mmbo He nMeeT
cocToAHN B3 F. [lepexogs! onpefelaoTed 0IeBHIHEM 00 pason.

(5) Ecam M’ umeer “meprsoe” COCTOAHHE, T.€. COCTOAHRE, KOTOPOE HE AB-
NASTCA SOMYCKAKIINM H 13 KOTOPOTIo HeT IyTell B JONyCKAaKIIHe, Via-
NIUTE €ro ¥ CBASAHHEIE ¢ HUM nepexoast u3 M'. ¥aamuts ns W' raxxe
BCE COCTORHMS, HEAOCTHHMEIE H3 HAYATBHOTO.

Bbicwas wkona akoHomukn, Mocksa, 2015



[Mony4eHne perynspHoro BblpaXkeHUsa U3 KOHeYHOro aBTomaTta

NMop3saronoBok

Ha BXO4 anroputm nosny4vyaert KOHEeYHbI aBToOMaT (/J,eTepMI/IHVIpOBaHHbIIZ nnn
Heﬂ,eTepMMHMpOBaHHbIﬁ). AJ'IFOpl/ITM I'IOO‘-Iepé,EI,HO yoandeTr n3 aBtomMmarta COCTOAHUA,
ODHOBMNAH BCce nepexogbl, 40 TEX MNMop, Nnoka He OCTaHETCA TOJIbKO AiBa COCTOAHUA.
Habop octaBmxca nepexoaoB u ByaeT CoCTaBNATb perynsipHoOe BblpaXkeHue.

BbluncnurenbHas CIIOXHOCTb
AnropuTM BbINOMHAETCS 3a SKCNOHEHLManbHoe Bpems

Jont

Rinl(f ;li]W:]:-: Flenat

Bbicwas wkona akoHomukn, Mocksa, 2015




\ 5 OTpucoBKa KOHEYHbIX aBTOMATOB

B

Te.nt

NMnaH
1. lNepeBog aBTOMaTta B hopmat Dot
2. Wcnonb3oBaHune 6ubnunotekn GraphViz gns nonyyeHus pasmeTky rpadumka.

3. OTpMCOBKa pncyHkKa aBTOMaTta Ha OCHOBeE I'IOJ'Iy‘-IeHHOI7I Pa3MeTKN.

Bbicwas wkona akoHomukn, Mocksa, 2015
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\QJQ%% A3blik DOT

OnpepeneHue

DOT — a3bik onucanusa rpadoB. ATO NPOCTON cnocob onmucanus rpada, KOTopbIi
NOHATEH OQHOBPEMEHHO NI0AAM N KOMMNbLIOTEPY.

Mpumep

digraph graphname

{

a -> b -> c;

b -> d;
}

Bbicwas wkona akoHomukn, Mocksa, 2015



GraphViz

OnucaHue

GraphViz — nakeT nporpaMmm st asToMaTn4eckon Busyanuaaumm rpados. Takxke B
coCTaBe NakeTa MOXHO HaNnTN BUBNNOTEKN A NCMONb30BaHUA C APYTMMU
npunoxenunamun. GraphViz — csobogHoe MO, koTopoe pacnpocTpaHAETCA MO NULEH3UN
Eclipse Public License.

CauT npoekTa

http://graphviz.org

Bbicwas wkona akoHomukn, Mocksa, 2015



\iﬂ/j Mporpamma dot

OnucaHue

B nakete GraphViz npucytcteyeTt nporpamma dot onsi Bu3yanusaumm
HeopUeHTUPOBaHHbIX rpado.. [pu co3gaHum pasmeTku rpada dot yunTeiBaeT
HECKOSNbKO NapamMeTpoB: MUHMMU3aLNS nepecedeHnii, yaobCcTBO BOCNPUATUSA PUCYHKA,
COXpaHeHue nepapxum BXogHOro rpada, 4To O4eHb BaXKHO ANs BU3yanusauun
KOHeYyHOoro aBTomara.

BxoaHble AaHHbIE
[Mporpamma npuHUMaeT Ha BXxof onuncaHue rpada B gpopmate DOT.

Pe3ynbraTt paboTbl nporpamMmbl
I'Iporpalvlma MOXET BblaBaTb pe3ysibTaT BO MHOIMX (bopmaTax, B TOM 4ucne
BEKTOPHbIX: TeKCT, PostScript, png, svg.

Bbicwas wkona akoHomukn, Mocksa, 2015



[eMoHCcTpauuna nporpamMmb

Bbicwas wkona akoHomukn, Mocksa, 2015
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